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Preface

T he 1990s saw  a ‘ca ll to  a c tio n ’ for m arin e  b io d iv e rs ity  co n se rv a tio n . T he g lobal C o n v en tio n  on 
B iological D iversity , th e  E u ro p ean  U n io n ’s H ab ita ts  D irective, an d  recen t d ev e lo p m en ts  to  th e  O slo an d  
Paris C o n v en tio n  have  each  p ro v id e d  a sig n ifican t step  fo rw ard . In  each  case m arin e  p ro te c te d  areas are 
id e n tif ie d  as h av in g  a key  ro le  in  su s ta in in g  m arin e  b iod iversity .

T he H ab ita ts  D irec tive  req u ires  th e  m a in te n a n c e  or re s to ra tio n  of n a tu ra l h ab ita ts  a n d  spec ies of 
E u ro p ean  in te re s t at favourab le  co n se rv a tio n  s ta tu s , w ith  th e  m an ag em en t of a n e tw o rk  of S p ec ia l A reas 
of C o n serv a tio n  (SACs) b e ing  one of th e  m a in  v eh ic le s  for ach iev in g  th is . A m ong  th e  h ab ita ts  an d  
spec ies sp ec ified  in  th e  A n nexes I a n d  II of th e  D irective, severa l are m arin e  fea tu res an d  SACs have 
a lread y  b e e n  se lec ted  for m an y  of th e se  in  th e  UK. B ut to  m anage specific  h ab ita ts  an d  spec ies effec­
tiv e ly  th e re  n eed s  to  be clear u n d e rs ta n d in g  of th e ir  d is tr ib u tio n , th e ir  b io logy  an d  eco logy  a n d  th e ir  
sen s itiv ity  to  change. F rom  su ch  a fo u n d a tio n , rea lis tic  g u id an ce  on  m an ag em en t an d  m o n ito rin g  can  
be d e riv ed  an d  ap p lied .

O ne in itia tiv e  n o w  u n d e rw a y  to  h e lp  im p le m e n t th e  H ab ita ts  D irec tive  is th e  UK M arine  SACs LIFE 
P ro ject, in v o lv in g  a four year p a r tn e rsh ip  (1996-2001) b e tw e e n  E n g lish  N atu re , S co ttish  N atu ra l 
H eritage, C o u n try sid e  C ouncil for W ales, E n v iro n m en t a n d  H eritage Serv ice, Jo in t N atu re  C onserv a tio n  
C om m ittee , an d  S co ttish  A sso c ia tio n  for M arine  Science.

T he overall goal of th e  P ro jec t is to  e s tab lish  m an ag em en t sch em es on  12 of th e  c a n d id a te  m arin e  SAC 
sites. A  key  c o m p o n en t of th e  P ro jec t is to  assess th e  in te rac tio n s  th a t c an  take p lace  b e tw een  h u m a n  
ac tiv ities  an d  th e  A n n ex  I an d  II in te re s t fea tu res on  th e se  sites. T h is u n d e rs ta n d in g  w ill p ro v id e  for b e t­
ter m an ag em en t of th e se  fea tu res by  d e fin ing  th o se  ac tiv ities  th a t m ay  h av e  a ben efic ia l, n e u tra l or h a rm ­
ful im p a c t an d  by  g iv ing  exam p les  of m an ag em en t m easu res  th a t w ill p re v e n t or m in im ise  adverse  
effects.

Task 3.2 of th e  UK M arine  SACs p ro jec t se t ou t to ‘id e n tify  an d  d eve lop  a p p ro p ria te  m e th o d s  for 
reco rd ing , m o n ito rin g  an d  rep o rtin g  n a tu ra l ch a rac te ris tic s  a n d  c o n d itio n s  of A n n ex  I/II in te re s ts  an d  
re lev an t e n v iro n m e n ta l fac to rs’. A  key  o u tp u t of Task 3.2 is a ‘p u b lish e d  book  on  m o n ito rin g  m eth o d s  
an d  p ro c e d u re s ’ to  be  u se d  as g u id an ce  b y  th e  UK g o v e rn m en t’s s ta tu to ry  n a tu re  co n se rv a tio n  agency 
staff an d  th e ir  key  p a rtn e rs  in  d raw in g  u p  m o n ito rin g  sch em es for E u ro p ean  M arine  S ites. T h e  M arine  
M onito rin g  H a n d b o o k  fu lfils th is  req u irem en t.

T he M arine  M on ito rin g  H a n d b o o k  ad d resses  th e  p r in c ip le s  b e h in d , an d  th e  p ro ced u re s  for, m o n ito r­
ing  A n n ex  I h ab ita ts , an d  se lec ted  A n n ex  II species, w ith in  m arin e  SACs in  B ritish  w a te rs  to  assess th e ir  
c o n d itio n  in  acco rd an ce  w ith  th e  re lev an t req u irem en ts  of th e  D irec tive  an d  th e  U K ’s co m m o n  s ta n ­
da rd s  for site  m o n ito ring .

T he M arine  M o n ito rin g  H a n d b o o k  p ro v id es  g u id an ce  on  th e  d iffe ren t o p tio n s an d  th e ir  re la tiv e  costs 
an d  b enefits  an d  describes th e  c u rre n t b est p rac tice  for m o n ito rin g  A n n ex  I h ab ita ts  an d  for th e  bot- 
tlen o se  d o lp h in , g rey seal an d  co m m o n  seal w ith in  m arin e  SACs, to  ass is t in  th e  assessm en t of th e ir  
c o n d itio n . It d raw s on  th e  in fo rm a tio n  p ro v id e d  b y  th e  fie ld  tria ls  u n d e rta k e n  u n d e r  Task 1.2 of th e  UK 
M arine  SACs p ro jec t to  en su re  a ll adv ice  has a so u n d  p rac tica l basis. T he H an d b o o k  is in te n d e d  to p ro ­
v id e  a to o lk it for m arin e  site  m o n ito rin g , en ab lin g  th o se  carry ing  ou t m o n ito rin g  to  se lec t an d  u se  a p p ro ­
p ria te  m eth o d o lo g ies . It is n o t p re sc rip tiv e  abou t th e  n a tu re  of th e  m o n ito rin g  req u ired  b u t enab les good 
m o n ito rin g  d ec is io n s to  be tak en  in  th e  lig h t of re so u rce  av a ilab ility  an d  o th e r p rac tica lities .

Dr M alco lm  V incen t 
P ro jects D irector
Jo in t N atu re  C o n serv a tio n  C om m ittee
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Preamble

D evelopm ent o f the Marine Monitoring Handbook
W hile  th e  m o n ito rin g  of te rre s tria l p ro te c te d  areas in  th e  U n ite d  K ingdom  has a long  h isto ry , th e  m o n ­
ito rin g  of p ro te c te d  m arin e  areas h as  b e e n  lim ite d  to  a v e ry  few  loca litie s . A s a re su lt th e re  h as, to  date, 
b een  no  sing le  v o lu m e  availab le  w h ic h  p ro v id es  g u id an ce  on  th e  m o n ito rin g  of m arin e  p ro te c te d  areas. 
T he se lec tio n  an d , in  d u e  course , d es ig n a tio n  of m arin e  S p ec ia l A reas of C onserv a tio n  (SACs) u n d e r  the  
EC H abita ts D irective, h as  h ig h lig h ted  th e  n e e d  for co m p reh en siv e  g u id an ce  on  th e  m o n ito rin g  of th e  
m arin e  en v iro n m en t.

T he M arine  M o n ito rin g  H an d b o o k  is a stage in  th e  d ev e lo p m en t of su c h  co m p reh en siv e  g u id an ce , an d  
has b e e n  d ev e lo p ed  b y  th e  UK M arine  S A C s p ro jec t  th ro u g h  a series of lite ra tu re  rev iew s, w o rk sh o p s 
an d  p rac tica l tria ls . T he overall ap p ro a c h  to  m o n ito rin g  tak en  in  th e  H an d b o o k  is th a t a d o p ted  by  th e  
UK n a tu re  co n se rv a tio n  agencies in  th e ir  C om m on S tan d a rd s  for M on ito rin g  of d esig n a ted  sites. T he 
H an d b o o k  u tilise s  th is  a p p ro a c h  to an a ly se  th e  p o ss ib le  m o n ito rin g  req u irem en ts  of m arin e  p ro tec ted  
areas d esig n a ted  as SACs, su m m arises  th e  p rin c ip le s  of good m o n ito rin g  p rac tice , a n d  an a ly ses  th e  
a p p ro p ria te n ess  of ava ilab le  m o n ito rin g  tech n iq u es . In  ad d itio n , P ro ced u ra l G u id e lin es  have  b e e n  p re ­
p a re d  for a w id e  range of te c h n iq u e s  to  ass is t p ra c titio n e rs  to  carry  ou t m o n ito ring .

T he H an d b o o k  h as  b e e n  o rgan ised  in  sec tio n s at d iffe ren t leve ls  of d e ta il d e sig n ed  to  offer assis tan ce  
to a range of u sers, from  th o se  w h o  n e e d  to  be aw are of th e  g enera l ap p ro a c h  to  be  tak en  in  m arin e  m o n ­
ito ring , to  th o se  w h o  w ill n e e d  to  design , co m m issio n , or u n d e rta k e  th e  m o n ito rin g . T h is o rgan isa tio n  
of th e  H an d b o o k  is su m m arised  in  F igure  i.

T he H an d b o o k  is a to o lk it for th e  m o n ito rin g  of m arin e  SACs. It does n o t a ttem p t to p resc rib e  m o n i­
to ring  p rog ram m es for p a r tic u la r  featu res lis te d  on  A n n ex  I or A n n ex  II of th e  H ab ita ts  D irective. T he 
o p tim u m  ty p e  an d  leve l of m o n ito rin g  on  sites across th e  SAC n e tw o rk  has s till to  be d e te rm in ed , an d  
th is  is lik e ly  to be an  im p o rta n t co m p o n en t of fu tu re  w o rk  w ith in  th e  UK.

F u rth e rm o re , as ou r p rac tica l kno w led g e  of m o n ito rin g  in c reases , an d  th e  m arin e  m o n ito rin g  re q u ire ­
m en ts  are ad d re sse d  in  g reater d e ta il w ith in  th e  E u ro p ean  U n io n , th e  g u id an ce  set ou t in  th e  H andbook  
is lik e ly  to  change. T he H an d b o o k  sh o u ld , therefo re , be c o n s id e red  as a l iv e  w o r k in g  d o c u m e n t.

Future progress o f the Marine Monitoring Handbook
D uring  2001, fu rth e r w o rk  w ill be ca rried  ou t to  im p ro v e  th e  coverage an d  co n ten t of th e  H andbook . In  
p a rticu la r:

• w e w ill in c rease  th e  n u m b er a n d  range of P ro ced u ra l G u id e lin es  to  cover a ll th e  te c h n iq u e s  lis te d  
in  S ec tio n  6 of th e  H andbook ;

• w e w ill rev ise  S ections 3 an d  4 of th e  H andbook , tak ing  acco u n t of fu rth e r w o rk  to  id e n tify  the  
m o st cost-effective d esig n  of m o n ito rin g  p rog ram m es for p a r tic u la r  A n n ex  I h ab ita ts  an d  A n n ex  II 
sp ec ies, a n d  th e  level of sk ills  n e e d e d  to  carry  ou t th e  w ork;

• w e w ill im p ro v e  th e  leve l of g u id an ce  in  re la tio n  to  A n n ex  II species;

• w e w ill p ro v id e  a g lo ssary  of te rm s an d  a b ib lio g rap h y  d iv id ed  b y  top ic .

T h e  M a rin e  M o n ito r in g  H a n d b o o k  w ill  be  m a in ta in e d  o n  th e  JNCC In te rn e t  s ite  
(http://www.jncc.gov.uk), an d  th is  e lec tro n ic  v e rs io n  w ill be th e  m o st u p -to -d a te  co p y  availab le . 
M o d ifica tions to th e  H andbook , fo llow ing  th e  fu rth e r w o rk  re fe rred  to above, w ill be in c o rp o ra te d  in to  
th is  vers io n . We w ill p ro v id e  a ‘n o tice  b o a rd ’ on  th is  w eb site  to  en ab le  u se rs  to  p ro v id e  feedback  on  the  
H andbook . A  m ech an ism , p ro b ab ly  e-m ail, w ill be e s tab lish ed  to  a le rt u se rs  w h e n  n ew  m ateria l, or re v i­
s io n  of ex is tin g  m ateria l, is p u b lish e d .
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12 Marine Moni tor ing H a n d b o o k

C om m ents o n  th is  tex t, an d  suggestions for im p ro v em en t, w ill be w elco m ed . A ll co m m en ts  sh o u ld  be 
sen t to  Dr Jon D avies at JNCC (Jon.Davies@jncc.gov.uk) an d , if  necessary , th e y  w ill be in c o rp o ra te d  in to  
la te r e lec tro n ic  versions.
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Figure i An o v e rv iew  of m ar in e  SAC m onitoring , sh o w in g  th e  re levant  sou rces  of  ad v ice  in the  M ar ine  M onito r ing  
H a n d b o o k  (together with o th e r  p u b l ish ed  texts) an d  th e  an tic ipa ted  readersh ip .  Country A gency  - CA: UK G ove rn m en t 's  
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re levant  authorit ies.

mailto:Jon.Davies@jncc.gov.uk


Background

M a lc o m  V in cen t  a n d  Jon Davies  

Introduction 14

Legislative background for monitoring on SACs 15
Summary 16

The UK approach to SAC monitoring 16
Conservation objectives 17
Sub-features 17
Attributes 18
Summary 19

The role of monitoring in judging favourable condition 19
Frequency of monitoring 19
Judging the condition of sites 20

Context of SAC monitoring within the Scheme of Management 22

Using data from existing monitoring programmes 23
The UK National Marine Monitoring Programme 23

Bibliography 25

13



14 Marine Moni tor ing H a n d b o o k

Introduction

T he E u ro p ean  C o m m u n ity  has a d o p ted  tw o D irectives w h ic h  a im  to conserve  n a tu re  w ith in  th e  te rr ito ­
ry  of th e  E u ro p ean  U n ion . F irstly , C ouncil D irec tive  92/43 EEC of 21 M ay 1992 on  th e  C onserva tion  o f  
n a tu ra l h a b ita ts  a n d  o f  w ild  fa u n a  a n d  flo ra  (the H ab ita ts  D irective) req u ires  th a t M em ber S tates desig ­
n a te  S p ec ia l A reas of C o n serv a tio n  for sp ec ified  h ab ita ts  an d  th e  h ab ita ts  of sp ec ified  spec ies of w ild  
p la n ts  an d  an im als. Second ly , C ouncil D irective 79/409  EEC of 2 A p ril 1979 on  th e  C onservation  o f  
w ild  b irds  (the B irds D irective) req u ires  M em ber S tates to  d esigna te  S p ec ia l P ro tec tio n  A reas for the  
co n se rv a tio n  of sp ec ified  w ild  b ird s , an d  for reg u la rly  occu rrin g  m ig ra to ry  b ird s . B oth  th e se  D irectives 
a p p ly  to  th e  m arin e  e n v iro n m e n t of th e  E u ro p ean  U n io n  as w ell as to  th e  te rre s tria l an d  fresh w ate r en v i­
ro n m en ts .

T h e  re q u ire m e n t to  d esignate  S p ec ia l A reas of C o n serv a tio n  (SACs) an d  S p ec ia l P ro tec tio n  A reas 
(SPAs) is im p le m e n te d  in  G reat B rita in  b y  th e  C onservation  (N atura l H a b ita ts  etc.) R eg u la tio n s 1994  an d  
in  N o rth e rn  I re lan d  b y  th e  C onservation  (N atura l H abita ts, etc .) R eg u la tio n s (N orthern  Ire land ) 1995. 
T hese  R egu la tions m ake p ro v is io n  for th e  im p le m e n ta tio n  of th e  D irectives in  th e  m arin e  en v iro n m en t, 
in c lu d in g  th e  p re p a ra tio n  of S chem es of M an ag em en t (hereafter ca lled  M a n a g em en t S ch em es)  for 
m arin e  SACs an d  SPAs. T he R egu la tions refer to  m arin e  SACs an d  SPAs co llec tiv e ly  as E u ro p ean  
m arin e  sites. T he R egu la tions, an d  th e  M anagem en t S chem es p re p a re d  u n d e r  th em , are in te n d e d  to 
m a in ta in  th e  co n se rv a tio n  v a lu e  of th e  E u ro p ean  m arin e  sites for th e  p a r tic u la r  h ab ita ts  or spec ies for 
w h ic h  th e y  w ere  designated .

M o n ito rin g  of E u ro p ean  m arin e  sites is n ecessa ry  to d e te rm in e  th e  c o n d itio n  of th e  sites, to  in d ica te  
w h e th e r m an ag em en t m easu res  u n d e rta k e n  u n d e r  th e  M an ag em en t S chem es are p ro v in g  effective, an d  
to  iden tify , w h ere  p o ssib le , an y  d e tr im e n ta l effects. W here su c h  effects are  reco rd ed , th e y  are lik e ly  to 
ac t as a trigger for fu rth e r in v estig a tiv e  s tu d ie s  to  d e te rm in e  w h a t, if  any, rem ed ia l ac tio n  can  be taken .

T h e  UK M arine  SACs p ro jec t h as  in v es tig a ted  m e th o d s  a n d  stra teg ies to  m o n ito r th e  c o n d itio n  of 
th o se  m arin e  h ab ita ts  a n d  spec ies lis te d  on  A n nexes I an d  II of th e  H ab ita ts  D irec tive  w h ic h  occu r in  
th e  12 tr ia l s ites covered  by  th e  pro jec t. A s p a r t of th is  in v es tig a tio n , a n u m b e r of th ese  m e th o d s  w ere  
te s ted  on  site  to  ex am in e  th e ir  cost-effectiveness an d  p rac tica lity . T he tria ls  c o n cen tra ted  e ith e r on  
a p p ly in g  d ev e lo p in g  tech n o lo g ies  su c h  as a irb o rn e  rem ote  sen sin g  to  SAC m o n ito rin g , or on  n e w  m e th ­
ods for d ep lo y in g  ex isting  tech n iq u es . It d id  n o t te s t te c h n iq u e s  th a t are w ell e s tab lish ed  for s ite  m o n i­
toring .

T h e  M arine M o n ito rin g  H a n d b o o k  ex p la in s  th e  n e e d  for m o n ito rin g  on  m arin e  SACs, sets ou t the  
ap p ro a c h  to su c h  m o n ito rin g  w h ic h  is b e in g  a d o p ted  b y  th e  U n ited  K ingdom , p ro v id es  a ssis tan ce  w ith  
th e  d esig n  of m o n ito rin g  p rog ram m es, gives specific  g u id an ce  on  m o n ito rin g  m e th o d s  a p p ro p ria te  to  a 
range of m arin e  SAC h ab ita ts  an d  sp ec ies, an d  p ro v id es  in fo rm a tio n  on  th e  p rac tica l a p p lic a tio n  of the  
m o n ito rin g  m eth o d s . F igure i o n  page 11 p ro v id es  an  overv iew  of th e  m o n ito rin g  p ro cess  a n d  show s 
w h ere  in  th e  M arine  M o n ito rin g  H a n d b o o k  adv ice  m ay  be sought.

T h e  H an d b o o k  is in te n d e d , p rim arily , for th o se  re sp o n sib le  for d esign ing  an d  im p le m e n tin g  m o n ito r­
ing  p rog ram m es for m arin e  SACs (Box 1-1). W hile  th e  g u id an ce  p ro v id e d  is re lev an t to th e  h ab ita t 
a ttrib u tes  of m arin e  SPAs, m e th o d s  for a ssessing  b ird  p o p u la tio n s  h av e  a lread y  b e e n  p u b lish e d  an d  
are n o t in c lu d e d  in  th is  H andbook .

Box 1-1 A im

T he M arine  M on ito rin g  H an d b o o k  p ro v id es  adv ice  o n  m o n ito rin g  m arin e  S p ec ia l A reas of 
C o n serv a tio n  to  assess th e ir  c o n d itio n  in  acco rd an ce  w ith  th e  req u irem en ts  of th e  H ab ita ts 
D irec tive  an d  UK co m m o n  s ta n d a rd s  for m o n ito rin g .0
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T he p u rp o se  of d esig n a tin g  an d  co n se rv in g  S p ec ia l A reas of C o n serv a tio n  is to m a in ta in  or res to re  th e  
h ab ita ts  lis te d  on  A n n ex  I a n d  th e  spec ies lis te d  on  A n n ex  II of th e  D irec tive  to  F avourab le  C onservation  
S ta tu s . F avourab le  C o n serv a tio n  S ta tu s is d efin ed  in  A rtic le  1 of th e  D irective. In  sum m ary , for A nn ex  
I h ab ita ts , it  m ean s th a t c o n d itio n s  have  b e e n  e s tab lish ed  w h ic h  w ill en su re  th a t th e  ex ten t an d  range 
of th e  h ab ita t, an d  th e  p o p u la tio n s  of th e  c o n s titu e n t sp ec ies  of th a t h ab ita t, w ill be m a in ta in e d  or 
in c reased  over tim e. For A n n ex  II sp ec ies, it  m ean s th a t c o n d itio n s  have  b e e n  e s tab lish ed  w h ic h  w ill 
en su re  th a t th e  v iab ility , p o p u la tio n  size an d  range of th a t spec ies w ill be m a in ta in e d  in  th e  long  term .

T he te rm  F avourab le  C o n serv a tio n  S ta tu s re la tes to  th e  in d iv id u a l h ab ita ts  an d  spec ies over th e ir  n a t­
u ra l range w ith in  th e  E u ro p ean  U n ion . H ow ever, b ecau se  th e  se lec tio n  of th e  E u ro p ean  n e tw o rk  of 
SACs is seen  as fu n d am en ta l to  ach iev in g  F avourab le  C onserv a tio n  S ta tu s, th e  E u ro p ean  C o m m ission  
co n sid e rs  th a t th e  co n cep t sh o u ld  also  be a p p lie d  at th e  site  level. A  key  p u rp o se  of SAC m o n ito rin g , 
therefo re , w ill be to  d e te rm in e  w h e th e r F avourab le  C onserv a tio n  S ta tu s of th e  h ab ita ts  an d  sp ec ies  is 
b e ing  ach iev ed  at th e  level of in d iv id u a l SACs. T h e  UK co n se rv a tio n  agencies u se  th e  te rm  fa vo u ra b le  
co n d itio n  to  re p re se n t th e  co n cep t of F avourab le  C o n serv a tio n  S ta tu s  for th e  in te re s t fea tu res of an  in d i ­
v id u a l SAC.

In  a d d itio n  to  th is  g enera l p o in t, th e  H ab ita ts  D irec tive  also  in c lu d e s  a n u m b e r of sp ec ific  p ro v is io n s  
w h ic h  req u ire  th e  u n d e rta k in g  of m o n ito rin g  o n  SACs. T he m ost im p o rta n t of th e se  are:

•  Article 11
M em b er  S ta te s  sh a ll u n d erta ke  su rve illa n ce  o f  th e  co n serva tion  s ta tu s  o f  the  n a tu ra l h a b ita ts  a n d  
sp ec ies  re ferred  to in  A rtic le  2 w ith  p a r ticu la r  regard to p r io r ity  n a tu ra l h a b ita t ty p e s  a n d  p r io r ity  
species.

T his A rtic le  req u ires  M em ber S tates to  u n d e rta k e  su rv e illan ce  of th e  co n se rv a tio n  sta tu s  of th e  n a tu ­
ra l h ab ita ts  a n d  spec ies lis te d  o n  th e  A nn ex es of th e  D irective, w ith  p a r tic u la r  regard  to  p r io rity  h a b i­
ta ts a n d  species. T h is su rv e illan ce  re q u ire m e n t re la te s  to  th e  co n se rv a tio n  sta tu s  of th e  h ab ita ts  an d  
spec ies th ro u g h o u t th e  te rr ito ry  of th e  M em ber S tate. It is reaso n ab le  to  in fe r th a t th e  im p o rtan ce  of 
su rv e illan ce  of a g iven  h a b ita t or spec ies on  an  in d iv id u a l m arin e  SAC can  be v ie w e d  as b e ing  p ro ­
p o rtio n a te  to  th e  im p o rtan ce  of th e  site  to  th e  s ta tu s  of th e  h a b ita t or spec ies w ith in  th e  te rr ito ry  of 
th e  M em ber S tate  as a w hole .

•  Article 17(1)
1. E very  s ix  yea rs  fro m  th e  da te  o f  e x p iry  o f  the  p e r io d  la id  dow n  in  A rtic le  23, M em b er S ta te s  sh a ll 
d ra w  up  a rep o rt on the  im p le m e n ta tio n  o f  the  m e a su res  ta ken  u n d er  th is  D irective. T h is  rep o rt sh a ll 
in c lu d e  in  p a r ticu la r  in fo rm a tio n  co n cern in g  the  co n serva tion  m ea su res  re ferred  to in  A rtic le  6 (1) as 
w ell as eva lu a tio n  o f  the  im p a c t o f  tho se  m e a su res  on the  co n serva tion  s ta tu s  o f  th e  n a tu ra l h a b ita t  
ty p e s  o f  A n n e x  I  a n d  the  sp ec ie s  in  A n n e x  II  a n d  the  m a in  re su lts  o f  the  su rve illa n ce  re ferred  to in  
A rtic le  11. T he report, in  accordance  w ith  th e  fo rm a t e s ta b lish ed  b y  th e  co m m ittee , sh a ll be fo r ­
w arded  to the  C om m issio n  a n d  m a d e  accessib le  to the  p u b lic .

T his A rtic le  req u ires  M em ber S tates to  p rep a re  a re p o rt b y  June  2000,1 an d  every  six  years a fterw ards, 
on  th e  m easu res  tak en  to ach ieve  th e  co n se rv a tio n  of SACs, an d  also  to  u n d e rta k e  an  ev a lu a tio n  of 
th e  effect of th e se  m easu res  on  th e  co n se rv a tio n  s ta tu s  of A n n ex  I h ab ita ts  an d  A n n ex  II species. 
M on ito rin g  is n e e d e d  in  o rd er to  carry  ou t th is  ev a lu a tio n . T h e  m a in  re su lts  o f th e  su rv e illan ce  ca r­
r ie d  ou t u n d e r  A rtic le  11 are also  to  be  in c lu d e d  in  th e  R eport.

In  a d d itio n  to  th e  req u irem en ts  of th e  H ab ita ts  D irective, A rtic le  8 of th e  EC W ater F ram ew ork  
D irective w ill req u ire  M em ber S tates to en su re  th e  e s tab lish m en t of p rog ram m es for m o n ito rin g  th e  s ta ­
tu s  of p ro te c te d  areas ( in c lu d in g  SACs). T h e  p u rp o se  of su c h  m o n ito rin g  is to gauge w h e th e r th e  w ater- 
re la ted  eco logical req u irem en ts  (e.g. th e  w a te r quality ) of th e  SACs are b e in g  m et.

1 The report due in June 2000 has been deferred for one year to June 2001.
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S um m a ry
T he EC leg is la tio n  req u ires  th e  c o n d itio n  of th e  h ab ita ts  a n d  spec ies for w h ic h  an  SAC has b een  desig ­
n a te d  to  be m o n ito red , in  a m an n e r w h ic h  enab les th e  c o n d itio n  of th e  fea tu re  to  be estim a ted , an d  
w h e th e r m an ag em en t m easu res  u n d e rta k e n  on  th e  site  are p ro v in g  effective in  ach iev in g  th e ir  
favourab le  co n d itio n .

The UK approach to SAC monitoring

In  th e  U n ited  K ingdom , an  a p p ro a c h  to  th e  m o n ito rin g  of w ild life  s ites w h ic h  h av e  b een  d esig n a ted  
u n d e r  b o th  n a tio n a l a n d  EC leg is la tio n  has b e e n  d ev e lo p ed  w h ic h  m eets th e  req u irem en ts  for m o n ito r­
ing  of SACs. In  th is  ap p ro ach , a d is tin c tio n  is m ad e  b e tw e e n  su rve illa n ce  an d  m onito ring .

Box 1-2  Defini t ions

S u rv e illan ce  is a c o n tin u e d  p rog ram m e of b io log ica l su rveys sy s tem atica lly  u n d e rta k e n  to 
p ro v id e  a series of observa tions in  tim e.
M o n ito rin g  is su rv e illan ce  u n d e rta k e n  to  en su re  th a t fo rm u la ted  s ta n d a rd s  are 
b e in g  m a in ta in ed .

B ecause th e  p u rp o se  of SACs is to  co n tr ib u te  to ach iev in g  F avourab le  C o n serv a tio n  S ta tu s for the  
h ab ita ts  an d  spec ies for w h ic h  th e y  w ere  se lec ted , w o rk  u n d e rta k e n  to  assess w h e th e r SACs are m ak ing  
th e  c o n tr ib u tio n  ex p ec ted  of th em  falls in to  th e  category  of m o n ito rin g  as d e fin ed  in  Box 1-2.

T h e  A n n ex  I h ab ita ts  an d  A n n ex  II spec ies for w h ic h  SACs have b e e n  se lec ted  are re fe rred  to  co llec ­
tiv e ly  in  th e  U n ited  K ingdom  as in te re s t fea tu res . Table 1-1 lis ts  th o se  m arin e  in te re s t fea tu res w h ic h  
occur in  th e  U n ite d  K ingdom  a n d  are covered  by  th is  han d b o o k .

Table 1-1 M arine  interest  featu res  o ccu rr in g  in the  UK for w h ich  a d v ice  on  m onito r ing  th e  feature 's  cond it ion  is prov ided  
in Sections 3 and  4  of this h an d b o o k .

A nnex  I  habitats A nnex  II species

Sandbanks w hich are slightly covered by Phoca vitulina  (Common seal)
seawater at all times
Mudflats and sandflats not covered by Halichoerus grypus (Grey seal)
seawater at low tide
Reefs Tursiops truncatus (Bottlenose dolphin)
Submerged or partially submerged sea caves
Lagoons
Estuaries
Large shallow inlets and bays

T h e a p p ro a c h  to  m o n ito rin g  SACs in  th e  UK is b ased  on  th e  re q u ire m e n t to  assess w h e th e r th e  in te r ­
est fea tu re  for w h ic h  th e  site  has b e e n  se lec ted  is in  fa vo u ra b le  cond itio n . F avourab le  c o n d itio n  is the  
sta te  w h ic h  n eed s to  be ach iev ed  b y  an  in te re s t fea tu re  an d  co rre sp o n d s  to  F av o u rab le  C onserv a tio n  
S ta tu s at th e  leve l of th e  in d iv id u a l SAC (F igure 1-1).

F avourab le  co n d itio n , therefo re , is th e  ‘fo rm u la ted  s ta n d a rd ’ re fe rred  to  in  th e  d e fin itio n  of m o n ito r­
ing  g iven  in  Box 1-2, an d  has to  be d e fin ed  for each  in te re s t fea tu re  on  each  SAC. To acco m p lish  th is , 
an d  to  ach ieve  as far as p o ssib le  a fu ll a lig n m en t w ith  m an ag em en t m easu res  an d  co n tro ls  e s tab lish ed  
u n d e r  M an ag em en t Schem es, th e  UK has fo rm u la ted  s tan d a rd s  b ased  on  th e  co n serva tion  ob jec tives  
d ev e lo p ed  for each  in te re s t fea tu re  on  each  SAC.



Background
Feature Conservation Attributes Targets

objective

17
Condition

Sub-tidal 
sand bank

N o d e c re a se  from  
es ta b lish e d  b a se line

N u m b e r o f b io to p e s  sho u ld  
no t d e v ia te  fro m  b a se line

A ve ra g e  de n s ity  sh o u ld  not 
d e v ia te  fro m  b a se line
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c h a ra c te r

A ve ra g e  pa rtic le  s ize  
a n a lys is  p a ra m e te rs  s im ila r 

to  b a se line
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condition

Figure 1 -1 D iag ram m atic  represen ta t ion  of t h e  UK's a p p ro ac h  to setting a conse rva t ion  o b jec t iv e  for a m ar in e  SAC feature.

Conserva t ion object ives
T he H ab ita ts  D irec tive  im p lie s  th a t co n se rv a tio n  objectives w ill be d ev e lo p ed  for SACs, an d  ex p lic itly  
refers to  th ese  in  th e  co n tex t of a p p ro p ria te  a ssessm en t of p la n s  a n d  p ro jec ts  u n d e r  A rtic le  6. T h e  U K ’s 
n a tio n a l im p lem en tin g  R egu la tions h av e  d ev e lo p ed  th e  co n cep t fu rth e r an d  req u ire  th e  co u n try  n a tu re  
co n se rv a tio n  agencies to  ad v ise  all re lev an t au th o ritie s  of th e  co n se rv a tio n  objectives for each  m arin e  
SAC. A  co n se rv a tio n  objective is a s ta tem en t of th e  n a tu re  co n se rv a tio n  asp ira tio n s  for th e  in te re s t fea­
tu res  on  an  SAC, ex p ressed  in  te rm s of b ro ad  targets th a t define  favourab le  c o n d itio n .6

T he p ro cess  of d e fin in g  favourab le  c o n d itio n  of an  in te re s t fea tu re  can  be th o u g h t of as co n sis tin g  of 
tw o e lem ents:

1) Id en tify in g  th e  m o st im p o rta n t ch a rac te ris tic s  of th e  in te re s t fea tu re  th a t define  its co n d itio n . 
D ep en d in g  on  th e  fea tu re  co n cern ed , th is  w ill u su a lly  in c lu d e  som e co m b in a tio n  of the:

-  q u a n tity  of th e  fea tu re , for ex am p le  th e  ex ten t of h ab ita t, or h a b ita t of th e  sp ec ies, or ab u n d a n c e  of 
th e  sp ec ies, an d  re la te d  ch a rac te ris tic s  su c h  as range of d is tr ib u tio n , a n d  w h e th e r its  sp a tia l o ccu r­
ren ce  is p a tc h y  or co n tin u o u s;

-  q u a lity  of th e  fea tu re , for ex am p le  for a h ab ita t, th e  p re sen ce  or ab u n d a n c e  of co m p o n en t species, 
or th e  q u a lity  of in o rg an ic  co m p o n en ts  of th e  h a b ita t su c h  as substra ta ; for a spec ies p o p u la tio n , 
m easu res  of q u a lity  c o u ld  in c lu d e  ch a rac te ris tic s  su c h  as age or size s tru c tu re , p ro d u c tiv ity  ra te , 
an d  ev en  asp ec ts  of th e  ‘h e a lth ’ of in d iv id u a ls ;

-  p ro cesses  su p p o rtin g  th e  fea tu re , su ch  as p h y s ica l e n v iro n m en ta l factors like  w a te r quality , w ater 
m o v em en t (levels an d  flow s) or se d im e n t p ro cesses , w h ere  th e y  are  of o v errid in g  im p o rtan ce  to  th e  
co n d itio n  of a h a b ita t or species; for exam ple , th e  sa lin ity  p a tte rn s  observed  in  a lagoon.

2) Id en tify in g  th e  sta te  or va lu e , or range of v a lu es , for th e  se lec ted  ch a rac te ris tic s  w h ic h  th e  featu re  
n eed s to  have  if  it  is to  be c o n s id e red  as b e in g  in  favourab le  co n d itio n . T h ese  v a lu es n e e d  to recog­
n ise , so far as p o ssib le , th e  flu c tu a tio n s  w h ic h  are p a rt of th e  fea tu re ’s n a tu ra l dynam ics.

As a gu ide , an d  in  th e  absence  of in fo rm a tio n  on  w h ic h  to base  a d iffe ren t co n c lu s io n , th e  ‘v a lu e ’ of 
th e  ch a rac te ris tic s  a t th e  tim e  w h e n  th e  fea tu re  w as se lec ted  is a ssu m ed  to  be rep re sen ta tiv e  of 
favourab le  co n d itio n . T he U n ited  K ingdom  refers to  th e  ch a rac te ris tic s  d esc rib ed  above as attribu tes.

Sub-features
T he m arin e  A n n ex  I h ab ita ts  are v e ry  b ro ad ly  d e fin ed  h ab ita ts  th a t are often  re p re se n te d  by  large an d  
co m p lex  sites. To effectively  d escribe , m o n ito r  an d  m anage su c h  co m p lex  fea tu res, it  has b e e n  n e c e s ­
sary  to  d iv id e  som e of th em  in to  sm alle r u n its  ca lled  sub-fea tures. S ub -fea tu res are d is tin c tiv e  bio logi-
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cal c o m m u n itie s  (e.g. eelgrass b ed s, m aerl b ed s, h o rse -m u sse l reefs), or p a r tic u la r  s tru c tu ra l or geo­
g rap h ica l e lem en ts  of th e  fea tu re  (see F igure 1-2). S ub -fea tu res h av e  often  p ro v ed  h e lp fu l, b o th  in  the  
d ev e lo p m en t of co n se rv a tio n  objectives, an d  of m o n ito rin g  p rog ram m es, to  sep ara te  th e  fea tu re  in to  a 
n u m b e r of c o n s titu e n t sub -fea tu res, a n d  th e n  to  id e n tify  a ttrib u tes  an d  targets for th e  sub-fea tu res. T he 
u se  of sub -fea tu res h as  b e e n  fo u n d  to  be p a r tic u la r ly  h e lp fu l for th o se  m arin e  A n n ex  I fea tu res th a t re p ­
re se n t w h o le  p h y sio g rap h ic  units," an d  p e rm its  a leve l of f lex ib ility  in  th e  a p p lic a tio n  of th e  U K ’s 
C om m on S tan d a rd s  M o n ito rin g  w h ic h  has b e e n  fo u n d  n ecessa ry  w h e n  a p p ly in g  th e  s ta n d a rd s  at th e  site  
level.

Plymouth Sound and estuaries SAC

----------- Large shallow inlet and bay

----------- ^  Intertidal rock and boulder shore communities

----------- ^  Subtidal rocky reef communities

----------- Kelp forest communities

----------- ^  Subtidal mud communities

^  _  , „ ------------^  Subtidal sandbank communities----------- Estuaries

--------------------------- ^  Intertidal mud communities

--------------------------- ^  Subtidal mud communities

--------------------------- ^  Intertidal mixed muddy sediment communities

---------------------------^  Subtidal mixed muddy sediment communities

--------------------------- ^  Estuarine bedrock, boulder and cobble communities

--------------------------- ^  Subtidal sandbank communities

--------------------------- 3^ Saltmarsh and reedbed communities

_______ ^  Sandbanks which are slightly
covered by  seawater all o f the time

 3^ Eelgrass bed communities

 3^ Gravel and sand communities

 Muddy sand communities

Figure 1-2  An e x a m p le  of h o w  c o m p le x  A nn ex  I features  (bold Italic) a re  d iv ided Into sub-features  (normal text) for a large 
SAC.

Attributes
As e x p la in e d  above, co n se rv a tio n  objectives for each  fea tu re  on  each  SAC are d ev e lo p ed  by  id e n tify ­
ing  th e  a ttrib u tes  w h ic h  d escribe  a n d  su p p o rt th e  (sub) fea tu re , a n d  by  th e  se ttin g  of v a lu es , or a range 
of v a lu es , for each  of th e se  w h ic h  re flec t th e  b e s t ju d g em en t as to w h a t is re q u ire d  to  d efine  th e  fea­
tu re  as b e ing  in  good co n d itio n . It is q u ite  im p rac tica l to  set co n se rv a tio n  objectives for every  c o n ­
ceivab le  a ttrib u te  for a p a r tic u la r  fea tu re  an d , ev en  if  th is  w ere  done, th e  cost of m o n ito rin g  all of 
th e se  to  assess th e  c o n d itio n  of th e  fea tu re  w o u ld  be p ro h ib itiv e .

For th is  reaso n , co n se rv a tio n  objectives are d ev e lo p ed  for th o se  a ttrib u tes  c o n s id e red  to  be  essen tia l. 
T he n a tu re  co n se rv a tio n  agencies in  th e  U n ited  K ingdom  are cu rre n tly  in c rea s in g  th e ir  ex p erien ce  in  
d ev e lo p in g  co n se rv a tio n  objectives for m arin e  in te re s t fea tu res, an d  th e  u n d e rs ta n d in g  of w h ic h  
a ttrib u tes  are th e  m ost im p o rta n t m ay  n e e d  to  change as ou r u n d e rs ta n d in g  im proves. E xam ples of 
a ttrib u tes  are g iven  in  Box 1-3. T he U n ited  K ingdom  refers to  th e  a ttrib u te  v a lu es  w h ic h  h e lp  to 
define  favourab le  c o n d itio n  as targets.

In  p rac tice , in  th e  m arin e  e n v iro n m e n t it  has p ro v ed  u se fu l to  co n sid e r a ttrib u tes  in  m ean in g fu l 
g roups u n d e r  a range of sub-featu res.

2 Estuaries, large shallow inlets and bays, caves, and lagoons.
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Box 1-3  Examples  of  Attributes

E xten t of th e  featu re

D iversity  of c o n s titu e n t b io to p es 
E x ten t of im p o rta n t c o n s titu e n t b io to p es 
D is trib u tio n  of im p o rta n t c o n s titu e n t b io to p es 
S pecies co m p o s itio n  of im p o rta n t b io to p es

Im p o rtan t to p o g rap h ic  fea tu res su c h  as b a th y m e try  
W ater tem p era tu re  
T urb id ity  
N u trie n t s ta tu s
S ed im en t (or o ther su b stra tu m ) ch arac te r

Sum m a ry
A  su m m ary  of th e  a p p ro ach  u se d  to  define  favourab le  c o n d itio n  for an  in te re s t fea tu re  on  an  in d iv id u a l 
SAC is, therefo re , as fo llow s:

1) Id en tify  an d  define  an y  sub -fea tu res th a t are im p o rta n t co m p o n en ts  of th e  feature.

2) Id en tify  th e  a ttrib u tes  for th e  in te re s t fea tu re , an d  an y  sub -fea tu res, w h ic h  are co n sid e red , o n  b est 
ju d g em en t, to  be essen tia l to  assess its  co n d itio n .

3) Set targets for th o se  a ttribu tes.

4) F o rm u la te  co n se rv a tio n  objectives for th e  fea tu re  b a sed  on  th e  aggregation  of a ll th e  se lec ted  a ttr ib ­
u tes  an d  th e ir  targets.

T hese  co n se rv a tio n  objectives th e n  define  favourab le  c o n d itio n  for th e  feature.

The role of monitoring in judging favourable condition

M on ito rin g  th e  se lec ted  a ttrib u tes  p ro v id es  th e  in fo rm a tio n  to co m p are  th e ir  ac tu a l v a lu es  a t th e  tim e  
of reco rd in g  w ith  th e  target v a lu es , to  enab le  an  assessm en t of w h e th e r or n o t th e  fea tu re  (or sub -fea­
ture) is in  favourab le  co n d itio n .

T he U n ited  K ingdom  uses th is  a p p ro a c h  in  th e  m o n ito rin g  of all sites d esig n a ted  u n d e r  n a tio n a l an d  
EC n a tu re  co n se rv a tio n  D irectives, a n d  refers to  th e  a p p ro ach  as C om m on  S ta n d a rd s  M o n ito rin g  . T he  
a p p ro ach  has a n u m b e r of advan tages:

• A t a loca l level, it  p ro v id es  a fram ew ork  for th o se  re sp o n sib le  for d ev e lo p in g  an d  im p le m e n tin g  
m o n ito rin g  p rog ram m es to  do so w ith  th e  co n fid en ce  th a t th is  fram ew ork  is su p p o rte d  n a tio n a lly  
an d  is b e in g  im p le m e n te d  th ro u g h o u t th e  country .

• It enab les ju d g em en ts  to  be m ad e  ab o u t th e  c o n d itio n  of fea tu res w h ic h  are c o n s is te n t b e tw e e n  one 
p e rso n  an d  ano ther, a n d  b e tw een  one s ite  an d  another.

• C ollecting , m an ag in g  an d  exchang ing  m o n ito rin g  in fo rm a tio n  u s in g  accep ted  s ta n d a rd s  can  be done 
at a m u c h  lo w er cost th a n  w o u ld  o th erw ise  be p o ssib le , an d  u se  of th e  s ta n d a rd s  also  fac ilita tes the  
co m p ariso n  of re su lts  over tim e  an d  b e tw e e n  d iffe ren t lo calities.

• It enab les th e  UK to rep o rt on  th e  c o n d itio n  of each  fea tu re  at th e  n a tio n a l leve l to  th e  EC. 

Frequency of  monito r ing
T he H ab ita ts  D irective req u ires  M em ber S tates to  re p o rt on  th e  s ta tu s  of th e  h ab ita ts  a n d  sp ec ies  of 
C o m m u n ity  in te re s t every  six  years. In  co n fo rm ity  w ith  th is , th e  UK h as a d o p te d  th e  p rac tice  of m o n i­
to ring  a ll d es ig n a ted  sites, in c lu d in g  SACs, on  a six-year cycle. W ith in  th is  overall six -year m o n ito rin g  
cycle, e ach  in te re s t fea tu re  w ith in  a site  m u s t be m o n ito red , p re fe rab ly  w ith in  th e  sam e year, b u t ce r­
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ta in ly  w ith in  a th ree -y ear p erio d .
Som e fea tu res w ith in  sites w ill be m o n ito re d  m ore  freq u en tly  th a n  th is . M arine  SAC featu res p a r tic u ­

la rly  w ill n e e d  m ore  freq u en t m o n ito rin g  in  fo rth co m in g  years to  ad eq u a te ly  e stab lish  th e ir  in h e re n t 
v a ria tio n  a n d  b e tte r  judge th e  a p p ro p ria te n ess  of target v a lu es  a lread y  set, or d efine  target v a lu es  for 
th o se  a ttrib u tes  w h ere  th e re  are few  ex is tin g  data.

Judging the  cond i t io n  of  sites
T he c o n d itio n  of d es ig n a ted  fea tu res is ju d g ed  to  fall in to  one of sev en  categories (see Box 1-4). T h e  first 
tw o  of th e se  are te rm ed  fa vo u ra b le  an d  fea tu res w h ic h  are assessed  as fa lling  in to  th e se  categories m eet 
th e  req u irem en ts  of favourab le  c o n d itio n . T he re m a in d e r do not.

T h e  C om m on S tan d a rd s  M on ito rin g  m o d e l for d es ig n a ted  n a tu re  co n se rv a tio n  sites a d o p ted  b y  the  
U n ited  K ingdom  also  in c lu d e s  th e  m o n ito rin g  of m an ag em en t m easu res  an d  ac tiv ities , b u t th ese  are no t 
in c lu d e d  w ith in  th e  H andbook . T h e  C om m on S tan d a rd s  M o n ito rin g  p ro ced u re s  are su m m arised  
in  Box 1-4.
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Box 1-4  S o m e  key aspec ts  of  the  f ram ew ork  of C o m m o n  S tandards  M onitor ing

F e a t u r e s  t o  b e  m o n it o r e d  
T he  fe a tu re s  to be m o n ito re d  a n d  rep o rted  w ill 
be, in  the  case o f  N a tu r  a 2000, th e  fe a tu re s  fo r  
w hich  the  s ite  is  designa ted .

For m o n ito rin g  p u rp o se s , th e  sp ec ia l in te re s t 
of th e  site  m ay  n o t a lw ays be d ea lt w ith  as a s in ­
gle e n tity  s in ce  m an y  sites have  a co m p lex  m ix  
of A n n ex  I h ab ita ts  or A n n ex  II spec ies, w h ic h  
p ro v id e  th e  ju s tif ica tio n  for th e  d esig n a tio n  of 
th e  site. H ow ever, th e  in d iv id u a l fea tu res of 
in te re s t sh o u ld  be id e n tif ie d , m o n ito red  an d  
re p o rte d  on  separately . T hese  in te re s t featu res 
are d esc rib ed  in  th e  n o tif ic a tio n  d o cu m en ts  an d  
are th e  reaso n s for d esig n a tin g  th e  site. U n til 
SACs are fo rm ally  d es ig n a ted  th e  in te re s t fea­
tu re s  are th o se  for w h ic h  th e  site  w as se lec ted .

C o n s e r v a t io n  o b je c t iv e s  
C onservation objectives w ill be prepared  fo r  in ter­
est fea tu res  on all sites. Each objective w ill define  
w hat constitu tes favourab le  cond ition  o f  each fe a ­
ture b y  describing broad targets w hich sh o u ld  be 
m e t i f  the  fea ture  is  to be ju d g ed  favourable.

Each in te rest feature of a site w ill have one or 
m ore attribu tes th a t can  be u sed  to h e lp  define 
Favourable C ondition . For species these  m ay 
in c lu d e  p o p u la tio n  size , s tru c tu re , h a b ita t 
requ irem ents an d  d istribu tion . A ttribu tes of hab i­
tats m ay  in c lu d e  area covered, key  species, com ­
p o sitio n  an d  structu re  an d  su pporting  processes.

B road  targets  w ill be id e n tif ie d  for th o se  
a ttr ib u te s  th a t  m o s t e c o n o m ic a lly  d e fin e  
F avourab le  C o n d itio n  of th e  in te re s t feature. 
B ecause all fea tu res are sub jec t to  som e degree 
of change, th e  targets m ay  exp ress h o w  m u c h  
change w e w o u ld  accep t w h ile  s till c o n sid e rin g  
th e  fea tu re  to  be in  F avourab le  C o n d ition . If a 
fea tu re  changes to  th e  ex ten t th a t it  falls o u ts id e  
th e  th re sh o ld s  ex p ressed  th e n  th is  acts as a tr ig ­
ger for rem ed ia l ac tio n  or fu rth e r in v estig a tio n .

M o n it o r in g  c y c l e  
T he  overa ll cycle  w ill ensu re  th a t the  in te re s t  
fe a tu re s  w ill be m o n ito re d  a t le a s t once  w ith in  
s ix  years. H ow ever, fo r  a n y  p a rticu la r  site  each  
in te re s t fea tu re  sh o u ld  be m o n ito re d  w ith in  a 
th ree-year period .

W ith in  th e  overall m o n ito rin g  cycle, it  w ill be 
u se fu l to form  a v iew  of th e  overall c o n d itio n  of 
th e  fea tu res w ith in  a p ro p o rtio n  of th e  s ta tu to ry  
sites on  a m ore  freq u en t basis. E ach  in te re s t fea­
tu re  w ith in  a s ite  sh o u ld  therefo re  be m o n ito red , 
p re fe rab ly  w ith in  th e  sam e year, b u t ce rta in ly  
w ith in  a th ree -y ear p erio d .

J u d g in g  t h e  c o n d it io n  o f  s i t e s  
T he c o n d itio n  of s ite  fea tu res w ill be  a ssigned  
against th e  fo llow ing  categories:
Favourable -  maintained. A n in te re s t featu re  
sh o u ld  be  reco rd ed  as m a in ta in e d  w h e n  its co n ­
se rv a tio n  objectives w ere  b e in g  m e t at th e  p re v i­
ous a ssessm en t, an d  are s till b e ing  m et. 
Favourable -  recovered. A n in te re s t fea tu re  can  
be reco rd ed  as hav ing  recovered  if  it has regained  
Favourable  C ond ition , hav ing  b een  reco rd ed  as 
un favourab le  on the  p rev ious assessm ent. 
Unfavourable -  recovering. A n in te re s t featu re  
can  be reco rd ed  as reco v erin g  after dam age if  it 
has b eg u n  to  show , or is co n tin u in g  to  show , a 
tre n d  to w ard s  F avourab le  C o n d ition . 
Unfavourable -  no change. A n in te rest feature 
m ay be re ta ined  in  a m ore-or-less steady  state by  
repeated  or co n tinu ing  dam age. It is unfavourable  
b u t n e ith er declin ing  no r recovering. In  rare cases, 
an  in te rest feature m ight no t be able to regain  its 
original co n d itio n  follow ing a dam aging activity, 
b u t a n ew  stable state m ight be achieved. 
Unfavourable -  declining. D ecline  is an o th e r 
p o ssib le  co n seq u en ce  of a dam aging  activ ity . In  
th is  case, recovery  is p o ss ib le  an d  m ay  occur 
e ith e r  sp o n ta n e o u s ly  or if  su itab le  m an ag em en t 
in p u t  is m ade.
Partially destroyed. It is p o ssib le  to  d estro y  sec­
tio n s or areas of ce rta in  fea tu res or to  destro y  
p a rts  of sites w ith  no  h o p e  of re in s ta te m e n t 
b ecau se  p a r t of th e  fea tu re  itse lf, or th e  h ab ita t 
or p ro cesses  e ssen tia l to  su p p o rt it, h as  b een  
rem o v ed  or irre triev ab ly  a ltered .
Destroyed. T h e  re c o rd in g  of a fe a tu re  as 
destro y ed  w ill in d ic a te  th e  en tire  in te re s t fea­
tu re  has b e e n  affected  to  su ch  an  ex ten t th a t 
th e re  is n o  h o p e  of recovery , p e rh a p s  b ecau se  its 
s u p p o r t in g  h a b ita t  or p ro c e s se s  h a v e  b e e n  
rem o v ed  or irre triev ab ly  a ltered .

T hese  categories w ill be u sed  to  assess an d  
re p o rt on  th e  c o n d itio n  of fea tu res of in te rest.

Ju dgem en ts on  th e  overall c o n d itio n  of a fea­
tu re  w ill be in flu e n c e d  by  a v a rie ty  of factors 
an d  in  som e cases a fea tu re  m ay  be assessed  as 
b e ing  in  F avourab le  C o n d itio n  w h e n  on ly  som e 
of th e  targets set for it  h av e  b e e n  m et.

R e p o r t in g  a r r a n g e m e n t s  
A  fu ll re p o rt w ill be p ro d u c e d  once every  six 
years. T he m o n ito rin g  fram ew ork  w ill genera te  
in fo rm a tio n  on  th e  c o n d itio n  of fea tu res across 
th e  s ta tu to ry  s ite  n e tw o rk  as a w h o le , or on  the  
sta tu s  of fea tu res w ith in  in d iv id u a l sites , an d  
w ill be u se d  to  fu lfil rep o rtin g  req u irem en ts  
u n d e r  th e  H a b ita ts  D ire c tiv e  (an d  o th e r 
In te rn a tio n a l C onven tions).
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Context of SAC monitoring w ith in the Scheme of Management

T he co n tex t of m o n ito rin g  w ith in  th e  M anagem en t S chem e p re p a re d  for an  in d iv id u a l SAC is i l lu s tra t­
ed  in  F igure 1-3. T h e  m o n ito rin g  of th e  c o n d itio n  of SACs is co -o rd in a ted  b y  th e  s ta tu to ry  n a tu re  c o n ­
se rv a tio n  agencies, th o u g h  o th e r au th o ritie s  m ay  ac tu a lly  carry  ou t m o n ito rin g  ac tiv ities  w h e re  th is  is 
ap p ro p ria te .

M anagem ent sch em e is effected 
through voluntary action and the 
statutory powers of the relevant

authorities

••

Conservation Agencies monitor 
the condition of features

JNCC  reports the condition of 
each feature In UK to DETR for 

subm ission to the EC

Conservation Agency advises on 
the conservation objectives and 
on activities that may dam age or 

disturb the feature

Relevant authority monitors the 
com pliance with m anagem ent 

m easures  
[This may trigger a change to 

the site ’s management]

Conservation Agencies report the 
condition of features on a SAC to 

Management Group & JNCC 
[This may trigger a change to the 

site ’s management]

Management group agrees a 
m anagem ent sch em e to attain the 

conservation objectives, and to 
m anage other u ses  to ensure they 
are compatible with the Directive’s  

requirements

Figure 1-3 O u t l in e  of th e  p rocess  of e s tab lish ing  a m a n a g e m e n t  sc h e m e  inco rpora t ing  a m onito r ing  p ro g ra m m e  on  an  SAC, 
sh o w in g  the  organ isa t ions  responsib le  for e ac h  s tage  (after Anon  1 9 9 8 ) .  Conservation Agency. C oun trys ide  C ounc il  for 
W ales ,  English Nature,  E nvironm ent an d  Heri tage  Service  (Northern  Ireland), Scottish Natural Heritage.  Relevant Authority. 
the  spec if ic  c o m p e te n t  authori ty  w h ich  has p o w ers  or func tions  w hich  have, o r  co u ld  have, an  im p ac t  on  th e  m ar in e  en v i ­
ro n m en t  with in  o r  a d ja c e n t  to a SAC. M anagem ent Group  com p rise s  the  re levant  au thori t ies  an d  conserva t ion  agency  
m em b ers .  DETR: D e p a r tm en t  for th e  Environment,  Transport a n d  the  Regions.

3 A competent authority is any minister, government department, public or statutory undertaker, public body or 
person holding public office that exercises statutory powers.
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T he U n ite d  K ingdom  has a long  h is to ry  of long -term  in v estig a tio n s in  th e  m arin e  e n v iro n m en t, b o th  at 
a loca l an d  n a tio n a l scale. U n iv e rsitie s  an d  re sea rch  in s titu te s  have  g en era lly  p u rsu e d  local p ro ­
gram m es su c h  as th e  b e n th ic  in v es tig a tio n s  b y  th e  U n iv e rs ity  of N ew castle ’s Dove M arine  L aborato ry  off 
th e  coast of NE E n g land  (B u ch an an  an d  M oore 1986).8 N atio n a l m o n ito rin g  p rog ram m es have  b een  
u n d e rta k e n  b y  s ta tu to ry  agencies, u su a lly  as p a rt of th e ir  reg u la to ry  fu n c tio n s; for ex am p le , th e  M in is try  
of A g ricu ltu re , F ish eries  an d  F ood  m o n ito r  th e  p h y sio -ch em ica l p a ram ete rs  of seaw ate r in  re la tio n  to 
th e  d isp o sa l of c o n tam in an ts  (M AFF 1994). E x isting  m o n ito rin g  p rog ram m es are ex p ec ted  to  m ake a 
s ig n ifican t c o n tr ib u tio n  to  SAC m o n ito rin g , in  te rm s of p ro v id in g  da ta  at a site  w h e re  sam p lin g  sta tio n s 
fall w ith in  th e  SAC b o u n d ary , a n d  p ro v id e  w id e r co n tex tu a l in fo rm a tio n  o n  th e  sta te  of th e  e n v iro n ­
m en t. A lso , th ese  ex is tin g  p rog ram m es can  m ake an  im p o rta n t c o n tr ib u tio n  to  th e  d ev e lo p m en t of SAC 
m o n ito rin g  stra teg ies a n d  th e  in te rp re ta tio n  of re su lts . W h en  d ev e lo p in g  site -b ased  objectives, th ese  
long -term  prog ram m es can  co n trib u te  d a ta  o n  th e  v a ria b ility  of an  a ttrib u te  to  h e lp  se t rea lis tic  targets. 
D uring  a m o n ito rin g  p rog ram m e, co m p arin g  th e  re su lts  g a th ered  at a loca l leve l w ith  an y  n a tio n a l tren d s  
m ay  p ro v id e  a d d itio n a l in s ig h ts  in to  an  ex p la n a tio n  of a local change. It is, therefo re , p ru d e n t for tho se  
e s tab lish in g  SAC m o n ito rin g  sch em es to u n d e rta k e  a co m p reh en siv e  rev iew  to id e n tify  an y  ex isting  
long -term  p rog ram m es th a t m ay  co n tr ib u te  to fu tu re  m o n ito rin g  effort. N a tio n a l m o n ito rin g  in  th e  
m arin e  e n v iro n m e n t is u n d e rta k e n  in te r  alia  u n d e r  th e  au sp ices  of th e  M arine  P o llu tio n  M anagem en t 
an d  M on ito rin g  G roup (MPMMG) e s tab lish ed  b y  th e  D ep artm en t of th e  E n v iro n m en t, T ran sp o rt a n d  th e  
R egions. O ne su c h  schem e is th e  UK N atio n a l M arine  M o n ito rin g  Program m e.

The UK National  M ar ine  Monito r ing  P rogram m e
T he UK N atio n a l M arine  M on ito rin g  P rog ram m e5 (NM M P) w as dev ised  in  re sp o n se  to  th e  1986 H ouse 
of Lords S e lec t C om m ittee  on  M arine  S c ience  a n d  Technology, w h o  re c o m m en d ed  th a t a com m on  
a p p ro ach  to m o n ito rin g  sh o u ld  be estab lish ed . T h is sh o u ld  p ro v id e  all th e  in fo rm a tio n  re q u ire d  to  co m ­
p ly  w ith  th e  fu ll range of n a tio n a l an d  in te rn a tio n a l co m m itm en ts  (e.g. u n d e r  th e  OSPAR C o n v en tio n  
an d  EC D irectives). O vera ll re sp o n s ib ility  for th e  NM M P rests  w ith  th e  M PM M G. T he NM M P is 
d esc rib ed  in  th e  Green B o o k ,' w h ic h  in c lu d e s  p ro c e d u ra l g u id e lin es  for th e  co llec tio n , p ro cess in g  an d  
analy sis  of sam ples.

S am p lin g  is u n d e rta k e n  a n n u a lly  b y  th e  E n v iro n m en t A gency  a n d  C entre  for E n v iro n m en t, F isheries 
an d  A q u acu ltu re  S c ien ce  in  E ng land  a n d  W ales, th e  S co ttish  E n v iro n m en t P ro tec tio n  A gency  a n d  th e  
F ish eries  R esearch  S erv ice  in  S co tlan d , an d  th e  D ep artm en t of A g ricu ltu re  an d  R ural D ev e lo p m en t an d  
th e  E n v iro n m en t an d  H eritage S erv ice  in  N o rth e rn  Ire lan d . It focuses on  stab le  d ep o sitio n a l sed im en t 
sites an d  reco rd s da ta  on  se d im e n t chem istry , b io log ica l c o m m u n itie s , b io a c c u m u la tio n  of m ercury , 
cad m iu m  an d  lead , an d  th e ir  eco logical effects. S am ples are co llec ted  at each  of ap p ro x im a te ly  115 s ta ­
tio n s a ro u n d  th e  UK (Figure 1-4): th e re  are 40 e s tu a rin e  sites, 45 in te rm e d ia te  (coastal) s ites a n d  30 off­
sho re  sites. T h e  p rog ram m e has b ecom e b io logy-led  b ecau se  th e  p rev a ilin g  b io log ica l assem blage is c o n ­
sid e red  to  in teg ra te  a n d  re flec t th e  effects of th e  w id e  range of p h y s ica l a n d  ch em ica l c o n d itio n s  o ccu r­
ring  at each  site . H ow ever, a p e rce iv ed  w eak n ess  is th e  d ifficu lty  of lin k in g  cau se  an d  effect. A  N atio n a l 
M arine  B iology A n a ly tica l Q u a lity  C on tro l S chem e (NMBAQC) w as e s tab lish ed  in  1992 an d  has u n d e r ­
tak en  v a rio u s  exerc ises an d  w o rk sh o p s  in v o lv in g  m ore  th a n  25 lab o ra to ries  to  e s tab lish  q u a lity  a s su r­
ance  s ta n d a rd s  for th e  b io log ica l a sp ec ts  of th e  NMMP. S im ila r sch em es ex ist for ch em ica l m o n ito rin g  
(NMCAQC) an d  eco tox ico log ica l m o n ito rin g  (NMEAQC).

4 See: http://www.environment.detr.gov.uk/marine/mpmmg/index.htm
5 See: http://www.marlab.ac.uk/NMPR/NMP.htm for a list of links and http://www.environment-agency.gov.uk/s- 

enviro/viewpoints/5change-ltrs/3nmmp/5-3.html for an explanation.
6 The Green Book is a controlled document distributed by Fisheries Research Service, Marine Laboratory, 

Aberdeen: contact Dr Gili Rodger (rodgergk@marlab.ac.uk). The text may be downloaded from: http://www.mar- 
lab.ac.uk/greenbook/GREEN.htm

http://www.environment.detr.gov.uk/marine/mpmmg/index.htm
http://www.marlab.ac.uk/NMPR/NMP.htm
http://www.environment-agency.gov.uk/s-
mailto:rodgergk@marlab.ac.uk
http://www.mar-


24  Marine Moni tor ing H a n d b o o k

T hese  schem es p ro v id e  a p o te n tia l m o d e l for e s tab lish in g  q u a lity  a ssu ran ce  m easu res  in  SAC 
m o n ito ring .

Figure 1 -4  L oca tion  o f  th e  N a t io n a l  M a r in e  M o n i to r in g  P r o g r a m m e  (NM M P) s a m p le  s i tes  in
the  UK. Key: 9  - cSAC (pre m o d era t io n  ); □  - N M M P sites with in  cSACs; ■  - N M M P sites (see http://www.environment- 
agency.gov.uk/s-enviroAfiewpoints/5change-ltrs/3nmmp/5-3a.html).

B iological su rv ey  in  th e  NM M P is b ased  on  m ac ro b en th ic  sam p lin g  u s in g  grab an d  core  sam p lin g  of 
su b tid a l se d im e n t b io to p es. B eing q u a n tita tiv e  co u n ts  of in d iv id u a l o rgan ism s, th e  re su lts  le n d  th e m ­
selves to  th e  u se  of d iv e rs ity  in d ice s  a n d  m u ltiv a ria te  analy sis  to in d ic a te  ‘h e a lth ’ an d  ex ten t o f change. 
A nalyses of th e  en tire  da ta  set p ro v id e  an  in d ic a tio n  of an y  n a tio n a l tre n d s  in  th e  ‘h e a lth ’ of th e se  b io ­
log ical co m m u n itie s . T he first h o lis tic  NM M P re p o rt on  th is  sp a tia l survey, N a tio n a l  M o n ito r in g  
P ro g ra m m e  S u r v e y  o f  th e  Q u a li ty  o f  U K  C o a sta l W a te r s ' w as p u b lish e d  in  N ovem ber 1998.

7 The original UK list of cSACs was reviewed at the EC Atlantic Biogeographic Region meeting at Kilkee, Ireland 
in October 1999; the UK is currently revising its list following this meeting.

http://www.environment-
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T hese  n a tio n a l re su lts  w ill p ro v id e  an  im p o rta n t co n tex t for a ssessing  th e  s ign ificance  of an y  lo ca lised  
change reco rd ed  d u rin g  a SAC m o n ito rin g  study.
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Introduction

Marine Moni tor ing H a n d b o o k

T here  are four stages in  a m o n ito rin g  p rog ram m e to assess th e  c o n d itio n  of th e  in te re s t fea tu res of 
m arin e  SACs:

(1) e s tab lish  w h a t to m o n ito r

(2) d e te rm in e  th e  m o st a p p ro p ria te  te c h n iq u e  to  u se

(3) o rganise  th e  d ep lo y m en t of th e  te c h n iq u e  in  th e  fie ld

(4) assess th e  c o n d itio n  of th e  featu re  

T h e  p ro cess  is su m m arised  in  F igure 2-1.

Assess euti tli lion

Monitor attributes

S e i e e t  a t tr ibutes

Decide management 
a c t i o n

Compare current value 
w i E . l i  the larget value

Figure 2-1 S u m m ary  of the  SAC m onito r ing  process

What do I need to measure?

As e x p la in e d  in  S ec tio n  1 of th e  H andbook , th e  a sp ira tio n  for th e  fea tu res o n  UK m arin e  SACs is 
fa vo u ra b le  co n d itio n  as d e fin ed  b y  th e  targets se t for a range of se lec ted  a ttrib u tes . T he targets p ro v id e  
th e  fram ew ork  to  be te s ted  in  a m o n ito rin g  p rog ram m e. T he p ro cess  of d ev e lo p in g  co n se rv a tio n  objec­
tives for m arin e  SACs is d esc rib ed  in  a sep a ra te  re p o rt“ an d  w ill n o t be rep e a te d  here ; th e  p rocess
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is illu s tra te d  in  F igure 2-2. T h e  m o n ito rin g  p rog ram m e is analogous to a sc ien tific  in v es tig a tio n  w h ere  
th e  h y p o th e s is  u n d e r  te s t is w h e th e r th e  targets h av e  b e e n  ach ieved ; th e  fea tu re  is th e n  c o n s id e red  to be 
in  fa vo u ra b le  co n d itio n . A  m o n ito rin g  p rog ram m e m u st there fo re  m ake a series of m easu rem en ts  to  test 
th e  h y p o th es is  th a t each  a ttrib u te  is in  favou rab le  c o n d itio n  an d  th ere fo re  enab le  a ju d g em en t to  be 
m ad e  on  th e  s ta tu s  of th e  w h o le  feature. C om m on S tan d a rd s  M o n ito rin g  req u ires  a d isc re te  d a ta  g a th ­
ering  exerc ise  (tha t m ay  n ev e rth e le ss  req u ire  severa l fie ld  v isits) d u rin g  th e  rep o rtin g  cycle  to  eva lua te  
th e  c o n d itio n  of th e  feature.

F e a tu r e  C o B sw ra lto u  A ttr ib u te s  
o fy je v tiv e

Targets Condition

Sub-tidat 

s a n d  b i n k

V _ /

Iu
222

3

Ju
c

Euleri
Nfc Iht

fidWf Hwd bUttiM

Rirpc cl 
biicpei

fi..- l:ir JI: ::idcc: shnJd 
rí l  dH tffe ITOHI tEriHi’-é

Dwülï H Arety sf-úJd «1
■ripa* (UTivilRlríín wwlrii

*
DtoOi shqfdMCdbñÜÉ 
íflirtcanfji-i i f  tapiro

■ihiracfcr

Mrtila elíb
f a rn ^ lç r e  ¡tr-ipr 
nbAHirÉ

Favourable
condition

Figure 2-2  A hypothetica l  e x a m p le  of a featu re  a n d  its conse rva t ion  objec t ive ,  sh o w in g  the  a ttr ibutes and  targets (adap ted  
from E coscope  2000a) .  This d iag ram  will a lso ap p ly  to a sub -fea tu re  (see Section  1 ).

In  p rac tice , in fo rm a tio n  on  targets' is often  p re se n te d  in  th e  form  of a tab le , w h ic h  show s th e  re la ­
tio n sh ip  b e tw een  feature , sub -fea tu re , a ttrib u te  a n d  target, to g e th er w ith  an y  s ite /a ttr ib u te  specific  co m ­
m en ts. A n  ex am p le  is sh o w n  b e lo w  in  Box 2-1.

1 Brown (2000) provides an excellent and comprehensive explanation of how the Common Standards Model is 
used for condition monitoring, including a detailed account of methods and appropriate statistical procedures 
to evaluate a feature's condition.

2 All features are subject to some change and so the targets may express how much change we would accept 
whilst still considering the feature to be in favourable condition. These will serve as a trigger mechanism so 
that when changes that fall outside the thresholds expressed are observed or m easured some further investiga­
tion or remedial action is taken.
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W h a t  a ttr ibutes sh ou ld  I select?
As e x p la in e d  in  S ec tio n  1, th e  UK co n sid e rs  fa vo u ra b le  co n d itio n  to  be fa vo u ra b le  co n serva tion  s ta tu s  
at th e  leve l o f th e  in d iv id u a l SAC. W hy  is th is  im p o rta n t an d  h o w  does it  re la te  to  th e  cho ice  of a ttr ib ­
u tes  for m o n ito ring?  P art of th e  an sw er lies in  th e  req u irem en ts  of th e  H ab ita ts  D irective, w h ic h  defines 
w h a t is m ean t b y  fa vo u ra b le  conserva tion  s ta tu s, a n d  is se t ou t in  Box 2-2.

Box 2-2  D efinitions of favourab le  conserva tion  status for A nnex  I habita ts  
(Article 1e) a n d  A nnex  II spec ies  (Article 1 i)
For a n a tu ra l h ab ita t, fa vo u ra b le  conserva tion  s ta tu s  occurs w h en :

• its n a tu ra l range an d  area  it covers w ith in  th a t range are stab le  or increasing ; an d

• th e  sp ec ific  s tru c tu re  a n d  fu n c tio n s , w h ic h  are n ecessa ry  for its  long -term  m a in ten an ce , 
ex ist an d  are  lik e ly  to co n tin u e  to  ex ist for th e  fo reseeab le  fu tu re ; an d

• th e  co n se rv a tio n  s ta tu s  of its  ty p ica l spec ies is favourable .

For a species, fa vo u ra b le  co n serva tion  s ta tu s  occurs w h en :

• th e  p o p u la tio n  d y n am ics da ta  on  th e  spec ies co n ce rn ed  in d ic a te  th a t it  is m a in ta in in g  
itse lf  on  a long -term  basis  as a v iab le  co m p o n en t of its  n a tu ra l hab ita ts ; an d

• th e  n a tu ra l range of th e  spec ies is n e ith e r  b e ing  re d u c e d  n o r is lik e ly  to  be re d u c e d  for the  
fo reseeab le  fu tu re ; an d

• th e re  is, an d  w ill p ro b ab ly  co n tin u e  to  be, a su ffic ien tly  large h a b ita t to  m a in ta in  its 
p o p u la tio n s  on  a long -term  basis.

Taking h a b ita t fea tu res only, th ese  d e fin itio n s  c lea rly  suggest th a t an  assessm en t of FCS m u st c o n s id ­
er a ttrib u tes  re la tin g  to  ex ten t, s tru c tu re , fu n c tio n  an d  ty p ica l species. T he Jo in t N atu re  C onserv a tio n  
C om m ittee  co m m iss io n ed  a s tu d y  to  id e n tify  g eneric  p a ram e te rs  for d efin ing  fa vo u ra b le  co n d itio n  of 
each  fea tu re  th a t equa te  to  th e  b ro ad  d e fin itio n s  in  Box 2-2. It p ro v id e d  u se fu l g u id an ce  on  th e  ty p e  of 
generic  a ttribu te  to co n sid e r in  re la tio n  to  th e  d e fin itio n s  of FCS. A d o p tin g  generic  a ttr ib u tes  w ill m ake 
a v a lu ab le  c o n tr ib u tio n  to  th e  im p le m e n ta tio n  of th e  U K ’s C om m on S tan d a rd s  for M on ito rin g  p ro g ram ­
m e across th e  site  series. T hese  id eas  w ere  ex p lo red  at th e  UK M arine  SACs P ro jec t E u ro p ean  w o rk ­
sh o p  h e ld  at G atw ick6 an d  fu rth e r d ev e lo p ed  as g u id an ce  b y  E n g lish  N atu re , w h o  c o n c lu d e d  th a t g en er­
ic a ttrib u tes  w o u ld :

• en su re  co n sis ten cy  of c o n d itio n  assessm en ts;

• fac ilita te  aggregation  of c o n d itio n  assessm en ts;

• ass is t in  th e  id e n tif ic a tio n  of large sca le  change, for ex am p le  across th e  N a tu ra  2000 series.
f

S co ttish  N atu ra l H eritag e’s h an d b o o k  on  site  c o n d itio n  m o n ito rin g  suggests th e  h a b ita t a ttrib u tes  
sh o u ld  c o n s id e r th e  q u a n tity  a n d  quality , w h ere  q u a lity  is fu rth e r su b -d iv id e d  in to  p h y s ic a l a ttribu tes, 
co m p o sitio n , structure , d y n a m ic s  a n d  fu n c tio n . For spec ies, th e  a ttrib u tes  sh o u ld  be quan tity , p o p u la ­
tion  d yn a m ics , p o p u la tio n  structure , g en e tic  d ive rs ity  an d  h a b ita t req u irem en ts . To p ro v id e  a s tru c tu re d  
a p p ro ach  in  th e  p re se n t H andbook , th e  fo llow ing  g eneric  a ttrib u tes  are u sed : ex ten t, b io tic  co m p o sitio n , 
b io logica l s truc ture  a n d  p h y s ic a l s tru c tu re  for A n n ex  I h ab ita ts , an d  quan tity , p o p u la tio n  dyn a m ics, 
p o p u la tio n  s tru c tu re  an d  h a b ita t re q u irem en ts  for A n n ex  II species. Table 2-1 an d  Table 2-2 give ex am ­
p les  of h o w  th ese  g eneric  a ttr ib u tes  have  b e e n  in te rp re te d  a n d  th e n  a p p lie d  to  c a n d id a te  SACs in  UK. 
In  th e  UK, a ll re fe rence  to  b io log ica l c o m m u n itie s  m u s t u se  th e  te rm s in  th e  n a tio n a l m a rin e

5 A generic attribute is a summary term describing the broad theme from w hich site-specific attributes may be 
derived. For example, biotic composition (of a feature) is the generic attribute whereas, the species composition  
o f biotope X and the presence o f species y  would be site-specific representations.

6 Selecting attributes for A nnex  I  habitats and A nnex II species o f marine SACs, paper by Paul Gilliland, 
Maritime Team, English Nature; Paul.Gilliland@english-nature.org.uk

mailto:Paul.Gilliland@english-nature.org.uk
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b io to p e  c la ssifica tio n ,g an d  for sp ec ies, a ll tax o n o m ic  n o m e n c la tu re  m u s t fo llow  th e  S p e c ie s  D irectory  
to  en su re  a c o n s is te n t ap p ro a c h  across th e  site  series.

Summary

A m o n ito rin g  stra tegy  m u s t m easu re  at leas t one a ttr ib u te  of th e  ex ten t, th e  b io tic  co m p o sitio n , th e  bio­
log ica l s truc ture  an d  th e  p h y s ic a l s tru c tu re  of an  A n n ex  I h a b ita t fea tu re , an d  th e  q u a n tity , th e  p o p u la ­
tion  d yn a m ics , th e  p o p u la tio n  s truc ture  an d  th e  h a b ita t re q u irem en ts  of an  A n n ex  II species.
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W h a t  is the  target cond it ion?
S ec tio n  2.2 e x p la in e d  h o w  a m o n ito rin g  s tu d y  co m p ares  th e  c u rre n t s itu a tio n  to  an  e s tab lish ed  s ta n d a rd  
to  d e te rm in e  th e  c o n d itio n  of a feature . T h is s ta n d a rd  is e x p re ssed  as th e  target co n d itio n  in  th e  co n ­
serva tion  ob jective  a n d  there fo re  it  is e ssen tia l th a t th e  target be c lea rly  d efined . In  p rac tice , id e n tify in g  
th e  target c o n d itio n  has p ro v ed  v e ry  d ifficu lt an d  o n ly  b ro ad  g eneric  v a lu es  h av e  b e e n  sp ec ified  for 
m an y  a ttrib u tes . It is im p o rta n t to  rem em b er th a t e s tab lish in g  th a t one c o n d itio n  (fa vo u ra b le  cond ition )  
is p re fe rab le  to  all o thers w ill u ltim a te ly  a lw ays be a su b jec tive  p ro cess  an d  as su ch  req u ires  a v a lu e  
ju d g em en t (or ‘ex p ert o p in io n ’). In  o ther w o rd s, d e fin in g  a c o n d itio n  w e p re fe r  to h av e  c an n o t be a d ec i­
s io n  b ased  so le ly  on  sc ien ce .3

S ites w ere  se lec ted  as c a n d id a te  SACs u s in g  a ll ava ilab le  in fo rm a tio n  at th a t tim e, an d  for m arin e  
SACs, th e  fea tu res w ere  a ssu m ed  to be in  favourab le  c o n d itio n  u n le ss  in fo rm a tio n  becam e availab le  to 
th e  contrary . T he c rite ria  u se d  for se lec tio n  are d iffe ren t to  m an y  of th e  a ttrib u tes  n o w  u se d  to  define 
an d  h e n ce  m o n ito r favou rab le  co n d itio n . H ow ever, p rev io u s  da ta  m ig h t n o t be  a p p ro p ria te  to  e s tab lish  
a d e fin itiv e  target v a lue . M oreover, m an y  of th e  da ta  availab le  at th e  tim e  of d es ig n a tio n  w ere  d eriv ed  
from  a sing le  fie ld  su rv ey  and , therefo re , do n o t p ro v id e  an y  in d ic a tio n  of v a ria b ility  over tim e. For 
in s tan ce , a m ap p in g  exerc ise  d esig n ed  to  give an  in d ic a tiv e  d is tr ib u tio n  of th e  b io log ica l co m m u n itie s  
of a s ite  m ay  n o t h av e  reco rd ed  da ta  at su ffic ien t scale  to  e s tab lish  th e  b o u n d a ry  of p a r tic u la r  hab ita ts  
su ffic ien tly  accu ra te ly  for an y  fu tu re  a ssessm en t of a change in  ex ten t to  be m ade.

For som e a ttrib u tes , it  m ay  be p o ssib le  to  u se  da ta  from  ex isting  lon g -te rm  s tu d ie s  (such  as the  
N atio n a l M arine  M o n ito rin g  P rogram m e) to  e s tab lish  a ta rget c o n d itio n . S u ch  da ta  m ay  req u ire  re-analy- 
sis an d  in te rp re ta tio n  b ecau se  th e  ob jective of th e  o rig inal m o n ito rin g  p ro jec t is u n lik e ly  to m a tch  tho se  
of c o n d itio n  m on ito ring .

For som e a ttrib u tes , how ever, su c h  d a ta  m ay  n o t ex ist an d  e s tab lish in g  a target c o n d itio n  w ill req u ire  
a d e d ica ted  da ta  co llec tio n  p rog ram m e th a t, w h ere  p o ssib le , ex ten d s over a su ffic ien t tim e  p e rio d  to 
in d ic a te  an y  tem p o ra l variab ility . G enerally , th e  target c o n d itio n  w ill be th e  c u rren t c o n d itio n  at the  
tim e  of se lec tio n  (or at th e  tim e  of th e  b ase lin e  m o n ito rin g  if  d ifferen t), u n til  su ffic ien t da ta  are av a il­
able to  p ro v id e  a m ore  re fin ed  target th a t takes acco u n t of in h e re n t v a ria b ility  -  n a tu ra l or a n th ro ­
pogen ic . W here  p o ssib le , it  w o u ld  be p ru d e n t to  e s tab lish  a su rve illa n ce  p rog ram m e to m easu re  th e  te m ­
p o ra l v a ria b ility  of an  a ttrib u te . T h ese  su rv e illan ce  da ta  w o u ld  h e lp  re fine  th e  target c o n d itio n  in  te rm s 
of d ecreasin g  its  co n fid en ce  lim its  (F igure 2-3).

9 The target condition will, in general, represent the m inimum threshold value for the attribute, although in 
some instances, it may also be necessary to set a maximum value.

10 This issue is more fully explained by Cole-King et al. (In prep).
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S u c c e s s iv e  su rv e illa n c e  c y c le s

T a r g e t

V

Time
Figure 2 -3  H ypothetical  e x a m p le  of h o w  an a ttr ibu te 's  target v a lu e  m ay  b e  refined over  t ime. If the  va lu e  f luctuates,  s u c ­
cessive surve i l lance  (or poss ib ly  m onitoring) cycles e n a b le  a m o re  a cc u ra te  d e te rm in a tio n  of th e  c o n f id e n c e  limits (dashed  
line) a n d  h e n c e  th e  target va lu e  (solid line). Ciearly, it is poss ib le  th a t  th e  intial targe t  va lu e  m ay  actually  b e  loca ted  at the  
u p p e r  c o n f id e n ce  limit and  s u b s e q u e n t  da ta  co llect ion  w o u ld  result in a substantia l  d e c re a s e  in its final value.

Recommendation
To se t a ta rget co n d itio n :

• R e-analyse da ta  from  an  ex is tin g  m o n ito rin g  p rog ram m e if  p ossib le ; or

• C o m m ission  a da ta  ga th erin g  exercise; or

• U se a v a lu e  ju d g em en t b ased  on th e  s itu a tio n  at th e  tim e  of se lec tio n  (or o ther c o n tem p o ra ry  base line); 
an d  th e n

• E stab lish  a su rve illa n ce  p rog ram m e d u rin g  th e  first rep o rtin g  p e r io d  to  eva lua te  w h e th e r th e  p ro p o sed  
target co n d itio n  equa tes to  th e  fea tu re ’s d e s ired  co n d itio n .

What is the most appropriate method?

T he ab ility  of a m o n ito rin g  p rog ram m e to m ee t its  a im s su ccessfu lly  h inges on  th e  se lec tio n  of an  a p p ro ­
p ria te  m e th o d , to g e th er w ith  its  d ep lo y m en t strategy, to  m easu re  ea c h  a ttrib u te . It is v ita l th a t th e  te c h ­
n iq u e  u sed  for m easu rem en t is su ffic ien tly  sen s itiv e  (i.e. accu ra te  an d  p rec ise) to  reco rd  in fo rm a tio n  to 
co m p are  w ith  th e  target va lue . It is p ru d e n t to  ask  a series of q u estio n s to  rev iew  c ritic a lly  th e  c a p a b il­
ity  of d ifferen t te c h n iq u e s  p rio r  to  e s tab lish in g  th e  m o n ito rin g  p rog ram m e as set ou t in  F igure  2-4. In  
reality , th e  availab le  b u d g e t is lik e ly  to  be th e  p re d o m in a n t factor in  th e  d ec is io n  p rocess. N everthe less, 
b u d g e t sh o u ld  no t be th e  fina l a rb ite r b ecau se  a te c h n iq u e  sh o u ld  o n ly  be u se d  if  it is su ffic ien tly  sen ­
sitive  to  d e tec t an y  d ev ia tio n  from  th e  target value. For fu rth e r in fo rm a tio n  o n  h o w  to u se  th e  d ec is io n  
tree  se t ou t in  F igure 2-4, see E coscope (2000a).c

A n im p o rta n t issu e  in  th e  se le c tio n  of an  a p p ro p ria te  te c h n iq u e  is w h e th e r th a t sam e m e th o d  (and 
s tra tegy  of d ep lo y m en t) sh o u ld  be u sed  for th e  en tire  d u ra tio n  of th e  m o n ito rin g  program m e. It is lik e ­
ly  th a t tech n o lo g ica l d ev e lo p m en ts  over tim e  w ill e x p a n d  th e  range  of tec h n iq u e s  availab le  to  m easu re  
an  a ttrib u te , p o te n tia lly  w ith  g reater p re c is io n  an d  at lo w er cost. For s tr ic t co n d itio n  m o n ito r in g  a c tiv i­
ties, th e re  is no  re q u irem en t to  ad h e re  to  a s ing le  m e th o d  over tim e  if  each  d iffe ren t m e th o d  can  m eas­
u re  th e  a ttr ib u te  w ith  su ffic ien t p re c is io n  an d  accuracy.



38 Marine Moni tor ing H a n d b o o k

For surve illa n ce , or w h ere  th e re  is an  e lem en t of su rv e illan ce  in  a m o n ito rin g  p rogram m e, it  is n e c ­
essary  to  ad h ere  to a sing le  m e th o d  (and  m e th o d  of d ep lo y m en t) to  en su re  th e  da ta  are com parab le  
b e tw een  reco rd in g  events. If p rev a ilin g  c ircu m stan ces  d ic ta te  th a t change of m e th o d  is necessary , a co m ­
p re h e n s iv e  ca lib ra tio n  exerc ise  w ill be req u ired  to en su re  da ta  can  be co rrec ted  to  m a in ta in  th e ir  co m ­
p arab ility . For exam ple , if  a sa te llite  rem ote  sen sin g  system  w ill be d eco m m iss io n ed  d u rin g  a m o n ito r­
ing  p rog ram m e, it  w ill be n ecessa ry  to  reco rd  c o n tem p o ra ry  im ages from  th e  o ld  an d  a n ew  sen so r for 
ca lib ra tio n  p u rp o ses.
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Figure 2 -4  Suggested  decis ion  tree  for the  se lec tion  of m eth o d s  for m on ito r ing  eac h  a ttr ibute  (from E coscope  2 000a)

11 Generally for those attributes where additional data are required to refine target values during the early 
monitoring cycles.
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A  fu rth e r c o n s id e ra tio n  w h e n  se lec tin g  a te c h n iq u e  is th e  n e e d  to  conform  to th e  req u irem en ts  of co m ­
m o n  s ta n d a rd s  m o n ito rin g  to  co n tr ib u te  to  th e  assessm en t of favourab le  co n se rv a tio n  s ta tu s  (FCS). S haw  
an d  W ind  (1997)' c o n s id e red  th e re  are tw o  aspec ts  to th e  form  of th e  da ta  to  fac ilita te  th is  assessm en t:

-  th e  da ta  are capab le  of b e in g  a d d e d  together, or of b e ing  aggregated at a n a tio n a l level; an d

-  th e  da ta  are reco rd ed  w ith  co m p arab le  levels  of p re c is io n  a n d  accuracy , an d  w ith in  a s im ila r 
tim e-fram e.

W hile  a u n ifo rm  a p p ro a c h  to  assign ing  a sing le  te c h n iq u e  to  each  a ttr ib u te  across th e  en tire  site  series 
w o u ld  s ta n d a rd ise  da ta  co llec tio n , th is  a p p ro a c h  m ay  n o t be p rac ticab le  for a range of o p e ra tio n a l an d  
econom ic  reasons. S h aw  an d  W ind  (1997) c o n c lu d e d  th a t a degree of flex ib ility  in  th e  se lec tio n  of m e th ­
ods can  be re ta in e d  p ro v id e d  th a t th e  te c h n iq u e s  u se  th e  sam e form  of m easu rem en t, h av e  co m p arab le  
levels of p re c is io n  an d  accuracy, an d  are a p p lie d  w ith in  a s im ila r tim e-fram e.
S ec tions 3 an d  4 of th e  p re se n t m an u a l p ro v id e  adv ice  on  a lim ite d  range of a p p ro p ria te  te c h n iq u e s  for 
each  g eneric  a ttrib u te  for each  fea tu re , to g e th er w ith  p ro c e d u ra l g u id e lin es  o n  th e ir  fie ld  d ep lo y m en t 
(Section  6). It is v ita l to  th e  success of th e  C om m on S tan d a rd s  for M on ito rin g  p rog ram m e th a t SAC m o n ­
ito rin g  p rog ram m es fo llow  th ese  g u id e lin es  in  a q u a lity -a ssu red  m anner. A n y  m o d ifica tio n  to  a s ta n d a rd  
te c h n iq u e  d eem ed  n ecessa ry  to  m ee t local opera tin g  c o n d itio n s  m u s t be fu lly  ap p ro v ed  p rio r  to  its  fie ld  
d ep lo y m en t.

Precision a n d  A ccuracy
A  critica l c o n s id e ra tio n  in  th e  se lec tio n  an d  d e p lo y m en t of a m o n ito rin g  te c h n iq u e  is its re lia b ility  in  
re flec ting  th e  ac tu a l c o n d itio n  of th e  a ttrib u te  it  is m o n ito rin g . Two factors are c ru c ia l in  th is  an d  th ese  
are p rec is io n  an d  accuracy. It is im p o rta n t th a t th e se  factors are fu lly  u n d e rs to o d  w h e n  se lec tin g  a te c h ­
n iq u e  a n d  its  d e p lo y m en t stra tegy  (Box 2-3). P rec is io n  is a m easu re  of th e  c lo sen ess  of m u ltip le  sam p le  
m easu rem en ts  to  each  o ther or, in  o th e r w o rd s, h o w  tig h tly  g ro u p ed  th e y  are a ro u n d  a m ean  p o in t. 
A ccu racy  d e te rm in es h o w  close a sam p le  m e asu rem en t is to  th e  ac tu a l (true) va lue .

12 In the UK, approval should be given by the appropriate Country Agency specialist in consultation w ith JNCC.
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Box 2-3  Precision a n d  A ccu racy  (taken from E coscope  2 0 0 0 a c)
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P rec is io n  an d  accu racy  v a ry  in d e p e n d e n tly  so can  be e ith e r  h ig h  or lo w  in  a p a rtic u la r  
study . T he re su lts  for 10 d iffe ren t sam p les  are sh o w n  in  re la tio n  to  th e  u n k n o w n  tru e  d e n ­
sity.
(a) Precise a n d  accurate. T he  estim ates are c lo se ly  sp aced  abou t th e  tru e  v a lue . T h is is th e  

id ea l s itu a tio n , b u t is d ifficu lt to  ach ieve.
(b) Precise a n d  inaccura te . T he  estim ates  are c lo se ly  sp aced  b u t th e ir  m ean  dev ia tes from  

th e  tru e  va lue . S ince  th e  tru e  v a lu e  is u n k n o w n  to th e  observer, th is  re su lt c a n n o t re a d ­
ily  be reco g n ised  as d iffe ren t from  th a t in  (a). A  b ias m akes th e  estim ates  in accu ra te  
(i.e. w id e  of th e  tru e  m ean).

(c) Im p rec ise  a n d  accurate. T he  estim ates are sp read  ra th e r  w id e ly  abou t th e  tru e  value .
(d) Im p rec ise  a n d  inaccura te . T he  estim ates  are sp read  w id e ly  a n d  th e ir  average dev ia tes 

from  th e  tru e  va lue . A gain , s ince  th e  tru e  v a lu e  is u n k n o w n  to th e  observer, th is  re su lt 
c a n n o t re a d ily  be d is tin g u ish e d  from  th a t in  (c).

Source: ad a p te d  from  Bibby, B urgess an d  H ill (1992) B ird  C ensus T echn iques, A cadem ic  
P ress, L ond o n

T h e  m ag n itu d e  of change th a t m ay  be d e tec ted  b y  an y  te c h n iq u e  is d irec tly  re la te d  to  its  p rec is io n . 
T herefo re , ca re fu l c o n s id e ra tio n  of th e  degree of change p e rm itte d  for an  a ttr ib u te ’s target v a lu e  is n e c ­
essary  p rio r to  specify ing  th e  leve l of p re c is io n  th a t an y  te c h n iq u e  m u s t ach ieve . In  genera l, th e  level of 
sam p lin g  effort u su a lly  d e te rm in es  th e  leve l of p rec is io n , w h ere  ty p ica lly  for a g iven  m o n ito rin g  te c h ­
n iq u e , th e  accu racy  in c reases  in  p ro p o rtio n  to  th e  square  roo t of th e  sam p le  size; for exam ple , to  d o u ­
b le  th e  accu racy  o b ta in ed  from  10 sam p les  req u ires  a fu rth e r 30 sam ples. S am p lin g  effort is d iscu ssed  
below .

How do I ensure my monitoring programme w ill measure any 
change accurately?

A fter id e n tify in g  th e  m o st a p p ro p ria te  te ch n iq u e , th e  n ex t step  is th e  d esig n  of its  fie ld  d ep lo y m en t to 
en su re  th e  re su lts  c an  accu ra te ly  an d  p re c ise ly  m easu re  th e  a ttrib u te . It m ay  be p o ss ib le  to  m easu re  an  
a ttrib u te  for th e  en tire  fea tu re  (or sub-featu re) -  for ex am p le  th e  ex ten t of a m u d fla t u s in g  a irbo rne  
rem ote  sensing . For m o st a ttrib u tes , th is  w ill be im p o ssib le : on ly  a p ro p o rtio n  of th e  fea tu re  can  be 
m easu red , an d  th e  re su lts  m u s t be ex trap o la ted  to  re p re se n t th e  en tire  feature . T h is is te rm ed  sa m p lin g  
an d  th e  p ro c e d u re  for o rgan ising  th e  fie ld  d ep lo y m en t of sam p les  is k n o w n  as th e  sa m p lin g  strategy. 
A rguably, th e  m o st im p o rta n t issu e  in  re la tio n  to a sam p lin g  stra tegy  is en su rin g  th a t th e  sam ples re c o rd ­
ed  are rep re sen ta tiv e  of th e  en tire  feature , an d  in  p a rticu la r, th a t th e  re su lts  a cco u n t for th e  in h e re n t 
v a riab ility  w ith in  a feature . S u ch  v a riab ility  is s tro n g ly  in flu e n c e d  by  b o th  n a tu ra l change  a n d  sp a tia l  
p a tte rn , an d  m u s t be c o n s id e red  w h e n  p la n n in g  a sam p lin g  strategy.
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Natural c h a n g e
T rad itio n a l th eo rie s  of c o m m u n ity  ecology c o n s id e red  system s to  be  in  eq u ilib riu m . T hese  th eo rie s  have  
b een  ch a llen g ed  b y  som e ecolog ical s tu d ie s  th a t d em o n stra ted  a h ig h  freq u en cy  of n a tu ra l d is tu rb an ce , 
an d  n o te d  th a t e n v iro n m en ta l change can  occur m ore  ra p id ly  th a n  th e  system  can  re tu rn  to  an  e q u ilib ­
r iu m .1 C u rren t eco log ical th in k in g  suggests th a t m arin e  ecosystem s are co n s ta n tly  chan g in g  an d  th e  sam ­
p lin g  s tra tegy  b e h in d  an y  m o n ito rin g  p rog ram m e m u st be su ffic ien tly  ro b u st to  take acco u n t of b o th  the  
m ag n itu d e  of change an d  th e  p ro cesses  b e h in d  su ch  change. S tu d ies  u n d e rta k e n  in  th e  L och  M ad d y  
cSAC a n d  P ly m o u th  S o u n d  cSAC b y  th e  UK M arine  SACs p ro jec t c learly  d em o n stra ted  a h ig h  degree 
of change in  th e  sp ec ies  co m p o sitio n  of an  in d iv id u a l b io tope ; n ev e rth e le ss , th e  ac tu a l b io to p e  p re se n t 
at th e  s ite  re m a in e d  th e  sam e. For P ly m o u th , th e re  w ere  large changes in  th e  m o st co m m o n  spec ies -  
often  g reater th a n  x2 -  a n d  th e  to ta l sp ec ies  lis t ch an g ed  b y  m ore  th a n  40%  b e tw een  th e  1998 a n d  1999 
sam p les  at a ll th ree  s tu d y  sites. For L och  M addy, th e re  w ere  sig n ifican t changes in  th e  co m p o s itio n  of 
th e  b io to p es in v estig a ted , a lth o u g h  som e of th e se  changes w ere  a ttr ib u te d  to  seaso n a l effects d u e  to  th e  
tim in g  of th e  sam pling . T here  w ere  how ever, s ig n ifican t changes in  th e  sp ec ies  assem blage  asso c ia ted  
w ith  m aerl b ed s  in  sh a llo w  rap id s  th a t w ere  n o t a ttr ib u te d  to  seaso n a l change. In  b o th  s tu d ies , m a n y  of 
th e  c o m p o n en t spec ies w ith in  th e  b io to p es  s tu d ie d  h a d  an  a n n u a l life  cycle an d  therefo re  a large 
tu rn o v e r of sp ec ies  w o u ld  be expec ted . S u ch  in h e re n t changes h av e  c lear im p lic a tio n s  for th e  cho ice  of 
a ttrib u te  in  a m o n ito rin g  strategy. W here  an  a ttrib u te  refers to  th e  co m p o s itio n  of a b io to p e , th e  b io to p e  
d e fin itio n  m u s t be  su ffic ien tly  ro b u st to  en co m p ass th is  n a tu ra l change at a local level. U nfo rtunate ly , 
th e re  are few  exam p les  w h ere  th e  leve l of spec ies tu rn o v e r is su ffic ien tly  w e ll u n d e rs to o d  to  set re a lis ­
tic  targets, an d  local su rve illa n ce  p rog ram m es w ill be n ecessa ry  to  p ro v id e  su c h  in fo rm atio n .

O ften  a su rv e illan ce  or m o n ito rin g  p rog ram m e w ill fix th e  tim in g  of da ta  co llec tio n  in  an  a ttem p t to 
m in im ise  seaso n a l effects. S u ch  reg u la r sam p lin g  m ay  be in a p p ro p ria te  b ecau se  it  m ay  n o t p ro v id e  any  
estim ate  of tem p o ra l va rian ce , w h ic h  in  tu rn  m ay  lead  to  th e  over- or u n d e r-e s tim a tio n  of an  
im p ac t/e ffec t.”1 T he tim in g  of sam p le  co llec tio n  sh o u ld  be ca re fu lly  ch o sen  in  re la tio n  to  th e  k n o w n  b io l­
ogy of th e  o rgan ism  or co m m unity , n a tu ra l ra tes of change an d  an y  tem p o ra l v aria tio n . W here th e re  is 
little  in fo rm a tio n  abou t n a tu ra l ra tes of change a series of n e s te d  tim e-sca les is re co m m en d ed  d u rin g  the  
early  p h ase  of a m o n ito rin g /su rv e illa n c e  p rog ram m e to q u an tify  th e  v a rian ce  asso c ia ted  w ith  tem p o ra l 
effects." In  o th e r w o rd s, it  is n ecessa ry  to  te s t th e  a ssu m p tio n  th a t a change from  one seaso n  to  th e  n ex t 
is ac tu a lly  a seaso n a l effect by  sam p lin g  reg u la rly  w ith in  a seaso n  a n d  b e tw een  seasons.

Spatial pa ttern
M arine  c o m m u n itie s  often  h av e  a p a tc h y  d is tr ib u tio n  w h ic h , co m b in ed  w ith  n a tu ra l f lu c tu a tio n s , 
re su lts  in  co n sid e rab le  in h e re n t v a ria b ility  in  m arin e  ecosystem s. If th e  d esig n  of a sam p lin g  p rog ram m e 
does n o t acco u n t for a s ig n ifican t p ro p o rtio n  of th is  n a tu ra l variab ility , it  w ill be u n lik e ly  to  p ro v id e  an y  
m ean in g fu l re su lts  for a ssessing  th e  sta tu s  of a feature." In  p a rticu la r, an  area  m ay  su p p o rt a range of 
b io to p es a lth o u g h  th e  ac tu a l b io tope(s) p re se n t w ill d e p e n d  on  th e  tim in g  of recen t d is tu rb an ce  events. 
For exam ple , th e  cycle  b e tw een  fu co id  algae, m u sse l or b a rn ac le  d o m in a ted  sho res is w e ll d o cu m en ted . 
It w ill be n ecessa ry  to exerc ise  carefu l ju d g em en t in  th e  ch o ice  of a ttrib u te  for a m o n ito rin g  stra tegy  
w h ere  th e  ac tu a l b io to p e  p re se n t is re la te d  to  s to ch as tic  even ts. A  loca l su rve illa n ce  p rog ram m e m ay  be 
n ecessa ry  p rio r  to  e s tab lish in g  targets for an  a ttribu te .

S p a tia l p a tte rn s  occu r at scales rang ing  from  cen tim e tres  -  for in s tan ce , th e  p rec ise  lo ca tio n  of in d i ­
v id u a ls  or co lo n ies  -  to th o u sa n d s  of k ilo m etres  -  b io g eo g rap h ica l p a tte rn s  in  spec ies d is trib u tio n . 
In a p p ro p ria te  cho ice  of scale  w ill h av e  a p ro fo u n d  in flu e n c e  on  th e  accu racy  of a sam p lin g  p rog ram m e 
to fu lly  ad d re ss  th e  h y p o th es is . For exam ple , da ta  reco rd ed  from  a k e lp  fo rest a t a sing le  lo c a tio n  w ill 
n o t p ro v id e  su ffic ien t in fo rm a tio n  to  co n sid e r an y  change in  th e  s ta tu s  of th e  k e lp  forest in  th e  w h o le  
SAC. S im ilarly , da ta  from  th e  k e lp  forest th ro u g h o u t an  SAC w ill n o t enab le  an  assessm en t of th e  sta tu s 
of a ll ke lp  forests in  th e  w h o le  SAC series. F u rth e rm o re , m o n ito rin g  tria ls  on  a h o rse  m u sse l ree f as p a rt 
of th e  UK M arine  SACs p ro jec t fo u n d  th a t sp a tia l v a ria tio n  in  co m m u n ity  co m p o sitio n  co u ld  be h a lv ed  
(w ith  a c o rre sp o n d in g  in c rease  in  m o n ito rin g  sen sitiv ity ) if  sam p lin g  w as s tra tified  to th e  w ave ‘c re s ts ’ 
of th e  reef.P
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A  sam p lin g  stra tegy  m u s t acco u n t for th e  ty p e  of a ttr ib u te  b e ing  m easu red , th e  m e th o d  an d  its  d ep lo y ­
m en t, th e  in h e re n t v a ria b ility  of th e  a ttr ib u te  (if know n), th e  re q u ire d  accu racy  an d  p re c is io n  of m eas­
u rem en t, a n d  th e  tim e /b u d g e t availab le  for sam pling . It is b ey o n d  th e  scope of th e  p re se n t h an d b o o k  to 
p re se n t a d e ta iled  rev iew  of th e  issu es  asso c ia ted  w ith  th e  d esig n  of a sam p lin g  strategy; th e re  are a 
n u m b e r of co m p reh en siv e  tex ts  on  th is  top ic .

In h e re n t v a riab ility  in  m arin e  ecosystem s req u ires  m ore  th a n  one sam p le  to  e x p la in  an y  change. 
A d d itio n a l sam p les  are k n o w n  as rep lica tes , an d  th e  u se  of rep lica te  sam p les  is re q u ire d  across a ll le v ­
els of sam p lin g  design . T here  is a p o s itiv e  co rre la tio n  b e tw een  th e  degree of v a riab ility  of an  a ttr ib u te  
an d  th e  n u m b e r of rep lica te  sam p les  re q u ire d  for en u m era tin g  an  accu ra te  es tim ate  of its  tru e  va lue . T he 
lo c a tio n  of each  rep lica te  m u s t re la te  to  th e  m a in  q u e s tio n  -  if  you  are co n sid e rin g  an  in d iv id u a l sa n d ­
ban k , th e  rep lica tes  m u s t be lo ca ted  on  th a t san d b an k , n o t sca tte red  across san d b an k s  th ro u g h o u t the  
SAC. If y o u  are m o n ito rin g  san d b an k s  in  th e  SAC, you  m u st sam p le  m u ltip le  san d b an k s  th ro u g h o u t the  
site. R ep lica tio n , an d  in  p a r tic u la r  th e  co n cep t of p se u d o re p lic a tio n , an d  its asso c ia ted  p ro b lem s in  sam ­
p lin g  p rog ram m es w ere  c o m p reh en s iv e ly  d esc rib ed  by  H u rlb e rt (1984).q

For an y  SAC sam p lin g  p rog ram m e to d raw  co n c lu s io n s  abo u t th e  w h o le  fea tu re , its  p r in c ip a l re q u ire ­
m en ts  are tha t:

• S am p les  m u s t be rep re sen ta tiv e  of th e  w h o le  feature; an d

• M ore th a n  one sam p lin g  u n it  p e r fea tu re  (or sub-featu re) is re q u ire d  (rep lica tion).

F igure 2-5 sets ou t a series of q u estio n s to  c o n s id e r w h e n  d esign ing  a sam p lin g  strategy; th e  m a in  
issu es  for each  to p ic  are d esc rib ed  b y  E coscope (2000a).c

13 See: Brown (2000)“; Krebs, C J (1999) Ecological Methodology, Addison Wesley Longman, Menlo Park, 
California; Sutherland, W J (1996) Ecological Census Techniques, Cambridge University Press, Cambridge; 
Underwood, A J (1997) Experiments in Ecology, Cambridge University Press, Cambridge.
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Figure 2 -5  Issues to c o n s id e r  w h e n  des ign ing  a sam p lin g  strategy (after E coscope  2 000a)

P erm anen t  s a m p le  sta tions
P erm an en t sam p le  sta tio n s can  p ro v id e  an  effective a p p ro ach  to re d u c in g  ran d o m  v a ria b ility  w h e n  te m ­
p o ra l changes are to  be m o n ito red . P e rm an en t p lo ts  p ro v id e  a v e ry  p rec ise  m easu re  of change an d  are 
u se fu l for m o n ito rin g  ra re  sessile  spec ies th a t are on ly  k n o w n  from  sp ec ific  lo ca tio n s. T here  are, h o w ­
ever, a n u m b e r of s ig n ifican t d isad v an tag es to  u s in g  p e rm a n e n t p lo ts: th e y  m ay  be u n re p re se n ta tiv e  of 
th e  fea tu re  as a w ho le ; re p e a te d  m o n ito rin g  m ay  dam age th e  site; an d  th e re  are f in an c ia l o v erheads asso ­
c ia ted  w ith  m ark ing  an d  m ain ten an ce .
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E coscope (2000a) c o n c lu d e d  th a t p e rm a n e n t p lo ts  sh o u ld  o n ly  be  u se d  if:

• M in im isin g  sam p lin g  v a ria tio n  is of p rim e  im p o rtan ce  (e.g. w h ere  sub tle  changes m u st be d e tec ted  at 
sites w h ic h  are h ig h ly  heterogeneous) or in fo rm atio n  is n e ed ed  on  tu rn o v e r an d  species dynam ics.

• T here  is su ffic ien t fie ld w o rk  tim e  ava ilab le  for m ark in g  an d  re lo ca tin g  p e rm a n e n t sam p lin g  lo ca tions, 
an d  th is  tim e  c an n o t be  m ore  effic ien tly  u se d  for co llec tin g  da ta  from  tem p o ra ry  sam p le  locations.

• S am ple  lo ca tio n s are rep re sen ta tiv e  of th e  site  a n d  su ffic ien t sam p les  are tak en  to  m in im ise  th e  risk  
of ch an ce  even ts red u c in g  th e ir  rep re sen ta tiv en ess .

• P ro v is io n  is m ad e  for th e  u n e x p e c te d  loss of sam p le  loca tio n s.

• T he fea tu re  an d  th e  su rro u n d in g  e n v iro n m e n t w ill n o t be s ig n ifican tly  a lte red  or dam aged  b y  rep ea t 
fie ld  v isits .

Locating sam p les  -  ran d o m  or not?
If p e rm a n e n t s ta tio n s  are n o t ap p ro p ria te , th e  m e th o d  u se d  to  e s tab lish  th e  p rec ise  lo ca tio n  of each  sam ­
p le  on  th e  g ro u n d  does itse lf  in flu en ce  th e  re lia b ility  of d e te rm in in g  change an d , u n d e rs tan d ab ly , has 
b e e n  ex ten s iv e ly  in v es tig a ted .' T here  are four co m m o n ly  u se d  stra teg ies for lo ca tin g  sam p les  (F igure 2-6 
an d  Table 2-3): ju d g e m e n t  or se lec tive  lo c a tio n  b y  th e  fie ld  opera tive ; random ; s tra tified  ra n d o m  based  
on  an  a p rio ri su b -d iv is io n  of th e  s tu d y  area; an d  sy s tem a tic  sa m p lin g  b ased  on  a u se r-d e fin ed  grid. 
T hese  stra teg ies are fu lly  e x p la in e d  in  m an y  tex ts .1

R=ndom saTipüng Slr-3lified random sampling
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Figure 2 -6  Three c o m m o n  types of sam p lin g  strategy (after E coscope  2000a) .  Note: ju d g em en t or selective sam pling is 
no t show n.
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Table 2 -3  S u m m ary  of th e  ad van tages  and  d isadvan tages  of different types of sa m p le  se lec tion  (from E coscope  2 000a)

Sam pling location Advantages Disa dvan tages Comment

Judgement

Random

Stratified random

Can be quick and simple if 
knowledge of habitat/species 
is sufficient.

Samples can be deliberately 
taken around e.g. a rare 
species or feature of 
particular importance. Useful 
w hen the locations of a rare 
habitat or species are known.

Samples can be placed in 
areas subjectively considered 
homogeneous or 
representative.

Requires m inim um  
knowledge of a population in 
advance.

Extrapolation of results to the 
whole feature or site is not 
valid w ithout strong 
justification. Comprehensive 
knowledge of the site is 
required.

Statistical analysis is not valid 
and errors are unknown.

Efficient but dependent on 
quality of prior knowledge.

Should not be used if there 
are any concerns over the 
quality/reliability of this 
prior knowledge

Locating sample observations 
can be time-consuming.

Only useful w hen a feature 
is spatially homogeneous 
throughout the SAC

Free of possible classification Often larger errors for a given Any restrictions on access

Systematic or grid

Easy to analyse data and 
compute errors.

Ensures that all the main 
habitat types present on a 
site w ill be sampled (if 
defined as strata).

Characteristics of each 
stratum can be m easured and 
comparisons between them 
can be made.

Greater precision is obtained 
for each stratum and for 
overall mean estimates if 
strata are homogeneous.

If the population or attribute 
is ordered w ith respect to 
some pertinent variable, a 
stratification effect reduces 
variability compared w ith 
random  sampling.

Provides an efficient means 
of mapping distribution and 
calculating abundance at the 
same time.

w ill compromise the 
process

The optimum approach for 
most SAC monitoring 
requiring a degree of 
randomness

sample size than w ith 
systematic sampling.

May not monitor w hat is 
required

If strata have not been 
identified prior to monitoring, 
preparation can be time- 
consuming.

The most appropriate 
stratification for a site at one 
time may have changed w hen 
repeat surveys are carried out. 
Monitoring efficiency may 
therefore also change.

If sampling interval is correlat- This has the advantage of
ed w ith a periodic feature in 
the habitat, bias may be intro­
duced.
Strictly speaking, statistical 
tests are not valid, though in 
practice, conclusions are 
unlikely to be affected.

providing an estimate of 
extent and a random  sub­
sample can be taken for 
other analyses

B row n (2000)s p re sen ts  a d e ta iled  d isc u ss io n  of th e  u se  of th e se  d iffe ren t sam p lin g  ap p ro ach es  in  th e  
co n tex t of c o n d itio n  m o n ito rin g  of p ro te c te d  sites. H e co n c lu d es  th a t th e  ‘se lec tiv e ’ (= ju d g em en t)  
a p p ro ach  is lik e ly  to  be th e  m o st e ffic ien t b ecau se  it  is b ased  on  p rio r k n o w led g e , b u t w arn s th a t ‘... w e 
[Brown] can  on ly  rea lly  reco m m en d  th is  a p p ro a c h  in  th e  h a n d s  of th e  e x p e rt’. It m u s t be em p h asised  
th a t th e  q u a lity  of th e  re su lts  is d e p e n d e n t on  th e  re lia b ility  of th is  p rio r  know ledge. He also  c o n c lu d ­
ed  th a t th e  ‘c la ss ic a l’ (= ra n d o m )  a p p ro a c h  is ‘... ra re ly  su itab le  for m o n ito rin g  b u t v e ry  su itab le  for su r­
v e illan ce  an d  en v iro n m e n ta l effects m o n ito rin g ’.
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Recommendation. M o n ito rin g  A n n ex  I fea tu res of a SAC sh o u ld  u se  a s tra tified  ra n d o m  sam p lin g  s tra t­
egy for loca tin g  sam p lin g  s ta tio n s, ex cep t w h ere  an  e s tim a tio n  of sp a tia l p a tte rn /e x te n t is re q u ire d  w h e n  
a sy stem a tic /g rid  sam p lin g  stra tegy  sh o u ld  be ad o p ted .

A t th e  tim e  of p u b lica tio n , it  is n o t p o ssib le  to  p ro v id e  s im ila r ad v ice  for m arin e  A n n ex  II sp ec ies  an d  
fu rth e r re sea rch  is re q u ire d  to  d e te rm in e  th e  m ost a p p ro p ria te  sam p lin g  regim e.

N ested  sam p ling
It is o f cou rse  v ita l th a t sam p lin g  p rog ram m es are d e sig n ed  to  p ro v id e  c lear a n d  u n am b ig u o u s  da ta  for 
each  a ttrib u te  to  assess th e  c o n d itio n  of th e  fea tu re  ag a in st its  ta rget v a lu es. In  reality , th e re  are u n lik e ­
ly  to be su ffic ien t fu n d s availab le  for a p le th o ra  of in v es tig a tio n s  co n sid e rin g  a sing le  a ttrib u te  of a fea­
tu re . C areful d esig n  of a sam p lin g  s tra tegy  can  p ro v id e  da ta  to  ad d ress  a n u m b e r of a ttrib u tes  at th e  sam e 
tim e. S pecifically , w ith  a n e s te d  (h ie ra rch ica l) sam p lin g  design  th a t h as  su ccessiv e ly  finer sp a tia l (or 
tem pora l) sca les, d a ta  can  be se q u e n tia lly  aggregated at b ro ad er an d  b ro ad er scales to  an sw er q u estio n s 
at e ach  scale  (see Box 2-4 for an  exam ple).

Box 2 -4  N ested  (hierarchical) sam p ling  design  (m odified  from O x le y  1 9 9 6 )

rea 3

A n  ex am p le  of a n e s te d  sam p lin g  d esig n  sh o w in g  th ree  areas at th e  w h o le  SAC level. S ites 
are a llo ca ted  in  each  area, s ta tio n s  are lo ca ted  ra n d o m ly  w ith in  th e  site , an d  sam p les  are 
ra n d o m ly  p o s itio n e d  in  each  sta tio n . T h is sam p lin g  d esig n  can  ev a lu a te  th e  d ifference  in  
k e lp  cover b e tw een  th ree  areas, w ith in  each  area, an d  b e tw een  th e  sta tio n s at each  site.

Box 2-5 illu s tra te s  a s itu a tio n  w h e re  th e re  are tw o  m a in  zones p re se n t a t a site , w ith  th ree  rep lica te  
s ta tio n s  in  each  zone. E x ten d in g  th e  sam p le  d esig n  in  th is  m an n e r can  p ro v id e  in fo rm a tio n  on  th e  re l­
ative  d e n s ity  of k e lp  (d) b e tw een  th e  tw o  zones. T he im p o rtan ce  of re p lic a tio n  is h ig h lig h te d  th ro u g h  
four scenario s tak ing  d iffe ren t co m b in a tio n s  of s ta tio n s from  th e  tw o  zones. S e lec ting  a sing le  s ta tio n  
from  each  zone an d  tak ing  rep lica te  sam p les  at each  s ta tio n  w o u ld  give th ree  p o ssib le  m easu res  of kelp  
d e n s ity  le ad in g  to  c o n trad ic to ry  co n c lu s io n s . It co u ld  sh o w  d ifferences in  th e  d e n s ity  b e tw een  the  
zones, b u t th is  co u ld  be a ttrib u tab le  to  in te r-s ta tio n  d ifferences ra th e r  th a n  an  ac tu a l d ifference  b e tw een  
zones. R ep lica ting  th e  n u m b e r of s ta tio n s  gives a m ore  re liab le  m easu re  of k e lp  d e n s ity  b u t a t the  
ex p en se  of in c re a se d  sam p lin g  effort. G enera lly  th e  g reater th e  n u m b e r of s ta tio n s  sam p led  in  each  zone, 
th e  h ig h er th e  co n fid en ce  in  th e  co n c lu sio n .

14 For example, Distance sampling  techniques may be appropriate, w hich are the focus of much current research 
(see: http ://www.ruwpa.st-and.ae .uk/distance/)

http://www.ruwpa.st-and.ae
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Box 2 -5  S chem atic  rep resen ta tion  of a s tudy site w ith  tw o  zones .  The density  of kelp 
w as  es t im a ted  by tak ing  sam p les  a t e a ch  station (identified by letters). Scenario  4 is the  
m ost re liab le  es t im a te  of th e  density  of kelp in this a rea . (Modified from O x le y  1996')

Sample

Scenario Comparison Conclusion
Upward facing Steep rock slope 

rock

1 a (d  = 20) b (cl = 20) No difference in density 
between zones

2 b (d = 10) a (d  = 60) Density higher on slope

3 c (d = 30) b (cl = 20) Density higher on upward 
facing surface

4
(actual)

a, b, c
(mean = 20)

a, b, c
(mean = 40)

Density higher on sloping 
rock

In  reality , how ever, fu n d s w ill be fin ite  a n d  th e  n u m b e r of sam ples re co rd ed  w ill be re s tr ic te d  to  th e  
ab so lu te  m in im u m  n ecessa ry  to  p ro v id e  an  accep tab le  leve l of co n fid en ce  in  th e  co n c lu sio n . 
A lte rna tive ly , it  m ay  be p o ss ib le  to  se lec t a less costly  sam p lin g  te c h n iq u e  if  an y  are availab le , a lth o u g h  
th is  m ay  be at th e  ex p en se  of p rec is io n /accu racy .

H o w  m any  sam p les  d o  I n e e d  to  take?
T here  is no  s im p le  or s tra ig h tfo rw ard  an sw er to  th is  q u estio n . P e rh ap s th e  m o st im p o rta n t issu e  h ere  
p e rta in s  to  th e  accu racy  of th e  re su lts  an d  th e  co n fid en ce  w ith  w h ic h  so m eo n e  can  m ake a d ec is io n  on 
th e  c o n d itio n  of th e  fea tu re  a n d /o r  an y  m an ag em en t ac tio n  on  th e  site. If th e re  w as no  sp a tia l or te m ­
p o ra l v a riab ility  in  th e  a ttrib u te  u n d e r  in v es tig a tio n , an d  th e  m e asu rem en t te c h n iq u e  itse lf  w as free 
from  error, it  w o u ld  be p o ssib le  to  m ake a sing le  m e asu rem en t to assess th e  c o n d itio n  of th e  a ttribu te . 
O nce an y  v a ria b ility  is in tro d u c e d  in to  th e  system , th e re  is a c lear r isk  th a t a sing le  m e asu rem en t m ay 
n o t be correct. To re d u c e  th e  r is k  of m ak ing  an  in accu ra te  m easu rem en t, w e m ake m u ltip le

Station
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m easu rem en ts  or sam ples. For a m o n ito rin g  study , se lec tin g  th e  ac tu a l n u m b e r of sam p les  to reco rd  is 
an  exerc ise  in  r is k  m a n a g em en t. In  genera l, th e  less r isk  th a t w e are p re p a re d  to  accep t th e  g reater the  
n u m b e r of sam p les  re q u ire d  to  avo id  reach in g  an  in accu ra te  co n c lu sio n . T here  are tw o aspec ts  to  d e te r­
m in in g  th e  n u m b e r of sam p les  to  co llect:

• S am p lin g  a su ffic ien t area of seab ed  to  m ake a rep re sen ta tiv e  m e asu rem en t of an  a ttrib u te  a t a sta tion .
G u id an ce  is p ro v id e d  w ith  th e  re lev an t p ro c e d u ra l g u id e lin e  (see S ec tio n  6).

• S am p lin g  su ffic ien t s ta tio n s to  m ake a rep re sen ta tiv e  m easu rem en t of an  a ttrib u te  for th e  fea tu re  in  an
SAC (see below ).

M arine  sam p lin g , an d  su b tid a l sam p lin g  in  p a rticu la r, is an  ex p en siv e  exerc ise  d u e  to  th e  v e ry  n a tu re  
of th e  e n v iro n m en t. W here fu n d s are re s tr ic ted , a rigo rous ex p e rim en ta l d esign  is e ssen tia l to  en su re  the  
sam p lin g  p rog ram m e w ill an sw er th e  m a in  q u e s tio n  w ith  su ffic ien t co n fid en ce  to  ju stify  an y  rem ed ia l 
m an ag em en t ac tion , s ince  su ch  ac tio n s are lik e ly  to  be costly. A rguab ly  th e  m ost im p o rta n t d ec is io n  in  
an y  m o n ito rin g  p rog ram m e is se ttin g  th e  accep tab le  leve l o f co n fid en ce  b ecause , u ltim a te ly , th is  w ill 
d ic ta te  th e  n u m b e r of sam p les  req u ired  a n d  h en ce  set th e  to ta l cost of th e  study.

T h e  g rea test care has to  be tak en  in  accep tin g  e s tab lish ed  tech n iq u es . For in s tan ce , d iv e rs ity  in d ice s  
or th e  re su lts  of m u ltiv a ria te  analy sis  are u se fu l for n a tu re  co n se rv a tio n  m an ag em en t o n ly  if  th e y  are 
in te rp re te d  p roperly . E ven  if  th e  score  or p lo t stays w ith in  th e  range c o n s id e red  to  re flec t n o rm a l v a r i­
ability , in sp e c tio n  of th e  da ta  w ill be  req u ired  to  sh o w  w h e th e r spec ies c o n s id e red  to  be  of m arin e  n a t­
u ra l heritag e  im p o rtan ce  h av e  b e e n  lo s t or w h e th e r spec ies c o n s id e red  to  be in d ic a to rs  of stress or p o l­
lu tio n  are d riv in g  an y  change in  n u m erica l scores.

‘T rad itio n a l’ m ac ro b en th ic  sam p lin g  m e th o d s , b ased  on  sam p lin g  sm all areas of seab ed  an d  id e n tify ­
ing  a n d  co u n tin g  a ll of th e  spec ies w h ic h  occur as in d iv id u a ls , sh o u ld  n o t go u n c h a lle n g e d  in  m o n i­
to rin g  for en v iro n m en ta l p ro te c tio n  a n d  m anagem en t. U sually , th e  n u m b e r of sam p les  re q u ire d  to  ch a r­
ac te rise  th e  co m m u n itie s  p re se n t is b a sed  on  tak ing  a large n u m b e r of sam p les , id en tify in g  a ll of the  
spec ies p re se n t a n d  p lo ttin g  a cu m u la tiv e  d is tr ib u tio n  or sp ec ies/a rea  curve  (F igure 2-7). T h e  n u m b er 
of sam p les  above w h ic h  o b ta in in g  a 10%  in c rea se  in  th e  n u m b e r of spec ies w o u ld  req u ire  a 100%  
in c rease  in  sam p le  area  is o ften  c o n s id e red  ab o u t th e  ‘r ig h t’ sam p lin g  freq u en cy  for m o n ito rin g  stu d ies . 
W h ils t su c h  sp ec ies  area  cu rves p ro d u c e  v e ry  u se fu l in d ic a tio n s  of sp ec ies  r ich n ess  in  d iffe ren t lo ca ­
tio n s, or over tim e  at th e  sam e lo ca tio n , it is o ften  o n ly  p o ss ib le  to id e n tify  rea l change in  th e  q u a n tity  
of th e  m o st a b u n d a n t species. In  co n c lu s io n , it  seem s th a t, a lth o u g h  co m p ara tiv e  spec ies r ich n ess  can  
be a ssessed  u s in g  a reaso n ab le  n u m b e r of q u an tita tiv e  sam p les , try ing  to  e s tab lish  m ean in g fu l in fo rm a­
tio n  ab o u t changes in  a b u n d an ce  of ‘a l l’ of th e  spec ies in  a co m m u n ity  w o u ld  req u ire  an  a lm o st im p o s­
sib ly  large (and  c e rta in ly  fin an c ia lly  im p rac tica l)  n u m b e r of sam ples.
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Figure 2 -7  Spec ie s /a rea  cu rve  used  to ind ica te  the  p ropor t ion  of th e  fau n a  b e in g  co llec ted  with increas ing  n u m b ers  of  grab 
s am p le s  and  tradit ionally  used to identify a m in im u m  sam p lin g  a rea  (from Gray 1 9 8 1 “).

S tu d ies  w h ic h  sam p le  o n ly  sm all areas are also  u n lik e ly  to  in c lu d e  large, w id e ly  d isp e rsed  species 
w h ic h  m ay  be v e ry  good in d ic a to rs  or w h ich , b ecau se  th e y  are scarce, have  an  im p o rtan ce  for co n se r­
vatio n . ‘T ra d itio n a l’ m e th o d s  of grab or core sam p lin g  for su c h  spec ies are in a p p ro p ria te  an d  in
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s itu  o b se rv a tio n  (w h e th e r b y  d iver or rem o te  o p era ted  v ideo) or d igging-over an  area  of se d im e n t (for 
in fauna) w ill be req u ired .

It is p o ssib le  to  u se  em p irica l m e th o d s  to ca lcu la te  th e  n u m b e r of sam p les  n ecessa ry  to  ach ieve  a 
d es ired  leve l of p re c is io n .15 A s a ru le  of th u m b , m easu rem en ts  sh o u ld  be  tak en  from  at leas t five s ta tions 
before  an y  g en era lisa tio n s  can  be  m ad e  abou t an  a ttrib u te  of a fea tu re  w ith in  an  SAC, a lth o u g h  su c h  a 
lo w  leve l of re p lic a tio n  is lik e ly  to  h av e  v e ry  lo w  pow er. For freq u en cy  da ta  o n ly  v e ry  large changes 
can  be  d e tec ted  w ith  few er th a n  50 sam p les  an d  100 sam p les  are c o n s id e red  th e  m in im u m /

A  p ilo t s tu d y  is one m e th o d  of ga in in g  an  im p ro v ed  u n d e rs ta n d in g  of th e  v a ria b ility  of m arin e  eco sy s­
tem s, an d  h e lp s  id e n tify  som e of th e  p ro b lem s w ith  sam p lin g  th e  feature . It c an  inv estig a te  som e of th e  
p o te n tia l q u es tio n s  a t a sm all scale , q u an tify  m a n y  of th e  sou rces of v a ria tio n , an d  h e lp  d e te rm in e  th e  
o p tim u m  sam p lin g  design  w ith in  th e  re so u rces  availab le . In  p a rticu la r, a p ilo t s tu d y  sh o u ld  co n sid e r 
th e  o p tim u m  tim e to  sam p le , w h ere  to sam p le  an d  th e  size of sam p lin g  u n its  in  re la tio n  to  th e  a ttr ib ­
u te /c o m m u n ity /sp e c ie s  of in te re s t.” It sh o u ld  also  in v estig a te  p o te n tia l sou rces of v a riab ility  in  th e  
d ep lo y m en t of a te ch n iq u e . S u ch  d a ta  w ill co n tr ib u te  to  b o th  th e  se ttin g  of th e  n u m b e r of sam ples 
req u ired  to  im p ro v e  th e  co n fid en ce  in  th e  data , a n d  d ev e lo p in g  loca l a d a p ta tio n s  to  th e  m o d e  of d ep lo y ­
m en t to m itig a te  th is  variab ility . D ata from  a p ilo t s tu d y  w ill fac ilita te  th e  s ta tis tic a l te c h n iq u e  te rm ed  
p o w er  a n a lysis  to  en u m era te  th e  n u m b e r of sam p les  req u ired  to  ach ieve  a req u is ite  leve l o f con fidence . 
Recommendation. A p ilo t s tu d y  sh o u ld  be u n d e rta k e n  to  h e lp  id e n tify  an d  q u an tify  sou rces of v a r i­
ab ility  w ith in  a fea tu re  on  a SAC. D ata from  th is  p ilo t s tu d y  sh o u ld  be u se d  to  d e te rm in e  th e  n u m b er 
of sam p les  req u ired , id e a lly  u s in g  p o w er ana ly sis , to  re liab ly  de tec t w h e th e r an  a ttrib u te  ach ieves its 
target va lue .

Power analysis
S ta tis tica l p o w er  is th e  p ro b ab ility  of ge tting  a s ta tis tic a lly  s ig n ifican t re su lt g iven  th a t th e re  is a real 
b io log ica l effect in  th e  p o p u la tio n  u n d e r  in v estig a tio n . In  s ta tis tic a l te rm s, p o w er  is d e fin ed  as 1 -  ß, 
w h ere  ß is th e  p ro b a b ility  of w ro n g ly  accep tin g  a n u ll h y p o th e s is  w h e n  it  is ac tu a lly  false, k n o w n  as a 
ty p e  II error. W h en  a s ta tis tica l te s t re tu rn s  a n o n -s ig n ifican t re su lt, i t  is im p o rta n t to d is tin g u ish  
w h e th e r th e re  is no  b io log ica l effect, or w h e th e r it  is b ecau se  th e  sam p le  design  is in se n s itiv e  to  a real 
b io log ica l effect. P ow er an a ly sis  can  d is tin g u ish  b e tw een  th ese  a lte rn a tiv es  a n d  therefo re  is an  im p o r­
ta n t co m p o n e n t of ex p e rim en ta l design . In  m o n ito rin g  term s, carefu l c o n s id e ra tio n  of th e  p o w er of a 
sam p lin g  p rog ram m e can  m ake th e  d ifference  b e tw een  in su ffic ie n t sam p lin g  for co n c lu s iv e  d e c is io n ­
m ak ing  an d  w astin g  reso u rces  b y  over-sam pling  b ey o n d  th a t n ecessa ry  to  ach ieve  s ig n ifican t resu lts . 
For c o n d itio n  m o n ito rin g , a ty p e  II e rro r re su lts  in  a fea tu re  b e ing  c o n s id e red  fa vo u ra b le  w h e n  it  is 
ac tu a lly  u n fa vo u ra b le  (see Box 2-6).

15 See Appendix 1.5 in Ecoscope (2000a).
16 Frequency data are normally recorded using a quadrat sub-divided into cells by cross wires. The number of 

cells containing a species is recorded, rather than a direct count of the number of individual or an evaluation 
the percentage cover. See Brown (2000) for a detailed explanation.
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Box 2 -6  Type I a n d  type  II errors in rela tion to  m onito ring  
(from E coscope  2000a )
If w e u se  a s ign ificance  level of 5%  it fo llow s th a t th e re  is a 5%  ch an ce  th a t th e  n u ll  h y p o th ­
esis w ill be re jec ted  w h e n  th e re  is in  fact n o  d ifference  b e tw een  th e  p o p u la tio n s  being  
ana lysed . T h e  re jec tio n  of a n u ll h y p o th es is  w h e n  it  is tru e  is k n o w n  as a ty p e  I error. S etting  
a lo w er s ign ificance  level (e.g. 1% ) red u ces  th e  r isk  of co m m ittin g  th is  ty p e  of error. 
H ow ever, th is  in c reases  th e  r isk  of co m m ittin g  a ty p e  II error, w h ic h  is th e  accep tan ce  of a 
n u ll h y p o th e s is  w h e n  it  is false. In  m o n ito rin g  term s, th is  w o u ld  be c o n c lu d in g  th a t no 
change is tak ing  p lace  w h e n  in  fact it  is. In  m a n y  s itu a tio n s  it  is p re fe rab le  to  err on  th e  side  
of c a u tio n  an d  try  to  lim it ty p e  I errors. H ow ever, ty p e  II e rro rs m ay  h av e  p ro fo u n d  co n se ­
q uen ces in  m o n ito rin g  s tu d ies  b ecau se  rea l changes in  th e  c o n d itio n  of a fea tu re  m ay  n o t be 
d e tec ted . For m o n ito rin g  s tu d ie s , it  m ay  therefo re  be p ru d e n t to  fo llow  th e  p re c a u tio n a ry  
p r in c ip le  an d  a d o p t s ign ificance  levels  above 5%  at least as a trigger for fu rth e r s tu d ies .
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M onito rin g  in  re la tion  to an  abso lu te  s ta n d a rd

T he ex p lan a tio n  of h y p o th es is  testin g  g iven  above is based  u p o n  th e  co m p ariso n  of th e  m eans 
of tw o (or m ore) s ta tis tica l p o p u la tio n s . In  m o n ito rin g  term s, th is  is analogous to com paring  
tw o  da ta  sets from  tw o d ifferen t years to  look  for changes. H ow ever, m o n ito rin g  m ay  also 
n eed  to detec t w h e th e r a feature  is above or b e lo w  p re d e te rm in ed  abso lu te  target va lue . For 
exam ple , it  m igh t be d ec id ed  th a t u n accep tab le  change has tak en  p lace  if  the  m ean  d en sity  
of a p a rticu la r  species falls b e lo w  10 p lan ts  p e r m 2. E stim ates of d en sity  o b ta in ed  from  sam ­
p les w ill th erefo re  be co m p ared  to th is  va lue . T he p rin c ip le s  of h y p o th es is  testin g  rem ain  
exactly  th e  sam e for th is  m eth o d : one is testin g  w h e th e r th e  target v a lu e  (e.g. 10 lim p e ts  p er 
m 2) falls in  e ith e r ta il of th e  sam p le  d is trib u tio n ; if  th is  occurs it is m ore  lik e ly  th a t th e  sam ­
p le  m ean  is d ifferen t an d  th a t change has occurred . A lternative ly , if  95%  con fidence  lim its  
for th e  sam p le  d en sity  are ca lcu la ted , an d  th e  target v a lu e  is ou ts id e  th ese  lim its , th e n  one 
can  also  co n c lu d e  th a t the  c u rren t d en sity  is above or b e lo w  the  change lim it.

It is b ey o n d  th e  scope of th e  p re se n t h an d b o o k  to  p re se n t a d e ta iled  d e sc rip tio n  of p o w er analysis . 
B row n (2000)s p ro v id es  a co m p reh en siv e  ex p la n a tio n  of p o w er an a ly sis  in  c o n d itio n  m o n ito rin g , 
in c lu d in g  step -by -step  w o rk ed  exam p les  u s in g  th e  sp re a d sh e e t M icroso ft Excel™ . S h e p p a rd  (1999)x 
p ro v id es  a s im p le  e x p la n a tio n  of h o w  p o w er analy sis  is u se d  to  d e te rm in e  sam p le  size in  m arin e  
en v iro n m en ta l sc ience , w h ic h  in c lu d e s  a q u ick  g u id e  to  its  u se  in  re la tio n  to  basic  s ta tis tic a l tests  fi­
test, y2  te s t an d  an a ly sis  of variance).

A n  in te rn e t sea rch  for th e  tex t ‘p o w er a n a ly s is ’ rev ea led  m ore  th a n  one an d  a h a lf  m illio n  hits! / Box 
2-7 gives som e u se fu l URLs, a n d  th e  sub jec t is co m p reh en siv e ly  covered  in  m a n y  s ta tis tica l 
tex tbooks.

17 Using the search engine Google - http://www.google.com/
18 See the bibliography at http://www.mp2-pwrc.usgs.gov/ampCV/powcase/powrefs.cfm

http://www.google.com/
http://www.mp2-pwrc.usgs.gov/ampCV/powcase/powrefs.cfm
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Box 2-7 S o m e  in te rnet  sites prov id ing  sou rces  of in form ation  on  p o w e r  analysis

T he U n ited  S tates G eological S erv ice  h o sts  an  in te rn e t site  d e d ica ted  to  th e  u se  of p o w er 
analy sis  in  m o n ito rin g  program m es: 
http://www.mpl-pwrc.usgs.gov/powcase/index.html
A  sm all DOS prog ram  (M onitor) for ca lcu la tin g  th e  n u m b e r of sam p les  re q u ire d  for a m o n ­
ito rin g  p rog ram m e m ay  be d o w n lo a d e d  from : 
http://www.mpl-pwrc.usgs.gov/powcase/monitor.html
A  co m p reh en siv e  rev iew  of so ftw are  for p o w er an a ly sis  is ava ilab le  at: 
http://sustain.forestry.ubc.ca/cacb/power/review/review.html
http://sustain.forestry.ubc.ca/cacb/power/ lis ts  p o w er an a ly sis  so ftw are in c lu d in g  h y p e r­
lin k s to  a p p ro p ria te  sites.

P ow er an a ly sis  req u ires  ac tu a l sam p le  da ta  to eva lu a te  th e  n u m b e r of sam ples req u ired  to  ach ieve  th e  
d es ired  leve l of con fidence . Ideally , su ch  da ta  w o u ld  be reco rd ed  b y  a p ilo t study.

A n  im p o rta n t a lte rn a tiv e  use  of p o w er an a ly sis  is for p o s t h o c  e v a lu a tio n  of a sam p lin g  program m e: 
in  o ther w o rd s, to  d e te rm in e  th e  c e rta in ty  or co n fid en ce  th a t can  be  p la c e d  in  th e  re su lts  from  an  e x is t­
ing  sam p lin g  program m e. For exam ple , w h e re  th e re  w as a long -term  sam p lin g  p rog ram m e a lread y  in  
ex is ten ce  on  a SAC, it w o u ld  be p o ss ib le  to  use  p o w er an a lysis  to  eva lu a te  th e  p o te n tia l for u s in g  its 
re su lts  for m o n ito rin g  th e  c o n d itio n  of an  a ttrib u te . A  s im ila r p o s t  h o c  u se  is th e  analy sis  of th e  da ta  
from  a p ilo t s tu d y  to  d e te rm in e  th e  n u m b e r of sam p les  to  reco rd  in  su b seq u en t m o n ito rin g  even ts (Box 
2 - 8 ).

Box 2-8 An e x a m p le  of th e  practical use  of post  hoc  p o w e r  analysis  from th e  UK 
M arine  SACs p ro jec t  s tudy in Loch M addy

A  p o w er analy sis  ca rried  ou t on  th e  1998 an d  1999 d a ta  for c irca litto ra l rock, sh o w ed  th a t 
10 q u ad ra ts  w o u ld  d e tec t a change of b e tw een  13%  an d  18%  in  th e  spec ies co m p o s itio n  of 
a b io tope, w hereas 20 quad ra ts  w o u ld  detec t 10-12  % change. T hese ca lcu la tions use  a type  I 
p ro b ab ility  of 0.05, an d  a ty p e  II p ro b ab ility  of 0.2. E ach  q u ad ra t at th is  site  re q u ire d  b e tw een  
10 an d  15 m in u te s  to  reco rd , so th a t a d iver co u ld  co m p le te  tw o  or th ree  q u ad ra ts  p e r dive.
12 q u ad ra ts  w o u ld  re p re se n t one d a y ’s w o rk  for a p a ir  o f d ivers or h a lf  a day  for tw o  p a irs  
an d  w o u ld  seem  a sen sib le  target for fu tu re  m o n ito rin g  even ts in  lig h t of th e  in fo rm a tio n  
g a th e red  in  1999.

Recommendation: p o s t h o c  p o w er an a ly sis  sh o u ld  be  u n d e rta k e n  on  th e  re su lts  of a m o n ito rin g  ex er­
cise to  d e te rm in e  th e  th e ir  re lia b ility  for d e te rm in in g  m an ag em en t ac tions.

Assessing the condition of a feature

T he m o n ito rin g  d a ta  for a range of a ttrib u tes  has to  be c o n s id e red  to g e th er in  o rd er to  assess th e  c o n d i­
tio n  of a fea tu re  on  a m arin e  SAC, as illu s tra te d  d iag ram m atica lly  in  F igure 2-8. A ll a ttrib u tes  m u st 
a tta in  th e ir  target v a lu e  for th e  c o n d itio n  of th e  fea tu re  (hab ita t or species) to  be  c o n s id e red  favourab le .

http://www.mpl-pwrc.usgs.gov/powcase/index.html
http://www.mpl-pwrc.usgs.gov/powcase/monitor.html
http://sustain.forestry.ubc.ca/cacb/power/review/review.html
http://sustain.forestry.ubc.ca/cacb/power/
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Figure 2 -8  A m odified  version of th e  original c o m m o n  s tan d ard s  m odel  (Rowell 1 993  f  p ro p o se d  by  Brown (2000).  The ver­
tical axis sh o w s  the  cond it ion  o r  s ta te  of  the  fea tu re  over  th e  pe r iod  sh o w n  on  the  horizon tal  axis. The ho r izon tal  line defines 
favourab le  cond it ion  (= th e  fo rm u la ted  s tandard) of the  feature.  The sym bols  rep resen t  the  c o n c lu s io n s  from  th e  m onito r ing  
activit ies for eac h  a ttr ibute  and ,  w h e n  aggregrated , represen t  e i the r  favourab le  or un favourab le  condit ion .

F igure 2-9 su m m arises  th e  p ro cess  of fo rm ing  a ju d g em en t on  th e  c o n d itio n  of a fea tu re  b a sed  o n  m o n ­
ito rin g  resu lts . A t th e  tim e  of p u b lic a tio n , p rac tica l te s tin g  of th e  m o n ito rin g  system  d esc rib ed  in  
S ections 1 an d  2 of th is  h an d b o o k  has n o t ye t b een  ca rried  th ro u g h  to  th e  p o in t w h e re  an  assessm en t of 
fea tu re ’s c o n d itio n  has b e e n  p o ssib le . T h is  is b ecause , w h ile  b ase lin e  da ta  for som e of th e  a ttrib u tes  on  
th e  tr ia l m arin e  SACs are availab le , th is  is n o t tru e  for all th e  se lec ted  a ttrib u tes . N or h as  rep ea t m o n i­
to rin g  b e e n  ca rried  ou t to  co m p are  w ith  th e  b ase lin e . C onsequen tly , a n u m b e r of issu es  req u ire  fu rth e r 
in v es tig a tio n , d isc u ss io n  a n d  p rac tica l fie ld -testing . In  p a rticu la r, m ore  ex p erien ce  m u s t be  g a in ed  on  
h o w  to form  ju d g em en ts  b o th  in  re la tio n  to th e  c o n d itio n  of in d iv id u a l a ttrib u tes , a n d  w h e n  aggregat­
ing  th e  re su lts  of a range of a ttrib u tes  for a p a r tic u la r  fea tu re  (hab ita t or species).
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Figure 2 -9  A su m m a ry  of the  an tic ipa ted  p rocess  of  assess ing  th e  co n d it io n  of SAC features .  The N a tiona l  Biodiversity 
N e tw ork  (NBN)  has d e v e lo p ed  a da ta  m odel  tha t  prov ides a standard format for bio logical  data.

A Checklist of basic errors

A fter th e  d esig n  p h ase  of a m o n ito rin g  p rog ram m e is co m p le te , it  is w o rth  rev iew in g  th e  ‘T w en ty  c o m ­
m o n e s t c en su sin g  s in s ’ z (Box 2-9) to  ch eck  w h e th e r th e  p ro p o se d  p rog ram m e h as m ade , or is lik e ly  to 
m ake, an y  basic  errors.

19 See:  http://www.nbn.org.uk/

http://www.nbn.org.uk/
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Box 2-9 Su therland 's  tw en ty  c o m m o n e s t  sins in ce n su s in g 2

1. N ot sam p lin g  random ly .
2. C o llec ting  far m ore  sam p les  th a n  can  p o ss ib ly  be ana lysed .
3. C hanging  th e  m eth o d o lo g y  in  m o n ito ring .
4. C oun ting  th e  sam e in d iv id u a l in  tw o lo ca tio n s as tw o  in d iv id u a ls .
5. N ot k n o w in g  y o u r species.
6. N ot h av in g  con tro ls  in  m an ag em en t ex p erim en ts .
7. N ot s to ring  in fo rm a tio n  w h ere  it  can  be re tr iev ed  in  th e  fu tu re .
8. N ot g iv ing  p rec ise  in fo rm a tio n  as to  w h ere  sam p lin g  occurred .
9. C oun ting  in  one or a few  large areas ra th e r  th a n  a large n u m b e r of sm all ones.
10. N ot b e in g  h o n e s t ab o u t th e  m e th o d s  u sed .
11. B eliev ing  th e  re su lts .
12. B eliev ing  th a t th e  d e n s ity  of tra p p e d  (or co u n ted ) in d iv id u a ls  is th e  sam e as abso lu te  

density .
13. N ot th in k in g  ab o u t h o w  y o u  w ill an a ly se  y o u r da ta  before  co llec tin g  it.
14. A ssu m in g  you  k n o w  w h ere  you  are.
15. A ssu m in g  sam p lin g  effic iency  is s im ila r in  d iffe ren t h ab ita ts .
16. T h in k in g  th a t som eone  else  w ill id e n tify  y o u r sam p les  for you.
17. N ot k n o w in g  w h y  you  are censusing .
18. D ev iating  from  tran sec t rou tes.
19. N ot h av in g  a large en o u g h  area for n u m b ers  to  be m ean ing fu l.
20. A ssu m in g  o thers w ill co llec t da ta  in  exac tly  th e  sam e m an n e r a n d  w ith  th e  sam e 

en th u s ia sm .
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Introduction

Marine Moni tor ing H a n d b o o k

Aim

To p ro v id e  adv ice  on  m arin e  A n n ex  I fea tu res to  ass is t th e  se lec tio n  of a ttr ib u tes , a p p ro p ri­
ate m o n ito rin g  tec h n iq u e s  a n d  th e ir  fie ld  d ep lo y m en t

M arine  A n n ex  I fea tu res m ay  be d iv id e d  in to  tw o b ro ad  categories: b ro ad  h a b ita t ty p es (reefs, in te r tid a l 
se d im e n t flats, su b tid a l san d b an k s) an d  p h y sio g rap h ic  fea tu res (estuaries, large sh a llo w  in le t an d  bays, 
lagoons an d  sea  caves). B road h a b ita t ty p es from  th e  first g roup  m ay  be fo u n d  in  th e  p h y sio g rap h ic  fea­
tu res . S u ch  co m p lex  fea tu res po se  a n u m b e r of th eo re tica l an d  o p era tio n a l p ro b lem s to  th e  d e fin itio n  
an d  im p le m e n ta tio n  of a m o n ito rin g  p rogram m e.

T h is sec tio n  p ro v id es  adv ice  on  m o n ito rin g  each  A n n ex  I feature . It also:

• p ro v id es  a su m m ary  of th e  eco logical req u irem en ts  (form  a n d  fun c tio n ) of th e  m arin e  A n n ex  I feature, 
to  em p h asise  its ty p ica l b io log ica l a n d  p h y s ica l ch arac teris tics ;

• e s tab lish es  th e  g eneric  ch a rac te ris tic s  to  be c o n s id e red  w h e n  assessing  th e  c o n d itio n  of a fea tu re  - 
o u tlin in g  a range of a ttrib u tes  th a t it co u ld  be a p p ro p ria te  to  m o n ito r  a n d  m easu re  for each  feature;

• p ro v id es  b ro ad  fea tu re  sp ec ific  g u id an ce  on  h o w  to take acco u n t of e n v iro n m e n ta l changes a n d /o r  
h u m a n  in flu e n c e s /th re a ts  a n d  reso u rces  w h e n  p la n n in g  th e  ac tu a l m o n ito rin g  program m e;

• lis ts  o p tio n s for te c h n iq u e s  to  u se  to m o n ito r  th e  a ttrib u tes  for each  fea tu re  in  a m a trix  form at;

• w h ere  c u rre n t k n o w led g e  is su ffic ien t, in d ic a te s  a p o ssib le  sam p lin g  strategy; an d

• adv ises on  q u a lity  con tro l an d  q u a lity  a ssu ran ce  p ro c e d u re s  to  ach ieve  c o n s is ten t an d  com parab le  
re su lts  b e tw een  m o n ito rin g  even ts on  a site  an d  b e tw e e n  sites if  necessary .

E ach  sec tio n  starts  w ith  a d e fin itio n  of th e  fea tu re  ex trac ted  from  th e  EC in te rp re ta tio n  m a n u a l ,1 fo l­
lo w ed  by  a UK d e sc rip tio n  of th e  fea tu re  ad a p te d  from  B row n et al. (1997),“ also  availab le  on  th e  Jo in t 
N atu re  C o n serv a tio n  C om m ittee  (JNCC) In te rn e t site . A  m ap  of th e  sites se lec ted  for each  fea tu re  is also 
availab le  on  th e  JNCC In te rn e t site.

P lease n o te  th a t the  adv ice  p ro v id e d  in  th is  sec tio n  is  b a sed  on our p re se n t u n d e rs ta n d in g  (w in ter  
2000) a n d  is  l ik e ly  to change as o ur p ra c tica l exp erien ce  o f  S A C  m o n ito r in g  increases. In  particu lar, the  
Jo in t N a tu re  C onservation  C o m m ittee  is  d eve lo p in g  d e ta iled  g u id a n ce  d u rin g  2001 to im p le m e n t the  
UK’s C o m m on  S ta n d a rd s  fo r  M o n ito rin g  p ro g ra m m e th a t w ill p ro b a b ly  re su lt in  a s ig n ifica n t rev is io n  o f  
th is  section .

T he  lis tin g  o f  an a ttribu te  in  the  tab les in  th is  sec tio n  does n o t  im p ly  th a t i t  sh o u ld  fo rm  p a r t o f  a m o n ­
ito rin g  p ro g ra m m e fo r  the  fea tu re , b u t i t  m a y  n e e d  to be co n sid ered

1 European Commission. (1996). Interpretation m anual o f European Union Habitats:. Version EUR 15. Brussels,
European Commission (DC XI -  Environment, nuclear safety and civil protection).

2 Brown, A E, Burn, A J, Hopkins, J J and Way, S F (1997) . The Habitats Directive: selection o f Special Areas o f
Conservation in the UK. JNCC Report 270. Joint Nature Conservation Committee, Peterborough.

3 See: http://www.jncc.gov.uk/idt/default.htm.

http://www.jncc.gov.uk/idt/default.htm
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Definition

S u b m arin e , or ex p o sed  at lo w  tid e , ro ck y  su b stra te s  an d  b iogen ic  co n cre tio n s , w h ic h  arise 
from  th e  seafloor in  th e  su b litto ra l zone b u t m ay  ex ten d  in to  th e  litto ra l zone  w h ere  th ere  
is an  u n in te r ru p te d  zo n a tio n  of p la n t an d  an im al co m m u n itie s . T hese  reefs g en era lly  su p ­
p o rt a zo n a tio n  of b e n th ic  c o m m u n itie s  of algae a n d  an im al spec ies in c lu d in g  co n cre tio n s, 
e n c ru s ta tio n s  an d  co ra llogen ic  concre tio n s.

In troduction  to  th e  feature 's  interest
Reefs are w id e sp re a d  in  n o r th e rn  an d  so u th e rn  E urope  a n d  occu r w id e ly  a ro u n d  th e  UK coast. T h ey  are 
v e ry  va riab le  in  form  an d  in  th e  c o m m u n itie s  th a t th e y  su p p o rt. S ites have  b e e n  ch o sen  to  re p re se n t th e  
m a in  geog raph ica l a n d  eco log ica l range in  th e  UK of th is  ex trem ely  va riab le  h a b ita t type. S e lec tio n  has 
favoured  ex ten siv e  exam p les  w ith  d iverse  c o m m u n ity  s tru c tu re . T he se lec tio n  p ro cess  has tak en  
acco u n t of th e  UK's sp ec ia l EC re sp o n s ib ility  for ree f ty p es in  c o n d itio n s  of ex trem e w ave a n d  tid a l 
s tream  exposu re . A  large p ro p o rtio n  of th e  ch a lk  reefs of E urope occurs in  th e  UK an d  se lec tio n  of th is  
ty p e  of ree f w as e m p h as ised  in  reco g n itio n  of th e  UK's sp ec ia l resp o n sib ility .

Reefs are rocky  m arin e  h ab ita ts  or b io log ica l co n cre tio n s  th a t rise  from  th e  seabed . T h ey  are g en era l­
ly  su b tid a l b u t m ay  e x ten d  as an  u n b ro k e n  tra n s itio n  to  th e  in te r tid a l zone, w h ere  th e y  are ex p o sed  to 
th e  a ir at lo w  tide . Two m a in  ty p es of ree f can  be reco g n ised , th o se  w h ere  s tru c tu re  is c rea ted  b y  th e  a n i­
m als th em se lv es  (b iogenic reefs) an d  th o se  w h ere  an im a l an d  p la n t co m m u n itie s  g row  on  ra ised  or p ro ­
tru d in g  rock. O n ly  a few  in v e rteb ra te  spec ies are ab le to deve lop  b io g en ic  reefs, w h ic h  are there fo re  
re s tr ic te d  in  d is tr ib u tio n  an d  ex ten t.

T here  is a far g rea ter range a n d  ex ten t of ro ck y  reefs th a n  b iogen ic  co n cre tio n s in  th e  UK. R ocky reef 
typ es are ex trem ely  v ariab le , b o th  in  s tru c tu re  an d  in  th e  c o m m u n itie s  th e y  su p p o rt. A  w id e  range of 
to p o log ica l ree f form s m ee t th e  EC d e fin itio n  of th is  h a b ita t type. T h ese  range from  v ertic a l rock  w alls  
to h o rizo n ta l ledges, b ro k en  rock  an d  b o u ld e r  fields. T h e  co m m o n  fea tu re  b e tw een  th e se  d iffe ren t form s 
is th e  ty p e  of an im al an d  p la n t c o m m u n ity  th a t grow s on  th e  rock. T he sp ec ies  assem blage is ch a rac ­
te rised  b y  a ttach ed  algae an d  in v erteb ra tes , u su a lly  asso c ia ted  w ith  a range of m ob ile  an im als , in c lu d ­
ing  in v e rteb ra tes  an d  fish. T he specific  c o m m u n itie s  th a t occu r v a ry  acco rd in g  to  a n u m b e r of factors. 
For exam ple , rock  ty p e  is im p o rta n t, w ith  p a rtic u la r ly  d is tin c t co m m u n itie s  asso c ia ted  w ith  ch a lk  an d  
lim esto n e  rock. T hese  h av e  a re s tr ic te d  d is tr ib u tio n  in  acco rd an ce  w ith  th e  d is tr ib u tio n  of th e  rock  ty p e  
on  w h ic h  th e y  grow. T here  m ay  be  fu rth e r v a rie ty  a sso c ia ted  w ith  to p o g rap h ica l fea tu res su c h  as v e r ti­
cal rock  w alls , g u lly  an d  can y o n  system s, ou tc ro p s from  se d im e n t an d  rock  p o o ls  on  th e  shore . T he 
grea test v a rie ty  of co m m u n itie s  is ty p ic a lly  fo u n d  w h ere  coasta l to p o g rap h y  is h ig h ly  v a ried , w ith  a 
w id e  range of ex p o su res  to  w ave ac tio n  a n d  tid a l stream s.

E xposu re  to w ave ac tio n  has a m ajo r effect on  c o m m u n ity  s tru c tu re , w ith  ex trem ely  ex p o sed  h ab ita ts  
d o m in a ted  by  a ro b u st tu r f  of sponges, an em o n es an d  fo liose red  seaw eeds, w h ile  reefs in  th e  m o st sh e l­
te red  sea loch s a n d  rias su p p o rt de lica te  or s ilt- to le ran t f ilam en to u s algae, fan  w orm s, a sc id ian s  an d  
b rach io p o d s . T he p re sen ce  of en h a n c e d  tid a l s tream s often  s ig n ifican tly  in c reases  spec ies d iversity , 
a lth o u g h  som e co m m u n itie s  req u ire  v e ry  s till co n d itio n s . T he s tren g th  of tid a l s tream s varies  c o n s id e r­
ably, from  neg lig ib le  cu rren ts  in  m a n y  sea lo c h  b as in s  to  v e ry  s trong  tid a l cu rren ts  of 8 -1 0  kno ts (4-5  
m /s) or m ore  th ro u g h  tid a l ra p id s  or in  so u n d s. In  strong  cu rren ts  th e re  are co m m u n itie s  of barn ac les , 
th e  soft co ral A lc y o n iu m  d ig ita tu m , m assiv e  sponges an d  h y d ro id s .

In  ad d itio n , in  th e  UK th e re  is a m ark ed  b iogeo g rap h ica l tre n d  in  spec ies co m p o s itio n  re la ted  to  te m ­
p e ra tu re , w ith  w arm , tem p era te  spec ies su c h  as th e  sea fan  E un ice lla  verrucosa  an d  th e  corals 
L ep to p sa m m ia  p ru v o ti  an d  B a la n o p h y llia  regia  occu rrin g  in  th e  so u th , an d  co ld -w ater spec ies su ch  as 
th e  an em o n e  B olocera tu ed ia e  an d  th e  red  seaw eed  P tilo ta  p lu m o sa  in  th e  n o rth . A  m ajor factor affect­
ing  ree f co m m u n itie s  is th e  tu rb id ity  of th e  w ater. In  tu rb id  w aters, lig h t p e n e tra tio n  is lo w  an d  algae 
can  occur o n ly  in  sh a llo w  d ep th s  or in  th e  in te r tid a l zone. H ow ever, in  su c h  c o n d itio n s  an im als  have  a 
p le n tifu l su p p ly  of su sp e n d e d  food an d  filte r-feed ing  spec ies m ay  be a b u n d an t. S a lin ity  is also  im por-

1 A ria is a drowned river valley.
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tan t. A lth o u g h  m ost reefs are fu lly  m arin e , ro ck y  h ab ita ts  in  ce rta in  m arin e  in le ts  are sub jec t to  v ariab le  
or p e rm a n e n tly  re d u c e d  sa lin ity  an d  h av e  th e ir  o w n  d is tin c tiv e  co m m u n ities .

W here  reefs e x ten d  from  th e  seabed  in to  th e  in te r tid a l zone, a s trong  v e rtica l zo n a tio n  of c o m m u n i­
ties  is ap p a ren t. L ichens occur a t th e  to p  of th e  shore , w ith  co m m u n itie s  ch a rac te rised  by  barn ac les , 
m u sse ls  or sp ec ies  of fu co id  (w rack) seaw eeds in  th e  in te r tid a l zone.

Typical a ttr ibu tes  to  de fine  th e  fea ture 's  cond it ion  

Generic attributes
Table 3.2-1 lis ts  th e  g eneric  a ttrib u tes  for ree f fea tu res an d  p re se n ts  exam ples of th e  m easu res  p ro p o sed  
for som e of th e  c a n d id a te  SACs in  th e  UK. T h is  l is t is n o t ex h au stiv e  a n d  w ill be fu rth e r d ev e lo p ed  as 
ou r kno w led g e  of th e  factors th a t d e te rm in e  th e  c o n d itio n  of reef ecosystem s im proves.

Table 3.2-1 A su m m ary  of a ttributes th a t  m ay  def ine  favourab le  cond it ion  of reefs

Attribute Measure Comments

Extent

Extent of the feature Area (ha) measured 
periodically

Extent of the feature is a reporting requirem ent of the 
Habitats Directive. The extent of (non-biogenic) reef is 
unlikely to change significantly over time unless due 
to some hum an activity but nevertheless needs to be 
measured periodically. The extent of a biogenic reef is an 
im portant attribute in  relation to the viability of the reef.

Extent of a specific 
biotope

Area and distribution of a 
typical or notable biotope 
from the site

The extent of a biotope that is a key structural component 
of the reef, and is particularly im portant due to it being: 
a typical biotope for the biological zone; 
notable for its nature conservation importance due to its 
rarity/scarcity, regional importance, species richness; 
and/or an extensive example; sensitive to non-native 
species or changes in supporting processes

Extent of a biogenic 
reef

Extent of the horse mussel 
Modiolus m odiolus biogenic 
reef

Physical properties

Water clarity Average light attenuation 
measured periodically 
throughout the reporting 
cycle

Water clarity is a key process influencing algal/plant 
growth, density and extent and thereby algal/plant 
dom inated biotopes. Changes in  water clarity could be 
caused, for example, by an increase in  suspended material 
due to organic enrichment.

Siltation causes smothering of substrata and organisms 
affecting feeding efficiency or feeding mechanisms, and 
colonisation.

Water density 

Water temperature 

Salinity

Regular measurement of 
water temperature and/or 
salinity periodically 
throughout the reporting 
cycle

Temperature and salinity are characteristic of the overall 
hydrography of the area. Changes in temperature and 
salinity may influence the presence and distribution of 
species (along w ith recruitm ent processes and spawning 
behaviour), particularly those species at the edge of their 
geographic ranges.
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Attribute Measure Comments

Biotic composition

Biotope
composition

Number and occurrence/ 
frequency of all biotopes or a 
range of specified biotopes

The num ber and occurrence/frequency of specified 
biotopes is an im portant structural aspect of the site. It is 
im portant to establish the finest level in  the national 
classification to w hich the biotopes w ill be discriminated.

The biotopes specified should reflect both the biological 
and regional/local character of site

Overall biotope richness 
(number of biotopes)

The target value is likely to be the total number of biotopes 
known horn the SAC. The lower lim it for a single 
monitoring cycle may be less than 100% of the biotopes to 
take account of the likelihood of not recording a biotope 
w ith a given level of effort. It may be necessary to ensure 
that 100% of the biotopes present are recorded over, for 
example, three monitoring cycles.

Species
composition of a 
specific biotope

Frequency and occurrence of 
composite species (total or 
sub-set) from a biotope

Species composition is an im portant contributor to the 
structure of a biotope and therefore the reef as a whole.

The presence and relative abundance of all characterising 
species gives an indication of the quality of a biotope and 
any change in  composition may indicate a cyclic change or 
trend in  reef communities.

Characteristic
species

Estimate population size 
from a measure of the 
abundance/occurrence/ 
frequency/biomass of a 
specified species

Record a relevant population 
structure measure such as 
age structure of a specified 
species

The species selected should be an im portant structural 
element of the biotope, and is indicative of the structure of 
the particular biotope; for example kelp, Modiolus 
m odiolus in  biogenic reef.

Change in  the species may indicate cyclic change/trend in  
host biotope and/or reef communities as a whole.

Notable species Occurrence and frequency of 
a species

A notable species may:
have nature conservation importance due to such factors 
such as its rarity/scarcity; 
contribute to reef structure;
be used as an indicator of environmental stress (e.g. green 
algae), or changes in  water circulation patterns (e.g. edge of 
range species) or sensitivity to pollutants (e.g. molluscan 
sensitivity to TBT).

Biological structure

Productivity -  
algal biomass

Algal biomass measured in 
late summer through the 
depth zone

Algal productivity, such as in  a kelp forest, plays an 
im portant functional role w ithin the food chain both direct­
ly and through detrital supply.

Distribution of all 
or a range of 
biotopes

Relative distribution of 
im portant communities 
throughout the feature

The relative distribution of biotopes, for instance kelp 
biotopes, is an im portant structural aspect of the site. 
Changes in  the extent and distribution may indicate 
long-term changes in  the prevailing physical conditions at 
the site.

Structural integrity 
of selected biotopes

Actual measures w ill depend 
on the specific aspects of 
structural integrity chosen for 
each selected biotope

For example, in  Pen Llyn a ’r Sarnau cSAC, three aspects of 
structural integrity were identified for the horse mussel 
Modiolus m odiolus reef:
continuity and area to periphery ratio of the reef/incidence 
of scaring;
density/area covered by live M. modiolus; 
age structure of the M. modiolus
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Suggested techniques for monitoring reef attributes
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.2-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

Table 3 .2 -2  Suggested  t e c h n iq u es  for m easu r in g  reef a ttributes. The term s u n d e r  Technique  a p p e a r  u n d e r  the  head in g  
Sum m ary title in the  p ro ced u ra l  g u ide l ines  p rov ided  in Section  6. G u id a n c e  will b e  d ev e lo p ed  for the  t e c h n iq u es  in italics.

Generic Attribute Feature-specific attribute Technique

Extent Intertidal

Subtidal

Subtidal biogenic reefs

A ir photo interpretation; Remote imaging; 
Intertidal resource mapping

AGDS; Side scan sonar; Point sample 
mapping; (for shallow areas: A ir photo  
interpretation; Remote imaging)

AGDS; Side scan sonar; Mosaicing sonar 
images; Point sample mapping

Physical properties Water clarity

Water chemistry (including 
salinity, temperature)

Substratum

Measuring water quality; Water chemistry 
data loggers; Secchi disk

Measuring water quality; Water chemistry 
data loggers

Drop-down video; ROV; AGDS; Side 
scan sonar

Biotic composition Intertidal biotope richness Intertidal resource mapping; Intertidal 
biotope ID; Intertidal ACE; Viewpoint 
photography

Subtidal biotope richness Subtidal biotope ID; Drop-down video; 
ROV; Diver-operated video; Towed video 
(limited by topography and/or risk 
of damage)

Intertidal species composi­ Intertidal ACE; Intertidal quadrat photog­
tion/richness raphy; Intertidal quadrat sampling (see 

Subtidal quadrat sampling); Fish in  rock- 
pools;

Subtidal species Subtidal quadrat sampling; Subtidal
composition/richness biotope ID; Subtidal photography; Suction 

sampling; Fish in  subtidal rock habitats; 
ROV; Drop-down video; Diver-operated 
video

Intertidal characteristic Intertidal ACE; Intertidal quadrat photog­
species raphy; Intertidal quadrat sampling (see 

Subtidal quadrat sampling); Fish in  rock- 
pools

Subtidal characteristic Subtidal quadrat sampling; Subtidal
species biotope ID; Subtidal photography; Suction 

sampling (small epibiota); Fish in  subtidal 
rock habitats; Fish in vegetative cover; 
ROV (‘large’ conspicuous species only); 
Drop-down video (‘large’ conspicuous 
species only); Diver-operated video
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Generic Attribute Feature-specific attribute Technique

Biological structure Intertidal zonation Intertidal resource mapping; Intertidal 
biotope ID; Intertidal ACE; Transect 
survey; Shore profiling

Subtidal zonation Subtidal biotope ID; Diver-operated video; 
Subtidal quadrat sampling; ROV; Towed 
video (limited by topography and/or risk 
of damage)

Spatial pattern of intertidal Intertidal resource mapping; Intertidal
biotopes biotope ID; Viewpoint photography; Air

photo interpretation; Remote imaging

Spatial pattern of subtidal AGDS; Side scan sonar (with mosaicing);
biotopes Point sample mapping (from ROV or

Drop-down video data)

Specific issues affecting th e  m on ito ring  of reefs
A ll a ttrib u tes  w ill have  th e ir  ow n in h e re n t sou rces of v a ria b ility  th a t m u s t be a d d re ssed  d u rin g  da ta  co l­
le c tio n  an d  su b seq u en t in te rp re ta tio n  of th e  re su lts . T here  are, how ever, som e generic  issu es  th a t sh o u ld  
be c o n s id e red  w h e n  p la n n in g  th e  w h o le  m o n ito rin g  study.

Seasonal effects
M arine  co m m u n itie s  ex h ib it seaso n a l change, a lth o u g h  th e  p rec ise  effects are p o o rly  u n d e rs to o d  for 
m an y  co m m u n itie s . Som e of th e  m ore  obv ious v isu a l changes occur in  algal assem blages, an d  fo llo w ­
ing  m assiv e  se ttlem en ts  of ju v en ile  an im a ls  su c h  as m u sse ls  an d  barn ac les . In  L och M ad d y  cSAC, a 
recen t s tu d y  c o n c lu d e d  th a t th e  largest changes observed  in  sh a llo w  co m m u n itie s  b e tw een  a u tu m n  
1998 a n d  su m m er 1999 w ere  d u e  to  an  in c rease  in  d iv e rs ity  an d  a b u n d an ce  of algae.“ S im ilarly , in  
P ly m o u th  S o u n d  cSAC, m o st of th e  changes observed  b e tw een  1998 an d  1999 w ere  a ttr ib u te d  to  real 
changes in  p o p u la tio n s , ra th e r  th a n  v a ria b ility  in  reco rd in g  m eth o d s  or b eh av io u ra l factors. T he degree 
to w h ic h  seaso n a l change w ill in flu en ce  th e  m o n ito rin g  of a ree f a ttrib u te  w ill d e p e n d  on  th e  c o m m u ­
n ity  u n d e r  in v estig a tio n . W here p o ssib le , a c o m m u n ity  sh o u ld  be in v es tig a ted  e ith e r  d irec tly  or v ia  a 
lite ra tu re  rev iew  to gather in fo rm a tio n  on  th e  lik e lih o o d  of seaso n a l change affecting  an  a ttrib u te . In  
general, algal assem blages sh o u ld  be s tu d ie d  d u rin g  th e  su m m er m o n th s . W here  seaso n a l effects are n o t 
fu lly  u n d e rs to o d , it  is v ita l th a t a m o n ito rin g  s tra tegy  e x p lic itly  sta tes th a t da ta  co llec tio n  m u s t a lw ays 
be u n d e rta k e n  at th e  sam e tim e  of year.

W h ils t seaso n a l v a ria tio n  s tr ic tly  re la tes to  changes w ith in  a year, ree f c o m m u n itie s  m ay  change over 
a longer tim e  p e r io d  (m any  years) as a co n seq u en ce  of eco logical p ro cesses  affecting  co m m u n ity  d y n a m ­
ics. P h y sica l a n d  b io tic  p ro cesses  can  cause  w h o lesca le  changes in  c o m m u n ity  co m p o s itio n  on  a reef. 
C o m m u n ity  dy n am ics of rock  sh o res  h av e  b e e n  ex ten s iv e ly  in v estig a ted  a n d  m a n y  au th o rs  re p o rt cy c li­
cal changes in  th e  co m m u n ity  co m p o s itio n  over tim e .“' C learly, n o t co n sid e rin g  su c h  changes w h e n  
in te rp re tin g  th e  re su lts  of a m o n ito rin g  exerc ise  w o u ld  lead  to  in c o rre c t co n c lu s io n s . S im ilarly , an d  p e r ­
h ap s m ore  im p o rtan tly , over-spec ific ity  w h e n  se ttin g  an  a ttrib u te  -  su c h  as th e  p re sen ce  of b io to p e  x  -  
w o u ld  be a rec ip e  for d isas te r if  ‘b io to p e  x ’ w as on ly  one of a su ite  of p o ssib le  b io to p es  in  a n a tu ra l cycle.

Meteorological changes
P rev a ilin g  w ea th e r c o n d itio n s  an d  tid a l sta te  w ill affect an y  m o n ito rin g  study. S ites o p en  to  th e  p re ­
v a ilin g  w in d  an d  sw ell w ill req u ire  ca lm  c o n d itio n s  for effective fie ld  survey. W here a ree f is ad jacen t 
to se d im e n t h ab ita ts , excessive  w a te r m o v em en t (from  strong  w in d s  or sp rin g  tides) w ill m o b ilise  fine 
se d im e n t in to  th e  w a te r co lu m n , th e reb y  re d u c in g  u n d e rw a te r  v isib ility . C onversely , ca lm  co n d itio n s  
w ill cause  su sp e n d e d  se d im e n t to d e p o s it ou t of th e  w a te r co lu m n , v is ib ility  w ill im p ro v e  b u t reef 
assem blages m ay  th e n  b ecom e sm o th e red  w ith  se d im e n t obscu rin g  som e sp ec ies  from  view .

P erio d s of ex trem e co ld  c o in c id in g  w ith  lo w  w ate r can  re su lt in  m ass m o rta lity  of ke lp  p la n ts .6 
W h en  e s tab lish in g  a m o n ito rin g  strategy, m eteo ro log ica l effects m u s t be in teg ra ted  w ith  seasonal 

effects to  en su re  th a t s ites  can  be m o n ito re d  re liab ly  th ro u g h  tim e.

2 See comments in Section 2: What is the most appropriate method?
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Access
To gain  access to  th e  site , th e  su rv ey o r m u s t co n sid e r th e  issu es  of p e rm iss io n  (in te rtid a l sites), tid a l 
sta te  (h igh  or lo w  w a te r/s la c k  w ater), p rev a ilin g  w in d /w a v e /sw e ll co n d itio n s  an d  u n d e rw a te r  v is ib ili­
ty. A ccess to  in te r tid a l h ab ita ts  w o u ld  be g a in ed  from  th e  lan d , ex cep t for is la n d s  an d  offshore b an k s or 
rem ote  sites w h ere  b o a t access w ill be necessary . It w ill be n ecessa ry  to  u se  a b o a t to  g a in  access to  m an y  
su b tid a l reefs an d  there fo re  it  w ill be n ecessa ry  to  co n sid e r th e  av a ilab ility  of h a rb o u rs  a n d /o r  la u n c h ­
ing  fac ilities . L and  access w o u ld  be p o ss ib le  for th o se  su b tid a l h ab ita ts  im m ed ia te ly  ad jacen t to  the  
shore.

Sampling issues
Reefs are to p o g rap h ica lly  co m p lex  fea tu res, an d  m ay  co m p rise  a w id e  range of b io to p es, p a rtic u la rly  
w h ere  a ree f ex ten d s  from  th e  to p  of th e  in te r tid a l zone  th ro u g h  to  th e  deep  c irca litto ra l zone. S u ch  co m ­
p le x ity  w ith in  a sing le  reef, an d  b e tw een  reefs, p oses co n sid e rab le  obstacles to  ach iev in g  a co n sis ten t 
m o n ito rin g  s tra tegy  w ith in  an  SAC. C onsequen tly , it  is n o t p o ssib le  to  co n sid e r a ll a sp ec ts  of ree f sam ­
p lin g  in  th e  c u rre n t rep o rt a n d  w h a t fo llow s w ill c o n sis t o f som e basic  adv ice  in  re la tio n  to  co m m o n  
s ta n d a rd s  m o n ito ring .

It sh o u ld  be e m p h as ised  th a t th e  aim  of m o n ito rin g  is to  assess th e  c o n d itio n  of th e  w hole  fea tu re  w ith ­
in  an  SAC, an d  th erefo re  th e  sam p lin g  p rog ram m e m u st en su re  sam p les  are reco rd ed  th ro u g h o u t the  
en tire  site. A  s tra tified  ap p ro a c h  m ay  be a d o p te d  for ex ten siv e  sites w h ere  th e  ava ilab le  re so u rces  o n ly  
p e rm it a few  lo ca tio n s to be in v es tig a ted  in  d e ta il, a n d  th e  re su lts  m u s t be ex trap o la ted  to  th e  w h o le  site. 
N everth e less , th e  sam p lin g  s tra tegy  sh o u ld  in c lu d e  a series of ‘sp o t ch e c k s’ th ro u g h o u t th e  site  to  en su re  
th a t th e  ex trap o la ted  resu lts  are in  fact rep re sen ta tiv e  of th e  c o n d itio n  of th e  en tire  site. U sing  a ‘top- 
d o w n ’ ap p ro a c h  to  stra tify  sam p lin g  can  re su lt in  s ig n ifican t cost-sav ings b y  lin k in g  te c h n iq u e s  to 
ad d ress  m u ltip le  a ttrib u tes  in  a sing le  m o n ito rin g  exercise . For exam ple , a rem ote  sen sin g  cam p aig n  
co u ld  m ap  th e  ex ten t of a fea tu re  (or m ore  lik e ly  sub-fea tu res). T he im agery  co u ld  th e n  stra tify  a d e ta iled  
g ro u n d  v a lid a tio n  cam paign , an d  th e  re su lts  co u ld  be u se d  to  m easu re  b io to p e  r ichness. If an  ROV w as 
u se d  for th e  sam p lin g , it w o u ld  be p o ss ib le  to  reco rd  a d d itio n a l in fo rm atio n , su c h  as co u n ts  of a co n ­
sp icu o u s  characteristic  species.

It is v ita l th a t a s ta n d a rd ise d  ap p ro a c h  is a d o p ted  w h e n  m easu rin g  a ttr ib u tes  of th e  n u m b e r of species 
(species rich n ess) or b io to p es  (b io tope rich n ess) b ecau se  th e  n u m b e r reco rd ed  is d irec tly  lin k e d  to  the  
sam p lin g  effort. A ll te ch n iq u es  m u s t be ‘effort l im ite d ’ -  for ex am p le  by  re s tric tin g  th e  sea rch  area  or 
sea rch  tim e.

T h e  ch a rac te ris in g  sp ec ies  of m an y  ree f b io to p es  have  a huge range in  b o d y  size: for ex am p le  in  kelp  
b io to p es, b o d y  size w ill range from  m etres (kelp  p lan ts) to  m illim e tre s  (fine h y d ro id s , sm all b ivalves). 
T he d im en sio n s  an d  scale  of occu rren ce  of th e  target o rgan ism  is an  im p o rta n t factor w h e n  se lec tin g  the  
size of th e  sam p lin g  u n it  su ch  as a q u ad ra t, an d  th e  e n u m e ra tio n  te c h n iq u e  -  co u n ts , freq u en cy  or p e r­
cen tage cover. T he cho ice  h as  a sig n ifican t effect on  th e  tim e  re q u ire d  for fie ld  su rv ey  an d , m ore  im p o r­
tan tly , th e  re lia b ility  (accu racy  an d  p rec is io n ) of th e  re su lts . It m ay  be  p o ssib le  to  im p ro v e  sam p lin g  effi­
c ien cy  th ro u g h  a n e s te d  a p p ro ach  w h ere  a large q u ad ra t is su b -d iv id ed  in to  sm alle r u n its  (F igure 3-1). 
Large organ ism s are en u m e ra te d  in  th e  en tire  q u ad ra t, b u t sm all o rgan ism s are o n ly  e n u m era ted  for a 
p ro p o rtio n  of th e  sm alle r u n its  (quad ra ts  in  th e ir  o w n  right). For m o n ito rin g  of an  in d iv id u a l sp ec ies, a 
scale  of v a rian ce  an a ly sis  can  h e lp  to  d e te rm in e  th e  a p p ro p ria te  sam p lin g  u n it.

3 Effort lim itation was addressed by Sanderson, W G, Holt, R H F, Kay, L (2000) Efficacy of deployment of 
divers. In: Sanderson, W G, Holt, R H F, Kay, L, Wyn, G and McMath, A J (eds.) (2000) The establishment o f 
an appropriate programme o f monitoring for the condition o f SAC features on Pen Llyn a ’r Sarnau: 1998— 
1999 trials, pp. 29-36. Contract Science Report No: 380, pp. 29-36. Countryside Council for Wales, Bangor.

4 For a description of this approach see Chapter 3.4 and Appendix 2 in: Ecoscope (2000) A  species and habi­
tats monitoring handbook. Volume 2: Habitat monitoring. Research, Survey and Monitoring Review No. [XX], 
Scottish Natural Heritage, Edinburgh.
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Figure 3-1 Illustration of a nested  q u a d ra t  to record  different s ized  o rgan ism s o c cu r r in g  at different spatia l scales.  Q u a d ra t  
A is sub d iv id ed  into 9 quadra ts  of  s ize  B a n d  3 6  quadra ts  of s ize  C. Q u a d r a t  s ize  will affect f req u en cy  estimates:  'starfish' 
f req u en cy  is 8/9 = 0 .89  for q u a d ra t  B, b u t  15 /36  = 0 .42 for q u a d ra t  C.

Trials u n d e rta k e n  b y  th e  UK M arine  SACs p ro jec t d em o n stra ted  th a t th e  sp ec ies  co m p o s itio n  of reef 
b io to p es is sub jec t to  co n sid e rab le  tem p o ra l flu c tu a tio n .3' D eterm in ing  an  ap p ro p ria te  sam pling  strategy, 
an d  in  p articu lar, en su rin g  the  sam pling  in ten s ity  p rov ides su ffic ien t sta tis tica l p o w er  to detect any  
change, is c ritical to th e  success of a m o n ito ring  program m e (see S ection  2).

Site marking and relocation
Site m ark ing  tec h n iq u e s  w ill d e p e n d  on  th e  e n v iro n m e n t (in te rtid a l or su b tid a l) , th e  rock  ty p e  (hard , 
soft, an d  friable), degree of w ave ex p o su re  an d  th e  lik e lih o o d  of an th ro p o g en ic  in te rfe ren ce  w ith  fixed  
m arkers. H iscock  (1998)8 lis ts  s ite -m ark in g  tec h n iq u e s  in  A p p e n d ix  6 . H o lt et al. (2000) in v estig a ted  
specific  issu es  re la tin g  to  site  m ark in g  on  a v e rtica l, c irca litto ra l b ed ro ck  reef. In  P en  L lyn a ’r S a rn au  
cSAC, aco u stic  b eacons w ere  also  u se d  to  m ark  a h o rse  m u sse l (M o d io lu s  m o d io lu s)  reef, an d  an  algal- 
d o m in a ted  cobble  ree f at an  offshore site.'
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R elo ca tio n  of fixed  sites can  be v e ry  d ifficu lt, e sp ec ia lly  u n d e rw a te r  in  p o o r v is ib ility  or w ith  few  co n ­
sp icu o u s  fea tu res to  ac t as n av ig a tio n  a ids. G lobal P o sitio n in g  S ystem s (GPS) n o w  offer th e  p o ss ib ility  
of accu ra te  site  re lo ca tio n  to  ± 15m  u sin g  a s ta n d a rd  receiver, or ± lm  if  co m b in ed  w ith  an  a d d itio n a l 
rece iv e r to  g a ther a co rrec tio n  signal - d iffe ren tia l GPS (dGPS) . If necessary , th e re  are sp e c ia lise d  GPS 
system s availab le , ca lled  Real T im e K inem atic  (RTK) GPS, w h ic h  can  ach ieve  cen tim e tre  leve l a ccu ra ­
cy, offering th e  p o ss ib ility  of re tu rn in g  to  a v e ry  p rec ise  loca tio n . W ith o u t GPS techno logy , it  is u su a l to 
u se  a m ap  to  lo ca te  th e  ap p ro x im a te  p o s itio n  of a sam p lin g  s ta tio n  on  in te r tid a l reefs. M aps sh o u ld  be 
su p p le m e n te d  by  p h o to g rap h s  a n d /o r  d iagram s of ch a rac te ris tic  to p o g rap h ica l fea tu res to  fin d  th e  p re ­
cise lo ca tio n  of a s ite  m arker. For su b tid a l sites, th e  ap p ro x im a te  p o s itio n  can  be lo ca ted  u s in g  co n ­
sp icu o u s  la n d  fea tu res, p re fe rab ly  lin e d  u p  to  crea te  tran s its . P h o to g rap h s a n d /o r  d iag ram s sh o u ld  be 
u se d  u n d e rw a te r  to  fin d  th e  p rec ise  sam p le  lo c a tio n  a lth o u g h  po o r v is ib ility  crea tes severe p rob lem s 
(F igure 3-2).

Figure 3-2 A draw ing  of the  c o n sp icu o u s  u n d e rw a te r  s c e n e ry  to aid th e  re locat ion  of a sa m p le  station

Health and safety
A ll fie ld  staff m u s t fo llow  ap p ro v ed  safety  p ro ced u re s  p u b lish e d  by  th e ir  h o s t in s titu tio n , or th a t of the  
co n trac tin g  agency, w h ich ev e r are th e  m ore  stringen t.

In te rtid a l reefs often  h av e  co m p lex  to p o g rap h y  th a t, w h e n  co m b in ed  w ith  a covering  of algae, create 
an  u n e v e n  s lip p e ry  surface. C o n sid erab le  care m u s t be tak en  to  re d u c e  th e  r isk  of staff s lip p in g  or 
fa lling , p a r tic u la r ly  in  rem ote  areas w h ere  tid a l im m ers io n  co u ld  occur before  em ergency  assis tan ce  
arrives. F ie ld  staff sh o u ld  carry  a rad io  or m ob ile  te le p h o n e  to  en su re  th e  em ergency  serv ices are n o ti­
fied  p rom ptly .

Som e su b tid a l sam p lin g  on  reefs w ill in v o lv e  SCUBA d iv in g  tech n iq u es . A ll d iv in g  o p era tio n s are 
su b je c t to  th e  p ro c e d u re s  d e sc r ib e d  in  th e  D iv in g  at W ork  R e g u la tio n s  1997 
(see: http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical 
A p p ro v ed  Code of P rac tice7 (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Estuaries

Marine Moni tor ing H a n d b o o k

Definition
D ow nstream  p a rt of a riv er valley , sub jec t to  th e  tid e  an d  ex ten d in g  from  th e  lim it of b ra c k ­
ish  w aters. R iver estu a rie s  are coasta l in le ts  w h ere , u n lik e  ‘large sh a llo w  in le ts  a n d  b a y s ’, 
th e re  is g en era lly  a su b s ta n tia l fre sh w ate r in flu en ce . T h e  m ix in g  of fre sh w ate r a n d  sea w ater 
an d  th e  re d u c e d  c u rre n t flow s in  th e  sh e lte r of th e  e s tu a ry  lead  to  d e p o s itio n  of fine se d i­
m e n ts , o ften  fo rm in g  e x te n s iv e  in te r t id a l  sa n d  a n d  m u d  fla ts . W h ere  th e  t id a l 
cu rren ts  are faster th a n  flood  tid es , m o st sed im en ts  d ep o sit to  form  a d e lta  a t the mouth 
of the estuary.

In troduction  to  th e  fea ture 's  interest
E stuaries are co m p lex  ecosystem s lin k in g  th e  te rre s tria l a n d  aq u a tic  en v iro n m en ts  an d  are co m p o sed  of 
an  in te rd e p e n d e n t m osaic  of su b tid a l, in te r tid a l an d  su rro u n d in g  te rre s tr ia l hab ita ts . M any  of these  
h ab ita ts , su c h  as in te r tid a l m u d fla ts  an d  san d fla ts , sa ltm arsh es an d  reefs, are id e n tif ie d  as h a b ita t typ es 
in  th e ir  o w n  rig h t in  A n n ex  I of th e  D irective.

E stua ries  are d e fin ed  as th e  d o w n stream  p a rt of a riv er valley , sub jec t to  th e  tid e  a n d  ex ten d in g  from  
th e  lim it of b ra c k ish  w ater. T here  is a g rad ien t of sa lin ity  from  fresh  w a te r in  th e  riv e r to  in c rea s in g ly  
m arin e  c o n d itio n s  to w ard s th e  o p en  sea. In p u t of se d im e n t from  th e  river, sh e lte r from  w ave ac tio n  and , 
often, lo w  c u rre n t flow s lead  to  th e  p re sen ce  of ex ten siv e  se d im e n t flats. S im ila r large geom orpho log i- 
cal system s w h ere  seaw ater is n o t s ig n ifican tly  d ilu te d  b y  fresh w ate r are c lassified  w ith in  th e  A n n ex  I 
h a b ita t Large sh a llo w  in le ts  a n d  bays.

T h e UK has a p a rtic u la r ly  large n u m b e r of es tu aries . In d eed , m ore  th a n  a q u arte r of th e  area of n o r th ­
w e s te rn  E u ro p ean  es tu a rie s  occurs in  th e  UK. D av id so n  e t al. (1991)° id e n tif ie d  n in e  es tu a ry  types 
occu rrin g  in  th e  UK, of w h ic h  four m ee t th e  c rite ria  for g eom orpho log ica l an d  su b stra ta  ty p es, a n d  asso ­
c ia ted  fau n a  in  th e  d e fin itio n  of th e  A n n ex  I h ab ita t. T he rem a in in g  five typ es fall w ith in  th e  d e fin itio n s 
of th e  A n n ex  1 h ab ita ts  Large sh a llo w  in le ts  a n d  ba ys  or in te r tid a l m u d fla ts  a n d  sand fla ts .

T h e s tru c tu re  of e s tu a rie s  is la rge ly  d e te rm in ed  by  geological a n d  p h y sio g rap h ic  factors. T here  are four 
m a in  g eo m o rpho log ica l ty p es, d e fin ed  b y  th e  fo llow ing  p h y s io g rap h ic  features.

C oastal p la in  estuaries. T hese  es tu a rie s  w ere  fo rm ed  w h e n  p re -ex is tin g  riv er v a lleys w ere  flooded  at 
th e  en d  of th e  la s t ice  age. T h ey  are u su a lly  less th a n  30m  deep , an d  w id e n  an d  d e e p e n  to w ard s the  
m o u th , g iv ing  a large w id th - to -d e p th  ra tio ; th e ir  o u tlin e  a n d  c ro ss-sec tio n  is o ften  triangu lar. M any  sy s­
tem s have ex ten siv e  se d im e n t flats a n d  sa ltm arsh  th ro u g h o u t. S ed im en t ty p e  v aries from  m u d  in  the  
u p p e r  reach es beco m in g  in c rea s in g  san d y  to w ard s th e  en tran ce . T h is is th e  m a in  ty p e  of estuary , by  
area, in  th e  UK.

B ar-bu ilt estuaries. T h ese  ch a rac te ris tica lly  have  a se d im e n t b ar across th e ir  m o u th s  an d  are p a rtia lly  
d ro w n ed  riv er va lley s  th a t h av e  su b seq u en tly  b e e n  p a rtia lly  in fille d  w ith  sed im en t. T h ese  e s tu a rie s  are 
g en era lly  sh a llo w  a n d  often  h av e  ex ten siv e  lagoons an d  sh a llo w  w a te rw ay s  n e a r th e  m o u th . 
C haracteristica lly , th e re  are a b u n d a n t sed im en ts  ava ilab le  in  th e  loca l coasta l system s an d  h en ce  bar- 
b u ilt  es tu a rie s  te n d  to  be sm all an d  lin k e d  to  d ep o sitio n a l co astlin es  a ro u n d  th e  UK.

C o m p lex  estuaries. T h ese  riv er es tu a rie s  have  b e e n  fo rm ed  b y  a v a rie ty  of p h y s ica l in flu en ces , w h ic h  
in c lu d e  g lac ia tio n , riv er ero sion , sea-level change an d  geological co n s tra in ts  from  h a rd  rock  ou tcrops. 
T here  are few  exam p les  of th is  ty p e  of e s tu a ry  in  th e  UK.

R ia estuaries. T hese  are d ro w n ed  so m ew h a t s teep -s id ed  valleys n o t fo rm ed  or m o d ified  b y  glacial 
p ro cesses , w ith  re la tiv e ly  sm all in flo w in g  rivers, an d  are m a in ly  fo u n d  in  so u th -w est B ritain . 
C haracteristica lly , th e y  are re la tiv e ly  deep , n a rro w  c h an n e ls  w ith  a lo w  se d im e n ta tio n  rate. T he estuar- 
in e  p a r t of th e se  system s is u su a lly  re s tr ic te d  to  th e  u p p e r  reaches. T he ou ter p a rts  of th ese  system s are 
little  d ilu te d  b y  fresh  w a te r an d  are c lassified  as Large sh a llo w  in le ts  a n d  bays.

T h e in te r tid a l a n d  su b tid a l sed im en ts  of e s tu a rie s  su p p o rt b io log ica l co m m u n itie s  th a t v a ry  acco rd ing  
to  geograph ic  lo ca tio n , th e  ty p e  of sed im en t, tid a l cu rren ts  an d  sa lin ity  g rad ien ts  w ith in  th e  estuary. T he 
pa rts  of e stu a rie s  fu rth e s t aw ay  from  th e  o p en  sea are u su a lly  ch a rac te rised  b y  soft sed im en ts  an d  are 
gen era lly  m ore  stro n g ly  in flu e n c e d  b y  fresh  w ater. H ere o ligochaete  w orm s, w ith  few  o ther in v e rte ­
b ra tes, ty p ic a lly  d o m in a te  th e  in fa u n a l co m m u n itie s . W here  rock  occurs, th e re  are re s tr ic te d  c o m m u n i­
ties  ch a rac te ris tic  of b ra c k ish  flow ing  w ater, co n s is tin g  of g reen  u n ic e llu la r  algae, sparse  fu co id  algae 
an d  spec ies of b a rn ac le  a n d  h y d ro id . O ften, th e  s ilt  co n ten t of th e  se d im e n t decreases n ea re r to the
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m o u th  of th e  estuary , an d  th e  w a te r g rad u a lly  becom es m ore  sa line . H ere th e  an im a l c o m m u n itie s  of the  
sed im en ts  are d o m in a ted  b y  sp ec ies  su c h  as ragw orm s, b iva lves an d  san d h o p p e r-lik e  c ru stacean s . In  th e  
ou te r estuary , c loser to  th e  o p en  sea, th e  su b stra ta  are often  co m p o sed  of coarser sed im en t th a t su p p o rts  
c o m m u n itie s  of m ore  m arin e  b iv a lves, p o ly ch ae te  w orm s an d  a m p h ip o d  c ru stacean s . W here  rock  
occurs, a re s tr ic te d  range of sp ec ies  m ore  ch a rac te ris tic  of th e  o p en  sea is found . In  ad d itio n , m an y  e s tu ­
aries have  ex ten siv e  sa ltm arsh  system s, an d  su p p o rt large b ird  p o p u la tio n s . C onsequen tly , areas ad ja ­
cen t to  som e es tu a rie s  are a lso  c a n d id a te  SACs for th e ir  sa ltm arsh  c o m m u n itie s , a n d  som e es tu a rie s  are 
d esig n a ted  S p ec ia l P ro tec tio n  A reas u n d e r  th e  B irds D irective.

Typical Attributes to define  th e  fea ture 's  cond it ion  

Generic attributes
Table 3.3-1 lis ts  th e  g eneric  a ttrib u tes  for e s tu a rin e  fea tu res an d  p re sen ts  exam ples of th e  m easu res  p ro ­
p o sed  for som e of th e  c a n d id a te  SACs in  th e  UK. T h is l is t is n o t ex h au stiv e  an d  w ill be fu rth e r d ev e l­
o ped  as ou r kno w led g e  im p ro v es of th e  factors th a t d e te rm in e  th e  c o n d itio n  of e s tu a rin e  ecosystem s.

Table 3.3-1 S u m m ary  of a ttributes th a t  m ay  def ine  favourab le  co n d it io n  of estuaries

Attribute Measure Comment

Extent

Extent Area of the estuary Extent of the feature is a reporting requirem ent of the Habitats Directive. 
The extent of an estuary is unlikely to change significantly over time 
unless due to some hum an activity but nevertheless needs to be 
m easured periodically. Measurement w ill most likely be a cartographic 
exercise, supported by remote sensing data if necessary.

Extent of a specific 
biotope

Area of a biotope, for exam­
ple seagrass beds

Extent of
characteristic com­
munities

Biotopes present at stations 
across a stratified sampling 
grid

Extent may be represented as a proportion of the records of each biotope 
throughout the sampling grid

Physical structure

Sediment character Particle size distribution (to 
produce grain size survey 
map).

Im portant parameters to measure include % sand/silt, mean and m edian 
grain size, and sorting coefficient, w hich are used to characterise the 
sediment type.

Morphological
equilibrium

Tidal Prism/Cross- section 
ratio (TP/Cs ratio)

TP = Tidal Prism = total volume of water passing a given cross-section 
during the flood tide (m3).
Cs = Area of a given cross-section at high water springs (m2).
The relationship between TP and Cs provides a measure of the way the 
estuary has adjusted to tidal energy. Substantial departures from the 
characteristic relationship (determined on a regional basis) may indicate 
the influence of anthropogenic factors.

Nutrient status

Position of the horizontal 
boundary of the 
saltmarsli/mudflat interface

Average phytoplankton 
concentration in summer

Monitoring the saltmarsh boundary is a practical means of securing data 
that may indicate changes in  the TP/Cs relationship.
Deviation horn long-term trends w ould act as a trigger for a second-tier 
response involving detailed bathymetric survey and evaluation of 
changes in  the TP/Cs relationship (as above).
In the absence of saltmarsh, vertical change in  mudflat position can act 
as a surrogate for, or in  addition to, saltmarsh boundary.

Extent and seasonal 
abundance of macro algal 
mats on the foreshore

The presence of green algal mats is often used as an indicator of nutrient 
input, and any change in their location or extent may indicate a change 
in  the nutrient loading to the estuary.

Water density -  
salinity and water 
temperature

Regular measurement of 
salinity and water 
temperature throughout the 
estuary

These parameters should be measured periodically to determine their 
mean value during the reporting cycle

1 Council of the European Communities (1979) Council Directive 79/409/EEC of 2 April 1979 on the conserva­
tion of wild birds
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Attribute Measure Comment

Biotic composition

Range of biotopes 
present

Biotope composition of the 
estuary from a grid of 
stations representing all 
habitats in  the estuary

It may be im portant to specify both a representative suite of 
communities, and any rare/scarce communities.

Species
composition of 
selected biotopes

Number and abundance of all 
species

Communities to be considered under this attribute are likely to include 
the major estuary biotopes, sheltered m uddy biotopes and rare/scarce 
biotopes.

Abundance of
characteristic
species

Average density, measured 
during peak growth period, 
once during the reporting 
cycle

Such species w ould include those that may be an indicator of the 
‘health’ of the system -  for example, seagrass Zostera marina beds.

Presence, 
abundance and 
condition of 
rare/scarce species

No species have yet been selected for this attribute.

Biological structure

Distribution of 
major communities 
w ithin the estuaries

Proportions of the major 
communities present in  
described ‘zones’ of each 
estuary may provide an 
appropriate measure for 
target/lim it setting

Range and 
distribution of 
characteristic 
communities

Presence of characteristic 
biotopes in  the estuary

Such communities include mudflat and sandflat biotopes, rock 
communities, subtidal mixed sediment communities, subtidal muddy 
sand communities.

Relative 
distribution of 
sub-features

Relative distribution of 
sub-features

Spatial pattern of 
selected biotopes

Area and distribution of 
specified biotopes

Suggested techniques for monitoring estuary attributes
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.3-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

It is im p o rta n t to  n o te  th a t es tu a rie s  m ay  in c lu d e  o ther A n n ex  I h ab ita ts  or A n n ex  II spec ies w h ic h  
w ill req u ire  th e ir  o w n  m o n ito rin g  p rog ram m e. T he re lev an t sec tio n s of th is  d o cu m en t sh o u ld  be co n ­
su lte d  in  a d d itio n  to  th e  adv ice  p ro v id e d  in  Table 3.3-2.
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Table 3 .3 -2  Suggested  tech n iq u es  for m easu r in g  the  a ttributes of  estuaries .  The term s u n d e r  Technique  a p p e a r  u n d e r  the  
h e ad in g  Sum m ary title in the  p rocedura l  gu ide l ines  p rov ided  in Section  6. G u id a n c e  will b e  d e v e lo p ed  for the  tec h n iq u es  
in italics.

Generic attribute Feature-specific attribute Technique

Extent A ir photo interpretation; Remote imaging; 
GIS analysis

Biotope extent Intertidal resource mapping; Intertidal biotope 
ID; Air photo interpretation; Remote imaging; 
AGDS; Side scan sonar (plus mosaicing);
Point sample mapping

Physical properties Substratum: sediment 
character

Particle size analysis; sediment profile 
imagery

Morphological equilibrium LIDAR; Rathymetric mapping; Current meters, 
tide tables

Water clarity Measuring water quality; Secchi disk; Water 
chem istry data loggers

Water chemistry (including 
salinity, temperature)

Measuring water quality; Water chemistry 
data loggers

Nutrient status Measuring water quality; Water chemistry 
data loggers;
(Biotope extent techniques for algal mats)

Biotic composition Intertidal biotope richness Intertidal resource mapping; Intertidal biotope 
ID; Intertidal ACE; Viewpoint photography

Subtidal biotope richness Subtidal biotope ID; Grab sampling; Drop­
down video; ROV; Diver-operated video; 
Towed video (limited by topography and/or 
risk of damage)

Intertidal species 
composition/richness

Intertidal ACE; Intertidal quadrat 
photography; Intertidal quadrat sampling (see 
Subtidal quadrat sampling); Intertidal core 
sampling; Fish in  rockpools

Subtidal species 
composition/richness

Subtidal quadrat sampling; Subtidal biotope 
ID; Subtidal core sampling; Grab sampling; 
Suction sampling; Fish in  subtidal rock 
habitats; Fish on sediments; ROV; Drop-down 
video; Diver-operated video; Epibenthic 
trawling

Intertidal characteristic 
species

Intertidal ACE; Intertidal quadrat photogra­
phy; Intertidal quadrat sampling (see Subtidal 
quadrat sampling); Intertidal core sampling; 
Fish in  rockpools

Subtidal characteristic 
species

Subtidal quadrat sampling; Subtidal biotope ID; 
Subtidal core sampling; Grab sampling;
Subtidal photography; Suction sampling; Fish -  
in  subtidal rocky habitats, in  vegetative cover, 
on sediments; ROV (‘large’ conspicuous species 
only); Drop-down video (‘large’ conspicuous 
species only); Diver-operated video

Generic attribute Feature-specific attribute Technique

Biotic structure Intertidal zonation Intertidal resource mapping; Intertidal biotope 
ID; Intertidal ACE; Transect survey; Shore 
profiling

Subtidal zonation Subtidal biotope ID; Diver-operated video; 
ROV; Towed video (limited by topography 
and/or risk of damage)

Spatial pattern of intertidal 
biotopes

Intertidal resource mapping; Intertidal biotope 
ID; Viewpoint photography; A ir photo inter­
pretation; Remote imaging

Spatial pattern of subtidal AGDS; Side scan sonar (with mosaicing);
biotopes Point sample mapping (from Grab sampling,

ROV or Drop-down video data); Towed video
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Specific issues affecting the  m on ito ring  of es tuaries
A n es tu a ry  m ay  c o n ta in  o th e r m arin e  A n n ex  I fea tu res -  m o st lik e ly  m u d fla ts  a n d  sa n d fla ts , su b tid a l  
sa n d b a n k s  a n d  reefs. A dv ice  o n  th e  m o n ito rin g  of sa ltm arsh  h ab ita ts  is p ro v id e d  b y  S co ttish  N atu ra l 
H eritage. E ach  e s tu a rin e  a ttrib u te  w ill h av e  its  o w n  in h e re n t sou rce  of v a riab ility  th a t m u s t be 
ad d re sse d  d u rin g  da ta  co llec tio n  an d  su b seq u en t in te rp re ta tio n  of th e  re su lts . H ow ever, som e generic  
issu es  sh o u ld  be c o n s id e red  w h e n  p la n n in g  th e  w h o le  m o n ito rin g  study.

Seasonal effects
M arine  co m m u n itie s  sh o w  seaso n a l p a tte rn s  th a t co u ld  s ig n ifican tly  affect a m o n ito rin g  p rog ram m e in  
estu aries . A lgal co m m u n itie s  sh o w  som e of th e  m o st obv ious seaso n a l tren d s . Banks of loose s tones an d  
g ravel are often  su ffic ien tly  seaso n a lly  stab le  to su p p o rt den se  assem blages of ep h em era l algae. 
S ed im en t flats often  su p p o rt den se  g reen  algal m ats d u rin g  th e  su m m er m o n th s. R ap id  g ro w th  of m ic ro ­
sco p ic  algae, an d  d ia tom s in  p a rticu la r, c an  change th e  ap p ea ran ce  (colour) of in te r tid a l flats '. M ud 
ven eers  an d  layers of lea f litte r  from  riv er flood  even ts can  also  in flu e n c e  th e  su rface  ap p ea ran ce  of the  
sed im en t.

M any  m arin e  organ ism s h av e  seaso n a l re p ro d u c tiv e  p a tte rn s  th a t can  a lte r s ig n ifican tly  th e  n u m b e r of 
in d iv id u a ls  p re se n t at d iffe ren t tim es of th e  year. For exam ple , som e p o ly ch ae te  w orm s h av e  sem el- 
p a ro u s  or ‘boom  an d  b u s t’ life -h is to ry  stra teg ies w h e re  th e  m a tu re  ad u lts  sp a w n  sy n c h ro n o u s ly  an d  th e n  
die. C learly, th e  n u m b e r of ad u lts  p re se n t in  th e  se d im e n t w ill d e p e n d  on  th e  stage in  th e ir  lifecycle . 
L ong-lived  sp ec ies  su c h  as b iv a lv e  m o llu scs  m ay  v a ry  th e ir  re p ro d u c tiv e  o u tp u t acco rd in g  to th e  av a il­
ab ility  of food in  th e  p re -rep ro d u c tiv e  p e rio d . S u ch  in te rm itte n t la rv a l se ttlem en t an d  re c ru itm e n t of 
ju v en ile s  to  th e  p o p u la tio n  can  re su lt in  a m assiv e  in c rea se  in  th e  p o p u la tio n  size  at ce rta in  tim es of the  
year. In  a sam p lin g  p rog ram m e, th e  p re sen ce  an d  n u m b e r of ju v en ile s  sh o u ld  be e n u m era ted  sep a ra te ­
ly  to  th e  ad u lts  in  a ll sam ples.

S easona l effects are also  p re v a le n t in  seagrass co m m u n itie s . T he b lad e  d e n s ity  of th e  seagrass itse lf  
w ill in c rease  d u rin g  th e  su m m er an d  th e n  decrease  d u rin g  th e  a u tu m n  an d  w in te r  -  a p ro cess  k n o w n  
as die-back. Seagrass b lad es m ay  su p p o rt d en se  assem blages of e p ip h y tic  algae d u rin g  th e  su m m er 
m o n th s , w h ic h  th e n  d ec lin e  d u rin g  th e  w in te r.6

S easona l p a tte rn s  m u s t be c o n s id e red  w h e n  p la n n in g  a m o n ito rin g  strategy. S am p lin g  sh o u ld  be 
u n d e rta k e n  at th e  sam e tim e  of year if  seaso n a l v a ria tio n  is likely. It m ay  be n ecessa ry  to  spec ify  the  
d u ra tio n  of a sam p lin g  w in d o w  -  for exam ple , to  p reced e  p o s t-rep ro d u c tiv e  d e a th  in  p o ly ch ae te  co m ­
m u n itie s . T he N atio n a l M arine  M on ito rin g  P rogram m e co llec ts  b e n th ic  m acro fau n a l sam p les  b e tw een  
F eb ru ary  an d  June. F u rth e rm o re , it  re co m m en d s th a t sam ples sh o u ld  be co llec ted  w ith in  a ‘n a rro w  tim e 
w in d o w  w ith in  th e  b ro ad e r w in d o w ’ to  ‘m in im ise  th e  effects of seaso n a l v a ria b ility ’; th e y  define  the  
n a rro w  tim e  w in d o w  as ±3 w eeks or ±2 w eeks in  M ay/June. S easo n a l changes in  seagrass have  im p o r­
ta n t co n seq u en ces for th e  tim in g  of rem ote  sen sin g  cam paigns b ecau se  th e  sp ec tra l s ig n a tu re  of th e  sea­
grass w ill change b e tw een  su m m er an d  w in ter.

Meteorological changes
T idal range is an  im p o rta n t factor in  u n d e rs ta n d in g  e s tu a rin e  p ro cesses  an d  th e ir  d is tr ib u tio n . T h is 
d e te rm in es  th e  v e lo c ity  of tid a l cu rren ts  an d  re s id u a l c u rre n t ve lo c itie s  an d  there fo re  th e  ra tes an d  
am o u n ts  of se d im e n t m o v em en t. B oth  m o n th ly  an d  a n n u a l tid a l cycles w ill affect e s tu a rin e  h ab ita ts  an d  
there fo re  an y  m o n ito rin g  p rog ram m e m u st be ca re fu lly  p la n n e d  an d  im p le m e n te d  to  take  acco u n t of 
tid a l effects.

V ariations in  sa lin ity  are a key  factor d e te rm in in g  th e  ch a rac te r an d  sp a tia l p a tte rn s  of th e  b io tic  
assem blages w ith in  an  estuary . T he v o lu m e  of fre sh w ate r en te rin g  th e  e s tu a ry  (no rm ally  a re flec tio n  of 
ra in fa ll p a tte rn s) an d  th e  tid a l cycle  d e te rm in e  am b ien t sa lin ity  at an y  p o in t w ith in  an  estuary . B oth  fac­
tors are sub jec t to  seaso n a l v a ria tio n  an d  th ere fo re  am b ien t sa lin ity  w ill sh o w  a strong  seaso n a l p a tte rn  
(F igure 3-3).

2 See Section 5 for an explanation.
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Figure 3-3  Seasona l  c h an g es  in sa lin ity In an  es tuary  (from Davidson  e ta / .  1991)

P erio d s of re d u c e d  w a te r flow  can  lead  to  m ark ed  im p ro v em en ts  in  w a te r c larity . T h is m u s t be tak en  
in to  acco u n t if  m o n ito rin g  w a te r c la rity  as an  a ttrib u te , an d  w ill affect th e  tim in g  of an y  rem ote  sensing  
or SCUBA d iv in g  cam paigns.

Access
L and su rro u n d in g  es tu a rie s  is o ften  u n d e r  p riv a te  o w n ersh ip  a n d  therefo re  it  w ill be  n ecessa ry  to  seek 
th e  la n d o w n e r 's  p e rm iss io n  to  gain  access to  th e  shore , u n le ss  access is p o ss ib le  by  boat.

G ain ing  access to e s tu a rin e  in te r tid a l a n d  su b tid a l h ab ita ts  is sub jec t to th e  issu es  d esc rib ed  u n d e r  the  
sec tio n s on  reefs, m u d fla ts  a n d  sa n d fla ts  an d  su b tid a l sa n d b a n ks , a n d  is there fo re  n o t re p e a te d  here.

Sampling issues
A  m o n ito rin g  p rog ram m e m u st co n s id e r th e  w h o le  estuary , ev en  w h ere  it  m ay  co n ta in  o ther A n n ex  1 
features; th ese  fea tu res sh o u ld  have  th e ir  ow n  d e d ica ted  m o n ito rin g  p rog ram m e (see reefs, sa n d b a n k s  
an d  in te r tid a l fla ts). A n  e s tu a ry ’s m o n ito rin g  p rog ram m e m ay  therefo re , be  an  aggregation  of b o th  th e  
sam p lin g  p rog ram m es for a range of A n n ex  1 fea tu res in  th e ir  o w n  righ t, a n d  a d e d ica ted  sam p lin g  p ro ­
gram m e for a d d itio n a l fea tu res of th e  w h o le  estuary .

M easu ring  th e  ex ten t of an  estu a ry  req u ires  th e  carefu l d e fin itio n  of b o u n d a ry  in  re la tio n  to  th e  sea­
w ard  lim it, th e  la n d w a rd  tra n s itio n  to  th e  river, a n d  th e  h ig h  w a te r lim it. For th o se  e stu a rie s  b o u n d e d  
b y  rocky  sh o res  or so lid  a n th ro p o g en ic  b o u n d a rie s  su c h  as h a rb o u r w alls  or seaw alls , m easu rin g  th e  
ex ten t m ay  be a s tra ig h tfo rw ard  ca rto g rap h ic  exerc ise  u s in g  th e  m o st u p -to -d a te  m ap s of th e  area. 
E stuaries w ith  ‘so ft’ b o u n d a rie s  su c h  as sa ltm arsh  m ay  req u ire  a m ore  so p h is tic a te d  m ap p in g  exercise  
su c h  as rem ote  sensing , p a rtic u la r ly  in  d y n am ic  estu a rie s  w h e re  tid a l cu rren ts  re su lt in  e ro s io n  a n d /o r  
acc re tio n  of th ese  ‘so ft’ hab ita ts . T h e  p o s itio n  of th e  m a in  es tu a ry  ch an n e l, a n d  m ore  lik e ly  th e  sm alle r 
creeks, m ay  m ove co n sid e rab ly  d u rin g  a m o n ito rin g  cy c le .8 a lth o u g h  th e  im p a c t of su c h  a change on  th e  
overall ex ten t of th e  e stu a ry  m ay  be neglig ib le.



76 Marine Moni tor ing H a n d b o o k

E stu a ry  m o rp h o lo g y  -  th e  re la tio n sh ip  b e tw een  its p h y s ic a l form  an d  fu n c tio n  -  w as co n s id e re d  an  
a p p ro p ria te  a ttrib u te  to  e n c ap su la te  th e  eco log ica l s ta tu s  of an  estuary . In  s im p le  term s, e s tu a ry  m o r­
p h o lo g y  is th e  form  tak en  b y  th e  b ed  a n d  banks of th e  e s tu a rin e  ch an n e l. T hese  v iew s are b ased  on 
reg im e theory, w h ic h  in c lu d e s  th e  h y p o th es is  p ro p o se d  b y  O ’B rien. In itia l sam p lin g  sh o u ld  es tab lish  
th e  eq u ilib riu m  m o rp ho logy , an d  su b seq u en t m o n ito rin g  ev en ts  w ill th e n  e s tab lish  w h e th e r th e  e s tu a ry  
rem ain s at e q u ilib riu m . A n y  d e p a rtu re  from  e q u ilib riu m  m ay  be  c o n s id e red  as d e te rio ra tio n  from  
favourab le  c o n d itio n . In  p rac tica l te rm s, e q u ilib riu m  is a fu n c tio n  of th e  cro ss-sec tio n a l area  an d  the  
tid a l p rism  at a series of sta tio n s a long  th e  estuary .

C hanges in  th e  p h y s ica l s tru c tu re  of th e  e s tu a ry  w ill a lso  im p a c t on  a b io log ica l sam p lin g  p rog ram m e 
an d  clear g u id an ce  on  sam p lin g  p ro to co ls  m u s t be e s tab lish ed  at th e  sta rt of th e  m o n ito rin g  p rogram m e. 
P erio d s of h eav y  ra in  can  affect an  e s tu a rin e  sam p lin g  p rog ram m e a n d  sam p lin g  sh o u ld  avo id  su c h  co n ­
d itio n s  if  it  is n ecessa ry  to  reco rd  e lem en ts  of th e  se d im e n t surface. For exam ple , W yn an d  C ook (2000 )8 
sp ec ified  th a t a sam p lin g  s ta tio n  w as d eem ed  'sa ltm arsh ' if  a l m 2 q u ad ra t c o n ta in e d  m ore  th a n  5% 
cover of sa ltm arsh  p lan ts . D istin c tio n s m ay  a lso  be  re q u ire d  to  en su re  co n sis ten cy  in  fu tu re  sam p lin g  
p rogram m es.

M any  of th e  p h y s ica l e n v iro n m en ta l a ttrib u tes  to  be m o n ito re d  in  es tu a rie s  (w ater quality , w a te r d e n ­
s ity /te m p e ra tu re , n u tr ie n t s ta tu s , an d  se d im e n t ch aracter) are stro n g ly  lin k e d  to  th e  tid a l cycle or the  
leve l of fre sh w ate r in p u t, an d  th erefo re  sub jec t to  co n sid e rab le  seaso n a l v aria tio n . It is im p e ra tiv e  th a t 
co m p reh en siv e  reco rd s are k e p t of th e  am b ien t c o n d itio n s  (tida l an d  m eteoro log ica l) at th e  tim e  of sam ­
pling . It m ay  also  be n ecessa ry  to  reco rd  th e  recen t m e teo ro log ica l h isto ry , p a rtic u la r ly  for th o se  e s tu a r­
ies w h ere  re c e n t ra in fa ll can  re su lt in  co n sid e rab le  v a ria tio n s  in  s a lin ity /tid a l flow s. W h en  co llec ting  
se d im e n t sam p les  for p a rtic le  size  an a ly sis , it  is im p o rta n t th a t th e  sam p lin g  te c h n iq u e  p reserv es  the  
fine se d im e n t frac tion , p a r tic u la r ly  on  th e  surface. It m ay  be a p p ro p ria te  to co llec t se d im e n t sam p les  by  
grab at h ig h  w a te r to  en su re  all h ab ita ts  are sam p led  in  a co n s is ten t m anner. If sed im en ts  are to  be su b ­
sam p led  for trace  m e ta l an d  organ ic  c o n ta m in a n t d e te rm in a tio n s , it w ill be  n ecessa ry  to  u se  s ta in le ss  
stee l bu ck e ts  for g rab /co re  sam plers.

S ta n d a rd  tex ts are ava ilab le  on  e s tu a rin e  sam p lin g  m eth o d s. 1

Site marking and relocation
M ark ing  an d  re lo ca tin g  th e  fea tu re  itse lf  (the estuary ) is u n lik e ly  to  p re se n t an y  p ro b lem s a lth o u g h  the  
p rec ise  lo c a tio n  of th e  b o u n d a ry  m ay  be  d ifficu lt w h ere  th e  edge of th e  e s tu a ry  h as  ‘so ft’ h ab ita ts . C lear 
g u id an ce  is n ecessa ry  to  define  th e  h ig h  w a te r an d  u p p e r  e s tu a ry  lim its  to  en su re  c o n s is ten t m o n ito rin g  
of th e  ex ten t of th e  feature.

P e rm an en t m ark in g  of sam p lin g  s ta tio n s  is v e ry  d ifficu lt in  d y n am ic  en v iro n m en ts  w h e re  th e  su b ­
stra ta  are m obile . G arden  canes (1.5m  long) have  b e e n  u se d  su ccessfu lly  to m ark  s ta tio n s  in  th e  W ash 
over a p e rio d  of th ree  y ea rs .1 S ite  re lo ca tio n  sh o u ld  u se  dGPS, p a r tic u la r ly  on  ex ten siv e  in te r tid a l flats 
or o p en  sea areas at th e  m o u th . W here  dGPS is u se d  for site  lo ca tio n , it  is v ita l th a t th e  n ecessa ry  p a ra m ­
eters (often  se ttings of th e  m ac h in e  itself) in flu e n c in g  th e  p o s itio n  re so lu tio n  are accu ra te ly  reco rd ed . 
T hese  p a ram ete rs  w ill be v ita l for accu ra te  re lo ca tio n  of th e  site. For less d y n am ic  h ab ita ts , sites m ay  be 
m ark ed  w ith  aco u stic  tra n sp o n d e rs  or cu rly  w h irlie s  or ‘n y lo n  w h ip s ’ a tta ch ed  to  sub -su rface  b lo c k s .8 
A d d itio n a l in fo rm a tio n  is p ro v id e d  u n d e r  th e  g u id an ce  for reefs, m u d fla ts  a n d  sa n d fla ts  a n d  su b tid a l  
sa n d b a n ks.

Health and safety
A ll fie ld w o rk  m u s t fo llow  ap p ro v ed  codes of p rac tice  to  en su re  th e  h e a lth  a n d  safety  of a ll staff. R isks 
specific  to  w ork ing  in  es tu a rie s  are s im ila r to  th o se  on  in te r tid a l flats:

S tra n d in g  d u e  to the  r is in g  tide. E stuaries often  h av e  irreg u la r tid a l cycles th a t re su lt in  long  lo w  or 
h ig h  w a te r p e rio d s  fo llow ed  b y  a ra p id  filling  or em p ty in g  of th e  system . O n in te r tid a l flats, a ris in g  
tid e  can  in u n d a te  th e  sho re  faster th a n  a p e rso n  can  ru n . C reeks can  fill ra p id ly  crea tin g  'is lan d s ' on 
th e  flats. T idal cu rren ts  m ay  in c rease  v e ry  rap id ly , for ex am p le  th e  tid a l bo re  in  th e  S evern  Estuary, 
c rea ting  h aza rd o u s  c o n d itio n s  for boats, p a r tic u la r ly  w h ils t s ta tio n a ry  d u rin g  sam pling .

3 O’Brien -  quoted in Coastal Geomorphology Partnership (1999) see reference f; no reference given.
4 See Procedural Guideline Number 6-1 for dGPS guidance.
5 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine monitoring in the

Isles o f Scilly 1991. English Nature Research Report No. 9. English Nature, Peterborough.
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S tu c k  in  se d im e n t,  p a r tic u la r ly  in  soft m u d  in  u p p e r  es tu a rie s , on  q u ick  san d s an d  m u sse l beds.

Illn ess  a n d  d isease  fro m  c o n ta m in a te d  se d im e n t. M any  es tu a rie s  h av e  a h is to ry  of an th ro p o g en ic  d is ­
charges from  in d u s tr ia l  fac ilities . S ed im en ts  b in d  co n tam in an ts  su c h  as h eav y  m eta ls  (and  rad io ac tiv e  
iso topes) a t h ig h  co n cen tra tio n s , w h ic h  are su b se q u e n tly  re lea sed  u p o n  d is tu rb an ce . It is p o ssib le  to 
co n trac t serio u s d iseases su c h  as h e p a titis  from  sew age effluen t, or W eils d isease  (from  w a te r c o n ­
ta m in a te d  w ith  ra t u rin e). In  su c h  c ircu m stan ces , p ro tec tiv e  gloves sh o u ld  be u se d  to  avo id  sk in  c o n ­
tac t w ith  th e  sed im en t.

B oa t traffic. M any  estu a rie s  are b u sy  w aterw ay s for b o th  p lea su re  craft an d  com m erc ia l sh ip p in g  su c h  
as ferries, a n d  p ro v id e  sh e lte red  p e rm a n e n t m oorings or tem p o ra ry  anchorages. S am p lin g  ac tiv ities , 
p a rtic u la r ly  w h e n  u s in g  a b o a t a n d /o r  w h e n  SCUBA d iv ing , m ay  be su b jec t to  h a rb o u r re s tr ic tio n s  an d  
w ill req u ire  th e  p rio r  p e rm iss io n  of th e  h a rb o u r au th o ritie s . N ev erth e less  fie ld  staff m u s t be v ig ilan t 
to  avo id  th e  risk  of co llis io n  w ith  o ther vessels.

G unfire. W ild -fow ling  is a co m m o n  ac tiv ity  in  som e estu a rie s  a lth o u g h  often  on  a seaso n a l basis. 
S im ilarly , m ilita ry  firing  ranges are also  p resen t. F ie ld  sta ff sh o u ld  co n tac t loca l sh o o tin g  c lubs or 
m ilita ry  ranges to  a sce rta in  w h e n  th e re  w ill be no  risk  of gunfire .

Som e sam p lin g  in  estu a rie s  w ill in v o lv e  SCUBA d iv in g  tech n iq u es . A ll d iv in g  o p era tio n s are 
su b je c t to  th e  p ro c e d u re s  d e sc r ib e d  in  th e  D iv in g  a t W ork  R e g u la tio n s  1997 (see: 
http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical A p p ro v ed  
C ode of P rac tice7 (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Sandbanks which are slightly covered by seawater all the time

Definition
S u b litto ra l san d b an k s, p e rm a n e n tly  subm erged . W ater d e p th  is se ld o m  m ore  th a n  20 m  
b e lo w  C hart D atum . N on-vegeta ted  san d b an k s  or san d b an k s  w ith  v eg e ta tio n  be lo n g in g  to 
th e  Z o s te re tu m  m a rin a e  an d  C ym odoce ion  nodosae.

In troduction  to  th e  feature 's  interest
T his h a b ita t ty p e  occurs w id e ly  on  th e  n o rth -ea s t A tlan tic  coast of E u rope  an d  is ex ten siv e  in  th e  UK. 
S ites h av e  b een  se lec ted  to  re p re se n t th e  m a in  geograph ica l an d  eco logical range of v a ria tio n  of th e  h a b i­
ta t ty p e  an d  are am ongst th e  m o st ex tensive  in  th e  UK.

T he h a b ita t ty p e  co n sis ts  of soft se d im e n t ty p es th a t are p e rm a n e n tly  covered  by  sh a llo w  sea  w ater, 
ty p ica lly  a t d ep th s  of less th a n  20 m  b e lo w  ch art da tum . S ites have  b e e n  se lec ted  to  cover th e  geo­
g rap h ica l a n d  eco logical range of v a ria tio n  of th e  fo llow ing  categories:

(i) g ravelly  an d  c lean  sands

(ii) m u d d y  san d s

(iii) eelgrass Z o stera  m a rin a  beds

(iv) m aerl b eds

T he la tte r tw o categories are d is tin c tiv e  c o m m u n itie s  asso c ia ted  w ith  sh a llo w  su b litto ra l san d y  se d i­
m en ts  an d  are  of p a r tic u la r  v a lu e  b ecau se  of th e  d iv e rs ity  of spec ies th e y  m ay  su p p o rt.

T he d iv e rs ity  of sp ec ies  an d  co m m u n itie s  asso c ia ted  w ith  su b tid a l san d b an k s is d e te rm in ed  by  
se d im e n t ty p e  an d  a v a rie ty  of o ther p h y s ic a l factors. T hese  in c lu d e  geograph ica l lo ca tio n  re flec ting  bio- 
g eograph ica l tre n d s , th e  re la tiv e  ex p o su re  of th e  coast (from  w av e-ex p o sed  o p en  coasts to  tid e -sw ep t 
coasts or sh e lte red  in le ts  an d  estuaries) an d  d ifferences in  th e  d e p th , tu rb id ity  an d  sa lin ity  of th e  su r­
ro u n d in g  w ater. T he site  series in c lu d e s  a range of p h y sio g rap h ic  typ es to  en co m p ass th e  v a ria tio n  w ith ­
in  th e  four m a in  sub -types of th is  A n n ex  I h ab ita t.

S h a llo w  san d y  sed im en ts  are ty p ic a lly  co lo n ised  b y  a b u rro w in g  fau n a  p re d o m in a n tly  of w orm s, c ru s ­
tacean s, b iv a lv e  m o llu scs  an d  ech in o d erm s. M obile  fau n a  at th e  su rface of th e  san d b a n k  m ay  in c lu d e  
sh rim p s, p ro so b ra n c h  m o llu scs , crabs an d  fish. S an d ee ls , an  im p o rta n t food for b ird s , live  in  san d y  se d ­
im en ts . E p ifau n a l o rganism s su c h  foliose algae, h y d ro id s , b ry o zo an s an d  asc id ian s  m ay  occur w h ere  
coarse  stab le  m a te ria l su c h  as sm all s tones, sh e lls  or m aerl is p resen t. M ix tu res of san d  an d  h a rd  su b ­
stra ta  can  lead  to  th e  p re sen ce  of v e ry  r ic h  co m m u n itie s . S h a llo w  san d y  sed im en ts  m ay  be im p o rta n t 
n u rse ry  areas for fish  a n d  feed ing  g ro u n d s for seab ird s  (esp ec ia lly  p u ffin s  F ratercula  arctica, gu illem o ts  
Uria aalge  or razo rb ills  A lc a  torda) a n d  sead u ck  (for in s ta n c e  co m m o n  sco ter M e lan itta  nigra).

Typical a ttr ibutes to  define  the  feature 's  cond it ion  

Generic attributes
Table 3.4-1 lis ts  th e  g eneric  a ttrib u tes  for su b tid a l san d b a n k  fea tu res an d  p re sen ts  exam p les  of th e  m eas­
u res p ro p o sed  for som e of th e  c a n d id a te  SACs in  th e  UK. T h is l is t is n o t ex h au stiv e  an d  w ill be fu rth e r 
d ev e lo p ed  as ou r k n o w led g e  im p ro v es of th e  factors th a t d e te rm in e  th e  c o n d itio n  of san d b a n k  eco sy s­
tem s.
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Table 3.4-1 S u m m ary  of a ttr ibutes th a t  m ay define  favourab le  co n d it io n  of subtidal sand b an k s .

Attribute Measure Comment

Extent

Extent of feature Area of subtidal sediment Extent of the feature is a reporting requirem ent of the Habitats Directive. 
In dynamic situations, fluctuations in  extent may be great, but are 
attributable to natural coastal processes beyond management control. A 
full understanding of such variability w ill only be gained after a number 
of monitoring cycles.

Extent of a sub­
feature

Extent (ha) of seagrass, 
normally measured during 
peak growth period (likely 
between May-August)

The extent of seagrass is a key structural component of some sandbanks 
and provides a long-term integrated measure of environmental 
conditions across the feature.

Extent of mussel beds The extent of mussel beds is a key structural component of the sediments 
and, depending on the size and distribution of the beds, they may play 
an im portant functional role w ithin the feature, e.g. by stabilising the 
sediment. It should be recognised that mussel beds are a dynamic habitat 
although in  many cases beds tend to rem ain in  the same place in  the 
long term w hilst patchiness w ith in  them  is often m uch more dynamic.

Extent of brittlestar beds The extent of brittlestar beds is a key structural component of the 
sediments, represents a major concentration of biomass w ith in  the fea­
ture, and may play an im portant role in  local carbon and nutrient cycles. 
Fluctuations in  brittlestar beds have been shown to relate both to 
large-scale hydrographic processes and to short-term localised events; 
thus they w ill indicate environmental change at a range of scales.

Physical properties

Sediment character Particle size analysis: param ­
eters include the percentage 
sand/silt/gravel, mean and 
m edian grain size, and 
sorting coefficient, used to 
characterise sediment type

Sediment character defined by particle size analysis is vital to the 
structure of the feature, and reflects all of the physical processes acting 
on it. Particle size composition varies across the feature and can be used 
to indicate spatial distribution of sediment types thus reflecting the 
stability of the feature and the processes supporting it.

Topography Depth and distribution of 
sandbanks

Depth and distribution of the sandbanks reflects the energy conditions 
and stability of the sediment, w hich is key to the structure of the feature. 
Depth of the feature is a major influence on the distribution of 
communities throughout.

Water density -  
temperature and 
salinity

Regular m easurem ent of 
water temperature and 
salinity in  the subtidal 
periodically throughout the 
reporting cycle

Temperature and salinity are characteristic of the overall hydrography of 
the area. Changes in  temperature and salinity influence the presence and 
distribution of species (along w ith recruitm ent processes and spawning 
behaviour) including those at the edge of their geographic ranges and 
non-natives.

N utrient status Extent (range and area) of 
macroalgae across whole or 
parts of the feature, measured 
during peak growth period 
(likely between May-August)

Nutrient status is a key functional factor that influences the sub-feature 
as opportunistic macroalgae compete w ith im portant biotopes (sub­
features) such as seagrass, and affect the associated species.
Note that an increase in  filamentous green algae may be a related natural 
phenom enon or may indicate eutrophication

N utrient enrich­
m ent -
phytoplankton

Average phytoplankton con­
centration (ChlA)

Chlorophyll A concentration provides an indication of nutrient levels 
and their effect on the sediment communities.

Water clarity Average light attenuation 
measured periodically 
throughout the reporting 
cycle

Water clarity is im portant for maintaining extent and density of algal and 
plant dom inated communities. Clarity decreases through increases in 
amounts of suspended organic/inorganic matter.
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Attribute Measure Comment

Biotic composition

Spatial distribution 
of all or a range of 
biotopes

Biotope composi­
tion

Presence and 
distribution of a 
specific biotope

Species composi­
tion of specific 
biotopes

Population status of
characteristic
species

Zostera marina 
density

Sabellaria
spinulosa

Status of notable 
species

Relative distribution of 
biotopes throughout the 
feature

Number and occurrence / 
frequency of range of 
characteristic biotopes 
m easured during the summer 
months, once during 
reporting cycle.

Distribution/
presence-absence/frequency 
of a typical or notable 
biotope

Frequency and occurrence/ 
diversity index of composite 
species (total or sub-set)

Estimate population size 
using abundance/occurrence/ 
frequency /biomass 
Measure the population 
structure using for example 
age structure

Average density, measured 
during peak growth period 
(likely between May-August)

Measure recruitm ent horn 
the age structure (see Holt et 
al. 1998).°

Measure the occurrence and 
frequency of a specified 
species

The relative distribution of biotopes is an im portant structural aspect of 
the feature. Changes in  extent and distribution may indicate long term 
changes in  the physical conditions at the site.

The number and occurrence/ frequency of characteristic biotopes is an 
im portant structural aspect of the feature.

The biotopes chosen should be a key structural component of the sedi­
ments, and may be im portant because they are
notable, i.e. o f nature conservation importance due to their rarity/scarci­
ty, or region importance;have high species richness; 
an extensive example;
sensitive to anthropogenic activity .eg introduction o f non-native species; 
and/or
indicative o f changes in the supporting processes o f the ecosystem.

Species composition is an im portant contributor to the structure of some 
biotopes. A measure of species diversity also gives an indication of the 
quality of a biotope, where any change in  diversity may indicate a cyclic 
change or trend in sediment communities.

The species selected may be of interest in  its own right and/or be indica­
tive of the structure of an im portant biotope. A change in  the population 
status of a species may indicate cyclic change/trend in  the host biotope 
and/or the sediment (sub) feature as a whole.

An early indicator of seagrass under stress is a reduction in  biomass, nor­
mally measured by the number and length of leaves. Density is preferred 
as a surrogate for biomass, being less destructive, based on a baseline sur­
vey to establish the relationship between density and biomass at a site.

Recruitment processes are im portant to the species (or sub-feature) w ith 
respect to both the maintenance of the biogenic reef (structure) and then 
functional role that the sub-feature plays w ithin the feature as a whole.

A notable species:
has nature conservation importance due to its rarity/scarcity, or regional 
importance;
has high abundance and contributes to sediment structure; 
may be used as an indicator of environmental stress if it is a species sen­
sitive to pollution e.g. molluscan sensitivity to TBT.

Biological structure

Spatial distribution 
of biotopes or sub­
features

Spatial patterns of
characteristic
species

Distribution and extent of 
characteristic biotopes

Relative distribution of dif­
ferent maerl biotopes

Presence/absence and densi­
ty of different brittlestar 
species

The relative distribution of biotopes, for instance sand and sandy gravel 
biotopes, is an im portant structural aspect of the site. Changes in  the 
extent and distribution may indicate long-term changes in  the prevailing 
physical conditions at the site.

The relative distribution of different maerl biotopes, live/dead maerl and 
patchiness w ith in  the maerl bed, are im portant structural aspects of the 
sub-feature and therefore feature as a whole. Changes in  relative extent 
and distribution may indicate long-term changes in  the physical condi­
tions influencing the feature.

The sub-feature (subtidal brittlestar beds biotope complex) is defined by 
the occurrence of brittlestars at high densities. Hence density is critical 
to the structure of the sub-feature; note that beds usually have a patchy 
internal structure w ith localised concentrations of higher density.
The main bed-forming species are Ophiothrix fragilis (the most common 
bed-forming species) and Ophiocomina nigra (less frequently forming 
beds on sublittoral sediments). Sometimes the beds comprise mixed pop­
ulations of both species. The two species have different environmental 
requirements and feeding strategies, and hence recording w hich species 
is relevant to the function of the sub-feature and feature as a whole is
necessary.
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Suggested techniques for monitoring sandbank attributes
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.4-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

Table 3 .4 -2  Suggested  tec h n iq u es  for m easu r ing  sa n d b a n k  attributes. The term s u n d e r  Technique  a p p e a r  u n d e r  the  h e a d ­
ing Sum m ary title in the  p rocedura l  gu ide l ines  p rov ided  in Section  6. G u id a n c e  will b e  d e v e lo p ed  for th e  t e c h n iq u es  in 
italics.

Generic attribute Feature attribute Technique

Extent AGDS; Side scan sonar; Point sample 
mapping; Towed video 
(for shallow areas: A ir photo  
interpretation; Remote imaging)

Biotope extent AGDS; Side scan sonar; Mosaicing sonar 
images; Point sample mapping (using 
grab, ROV or Drop-down video samples

Physical properties Substratum: sediment 
character

Particle size analysis; Sediment profile 
imaging; Sedim ent chemical analyses

Topography Bathymetric m apping  
(Depth is recorded by AGDS)

Tidal regime Current meters; Tide gauges; Water 
chemistry data loggers

Water clarity Measuring water quality; Water 
chemistry data loggers; Secchi disk

Water chemistry (including 
salinity, temperature)

Measuring water quality; Water 
chemistry data loggers

Nutrient status Measuring water quality; Water 
chemistry data loggers;
(Biotope extent techniques for algal mats)

Biotic composition Biotope richness Subtidal biotope ID; Grab sampling; 
Subtidal core sampling

Species composition/richness Grab sampling; Subtidal core sampling; 
Suction sampling; Fish on sediment 
(Epibiota only: Drop-down video; ROV; 
Diver-operated video; Towed video; 
Epibenthic trawling)

Characteristic species Grab sampling; Subtidal core sampling; 
Suction sampling; Fish on sediment

Biological structure Spatial pattern of subtidal 
biotopes

Point sample mapping (from Grab 
sampling, ROV or Drop-down video 
data); AGDS; Side scan sonar (with 
mosaicing); Towed video
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Specific issues affecting th e  m on ito ring  of s a n d b an k s
E ach a ttrib u te  w ill have  its ow n in h e re n t so u rce  of v a riab ility  th a t m u s t be ad d re sse d  d u rin g  da ta  co l­
le c tio n  an d  su b se q u e n t in te rp re ta tio n  of th e  re su lts . H ow ever, som e g eneric  issu es  sh o u ld  be co n sid e red  
w h e n  p la n n in g  th e  w h o le  m o n ito rin g  study.

Seasonal effects
M arine  co m m u n itie s  sh o w  seaso n a l p a tte rn s  th a t co u ld  s ig n ifican tly  affect a m o n ito rin g  p rog ram m e on 
su b tid a l san d b an k s. A lgal co m m u n itie s  sh o w  th e  m o st obv ious seaso n a l tre n d s  a n d  san d b an k  h ab ita ts  
m ay  su p p o rt d en se  ep h em era l algal co m m u n itie s  d u rin g  th e  su m m er m o n th s . M aerl b ed s  su p p o rt r ic h  
algal assem blages w ith  d is tin c t seaso n a l v a ria tio n . For in s tan ce , a m ark ed  change in  th e  ab u n d a n c e  of 
algae in  tid a l ra p id s  w as observed  in  L och  M ad d y  b e tw een  a u tu m n  1998 a n d  su m m er 1999.'

M any  m arin e  organism s have seaso n a l re p ro d u c tiv e  p a tte rn s  th a t can  s ig n ifican tly  a lte r th e  n u m b e r of 
in d iv id u a ls  p re se n t at d iffe ren t tim es of th e  year. Som e p o ly ch ae te  w orm s h av e  sem elp a ro u s  or ‘boom  
an d  b u s t’ life h is to ry  stra teg ies w h ere  th e  m a tu re  ad u lts  sp a w n  sy n ch ro n o u s ly  a n d  th e n  die. C learly, the  
n u m b e r of ad u lts  p re se n t in  th e  se d im e n t w ill d e p e n d  on  th e  stage in  th e ir  lifecycle . L arval se ttlem en t 
an d  re c ru itm e n t of ju v en ile s  to  th e  p o p u la tio n  can  re su lt in  a m assiv e  in c rease  in  th e  p o p u la tio n  size  at 
ce rta in  tim es of th e  year. T he p re sen ce  an d  n u m b e r of ju v en ile s  sh o u ld  be e n u m era ted  sep a ra te ly  to  th e  
ad u lts  in  a ll sam ples.

S easona l effects are also  p re v a le n t in  seagrass co m m u n itie s . T he b lad e  d e n s ity  of th e  eelgrass itse lf  
w ill in c rease  d u rin g  th e  su m m er an d  th e n  decrease  d u rin g  th e  a u tu m n  an d  w in te r  -  a p ro cess  k n o w n  
as die-back. Seagrass b lad es m ay  su p p o rt d en se  assem blages of e p ip h y tic  algae d u rin g  th e  su m m er 
m o n th s , w h ic h  th e n  d ec lin e  d u rin g  th e  w in ter.

S easona l p a tte rn s  m u s t be c o n s id e red  w h e n  p la n n in g  a m o n ito rin g  strategy. S am p lin g  sh o u ld  be 
u n d e rta k e n  at th e  sam e tim e  of year if  seaso n a l v a ria tio n  is likely. It m ay  be  n ecessa ry  to  sp ec ify  th e  
d u ra tio n  of a sam p lin g  w in d o w  -  for exam ple , to  p reced e  p o st-rep ro d u c tiv e  d ea th  in  p o ly ch ae te  co m ­
m u n itie s . S easona l changes in  seagrass h av e  im p o rta n t co n seq u en ces for th e  tim in g  of rem ote  sen sin g  
cam paigns b ecau se  th e  sp ec tra l s ig n a tu re  of th e  seagrass w ill change b e tw een  su m m er an d  w in te r .6

Meteorological changes
P rev a ilin g  w ea th e r c o n d itio n s  w ill affect an y  m o n ito rin g  study. P erio d s of ca lm  c o n d itio n s  w ill im p ro v e  
u n d e rw a te r  v is ib ility  an d  im p ro v e  sam p lin g  effic iency  an d  re liab ility . S u b tid a l san d b an k s  are often  
lo ca ted  in  areas of s trong  tid a l s tream s an d  therefo re  sam p lin g  sh o u ld  take p lace  a t s lack  w ater. If p o s ­
sib le , sam p lin g  exerc ises sh o u ld  avo id  th e  e q u in o c tia l tid e s  w h e n  th e  d u ra tio n  of s lack  w a te r w ill be at 
its shortest.

A  change in  th e  s tren g th  of p rev a ilin g  w ave ac tion , or a change in  th e  freq u en cy  of w in te r  s to rm s, 
co u ld  lead  to  a g rad u a l change in  th e  topography , or ev en  th e  lo ca tio n , of a san d b an k . S u ch  changes 
co u ld  affect a sam p lin g  p rog ram m e, p a rtic u la r ly  w h ere  a g rid  sam p lin g  s tra tegy  w as used .

W eather cycles can  re su lt in  changes in  th e  b io tic  assem blages. C hanges in  p e re n n ia l algae on  Loch 
M ad d y  m aerl b ed s  w ere  p o ss ib ly  d u e  to  an  u n u su a lly  w arm  p reced in g  sum m er. Seenotecab°™

Access
Boats are re q u ire d  to  sam p le  su b tid a l san d b an k s. W here necessary , sam p lin g  sh o u ld  be tim e d  to  c o in ­
c id e  w ith  s lack  w a te r an d  ca lm  co n d itio n s.

Sampling issues
S u b tid a l san d b an k s  p o se  a n u m b e r of log is tica l an d  m eth o d o lo g ica l p ro b lem s to  a m o n ito rin g  study. It 
is im p o rta n t to  e s tab lish  th e  ex ten t of th e  en tire  fea tu re  to  p la n  an  effective m o n ito rin g  strategy. O ften, 
san d b an k s w ill form  a m o sa ic  of pa tch es  th a t are d is tr ib u te d  th ro u g h o u t an  SAC. In  su c h  c ircu m stan ces , 
it m ay  be n ecessa ry  to  d ev e lo p  a s tra tified  m o n ito rin g  stra tegy  b ased  on  an  in itia l in v e n to ry  of th e  en tire  
san d b an k  resou rce . In d iv id u a l san d b an k s m ay  be ca tego rised  -  for exam ple , by  to p o g rap h ica l s tru c tu re  
or se d im e n t type , to stra tify  a m o n ito rin g  p rog ram m e. S u ch  a p rog ram m e sh o u ld  en su re  th a t a ll c a te ­
gories are sam p led . For in d iv id u a l categories (a sing le  san d b an k ), sam p le  sites sh o u ld  be sp read  
th ro u g h o u t to  en su re  ad eq u a te  c o n s id e ra tio n  of sp a tia l v aria tio n . It c a n n o t be a ssu m ed  th a t a sing le  sam ­
p le  s ta tio n  w ill be rep re sen ta tiv e  of th e  h a b ita t as a w ho le . T h e  ac tu a l n u m b e r of s ta tio n s n ecessa ry  to 
d escribe  th e  fu ll range of spec ies p re se n t sh o u ld  be d e te rm in ed  from  a p ilo t study. A  sam p lin g  stra tegy  
sh o u ld  co n sis t of m an y  s ta tio n s  w ith  few  rep lica te s  p e r s ta tio n  (even ju s t one) w h e n  co n sid e rin g  a ttr ib ­

1 See Section 5 for an explanation
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utes relating to biological description.
Unfortunately, m apping the extent of sandbanks is difficult, particularly in  shallow areas where boat 

access is difficult, and water clarity is too low to use remote sensing techniques based on electromag­
netic spectral radiation. In such conditions, it would be necessary to use a grid sampling technique to 
map extent. Prevailing hydrodynamic conditions will shape the topographic structure of sandbanks, for 
instance by creating sand waves on the surface. Small fluctuations in the hydrodynamic regime, often 
at the scale of metres (or less) will affect the physical structure of the sediment, which in  turn  may lead 
to significant differences in  the biotic assemblage. A recent investigation into the populations of 
sandeels on sandbanks in  the Firth of Forth recorded considerable fine scale heterogeneity in sediment 
structure (over tens of metres) that resulted in huge variations in the density of fish present in sediment. 
It will be necessary to map a subtidal sandbank during each monitoring cycle, both to estimate its extent 
and to plan more detailed sampling.

Ambient physical conditions, particularly sediment type, determine the precise biotic composition of 
sediment biotopes. W hilst attributes relating to biotic composition should use the terminology in  the 
national biotope classification, it will be necessary to define carefully the actual species composition 
recorded locally. Such local descriptions will help to avoid any ambiguities when assigning a future 
sample to a biotope class.

The choice of actual technique used to sample the sediment w ithin an SAC will be influenced by the 
type of sediment present, but m ust be consistent throughout all samples used to monitor an individual 
attribute. Samples should be processed through a 1mm sieve, unless previous investigations indicate a 
finer m esh is necessary to sample the target biotic assemblage adequately. Where a finer mesh is neces­
sary, the sample should be subdivided to provide a 1mm mesh fraction. It is im portant to consider any 
other established sampling/monitoring studies in an SAC prior to finalising the mesh size. If the data 
from such studies can contribute to an SAC monitoring programme, it will be necessary to harmonise 
the mesh size between all subsequent monitoring studies to ensure data are comparable.

Site marking and relocation

Permanent marking of sandbanks may not be possible because of their dynamic nature and their geo­
graphic location may move between monitoring events. Site relocation will rely on dGPS, particularly 
in  offshore areas.

For less dynamic habitats, sites may be marked w ith acoustic transponders or curly whirlies.

Health and safety
All field staff m ust follow approved safety procedures published by their host institution, or that of the 
contracting agency, whichever are the more stringent.

Subtidal sandbanks often create shallow shoals that generate rough sea conditions in  comparison to 
adjacent level areas of seabed. Strong tidal streams may also be present which, w hen combined with 
strong winds, will create rough sea conditions. Prevailing sea conditions m ust be assessed prior to any 
sampling exercise.

Sublittoral sediment sampling often involves heavy equipm ent (grabs, dredges) and deck machinery 
(winches) that have specific health and safety requirements which m ust be followed at all times. 
Furthermore, sea conditions have a significant effect on the safe use of this equipm ent -  unexpected 
movement of the vessel due to a boat's wake can result in  a grab violently swinging across the deck.

S om e sa m p lin g  on  su b tid a l s a n d b a n k s  w ill  in v o lv e  SCU BA  d iv in g  te c h n iq u e s . A ll d iv in g  
o p era tio n s are sub jec t to  th e  p ro ced u re s  d esc rib ed  in  th e  D iv ing  at W ork R egu la tions 1997 (see: 
http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  a n d  A rchaeo log ical A p p ro v ed  
Code of P rac tice6 (http://www.hse.gov.uk/spd/spdacop.htm - a).

2 See Procedural Guideline 6-1 on dGPS guidance.
3 See Procedural Guideline 6-2 on site marking
4 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine monitoring in the 

Isles o f Scilly 1991, English Nature Research Report No. 9. English Nature, Peterborough.
5 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997, ISBN 0 11 065170 7.
6 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997. Approved Code of 

Practice and Guidance -  L107. HSE Books 1998, ISBN 0 7176 1498 0.

http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm
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D efin it ion

S an d s an d  m u d s  of th e  coasts of th e  oceans, th e ir  co n n ec ted  seas an d  asso c ia ted  lagoons, 
n o t co v ered  b y  sea  w a te r at lo w  tid e , d ev o id  of v a scu la r  p lan ts , u su a lly  co a ted  b y  b lu e  
algae an d  d ia tom s. T h ey  are of p a r tic u la r  im p o rtan ce  as feed ing  g ro u n d s  for w ild fo w l an d  
w aders. T he d iverse  in te r tid a l c o m m u n itie s  of in v e rteb ra tes  a n d  algae th a t o ccu p y  th em  
can  be  u se d  to  define  su b d iv is io n s  of 11.27, eelgrass co m m u n itie s  th a t m ay  be ex p o sed  
for a few  h o u rs  in  th e  cou rse  of every  tid e  have  b e e n  lis te d  u n d e r  11.3, b ra c k ish  w a te r veg­
e ta tio n  of p e rm a n e n t poo ls b y  u se  of th o se  of 11.4.

In troduction  to  th e  feature 's  interest
T his is a w id e sp re a d  h a b ita t ty p e  on  th e  coasts of A tlan tic  E urope an d  occurs w id e ly  th ro u g h o u t th e  
UK. S ites w ere  se lec ted  to en co m p ass th e  range of geog raph ica l an d  eco logical v a ria tio n  of th is  h ab ita t 
ty p e  in  th e  UK. S ites w ith  large areas of in te r tid a l flats as w ell as a range of shelter, m o b ility  an d  d iv e r­
s ity  of sub -ty p es w ere  favoured .

In te rtid a l m u d fla ts  an d  san d fla ts  are sub m erg ed  at h ig h  tid e  an d  ex p o sed  at lo w  tid e . T h ey  form  a 
m ajor co m p o n e n t of e s tu a rie s  a n d  em b ay m en ts  in  th e  UK b u t also  occur on  th e  o p en  coast. T h e  p h y s i­
cal s tru c tu re  of th e  in te r tid a l flats can  range from  th e  m ob ile , co arse-san d  beaches of w ave-exposed  
coasts to  th e  stab le , fin e -sed im en t m u d fla ts  of es tu a rie s  an d  em baym en ts. T h is  h a b ita t ty p e  can  be d iv id ­
ed  in to  th ree  b ro ad  categories: c lean  san d s, m u d d y  san d s an d  m u d s , a lth o u g h  in  p rac tice  th e re  is a c o n ­
tin u o u s  g rad ien t b e tw een  th em . W ith in  th is  range, th e  p la n t an d  an im al co m m u n itie s  p re se n t vary  
acco rd in g  to  th e  ty p e  of sed im en t, its  s tab ility  an d  th e  sa lin ity  of th e  over-ly ing w ater.

Clean sa n d s. T hese  c o m m u n itie s  occur on  c lean , san d y  b each es on  th e  o p en  coast an d  in  bays a ro u n d  
th e  UK, w h ere  w ave ac tio n  or strong  tid a l s tream s p re v e n t th e  d e p o s itio n  of finer silt. C lean  san d s also 
o ccur in  e stu a rie s  w h ere  th e  su p p ly  of s ilt in  su sp e n s io n  is low . In  su c h  co n d itio n s , th e re  is a h ig h  p ro ­
p o rtio n  of th e  h eav ie r g ra ins of sed im en t. O w ing  to  th e  m o b ility  of th e  sa n d  a n d  co n seq u en t ab rasion , 
spec ies th a t in h a b it c lean  san d s te n d  to  be m ob ile  a n d  ro b u st an d  in c lu d e  a m p h ip o d  c ru stacean s , su c h  
as san d h o p p e rs  B athyp o re ia  sp p ., som e p o ly ch ae te  w orm s a n d  b iva lve  m o llu scs .

M u d d y  sands. T hese  occur in  a p a r tic u la r  c o m b in a tio n  of co n d itio n s . S h e lte r from  w ave ac tio n  is su f­
fic ien t to  a llo w  th e  d e p o s itio n  of fine sed im en ts , b u t som e w a te r m o v em en t or th e  lack  of su p p ly  of s ilt 
lead s to  a sa n d ie r  su b s tra tu m . S u ch  c o n d itio n s  m ay  occur at th e  m o u th s  of es tu a rie s  or b e h in d  ba rrie r 
is lan d s , w h ere  sed im en t c o n d itio n s  are m ore  stab le . A  w id e  range of spec ies, su c h  as lugw orm s 
A ren ico la  m a rin a  an d  b iva lve  m o llu scs , c an  co lo n ise  th ese  sed im en ts . S u b stan tia l b ed s  of m u sse ls  
M ytilu s  ed u lis  m ay  deve lop  on  th e  lo w er shore. Beds of in te r tid a l d w arf  eelgrass Z o stera  n o ltii  or n a r ­
row -leafed  eelgrass Z ostera  angustifo lia  an d  eelgrass Z ostera  m a rin a  m ay  also  occur on  th e  lo w er shore. 
In  es tu a rie s , red u ced  sa lin ity  m ay  cause  a v a ria tio n  in  th e se  co m m u n ities .

M u d fla ts . T h ese  form  in  th e  m o st sh e lte red  areas of th e  coast, u su a lly  w h ere  large q u an titie s  of s ilt 
d eriv ed  from  riv ers  are d ep o s ited  in  estu aries . T he se d im e n t is stab le  an d  co m m u n itie s  are d o m in a ted  
by  p o ly ch ae te  an d  o ligochaete  w orm s, an d  b iv a lv e  m o llu scs . Soft m u d fla ts  o ften  su p p o rt v e ry  h ig h  d e n ­
sities of som e in fa u n a l sp ec ies, w h ere  th e  h ig h  b io m ass of in te r tid a l sp ec ies  p ro v id es  an  im p o rta n t food 
sou rce  for w ad ers  a n d  w ild fow l.

T he co m p lex  n a tu re  of th e  A n n ex  I fea tu re  m u d fla ts  a n d  sa n d fla ts  m ean s th a t m an y  sites w ill co n ta in  
a m ix tu re  of th e  typ es d esc rib ed  above.

Typical a ttr ibutes to  define  the  feature 's  cond it ion  

Generic attributes
Table 3.5-1 lists the  generic a ttribu tes for m udfla t features an d  p resen ts exam ples of the m easures p roposed  
for som e of the  cand ida te  SACs in  the  UK. T his lis t is no t exhaustive an d  w ill be fu rther developed  as our 
know ledge im proves of the  factors tha t determ ine  the  co n d itio n  of in te rtid a l sed im en t ecosystem s.

1 These numbers are the habitat codes in the Palaearctic classification (originally the CORINE classification). For 
further information refer to The Interpretation Manual o f European Habitats -  EUR 15 (version 2, October 
1999) published by the European Commission (see: http://europa.eu.int/comm/environmentAiature/docum.htm)

http://europa.eu.int/comm/environmentAiature/docum.htm
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Table 3.5-1 S u m m ary  of a ttributes th a t  m ay  def ine  favourab le  cond it ion  of intertidal m udfla ts a n d  sandflats

Attribute Measure Comments

Extent

Extent of the 
feature

Area of the intertidal flats Extent of the feature is a reporting requirem ent of the Habitats Directive. For 
dynamic coastlines, fluctuations in  extent may be great, but are attributable to 
natural coastal processes.

Extent of a 
sub-feature or 
characteristic 
biotope

Area of seagrass measured 
during peak growth period 
(likely between 
May-August)

Where present, the extent of seagrass is an im portant structural component of 
sediment flats, and provides a long-term integrated measure of environmental 
conditions across the feature.

Area of mussel beds The extent of mussel beds is an im portant structural component of sediment 
flats and, depending on the size and distribution of the beds, they may play an 
im portant functional role w ith in  the feature, e.g. by stabilising sediment. It 
should be recognised that mussel beds are a dynamic habitat, although in  many 
cases beds tend to rem ain in  the same place in  the long term w hilst patchiness 
w ith in  them  is m uch more dynamic.

Physical
structure

Sediment
character

Particle size distribution 
of the sediment used to 
characterise sediment 
type. The analysis should 
include the parameters: % 
sand/silt/gravel, mean and 
m edian grain size, and 
sorting coefficient

Sediment character defined by particle size analysis is key to the structure of 
the feature, and reflects all of the physical processes acting on it. Particle size 
composition varies across the feature and can be used to indicate spatial 
distribution of sediment types (and some or ali sub-features), thus reflecting the 
stability of the feature and the processes supporting it.

Sediment penetrability by 
the degree of sinking

Penetrability is an indicator of sediment stability, degree of compaction 
indicates the shear strength of the sediment and thus the susceptibility of that 
sediment type to erosion. Compaction of the sediment influences the biological 
community w ith in  the sediment.

Proportion of organic car­
bon from sediment sample

Organic content critically influences the infaunal community and can cause 
deoxygenation of the feature, w hich can be detrim ental to the biota.

Oxidation/reduction 
potential by the depth of 
any black layer, or by an 
in  situ measurement (Eh of 
redox potential)

Degree of oxidation/reduction, reflecting oxygen availability w ith in  the 
sediment, critically influences the infaunal community and the mobility of 
chemical compounds. It is an indicator of the structure of the feature.

Topography Tidal elevation and shore 
profile

Topography reflects the prevailing energy conditions and the stability of the 
sediment, w hich is key to the overall structure of the feature. Height on the 
shore has a major influence on the distribution of communities throughout the 
feature.
Measuring topography may also indicate the position of channels through the 
feature, w hich is another important indicator of the processes influencing the site.

Water
density:
temperature and 
salinity

Regular measurement of 
water temperature and 
salinity

Temperature and salinity are characteristic of the overall hydrography of the 
area. Any changes in  the prevailing temperature and salinity regimes may affect 
the presence and distribution of species (along w ith recruitm ent processes and 
spawning behaviour), including those at the edge of their geographic ranges.

Nutrient 
status of overly­
ing water mass

Abundance of macroalgae 
on the feature

Nutrient status is a key functional factor that influences biota associated with 
sediments including infauna as well as plants/algae at the surface. Indicator 
macroalgae indicate elevated nutrient levels that reduce the quality of the 
sediments and their communities, primarily through smothering and 
deoxygenation. Opportunistic macroalage compete w ith important species such as 
seagrass and affect the associated species assemblage. An increase in  filamentous 
green algae may be a related natural phenomenon or may indicate eutrophication

Notable species 
- macroalgae

Extent (ha) across whole 
or parts of site, measured 
during peak growth period 
(likely between 
M ay-August) every three 
years (more frequently  
depending on site) during 
reporting cycle.

Nutrient status is a key functional factor that influences the sub-feature as 
opportunistic macroalgae compete w ith im portant biotopes (sub-features) such 
as seagrass, and affect associated species.

Note that an increase in  filamentous green algae may be a related natural phe­
nomenon or may indicate eutrophication.
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Attribute Measure Comments

Biotic
composition

Biotope
composition

Species
composition of a 
specific biotope

Population 
status of a 
characteristic 
species

Notable species

Number and
occurrence/frequency of a 
range of specified 
biotopes

Measure the frequency 
and occurrence/diversity 
index of composite species 
(total or sub-set)

Estimate the population 
size using a measure of 
abundance/occurrence/ 
frequency/biomass 
Measure relevant 
population parameters, 
e.g. age structure

Occurrence and frequency 
of characteristic species

The num ber and occurrence/frequency of biotopes is an im portant structural 
aspect of the feature.

Species composition is an im portant contributor to the structure of a biotope.
A determination of species diversity gives an indication of the quality of the 
biotope, and a change in  diversity may indicate cyclic change/trend in  sediment 
communities.

The species selected may be of interest in  its own right, and/or may be 
indicative of the structure of a characteristic or notable biotope. A change in 
the population status of the species may indicate a cyclic change/trend in  the 
host biotope, and/or the sediment communities in  the feature as a whole.

Notable species:
are of nature conservation importance due to e.g. rare/scarce, regionally 
important;
contribute to sediment structure; and/or
can be used as an indicator of environmental stress e.g. molluscan sensitivity to 
TBT.

Zostera 
marina and/or 
Zostera noltii 
density

Average density of a sea­
grass species, measured 
during peak growth period 
(likely between 
May-August)

An early indicator of seagrass under stress is a reduction in biomass, normally 
represented through the num ber and length of leaves. Density is preferred as a 
surrogate for biomass, being less destructive, based on baseline survey to 
establish the relationship between density and biomass at a site.

Biological
structure

Spatial
distribution of all 
biotopes, or a 
range of specified 
biotopes

Spatial
distribution of a 
specific biotope

Spatial 
patterns in 
populations of 
characteristic 
species

Relative distribution of 
biotopes throughout the 
(sub) feature

The distribution/presence 
or absence/frequency of a 
specified typical or 
notable biotope

For mussel Mytilus edulis 
beds, measure the extent, 
abundance and/or2size/age 
profile, or spatfall

The relative distribution of biotopes is an im portant structural aspect of the 
feature. Changes in extent and distribution may indicate long-term changes in 
the physical conditions at the site.

The spatial distribution/occurrence of a biotope is a key structural component of 
the sediments, and is particularly im portant if:
it is notable for nature conservation due to its rarity/scarcity or regional value;
it has high species richness;
it is an extensive example;
it is sensitive to anthropogenic activity; and/or
an indicator of changes in the supporting processes of the feature.

If present, mussels are an im portant structuring species of the (sub) feature and 
therefore a key influence on the associated community. An indication of the 
population dynamics of the species and w hether it is sustaining itself w ithin the 
bed is necessary in  addition to extent of all mussels beds in the feature.

2 Settlement of juvenile mussels onto the seabed.
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Suggested techniques for monitoring attributes of mudflats and sandflats
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.5-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

Table 3 .5 -2  Suggested  t e c h n iq u es  for m easu r in g  a ttr ibutes of  m udfla ts a n d  sandflats.  The term s u n d e r  Technique  a p p e a r  
u n d e r  the  h e ad in g  Sum m ary title in th e  p rocedura l  gu ide l ines  p rov ided  in Section 6. G u id a n c e  will b e  d e v e lo p ed  for th e  
te c h n iq u es  in italics.

Generic attribute Feature attribute Technique

Extent A ir photo interpretation; Remote imaging; 
Intertidal resource mapping;

Biotope extent Intertidal resource mapping; Intertidal 
biotope ID; A ir photo interpretation; 
Remote imaging

Physical properties Substratum: sediment 
character

Particle size analysis; Sedim ent chemical 
analyses

Topography LIDAR; Shore profiling

Water chemistry (including 
salinity, temperature)

Measuring water quality; Water chemistry  
data loggers

N utrient status Measuring water quality; Water chemistry  
data loggers;
(Biotope extent techniques for algal mats)

Biotic composition Biotope richness Intertidal resource mapping; Intertidal 
biotope ID; Intertidal core sampling

Species composition/richness Intertidal core sampling; Intertidal ACE

Characteristic species Intertidal core sampling; Intertidal ACE; 
Intertidal biotope ID; Mollusc shell ageing

Biological structure Spatial pattern of biotopes Intertidal resource mapping; Intertidal 
biotope ID; A ir photo interpretation; 
Remote imaging; Transect survey
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Specif ic issues affecting the  mon ito r ing  of mudflats
E ach a ttrib u te  w ill have  its ow n in h e re n t so u rce  of v a riab ility  th a t m u s t be ad d re sse d  d u rin g  da ta  co l­
le c tio n  an d  su b se q u e n t in te rp re ta tio n  of th e  re su lts . H ow ever, som e g eneric  issu es  sh o u ld  be co n sid e red  
w h e n  p la n n in g  th e  w h o le  m o n ito rin g  study.

Seasonal effects
M arine  c o m m u n itie s  sh o w  seaso n a l p a tte rn s  th a t co u ld  s ig n ifican tly  affect a m o n ito rin g  program m e. 
A lgal c o m m u n itie s  sh o w  th e  m ost obv ious seaso n a l tre n d s  an d  sed im en t flats o ften  su p p o rt d en se  green  
algal m ats d u rin g  th e  su m m er m o n th s. R ap id  g ro w th  of m ic ro sco p ic  algae, an d  d ia tom s in  pa rticu la r, 
can  change th e  ap p ea ran ce  (colour) of in te r tid a l flats. S im ila r changes m ay  be  cau sed  by  n u tr ie n t 
e n r ic h m e n t an d  therefo re  it  is im p o rta n t to  exerc ise  a degree of c a u tio n  w h e n  in te rp re tin g  th e  re su lts  of 
a m o n ito rin g  study. It w o u ld  be p ru d e n t to avo id  sam p lin g  d u rin g  th e  sp rin g  a n d  su m m er m o n th s  w h ere  
su c h  seaso n a l changes are k n o w n  to occu r at a site  a n d  are n o t lin k e d  to  th e  a ttrib u te  u n d e r  in v es tig a ­
tion .

M any  m arin e  organism s have seaso n a l re p ro d u c tiv e  p a tte rn s  th a t can  s ig n ifican tly  a lte r th e  n u m b e r of 
in d iv id u a ls  p re se n t at d iffe ren t tim es of th e  year. Som e p o ly ch ae te  w orm s h av e  sem elp a ro u s  or ‘boom  
an d  b u s t’ life h is to ry  stra teg ies w h ere  th e  m a tu re  ad u lts  sp a w n  sy n ch ro n o u s ly  a n d  th e n  die. C learly, the  
n u m b e r of ad u lts  p re se n t in  th e  se d im e n t w ill d e p e n d  on  th e  stage in  th e ir  lifecycle . L arval se ttlem en t 
an d  re c ru itm e n t of ju v en ile s  to  th e  p o p u la tio n  can  re su lt in  a m assiv e  in c rease  in  th e  p o p u la tio n  size  at 
ce rta in  tim es of th e  year. T h is p h e n o m e n o n  is o ften  v is ib le  on  m u sse l M ytilu s  ed u lis  b ed s  w h ere  th e  
en tire  su rface  m ay  be  covered  w ith  t in y  m u sse ls .

S easona l effects are also  p re v a le n t in  eelgrass Z o stera  spp . co m m u n itie s . T he b la d e  d e n s ity  of th e  ee l­
grass itse lf  w ill in c rease  d u rin g  th e  su m m er a n d  th e n  th e  decrease  d u rin g  th e  a u tu m n  a n d  w in te r  -  a 
p ro cess  k n o w n  as d ie-back .c E elgrass b lad es m ay  su p p o rt den se  assem blages of e p ip h y tic  algae d u rin g  
th e  su m m er m o n th s.

It is im p o rta n t to  co n sid e r seaso n a l p a tte rn s  w h e n  p la n n in g  a m o n ito rin g  strategy. S am p lin g  sh o u ld  
be u n d e rta k e n  at th e  sam e tim e  of year if  seaso n a l v a ria tio n  is likely. It m ay  be n ecessa ry  to  sp ec ify  th e  
d u ra tio n  of a sam p lin g  w in d o w  -  for exam ple , to  p reced e  p o st-rep ro d u c tiv e  d ea th  in  p o ly ch ae te  co m ­
m u n itie s .

Meteorological changes
M eteoro log ical changes th a t m ay  affect in te r tid a l flats in c lu d e :

• e ro s io n  fo llow ing  w in te r  sto rm s or riv er flood  even ts  w ill affect th e  ex ten t o f th e  flats;

• acc re tio n  of sa ltm arsh  w ill red u ce  th e  in te r tid a l area;
• m o v em en t of riv er ch an n e ls '1 or d ra inage  creeks w ill change th e  topography :

• d iffe ren t ra in fa ll p a tte rn s  m ay  lead  to  a change in  se d im e n t d e p o s itio n a l p a tte rn s  th ro u g h  to  changes 
in  ru n -o ff a n d /o r  a riv er flow  rates.

Access
In te rtid a l se d im e n t flats m ay  cover a v ast area  an d  th ere fo re  p re se n t sig n ifican t log istica l p ro b lem s for 
sam pling . S am p lin g  m u s t co in c id e  w ith  lo w  w ate r d u rin g  th e  sp rin g  tid e  p a r t of th e  tid a l cycle  to  gain  
access to th e  en tire  feature. T here  are im p o rta n t h e a lth  an d  safety  issu es  to  co n sid e r in  re la tio n  to  access 
(see H ea lth  an d  Safety), e sp ec ia lly  in  re la tio n  to  tid a l in u n d a tio n  an d  th e  s tab ility  of th e  sed im en t. S ites 
m ay  h av e  loca l re s tr ic tio n s  o n  b a it co llec tio n  an d  th ere fo re  it  w ill be n ecessa ry  to  adv ise  th e  loca l o rgan ­
isa tio n  re sp o n sib le  for en fo rcem en t of an y  sam p lin g  activ ity . It m ay  be tac tfu l to  en su re  loca l fish e rm en  
an d  b a it co llec to rs are fu lly  in fo rm ed  th a t sam p lin g  ac tiv ities  (p erh ap s u n d e rta k e n  b y  ‘o u ts id e rs ’) are for 
m o n ito rin g  th e  SAC.
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It m ay  be n ecessa ry  to  u se  a bo a t to  g a in  access to  th e  lo w est sh o re  areas, an d  an y  'is lan d ' areas c rea t­
ed  b y  tid a l creeks. M oto rised  tra n sp o rt su c h  as sm all A ll T erra in  V ehicles (ATVs), trac to rs  (w heels can  
get s tu ck  in  soft sed im en t) or h o v erc ra ft (very no isy) can  m ax im ise  th e  tim e  availab le  for sam p lin g  w ith ­
in  th e  tid a l cycle, a n d  to  carry  an y  sam p les  co llec ted .

S ed im en t flats o ften  su p p o rt large p o p u la tio n s  of b ird s  an d , in  som e cases, seals. S am p lin g  ac tiv ities 
are lik e ly  to  d is tu rb  th e se  an im als  a n d  there fo re  fie ld  v is its  sh o u ld  n o t co in c id e  w ith  im p o rta n t p e rio d s  
in  th e  life-cycle  (b reeding , rea rin g  of offspring).

S am p lin g  in  soft se d im e n t p oses a d d itio n a l p ro b lem s, p a rtic u la r ly  th ro u g h  th e  in s ta b ility  of th e  su b ­
stra tu m . P lastic  sledges are u se fu l for carry ing  sam p lin g  e q u ip m e n t an d  p ro v id in g  su p p o rt in  soft se d i­
m en t areas. 'M ud shoes' h e lp  sp read  an  in d iv id u a l 's  b o d y  w e ig h t over a larger area to  red u ce  th e  r isk  of 
sink ing , an d  th u s  im p ro v e  th e ir  ease of m o v em en t. S u b tid a l sam p lin g  tec h n iq u e s  m ay  be u se d  to  sam ­
p le  ex ten siv e  areas of soft m u d  at h ig h  w a te r if  access from  la n d  is p a r tic u la r ly  d ifficu lt or dangerous.

A n y  areas of q u ick san d  sh o u ld  be id en tif ied ; g a th erin g  k n o w led g e  from  loca l in h a b ita n ts  is o ften  v ita l 
in  th is  resp ec t. M usse l b ed s, w h ils t ap p earin g  to  give a so lid  su rface , are often  u n s ta b le  an d  th e  se d i­
m en t u n d e rn e a th  m ay  be v e ry  soft.

Sampling issues
T he w h o le  fea tu re  m u s t be c o n s id e red  w h e n  p la n n in g  a sam p lin g  p rog ram m e. C learly, th is  poses  co n ­
sid e rab le  log is tica l p ro b lem s w h e n  d ea ling  w ith  v e ry  ex ten siv e  sites (su ch  as th e  W ash an d  M orecam be 
Bay). A  m o n ito rin g  stra tegy  w ill n e e d  to  en co m p ass tec h n iq u e s  to  co n sid e r b ro ad -sca le , w h o le  featu re  
a ttrib u tes  su c h  as ex ten t, an d  d e ta iled  sam p lin g  to assess th e  b io tic  co m p o sitio n . A  b ro ad -sca le  m a p ­
p in g  exerc ise  w o u ld  b o th  p ro v id e  da ta  on  th e  ex ten t of th e  w h o le  fea tu re  an d  sh o w  an y  sp a tia l p a tte rn s  
in  th e  h a b ita t/b io to p e s  p re se n t w ith in  th e  feature . B road-scale  m ap s p ro v id e  th e  n ecessa ry  in fo rm a tio n  
to  ap p ly  a s tra tified  sam p lin g  p rog ram m e to se lec t lo ca tio n s to m o n ito r  se d im e n t s tru c tu re  an d  th e  co m ­
p o s itio n  of b io to p es v ia  d irec t sam pling .

M o n ito rin g  tria ls  su p p o rte d  by  th e  UK M arine  SACS Pro jec t in v es tig a ted  th ree  ap p ro ach es  to  d irec t 
sam pling : a tran sec t-sam p lin g  ap p ro a c h  in  th e  W ash & N o rth  N orfo lk  C oast cSA C6 an d  th e  M aw d d ach  
Estuary, P en  L lyn  a 'r S a rn au  cSAC a n d  an  in  situ  b io to p e  reco rd in g  an d  P hase  2 sam p lin g  w ith  a grid  
stra tegy  in  th e  M aw d d ach  E stuary .8 A ll sam p lin g  tech n iq u es  co llec ted  core sam p les , for se d im e n t a n a ly ­
sis an d  th e  e n u m e ra tio n  of in fa u n a l spec ies assem blages, at p re -d e te rm in ed  p o in ts  a long  a tra n se c t or at 
a g rid  n o d e . T hese  stra teg ies w ill also  id e n tify  an y  sp a tia l p a tte rn s  in  th e  b io tic  co m p o sitio n  of th e  fea­
tu re , su c h  as zo n a tio n  from  th e  to p  to  th e  b o tto m  of th e  shore.

If access b y  foot is re s tr ic te d  or im p o ssib le , it  is p o ss ib le  to  sam p le  in te r tid a l flats by  bo a t at h ig h  w ater 
w h ere  th e re  is su ffic ien t tid a l range. Sm all v e rs io n s  of sh ip -b o rn e  sam p lin g  dev ices are availab le , su c h  
as h a n d -o p e ra ted  grabs or corers, an d  a su c tio n  sam pler.11 N ote th a t sam p lin g  at h ig h  w a te r does n o t 
a llo w  an y  v isu a l ap p ra isa l of th e  b ro ad -sca le  ch a rac te r of in te r tid a l flats.

It is im p o rta n t to  se lec t th e  m ost a p p ro p ria te  m e sh  size for an  in fa u n a l sam p lin g  cam p aig n  on  se d i­
m en t flats. A  g enera l rec o m m e n d a tio n  is th a t a 1m m  m e sh  is su ffic ien t for m o st se d im e n t typ es from  
m u d  to  san d , u n le ss  p rev io u s  in v es tig a tio n s  in d ic a te  a finer m esh  is n ecessa ry  to  sam p le  th e  target b io t­
ic  assem blage adequate ly . T he s tu d ie s  in  th e  W ash  an d  th e  M aw d d ach  u se d  a 0 .5m m  m e sh  w h e n  sam ­
p lin g  p re d o m in a n tly  san d y  sed im en ts . W here  a finer m e sh  is necessary , th e  sam p le  sh o u ld  be  su b -d iv id ­
ed  to  p ro v id e  a 1m m  m e sh  fraction . It is im p o rta n t to  co n sid e r an y  o th e r e s tab lish ed  sam p lin g  an d  m o n ­
ito rin g  s tu d ie s  in  an  SAC p rio r  to  fin a lis in g  th e  m esh  size. If th e  da ta  from  su c h  s tu d ie s  can  co n trib u te  
to  an  SAC m o n ito rin g  p rogram m e, it  w ill be n ecessa ry  to  h a rm o n ise  th e  m esh  size b e tw een  a ll m o n i­
to rin g  s tu d ie s  to  en su re  da ta  are com parab le .

Site marking and relocation
In te rtid a l flats are d y n am ic  en v iro n m en ts  th a t p re se n t co n sid e rab le  p ro b lem s for s ite  m ark ing . M arkers 
can  be  b u rie d  or w ash ed  aw ay  if  th e  flats change th e ir  p ro file . W h en  u s in g  a tran sec t ap p ro ach , it w ill 
be n ecessa ry  to  fix th e  en d  of th e  tran sec t w ith  a m ark er p o le  tak ing  care to reco rd  its  p o s itio n  accu ra te ly  
e ith e r  b y  dGPS or v ia  p h o to g ra p h s /d ra w in g  of an y  c o n sp icu o u s  lan d m ark s. T he p o s itio n  of sam ples 
a long  a tra n se c t c an  be reco rd ed  by  dGPS a n d /o r  m ark ed  w ith  a p e rm a n e n t m arker. Long canes (1.5m  ) 
p re ssed  d o w n  in to  th e  se d im e n t to  leave  ap p ro x im a te ly  30cm  ex p o sed  la s ted  at leas t 3 years in  the  
W a sh /
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DGPS sh o u ld  be u se d  for reco rd in g  p o s itio n  o n  ex ten siv e  in te r tid a l fla ts .3 W h ils t lan d m ark s  m ay  often  
be ex trem ely  v a lu ab le  w h e n  re lo ca tin g  s ta tio n s, it  is im p o rta n t n o t to  re ly  on  th e  lo c a tio n  of featu res 
w ith in  se d im e n t flats (creeks, scars, o ld  tyres!!) as th e y  are liab le  to change.

Health and safety
A ll fie ld w o rk  m u s t fo llow  ap p ro v ed  codes of p rac tice  to  en su re  th e  h e a lth  a n d  safety  of a ll staff. R isks 
specific  to  w o rk in g  on  in te r tid a l flats are:

• Stranding due to the rising tide. D ue to th e  ‘fla t’ n a tu re  of th is  e n v iro n m en t, a ris in g  tid e  can  in u n ­
date  th e  sho re  faster th a n  a p e rso n  can  ru n . C reeks can  fill ra p id ly  crea tin g  ‘is la n d s ’ on  th e  flats.

• Stuck in the sediment, p a rtic u la r ly  in  soft m u d , on  q u ick  san d s  an d  m u sse l beds.

• Illness and disease from contaminated sediment. S ed im en ts  b in d  co n tam in an ts  su c h  as h eav y  m e t­
als (and  rad io ac tiv e  iso topes) a t h ig h  co n cen tra tio n s , w h ic h  are  su b se q u e n tly  re leased  u p o n  d is tu r ­
bance . It is p o ss ib le  to  co n trac t serio u s d iseases su c h  as h e p a titis  from  sew age e ffluen t, or W eils d is ­
ease (from  w ate r c o n ta m in a te d  w ith  ra t u rin e). In  su c h  c ircu m stan ces , p ro tec tiv e  g loves sh o u ld  be 
u se d  to  avo id  sk in  co n tac t w ith  th e  sed im en t.
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Definition
Large in d e n ta tio n s  of th e  coast w h ere , in  co n tra s t to  es tu a rie s , th e  in flu e n c e  of fresh w ater 
is g en era lly  lim ited . T h ese  sh a llo w  in d e n ta tio n s  are g en era lly  sh e lte red  from  w ave ac tio n  
an d  co n ta in  a great d iv e rs ity  of sed im en ts  a n d  su b stra te s  w ith  a w ell d ev e lo p ed  z o n a tio n  
of b e n th ic  co m m u n itie s . T hese  co m m u n itie s  g en era lly  h av e  a h ig h  b iod iversity . T h e  lim it 
of sh a llo w  w ate r is som etim es d e fin ed  by  th e  d is tr ib u tio n  of th e  Zosteretea a n d  Pótamete a 
associa tions.
S everal p h y sio g rap h ic  ty p es m ay  be  in c lu d e d  u n d e r  th is  category  p ro v id e d  th e  w a te r is 
sh a llo w  over a m ajor p a r t of th e  area: em b ay m en ts , fjards, rias an d  voes.

Introduct ion to the  feature's  interest
Large shallow inlets and bays are large in d e n ta tio n s  of th e  coast, g en era lly  m ore  sh e lte red  from  w ave 
ac tio n  th a n  th e  o p en  coast. T h ey  are re la tiv e ly  shallow , u su a lly  averag ing  less th a n  30m  in  d e p th  across 
at least 75%  of th e  site . T h ey  are often  co m p lex  system s co m p o sed  of an  in te rd e p e n d e n t m osaic  of su b ­
tid a l an d  in te r tid a l h ab ita ts . S everal of th e se  h ab ita ts  form  A n n ex  I fea tu res in  th e ir  o w n  righ t. T he p hys- 
io g rap h ica l ch a rac te r of Large sh a llo w  in le ts  a n d  bays is s im ila r to  th a t of th e  A n n ex  I fea tu re  E stuaries, 
b u t th e  in flu e n c e  of fre sh w ate r is re d u c e d  b y  co m p ariso n .

In  th e  UK, th ree  m a in  p h y sio g rap h ic  typ es can  be id e n tif ie d  th a t m ee t th e  EC defin itio n :
Open coast bay and embayment: a ty p e  of m arin e  in le t ty p ic a lly  w h ere  th e  lin e  of th e  coast fo llow s a 

concave sw eep  b e tw een  ro ck y  h e a d la n d s , so m etim es w ith  o n ly  a n a rro w  en tran ce  to  th e  em baym en t.
Fjardic sealoch: a series of sh a llo w  b asin s  co n n ec ted  to  th e  sea v ia  sh a llo w  an d  often  in te r tid a l sills. 

F jards are fo u n d  in  areas of lo w -ly ing  g ro u n d , w h ic h  have  b een  sub jec t to  g lac ia l ro u g h en in g . T h ey  have 
a h ig h ly  irreg u la r o u tlin e , no  m a in  ch a n n e l an d  lack  th e  h ig h  re lie f  a n d  U -sh ap ed  c ro ss-sec tio n  of fjordic 
sealochs.

Ria: a d ro w n ed  v a lley  in  an  area of h ig h  relief; m o st h av e  re su lte d  from  th e  post-g lac ia l rise  in  re la ­
tive  sea level. T h is  sub -type  is k n o w n  in  S co tlan d  as a Voe, w h ere  it  is re s tr ic te d  to  th e  S h e tla n d  Islands. 
(The ty p e  is d is tin g u ish e d  from  th e  Ria estu a rie s  d esc rib ed  in  th e  S ec tio n  E stu ries by  th e ir  re la tiv e  lack  
of fre sh w ate r in flo w  a n d  n ea r fu ll sa lin ity  co n d itio n s.)

T h is  is a ve ry  va riab le  h a b ita t type. T he d iffe ren t sub -types v a ry  in  th e ir  d is tr ib u tio n  an d  ex ten t. W hile  
som e are w id e sp re a d  in  E urope, o thers are fo u n d  m a in ly  in  th e  UK. T he h a b ita t ty p e  is w id e sp re a d  in  
th e  UK, b u t som e sub -types are lo ca lised  in  th e ir  d is tr ib u tio n . S ites have  b e e n  ch o sen  to  re p re se n t the  
range of p h y sio g rap h ic  ty p es, th e  geograph ica l range an d  th e  eco logical v a ria tio n  of th is  h a b ita t type. 
S e lec tio n  favoured  larger sites, w h ic h  te n d  to  en co m p ass th e  g rea test v a rie ty  of hab ita ts .

T h ere  are on ly  a few  large em b ay m en ts  a ro u n d  th e  coast of th e  UK. Rias occur o n ly  in  so u th e rn  W ales 
an d  so u th -w est E ng land , w h ile  voes (w h ich  are s im ila r in  p h y s ica l ch a rac te r to  rias) occur on ly  in  
S h e tla n d  an d  fjards occur in  w e s te rn  S co tlan d  an d  N o rth e rn  Ire land . Rias are p a rtic u la r ly  w e ll re p re ­
sen ted  in  th e  UK co m p ared  w ith  o ther p a rts  of n o r th e rn  E urope.

Large sh a llo w  in le ts  an d  bays v a ry  w id e ly  in  h a b ita t an d  spec ies d iv e rs ity  acco rd in g  to  th e ir  geo­
g rap h ic  lo ca tio n , size, sh ap e , form  a n d  geology, d e p e n d in g  on  w h e th e r th e y  occur on  h a rd  (rocky) or soft 
(sed im en tary ) coasts. T he degree of ex p o su re  is a c ritica l factor in  d e te rm in in g  h a b ita t an d  spec ies d iv e r­
sity. T h is affects c o m m u n itie s  on  th e  sho re  an d  in  th e  su b litto ra l zone. T he range of p la n ts  an d  an im als 
asso c ia ted  w ith  th is  h a b ita t ty p e  is therefo re  v e ry  w id e . In te rtid a l co m m u n itie s  m ay  be d o m in a ted  by  
Fucus spec ies, p a rtic u la r ly  in  m ore  sh e lte red  loca tio n s. E x tensive  b eds of m u sse ls  Mytilus edulis m ay 
be p re se n t on  m ix ed  substra ta . S ed im en t sh o res  m ay  v a ry  w idely , d e p e n d in g  on  th e  degree of exposure . 
Very ex p o sed  c o n d itio n s  m ay  re su lt in  sh in g le  beach es, w h ile  less ex p o sed  sho res m ay  co n sis t of c lean  
sand . In  sh e lte re d  c o n d itio n s  sho res m ay  co n sis t of fine sa n d  an d  m u d . Very ex p o sed  se d im e n t shores 
are u n ab le  to  su p p o rt an im al p o p u la tio n s . O n less ex p o sed  shores, co m m u n itie s  of c ru stacean s an d  
p o ly ch ae tes  d eve lop , w h ile  sho res of fine san d  an d  m u d  are ch a rac te rised  b y  p o ly ch ae te  an d  b ivalve  
co m m u n itie s  an d  bed s of eelgrass Zostera spp . In  th e  sh e lte red  c o n d itio n s  of S co ttish  fjards, loose-ly ing  
m ats of g reen  algae an d  th e  u n a tta c h e d  form  mackaii of th e  w rack  Ascophyllum nodosum  m ay  occur.
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In  th e  su b litto ra l zone , m ore  ex p o sed  rocky  coasts su p p o rt forests of th e  ke lp  Laminaria hyperborea, 
w ith  forests of sugar k e lp  Laminaria saccharina occu rrin g  in  m ore  sh e lte red  co n d itio n s . C o m m unities 
of ep h em era l algae an d  m aerl ( in c lu d in g  Phymatolithon calcareum a n d  Lithothamnion corallioides) 
m ay be p re se n t on  ex p o sed  or cu rre n t-sw e p t coasts, w h ils t sh e lte re d  sh a llo w  sed im en ts  m ay  be covered  
b y  co m m u n itie s  of f ilam en to u s red  a n d  b ro w n  algae, b y  loose-ly ing  m ats of algae or b y  b eds of eelgrass 
Zostera marina.

A n im a l-d o m in a te  d ro ck y  c o m m u n itie s  in  th e  su b litto ra l zone also  v a ry  acco rd in g  to  local co n d itio n s  
of w ave ex p o su re  an d  tid a l stream s. In  m ore  w av e-ex p o sed  coasts, soft corals, an em o n es, sponges, 
seafans, fea ther stars a n d  h y d ro id s  m ay  be d o m in an t, w h ils t m ore  sh e lte red  coasts su p p o rt d iffe ren t 
spec ies of sponges, h y d ro id s , b ra c h io p o d s  an d  so lita ry  asc id ian s. A  p a r tic u la r  fea tu re  of rias is th e  p re s ­
ence  of su b litto ra l rock  in  c o n d itio n s  of s trong  tid a l flow  b u t neg lig ib le  w ave ac tion . P a rticu la r  g ro w th  
form s of sponges an d  a sc id ian s , as w ell as sp ec ific  b io to p es, occur in  th e se  u n u su a l co n d itio n s . In  tide- 
sw ep t areas co m m u n itie s  of h y d ro id s  a n d  b ry o zo an  tu r f  or bed s of b rittle  stars  m ay  be  d o m in an t. Beds 
of ho rse  m u sse l Modiolus modiolus ch arac te rise  som e hab ita ts . A n im a l-d o m in a ted  se d im e n t c o m m u n i­
ties range from  gravel an d  coarse  san d s d o m in a ted  b y  b u rro w in g  sea cu cu m b ers , large b iva lve  m o llu scs  
an d  h ea rt u rc h in s , th ro u g h  finer sed im en ts  su p p o rtin g  co m m u n itie s  of p o ly ch ae tes  an d  sm all b ivalves, 
to fine  m u d s  w ith  b eds of seap en s, large b u rro w in g  c ru s tacean s  an d  b o tto m -d w ellin g  fish.

Typical Attributes to de f ine  the  feature's  cond i t ion  

Generic attributes
Table 3.6-1 lis ts  th e  generic  a ttrib u tes  for in le ts  an d  bays an d  p re sen ts  exam p les  of th e  m easu res  p ro ­
p o sed  for som e of th e  c a n d id a te  SACs in  th e  UK. T h is l is t is n o t ex h au stiv e  an d  w ill be fu rth e r d ev e l­
o ped  as ou r kno w led g e  im p ro v es of th e  factors th a t d e te rm in e  th e  c o n d itio n  of in le t an d  b ay  ecosystem s.

Table 3.6-1 A su m m ary  of a ttr ibutes th a t  m ay  def ine  favourab le  co n d it io n  of large sh a l lo w  inlets a n d  bays

Attribute Measure Comment

Extent

Extent of the feature Overall area of the entire 
inlet or bay

It is likely that such measurements w ill be a cartographic 
exercise from existing maps although satellite remote sensing 
could be used.
There are likely to be significant difficulties in  defining the 
actual boundary, particularly for dynamic systems.

Extent of sub­
feature or specific 
biotope

Measure the area of a 
sub-feature

Some sub-features w ill be Annex I habitats (reefs, subtidal 
sandbanks, sediment flats) and therefore subject to their own 
monitoring programme.

Extent of characteristic 
biotopes

Often biogenic reefs w ill be included here, such as mussel 
beds and honeycomb worm  (Sabellaria spp.) reefs.

Physical properties

Habitat composition Sediment character, structure 
of biogenic reefs

Nutrient status Average phytoplankton con­
centration in  summer 
measured annually

This should only be measured if it is considered to have an 
effect on the biological structure of the feature.

Water clarity Average light attenuation 
measured on a monthly basis 
from March to September, 
annually

This should only be measured if it is considered to have an 
effect on the biological structure of the feature.

Water density -  
salinity and 
temperature.

Derive mean annual salinity 
and mean annual water 
temperature from monthly 
measurements

These data should be derived for each year of the monitoring 
cycle.

Morphological
equilibrium

Long-term trend in  the 
horizontal boundary of the 
saltm arsh/mudflat interface, 
measured annually

This w ill only apply to an estuary included w ith in  the Large 
shallow inlets and bays.
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Attribute Measure Comment

Biotic composition

Species
composition of
characteristic
biotopes

Frequency and occurrence of 
composite species from 
specific biotopes

The biotopes selected should reflect the biological character 
of the feature, and/or be particularly im portant for their 
nature conservation value: for example, rich and diverse 
mussel beds, maerl beds.

Species
composition of
characteristic
habitats

Species composition of 
specific habitats

The habitats selected should reflect the biological character of 
the feature, and/or be particularly im portant for their nature 
conservation value: for example rich and diverse low-shore 
boulder communities, or lagoon communities.

Population status of
characteristic
species

Estimate the population size 
of species characteristic of 
the feature

The species selected should represent the character of the site 
and may include those at the limits of their geographical 
range, or w hich form an im portant structural aspect of the 
feature, e.g. kelp beds.

Biological structure

Spatial distribution 
of sub-features

Area and pattern of all the 
sub-features w ith in  the SAC

The distribution of sub-features w ill be an im portant aspect to 
the overall character of the SAC and any change in  their 
location and extent may act as a proxy to identify low-level, 
diffuse anthropogenic activities.

Spatial distribution 
of characteristic 
biotopes

Area and frequency of 
im portant biotopes 
throughout the feature

Examples include the relative distribution of intertidal rocky 
shore communities, distribution of maerl beds, tidal rapids.

Suggested techniques for monitoring attributes of inlets and bays
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.6-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

It is im p o rta n t to  n o te  th a t in le ts  a n d  bays m ay  in c lu d e  o th e r A n n ex  I h ab ita ts  or A n n ex  II species 
w h ic h  w ill req u ire  th e ir  o w n  m o n ito rin g  p rogram m e. T he re lev an t sec tions of th is  d o cu m en t sh o u ld  be 
c o n su lte d  in  a d d itio n  to  th e  ad v ice  p ro v id e d  in  Table 3.6-2.



Advice on establ ishing moni tor ing p rogrammes  for Annex  I habitats 97

Table 3 .6 -2  Suggested  t e c h n iq u es  for m easu r in g  the  a ttr ibutes of  inlets an d  bays. The term s u n d e r  Technique  a p p e a r  un d e r  
the  h ead in g  Sum m ary title in the  p rocedura l  gu ide l ines  p rov ided  in Section  6. G u id a n c e  will b e  d e v e lo p ed  for the  t e c h ­
n iques  in italics

Generic attribute Feature attribute Technique

Extent A ir photo interpretation; Remote imaging; 
GIS analysis

Biotope extent Intertidal resource mapping; Intertidal 
biotope ID; A ir photo interpretation; Remote 
imaging;
AGDS; side scan sonar (plus mosaicing); 
Point sample mapping

Physical properties Water clarity Measuring water quality; Secchi disk; Water 
chemistry data loggers

Water chemistry (including 
salinity, temperature)

Measuring water quality; Water chemistry 
data loggers; Sea surface measurem ents by 
satellite remote sensing

Nutrient status Measuring water quality; Water chemistry 
data loggers; Phytoplankton abundance 
using satellite remote sensing  
(Biotope extent techniques for algal mats)

Biotic composition Intertidal biotope richness Intertidal resource mapping; Intertidal 
biotope ID; Intertidal ACE; Viewpoint 
photography

Subtidal biotope richness Subtidal biotope ID; Grab sampling; 
Drop-down video; ROV; Diver-operated 
video; Towed video (limited by topography 
and/or risk of damage)

Intertidal species 
composition/richness

Intertidal ACE; Intertidal quadrat photogra­
phy; Intertidal quadrat sampling (see 
Subtidal quadrat sampling); Intertidal core 
sampling; Fish in  rockpools

Subtidal species 
composition/richness

Subtidal quadrat sampling; Subtidal biotope 
ID; Subtidal core sampling; Grab sampling; 
Suction sampling; Fish in  subtidal rock 
habitats; Fish on sediments; ROV; 
Drop-down video; Diver-operated video; 
Epibenthic trawling

Intertidal characteristic 
species

Intertidal ACE; Intertidal quadrat photogra­
phy; Intertidal quadrat sampling (see 
Subtidal quadrat sampling); Intertidal core 
sampling; Fish in  rockpools

Subtidal characteristic 
species

Subtidal quadrat sampling; Subtidal biotope 
ID; Subtidal core sampling; grab sampling; 
Subtidal photography; Suction sampling; 
Fish: in subtidal rocky habitats, in  vegetative 
cover, on sediments; ROV (‘large’ conspicu­
ous species only); Drop-down video (‘large’ 
conspicuous species only); Diver-operated 
video; Mollusc shell ageing

Biological structure Intertidal zonation Intertidal resource mapping; Intertidal 
biotope ID; Intertidal ACE; Transect survey; 
Shore profiling

Subtidal zonation Subtidal biotope ID; Diver-operated video; 
ROV; Towed video (limited by topography 
and/or risk of damage)

Spatial pattern of intertidal Intertidal resource mapping; Intertidal
biotopes biotope ID; Viewpoint photography; Air 

photo interpretation; Remote imaging

Spatial pattern of subtidal AGDS; Side scan sonar (with mosaicing);
biotopes Point sample mapping (from Grab sampling, 

ROV or Drop-down video data); Towed video
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Specif ic issues affecting the  mon ito r ing  of  inlets a n d  bays
Large sh a llo w  in le ts  an d  bays m ay  in c lu d e  severa l o th e r A n n ex  I fea tu res in  th e ir  ow n  righ t, an d  s u p ­
p o rt p o p u la tio n s  of A n n ex  II species. T h e  m o n ito rin g  adv ice  p re se n te d  b e lo w  is there fo re  generic  in  
n a tu re  an d  specific  adv ice  is availab le  for th e  in d iv id u a l features: reefs, subtidal sandbanks, intertidal 
mudflats and sandflats, a n d  sea caves. A n n ex  II spec ies are covered  u n d e r  C h ap ter 4.

Seasonal effects
M arine  co m m u n itie s  sh o w  seaso n a l p a tte rn s  th a t co u ld  s ig n ifican tly  affect a m o n ito rin g  p rog ram m e in  
large sh a llo w  in le ts  an d  bays. Som e of th e  m ore  obv ious v isu a l changes occur in  algal assem blages, an d  
fo llow ing  m assiv e  se ttlem en ts  of ju v en ile  an im als  su c h  as m u sse ls  an d  ba rn ac les . In  L och M ad d y  cSAC, 
th e  largest changes observed  in  sh a llo w  co m m u n itie s  b e tw een  a u tu m n  1998 a n d  su m m er 1999 w ere  due  
to  a in c rea se  in  d iv e rs ity  a n d  ab u n d a n c e  of algae.3 B anks of loose  s tones a n d  gravel are o ften  su ffic ien t­
ly  seaso n a lly  stab le  to  su p p o rt d en se  assem blages of ep h em era l algae. S ed im en t flats o ften  su p p o rt 
d en se  g reen  algal m ats d u rin g  th e  su m m er m o n th s. R ap id  g ro w th  of m ic ro sco p ic  algae, an d  d ia tom s in  
p a rticu la r, can  change th e  ap p ea ran ce  (colour) o f in te r tid a l flats. M aerl b ed s  su p p o rt r ic h  algal a ssem ­
blages w ith  d is tin c t seaso n a l v aria tio n .

Many marine organisms have seasonal reproductive patterns that can significantly alter the number of 
individuals present at different times of the year. Some polychaete worms have semelparous or ‘boom 
and bust’ life history strategies where the mature adults spawn synchronously and then die. Clearly, the 
number of adults present in  the sediment will depend on the stage in  their lifecycle. Larval settlement 
and recruitm ent of juveniles to the population can result in  a massive increase in  the population size at 
certain times of the year. The presence and number of juveniles should be enumerated in  all samples.

Seasonal effects are also prevalent in  eelgrass communities. The blade density of the eelgrass itself 
will increase during the summer and then the decrease during the autum n and winter -  a process 
known as die-back.c Eelgrass blades may support dense assemblages of epiphytic algae during the sum ­
mer months, which then decline during the winter.

Seasonal patterns m ust be considered when planning a monitoring strategy. Sampling should be 
undertaken at the same time of year if seasonal variation is likely. It may be necessary to specify the 
duration of a sampling window -  for example, to precede post-reproductive death in  polychaete com­
m unities. Seasonal changes in  seagrass have im portant consequences for the timing of remote sensing 
campaigns because the spectral signature of the seagrass will change between summer and winter.

Meteorological changes
Prevailing weather conditions and tidal state will affect any monitoring study. Sites open to the pre­
vailing w ind and swell will require calm conditions for effective field survey. Periods of calm condi­
tions will improve underwater visibility and improve sampling efficiency and reliability. For sediment 
habitats and adjacent areas, excessive water movement will mobilise fine sediment into the water col­
umn, thereby reducing underwater visibility. Conversely, calm conditions will cause suspended sedi­
ment to deposit out of the water column, and visibility will improve, but reef assemblages may then 
become smothered w ith sediment, obscuring some species from view. For any areas subject to strong 
tidal streams (for instance, the tidal rapids in Loch M addy cSAC), sampling m ust take place at slack 
water, avoiding the equinoctial tides when the duration of slack water will be at its shortest.

Freshwater input to large shallow inlets and bays is not as marked as to estuaries, although it may be 
locally im portant in  parts of these systems. In such circumstances, monitoring events should avoid peri­
ods of heavy rainfall if changes in  ambient salinity are likely to influence the results.

Ambient atmospheric pressure affects the height and time of low and high tide: high pressure decreas­
es the height of high and low tide, and the time of the highest and lowest water is later than predicted. 
Low pressure has the opposite effect.

Weather cycles can result in  changes in  the biotic assemblages. Changes in  perennial algae on Loch 
Maddy maerl beds were possibly due to an unusually warm preceding summer. Periods of extreme cold 
coinciding w ith low water can result in  mass mortality of kelp plants.6 Storm events can result in  the 
mass displacement of sediment communities -  for example, populations of the long-armed brittlestar 
Amphiura filiformis in  Galway Bay, Ireland.

W hen establishing a monitoring strategy, meteorological effects m ust be integrated with seasonal 
effects to ensure that sites can be m onitored reliably through time.

1 See Section 5 for an explanation
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Access
T here  are no  sp ec ific  issu es  asso c ia ted  w ith  ga in in g  access to  in le ts  an d  bays. A ccess to in te r tid a l 

h ab ita ts  w ill be  g a in ed  from  th e  la n d , ex cep t for is la n d s  a n d  offshore b an k s or rem ote  sites w h ere  boat 
access w ill be  necessary . M ost su b tid a l h ab ita ts  w o u ld  req u ire  bo a t access a lth o u g h  la n d  access w o u ld  
be p o ss ib le  for th o se  h ab ita ts  im m e d ia te ly  ad jacen t to  th e  shore.

F u rth e r in fo rm atio n  is p ro v id ed  u n d e r  th e  advice for in d iv id u a l features: reefs, estuaries, subtidal sand­
banks, intertidal mudflats and sandflats, an d  sea caves. A nn ex  II species are covered  u n d e r S ection  4.

Sampling issues
A  m o n ito rin g  p rog ram m e m u st co n s id e r th e  w h o le  fea tu re , even  w h ere  it  m ay  co n ta in  o ther A n n ex  1 
features; th e se  fea tu res sh o u ld  have  th e ir  o w n  d ed ica ted  m o n ito rin g  program m e. A  m o n ito rin g  p ro ­
gram m e for a large sh a llo w  in le t an d  b ay  m ay  therefo re , be an  aggregation  of b o th  m o n ito rin g  for A nn ex  
1 (sub) featu res in  th e ir  o w n  righ t, an d  specific  sam p lin g  of a ttrib u tes  for th e  en tire  fea tu re  (such  as 
extent).

M easu ring  th e  ex ten t of a large sh a llo w  in le t an d  bay  req u ires  th e  carefu l d e fin itio n  of b o u n d a ry  in  
re la tio n  to  th e  seaw ard  lim it a n d  th e  h ig h  w a te r lim it. For th o se  sites b o u n d e d  b y  ro ck y  sho res or so lid  
an th ro p o g en ic  b o u n d a rie s  su c h  as h a rb o u r w alls  or seaw alls , m easu rin g  th e  ex ten t m ay  be a s tra ig h t­
fo rw ard  carto g rap h ic  exerc ise  u s in g  th e  m o st u p -to -d a te  m ap s of th e  area. S ites w ith  ‘so ft’ b o u n d a rie s  
su c h  as sa ltm arsh  m ay  req u ire  a m ore  so p h is tic a te d  m a p p in g  exerc ise  su c h  as rem ote  sensing , p a r tic u ­
la rly  in  d y n am ic  system s w h ere  tid a l cu rren ts  re su lt in  e ro s io n  a n d /o r  acc re tio n  of th e se  ‘so ft’ hab ita ts . 
T he p o s itio n s  of ch an n e ls  an d  offshore banks m ay  m ove co n sid e rab ly  d u rin g  a m o n ito rin g  cycle, 
a lth o u g h  th e  im p a c t of su c h  a change on  th e  overall ex ten t of th e  large sh a llo w  in le t an d  b ay  m ay  be 
neglig ib le.

M on ito rin g  p h y s ica l an d  b io log ica l a ttr ib u tes  to  assess th e  c o n d itio n  of th e  en tire  fea tu re  w ill req u ire  
carefu l c o n s id e ra tio n  of th e  overall sam p lin g  strategy. A  co m p reh en siv e  sam p lin g  p rog ram m e th ro u g h ­
ou t th e  en tire  fea tu re  m ay  be p ro h ib itiv e ly  ex p en siv e  an d  tim e-co n su m in g . It w o u ld  be n ecessa ry  to 
dev ise  a tie re d  sam p lin g  p rog ram m e at d iffe ren t sp a tia l scales a im ing  to  cover key  p h y s ic a l a ttrib u tes  
an d  ch a rac te ris tic  b io ta . T h a t is, a p rog ram m e w o u ld  be s tru c tu re d  in  su c h  a m an n e r th a t d e ta iled  sam ­
p lin g  in  a n u m b e r of sm all areas w o u ld  a llo w  an  assessm en t over th e  w h o le  feature.

Site marking and relocation
M arking  an d  re lo ca tin g  th e  feature itse lf  is u n lik e ly  to  p re se n t an y  p ro b lem s, a lth o u g h  th e  p rec ise  lo ca ­
tio n  of th e  b o u n d a ry  m ay  be d ifficu lt w h e re  th e  edge of th e  fea tu re  has ‘so ft’ h ab ita ts . C lear g u id an ce  is 
n ecessa ry  to  d efine  th e  h ig h  w a te r lim it an d  th e  p o s itio n  of th e  en tran ce  b o u n d a ry  to  en su re  c o n s is ten t 
m on ito ring .

P e rm an en t m ark ing  of sam p lin g  s ta tio n s  is v e ry  d ifficu lt in  d y n am ic  en v iro n m en ts  w h ere  th e  su b ­
stra ta  are m obile . S ite  re lo ca tio n  w ill re ly  on  dGPS, p a rtic u la r ly  on  ex ten siv e  in te r tid a l flats 
(M orecam be Bay an d  th e  W ash) or o p en  sea areas (W ash). For less d y n am ic  h ab ita ts , sites m ay  be 
m ark ed  w ith  aco u stic  tra n sp o n d e rs8 or cu rly  w h irlie s . D eta iled  s ite  d raw in g s (F igure 3-2) w ith  tran sits  
(Figure 3-5) m ay  be  n ecessa ry  to  re loca te  sam p lin g  s ta tio n s  in  co m p lex  sites.

A d d itio n a l in fo rm a tio n  is p ro v id e d  u n d e r  th e  g u id an ce  for reefs, mudflats and sandflats, subtidal 
sandbanks a n d  caves.

Health and Safety
A ll fie ld w o rk  m u s t fo llow  ap p ro v ed  codes of p rac tice  to  en su re  th e  h e a lth  a n d  safety  of all staff. See the  
co m m en ts  on  h e a lth  an d  safety  for th e  in d iv id u a l featu res: reefs, subtidal sandbanks, mudflats an d  
caves. T here  are co n sid e rab le  h e a lth  an d  safety  issu es  asso c ia ted  w ith :

-  fast m ov ing  tid a l s tream s, p a rtic u la r ly  in  sh a llo w  ra p id s  (Loch M addy);

-  h eav y  w ave ac tio n  p a rtic u la r ly  at th e  m o u th  a n d /o r  h ab ita ts  ex p o sed  to  th e  p rev a ilin g  w in d ;

-  p o o r v is ib ility  cau sed  by  h ig h  tu rb id ity  (m ostly  in  se d im e n ta ry  areas) or fre sh w ate r in flow ;

-  b o a t traffic  n ea r h a rb o u rs  or ports;
-  c o n ta m in a te d  w aters an d  sed im en ts  at s ites w ith  a h is to ry  of an th ro p o g en ic  in p u ts  a n d /o r  ad jacen t

2 See Procedural Guideline 6-1 on dGPS guidance.
3 Plastic corkscrews that are screwed down into the sediment: see Fowler, S L (1992) Marine Monitoring in the  

Isles o f Scilly 1991. English Nature Research Report No. 9. English Nature, Peterborough.
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to  in d u s tr ia l  or m ilita ry  in s ta lla tio n s : a p p ro p ria te  p ro tec tiv e  c lo th in g  m u s t be  w orn .

Som e sam p lin g  in  in le ts  an d  bays w ill in v o lv e  SCUBA d iv in g  tech n iq u es . A ll d iv in g  o p era tio n s 
a re  su b je c t to  th e  p ro c e d u re s  d e sc r ib e d  in  th e  D iv in g  a t W ork  R e g u la tio n s  1997 (see: 
http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  a n d  A rchaeo log ical A p p ro v ed  
Code of P rac tice5 (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Submerged or partly submerged sea caves

Definition
Caves situated under the sea or opened to it, at least at high tide, including partially sub­
merged sea caves. Their bottoms and sides harbour communities of marine invertebrates 
and algae.

Introduct ion to the  feature's interest
The UK has the most varied and extensive sea caves on the Atlantic coast of Europe, encompassing a 
range of structural and ecological variation. Well-developed cave systems, w ith extensive areas of ver­
tical and overhanging rock, and those that extend deeply into the rock, generally support the widest 
range and highest diversity of plants and animals.

Cave communities vary considerably depending on the structure and extent of the cave system, their 
degree of submergence and of exposure to scour and surge, and the nature of their geology. Caves can 
vary in  size, from only a few metres to more extensive systems, which may extend hundreds of metres 
into the rock. There may be tunnels or caverns with one or more entrances, where vertical and over­
hanging rock faces provide the principal marine habitat. Caves are typically colonised by encrusting ani­
mal species but may also support shade-tolerant algae near their entrances.

Physical conditions, such as inclination, wave surge, scour and shade, change rapidly from cave 
entrance to the inner parts of a cave and this often leads to a marked zonation in the communities pres­
ent. Sites in  which these zonation patterns are well developed have been favoured in  selection.

A high proportion of caves is found in  the intertidal or in  shallow water. Caves on the shore and in 
the shallow sublittoral zone are frequently subject to conditions of strong wave surge and tend to have 
floors of coarse sediment, cobbles and boulders. These materials are often highly mobile and scour the 
cave walls. Caves that are subject to strong wave surge are characterised by communities of mussels 
Mytilus edulis, barnacles Balanus crenatus, cushion sponges, encrusting bryozoans and colonial sea- 
squirts, depending on the degree of water movement and scour at particular points in  the cave system.

Caves that occur in  deeper water are subject to less water movement from the surrounding sea, and 
silt may accumulate on the cave floor. The sponges Dercitus bucklandi and Thymosia guernei, the soft 
coral Parerythropodium corallioides, solitary sea-squirts, bryozoans and sessile larvae of jellyfish are 
characteristic of deeper cave systems. These caves, particularly where they are small, provide shelter for 
crabs, lobsters Homarus gammarus, crawfish Palinurus elephas, and fish, such as the leopard-spotted 
goby Thorogobius ephippiatus.

The type of rock in  which the cave is formed has an im portant influence on its shape and qualities as 
substrata for plants and animals. In chalk caves in  south-east England bands of microscopic algae occur, 
including Chrysophyceae and Pilinia maritima, which are highly specific to this habitat type. The UK 
holds a high proportion of the total area of coastal chalk, a comparatively rare habitat in Europe.
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Typical a t t r ibutes  to de f ine  the  feature's  cond i t ion  

Generic attributes
Table 3.7-1 lis ts  th e  g eneric  a ttrib u tes  for sea cave fea tu res an d  p re se n ts  exam p les  of th e  m easu res  p ro ­
p o sed  for som e of th e  c a n d id a te  SACs in  th e  UK. T h is lis t is n o t ex h au stiv e  a n d  w ill be fu rth e r d ev e l­
o ped  as our k n o w led g e  im p ro v es of th e  factors th a t d e te rm in e  th e  c o n d itio n  of cave ecosystem s.

Table 3.7-1 A su m m ary  of a ttributes th a t  m ay  def ine  favourab le  cond it ion  of su b m e rg ed  o r  partly su b m e rg ed  sea  caves

Attribute Measure Comments

Extent

Extent of the feature Number and location, measured once 
during reporting cycle

Physical structure

Internal dimensions 
of each cave w ithin 
an SAC

Biotic composition

Diversity of sea cave 
biotopes

Number of all sea cave biotopes (or 
presence of specified biotopes)

This can be measured both w ithin an 
individual cave where it is a representative 
example of that type w ith in  an SAC.
It may also be evaluated throughout all sea 
caves in  the SAC where there is a range of 
different types of cave in  the site.

Species composition 
of characteristic 
biotopes

Presence and abundance of compos­
ite species of characteristic biotope.

The diversity and relative species-richness of 
representatives of cave biotopes should be 
assessed using a number of representative 
monitoring stations.

Bioiogicai structure

Spatial pattern of
characteristic
biotopes

Identity and distribution of biotopes 
w ith in  a cave

The spatial arrangement of biotopes w ithin a 
cave is normally a reflection of the 
prevailing physical condition, and thus any 
change may indicate other physical changes 
w ithin the SAC.
This should be m easured both w ith in  an 
individual cave, and throughout all sea caves 
in  the SAC.

Suggested techniques for monitoring attributes of sea caves
For each  of th e  a ttrib u tes  lik e ly  to  be se lec ted  to  m o n ito r th e  c o n d itio n  of a fea tu re , th e re  are m an y  te c h ­
n iq u es  availab le  to  m easu re  its  va lu e . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito ring  
p rog ram m e, it is n ecessa ry  to  reco m m en d  a sm all n u m b e r of tec h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
p arab le  m easu res  (Table 3.7-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  te c h n iq u e s  (reco rd ing  b io to p e  r ich n ess , sp ec ies  coun ts), b u t fu rth e r w o rk  is re q u ire d  on  o ther 
tec h n iq u e s  (su ch  as m easu rin g  ex ten t w ith  rem o te  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  b ecom es availab le .

Table 3 .7 -2  Suggested  t e c h n iq u es  for m easu r in g  the  a ttributes of sea  caves. The term s u n d e r  Technique  a p p e a r  u n d e r  the  
h e ad in g  Sum m ary title In the  p rocedura l  gu ide l ines  p rov ided  In Section 6. G u id a n c e  will b e  d e v e lo p ed  for the  t ech n iq u es  
In Italics.

Generic attribute Feature attribute Technique

Extent Intertidal Intertidal resource mapping; CIS m apping

Subtidal Surveying sea caves; CIS m apping

Biotope extent Intertidal resource mapping; Intertidal 
biotope ID; Subtidal biotope ID

Physical properties Physical dimensions Surveying sea caves; Land surveying 
techniques; Cave exploration techniques
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Generic attribute Feature attribute Technique

Biotic composition Intertidal biotope richness Intertidal biotope ID; Intertidal ACE

Subtidal biotope richness Subtidal biotope ID; Diver-operated video

Intertidal species 
composition/richness

Intertidal ACE; Intertidal quadrat 
photography; Intertidal quadrat sampling 
(see Subtidal quadrat sampling)

Subtidal species 
composition/richness

Subtidal quadrat sampling; Subtidal biotope 
ID; Subtidal photography; Suction sampling; 
Diver-operated video

Intertidal characteristic 
species

Intertidal ACE; Intertidal quadrat 
photography; Intertidal quadrat sampling 
(see Subtidal quadrat sampling)

Subtidal characteristic 
species

Subtidal quadrat sampling; Subtidal biotope 
ID; Subtidal photography; Suction sampling 
(small epibiota); Diver-operated video

Biological structure
Spatial pattern of biotopes 
w ith in  a sea cave

Surveying sea caves; Intertidal biotope ID; 
Intertidal ACE; Surveying sea caves plus 
Subtidal biotope ID; Diver-operated video; 
Transect surveys

Spatial pattern sea cave 
biotopes w ith in  a SAC

Intertidal resource mapping; Subtidal 
biotope ID w ith GIS mapping

Specif ic issues affecting the  mon ito r ing  of caves
Each attribute will have its own inherent source of variability that m ust be addressed during data col­
lection and subsequent interpretation of the results. Many cave attributes will be similar to reefs and the 
guidance described above should also be consulted in  relation to cave monitoring. However, some 
generic issues should be considered when planning the whole monitoring study.

Seasonal effects
Marine communities exhibit seasonal change, although the precise effects are poorly understood for 
many cave communities. Some of the more obvious visual changes occur in  algal assemblages (at the 
entrance), and following settlements of juvenile animals such as ascidians, mussels and barnacles. 
Boulders present at the entrance are often seasonally stable allowing ephemeral algal communities to 
develop. The degree to which seasonal change will influence the monitoring of a cave attribute will 
depend on the community under investigation. Where possible, a community should be investigated 
either directly or via a literature review to gather information on the likelihood of seasonal change 
affecting an attribute. In general, algal assemblages should be studied during the summer months. 
Where seasonal affects are not fully understood, it is vital that a monitoring strategy explicitly states that 
data collection m ust always be undertaken at the same time of year.

Meteorological changes
Prevailing weather conditions and tidal state will affect any monitoring study. Sites open to the pre­
vailing wind and swell will require particularly calm conditions for effective field survey. Where a cave 
is adjacent to sediment habitats, excessive water movement will mobilise fine sediment into the water 
column, thereby reducing underwater visibility. Conversely, calm conditions will cause suspended sed­
iment to deposit out of the water column, underwater visibility will improve and therefore assist sam­
pling efficiency and reliability. Sublittoral caves located in  areas w ith a large tidal range should be sam­
pled during neap tides, at or near high or low water to reduce water movement. If possible, sampling 
exercises should avoid the equinoctial tides when the duration of low and slack water will be at their 
shortest.
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Ambient light levels w ithin a cave will have a significant influence on the sampling exercise. If pos­
sible given the many other constraints, sampling should be timed to maximise light levels (for instance, 
in  bright sunny conditions at midday).

Access
Caves through their very structure pose a number of serious problems to a monitoring study. Issues per­
taining to gaining access to a cave may be considered on two levels: gaining access to the site (cave 
entrance) and entering the cave itself.

To gain access to the site, the surveyor m ust consider the issues of perm ission (intertidal sites), tidal 
state (high or low water/slack water), prevailing wind/wave/swell conditions and underwater visibility 
(for locating caves, see below). It will be necessary to use a boat to gain access to some caves and there­
fore it will be necessary to consider the availability of harbours and/or launching facilities.

The relative ease of gaining access to a cave itself will depend on its physical size and structure. There 
are considerable health and safety issues to be considered prior to entry. Cave exploration may require 
staff w ith appropriate training and/or specialist equipm ent such as ladders, fighting helmets, guide 
ropes on reels. For caves in  the intertidal zone, careful consideration m ust be given to the tidal cycle to 
ensure that staff can complete the monitoring exercise and exit before the tide rises.

Sampling issues
A monitoring programme m ust collect sufficient information to assess the condition of the whole fea­
ture. The complexity of such monitoring will depend on the physical dimensions of a cave and its loca­
tion (in terms of time available for sampling), and the number and variety of caverns in  the system. Basic 
techniques for surveying the physical structure were investigated for intertidal and subtidal caves in  the 
Berwickshire & North Northumberland Coast cSAC during the UK Marine SACs project. These tech­
niques were simple and straightforward and could be undertaken without specialist training in  cave sur­
veying, although they relied on an estimate of the internal height rather than an accurate measurement. 
This work recommended that:

• The level of accuracy required should be specified prior to the survey.
• The accuracy and precision of the measuring tools (e.g. compass, depth gauge) should be estab­

lished at the start, and linked to the required accuracy of the survey.
• It may be necessary to measure local magnetic variation at the cave.
• Difficulties may arise w hen a highly accurate survey is specified, but the practical application dic­

tates that it is only possible to estimate some distances (such as cave height). It may be necessary 
to incorporate two levels of accuracy in  a controlled m anner by specifying estimated distances and 
m easured distances.

• Cave morphology will dictate whether there is a ‘ceiling’ to the cave - tail th in  caves have little ceil­
ing area. It m ust be made clear to recorders from the outset as to whether a separate record is 
required for the ceiling.

• Trigonometric methods (as opposed to using a ruler and protractor) should be used for plotting cave 
plans.

• Inherent differences in the way field recorders interpret the distribution of cave biotopes may be 
m inim ised by providing a survey team w ith previous biological records and maps from the same 
site.

Specialist guidance is available on cave survey techniques both on the Internet1 and from cave explo­
ration associations. There are also many sources of bespoke software for analysing and visualising the 
results of cave m apping surveys.

M onitoring the biotic composition of caves is similar to monitoring reefs. There are often marked spa­
tial patterns in  cave biotopes, particularly algal dominated biotopes whose presence declines in  relation 
to the availability of light. Transect sampling techniques are most appropriate for monitoring biotope 
distribution throughout a cave. Zonation patterns m ust be considered when planning a sampling strat­
egy w ithin an individual biotope to ensure that sample stations (individual quadrats) are not located in

1 For example, see: http://rubens.its.unimelb.edu.au/~pgm/asf/stds.html
2 For example: http://www.survex.com/ or http://members.aol.com/caverdave/CPHome.html

http://rubens.its.unimelb.edu.au/~pgm/asf/stds.html
http://www.survex.com/
http://members.aol.com/caverdave/CPHome.html
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th e  tra n s itio n  zone b e tw een  b io to p es. S cale d raw in g s of cave w alls  an d  floors are u se fu l a id s for lo ca ­
tio n  w h e n  u n d e rta k in g  b io log ica l sam pling . W here fu ll d iag ram s are n o t av ailab le , for in s ta n c e  if  th ey  
w ere  b e in g  co m p iled  at th e  sam e tim e  as th e  b io log ica l reco rd in g , th e  reco rd e rs  sh o u ld  be aw are (or 
agree) th e  ‘n o d a i’ p o in ts  of th e  cave for accu ra te  sp a tia l co rre la tio n  (F igure 3-4). V ideo reco rd in g  w ith  a 
vo ice-over co m m en ta ry  is an  ex trem ely  u se fu l a id  to  cave m o n ito rin g  b ecau se  it  p ro v id es  a p e rm a n e n t 
reco rd  to  su p p o rt b o th  p h y s ica l an d  b io log ica l m o n ito rin g . R eco rd ing  sh o u ld  be u n d e r ta k e n  by  th e  m o n ­
ito rin g  staff to  en su re  th e  im ages an d  so u n d  m a tch  th e  a ttrib u tes  u n d e r  in v estig a tio n . N everthe less, 
th e re  are severe  p ro b lem s w ith  lig h tin g  w h e n  reco rd in g  v id eo  in  caves, an d  th e re  is a r isk  th a t a v ideo  
reco rd in g  co u ld  tu rn  in to  a tim e-co n su m in g  ‘p ro d u c tio n ’. It is p o ssib le  to  u se  an  ROV to reco rd  v ideo  
in  som e su b tid a l caves, a lth o u g h  th e re  are severe o p e ra tio n a l p ro b lem s an d  in  p rac tice  it  sh o u ld  on ly  
be c o n s id e red  for caves b ey o n d  n o rm a l safe d iv in g  d ep th s . F u rth e rm o re , th e  v id eo  re so lu tio n  m ay  be 
in su ffic ien t to  co n fid en tly  id e n tify  m a n y  species.
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Figure 3 -4  An e x a m p le  of a cave  d iag ram  sh o w in g  the  'n o d a i '  poin ts  o f  the  sys tem .“
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A  recen t tr ia l e n c o u n te re d  m an y  d ifficu lties  in  id en tify in g  cave b io to p es  in  th e  fie ld  th a t re su lte d  in  
co n sid e rab le  in co n s is ten c ie s  b e tw een  fie ld  team s s tu d y in g  th e  sam e cave .3 In teresting ly , th e  p a tte rn s  of 
zo n a tio n  an d  spec ies co m p o sitio n s  w ere  s im ila r b e tw een  fie ld  team s, b u t d iverged  w h e n  assign ing  
b io to p es to  th e  data. Two issu es  w ere  id en tif ied : n o n -fam ilia rity  w ith  cav e-d w ellin g  taxa, an d  th e  scale 
of b io log ica l changes over sm all d is tan ces . Clearly, th e  fo rm er sh o u ld  be ad d re sse d  w h e n  se lec tin g  an d  
tra in in g  fie ld  staff. T he scale  issu e  c o u ld  be ad d re sse d  by  d irec tly  m a p p in g  th o se  spec ies re sp o n sib le  for 
th e  observed  p a tte rn s  a n d  h en ce  n o t a ssign  b io to p es. A lte rna tive ly , u n am b ig u o u s  b io to p e  d esc rip tio n s  
sh o u ld  be d eriv ed  from  th e  b ase lin e  su rv ey  (see S ec tio n  5), p o ss ib ly  for in d iv id u a l caves, a n d /o r  th e  
sm alle st b io to p e  ‘p a tc h ’ size m u s t d e fin ed  at th e  ou tse t. P h o to g rap h s or v id eo  reco rd in g s of th e  d e fin ­
ing  fea tu res an d  sp ec ies  w o u ld  create  an  im p o rta n t p e rm a n e n t reco rd  to  su p p o rt fu tu re  m o n ito rin g  
in te rp re ta tio n s .

Site marking and relocation
M ost issu es  re la te  to  th e  lo ca tio n  (in te rtid a l or su b tid a l) a n d  p h y s ica l d im en sio n s  of a cave. For in te r ­
tid a l caves, th e re  are  few er p ro b lem s in  re lo ca tin g  th e  en tran ce  (excep t if  v e ry  sm all), a lth o u g h  it  sh o u ld  
be n o te d  th a t dGPS m ay  n o t p ro v id e  an  accu ra te  fix n ea r h ig h  cliffs. A ccu ra te  d raw ings of loca l la n d ­
scape  fea tu res p ro v id e  an  in v a lu ab le  a id  to  re lo ca tio n  (F igure 3-5).

* e

E

Figure 3-5 A e x a m p le  of th e  use  of transits to re loca te  sam p lin g  stations. Transits a re  straight sight-lines b e tw ee n  land- 
ba sed  featu res  (for e x a m p le  in B w h e re  th e  p ro m in e n t  rock aligns with  the  m idd le  of  th e  house) w h ich  in tersect  over  the  
position  of the  sam p lin g  station. The bes t  a cc u rac y  is a tta ined  by having th e  in tersect ing  lines c lose  to 90°  apart.

For su b tid a l caves, re lo ca tio n  m ay  be d ifficu lt p a rtic u la r ly  in  po o r v is ib ility  a n d /o r  w h ere  th e  en tran ce  
is sm all. Box 3.7-1 lis ts  a series of o p tio n s for re lo ca tin g  a su b tid a l cave, in  d escen d in g  o rder of th e  p ro b ­
ab ility  success.

3 See Procedural Guideline 6-2 on site marking
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Box 3 .7-1 O p t io n s  for re locat ing a subt idal cave

In s ta lla tio n  of a p e rm a n e n t m ark er b u o y  (surface or subsurface)

In s ta lla tio n  of a p e rm a n e n t subsu rface  b e a c o n /tra n sp o n d e r  u n ifd

E ngaging a local d ive  g u id e  to  ass is t in  s ite  m ark in g  at th e  s ta rt of th e  p ro jec t (e.g. an  SAC 
w ard en )

E ngaging th e  u se  of n o n -d iv e rs  w ith  good loca l kno w led g e  (e.g. b o a t sk ippers) 
A n n o ta ted  s ite  d raw in g s or p h o to g rap h s  (id ea lly  a t lo w  a n d  h ig h  w ater)

T ransits or bearings
D eta iled  m ap s w ith  lo ca tio n s m ark ed

4
D ifferen tia l GPS co -o rd in a tes  (w ith  datum )
GPS (w ith  datum )

T h e  in s ta lla tio n  of p e rm a n e n t m arkers m ay  req u ire  p rio r  c o n se n t or p e rm iss io n  an d  th e re  w ill be an  
ongoing  re q u ire m e n t for th e ir  m a in ten an ce .

R elo ca tio n  of sam p lin g  s ta tio n s  an d  m ap p in g  ‘n o d e s ’ req u ires  ca refu lly  co n sid e ra tio n . F ix ing  p ito n s 
or b o lts  in to  th e  rock  m ay  dam age th e  rock, p a rtic u la r ly  soft friab le rock, an d  c rea te  a h aza rd  to  o ther 
v is ito rs  to  th e  cave. P a in t or f lu o rescen t m arkers w o u ld  avo id  p h y s ica l dam age to  th e  rock  b u t m ay  
a ttrac t u n w a n te d  a tte n tio n  from  th e  p u b lic  an d  red u ce  th e  scen ic  v a lu e  of th e  site. T he fina l cho ice  of 
s ta tio n  m ark in g  w ill d e p e n d  on  th e  loca l s itu a tio n  b u t sh o u ld  a lw ays co n sid e r th e  r isk  of fa iling  to  find  
th e  cave or s ta tio n  in  fu tu re  m o n ito rin g  stu d ies .

Health and safety
T here  are m an y  h e a lth  a n d  safety  im p lic a tio n s  for cave m o n ito rin g  s tu d ie s , a lth o u g h  th e  degree of risk  
w ill d e p e n d  on  th e  lo c a tio n  an d  d im en sio n s  of each  cave. A ll fie ld  staff m u s t fo llow  ap p ro v ed  safety  
p ro ced u re s  p u b lish e d  by  th e ir  h o s t in s titu tio n , or th a t of th e  c o n trac tin g  agency, w h ich ev e r are th e  m ore 
s tr in g en t. G u id an ce  on  cave sa fe ty  is  p u b lis h e d  b y  cave e x p lo ra tio n  so c ie tie s  a n d  av a ilab le  
o n  th e  In te rn e t  (for e x am p le : http://www.sat.dundee.ac.uk/~arb/speleo.html or
http://wasg.iinet.net.au/asf_safe.html). F ie ld  staff m u s t be b rie fed  on  th e  risk s asso c ia ted  w ith  cave su r­
v ey  p rio r  to  u n d e rta k in g  an y  m o n ito rin g  s tu d ies . E xam ples of th ese  risk s are:

• T he energy  from  a w ave e n te rin g  a cave becom es m ore  ‘fo cu sed ’, c rea tin g  a p o w erfu l surge. W aves 
th a t ap p ea r re la tiv e ly  in n o c u o u s  at th e  en tran ce  can  b ecom e ra th e r  dan g ero u s at th e  h e a d  of a cave.

• Long caves, p a rtic u la r ly  co m p lex  system s w ith  m an y  caverns, w ill be d a rk  a n d  th e re  is a risk  of d is ­
o rien ta tio n  an d  loss of bearings.

• T he in co m in g  tid e  m ay  trap  su rveyors in  in te r tid a l caves.

• Seals o ften  h a u l ou t a t th e  h e a d  of caves: su rveyors m ay  in a d v e rte n tly  p re v e n t a seal leav ing  a cave 
an d  th e reb y  risk  b e ing  a ttacked . T h is s itu a tio n  co u ld  be ex ace rb ated  d u rin g  th e  b reed in g  season  
w h e n  a su rveyor m ay  sep ara te  y o ung  seal p u p s  from  th e ir  m o th e rs , or com e b e tw een  a b u ll seal an d  
its  fem ale m ate.

S u b tid a l sam p lin g  in  caves w ill in v o lv e  SCUBA d iv in g  tech n iq u es . A ll d iv in g  o p era tio n s are 
su b je c t to  th e  p ro c e d u re s  d e sc r ib e d  in  th e  D iv in g  at W ork  R e g u la tio n s  1997 (see: 
http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  a n d  A rchaeo log ical A p p ro v ed  
Code of P rac tice6 (http://www.hse.gov.uk/spd/spdacop.htm - a). D ivers m ay  req u ire  spec ific  tra in in g  in  
cave-d iv ing  p ro ced u res  to en su re  th e ir  safety  w h e n  su rv ey in g  caves.

4 See Procedural Guideline 6-1 on dGPS guidance.
5 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997, ISBN 0 11 065170 7.
6 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997. Approved Code of 

Practice and Guidance -  L107. HSE Books 1998, ISBN 0 7176 1498 0.

http://www.sat.dundee.ac.uk/~arb/speleo.html
http://wasg.iinet.net.au/asf_safe.html
http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm


Advice on establ ishing moni tor ing p rogrammes  for Annex  I habitats 109

Bibliography
a Environmental Resource Technology (2000) Establishing a monitoring programme on caves in Berwickshire and  

north Northumberland  cSAC. English Nature, Peterborough, 
b Ellis, B (1988) A n introduction to cave surveying. A  handbook o f techniques for the preparation and interpre­

tation o f conventional cave surveys. Cave Studies Series Number 2. British Cave Divers Association, London; 
Stoddard, S (1994) A n introduction to cave photography. Cave Studies Series Number 4. British Cave Divers 
Association, London.

c Holt, R H F et al. (2000) Establishment of fixed stations on Ynys Enlli (Bardsey Island) -  an evaluation of suc­
cessful marking and relocation. In: Sanderson, W G et al. (2000) The establishment o f an appropriate programme 
o f monitoring for the condition o f SAC features on Pen U yn a ’r Sarnau: 1998-1999 trials, pp. 187-190. CCW 
Contract Science Report No: 380, Countryside Council for Wales, Bangor, 

d Sanderson, W G et al. (2000) Establishment of fixed stations on the north Pen Llyn horse mussel (Modiolus 
modiolus) and Sarn Badrig reefs. In Sanderson, W G et al. (2000) The establishment o f an appropriate pro­
gramme o f monitoring for the condition o f SAC features on Pen Llyn a ’r Sarnau: 1998-1999 trials, pp. 191-196. 
CCW Contract Science Report No: 380, Countryside Council for Wales, Bangor.



110 Marine Moni tor ing H a n d b o o k

Lagoons

D efin it ion

Lagoons are ex p an ses  of sh a llo w  coasta l sa lt w ater, of v a ry in g  sa lin ity  an d  w a te r v o lum e, 
w h o lly  or p a rtia lly  sep ara ted  from  th e  sea b y  san d b an k s  or sh ing le , or, less frequen tly , by  
rocks. S a lin ity  m ay  vary  from  b ra c k ish  w a te r to  h y p e rsa lin ity  d e p e n d in g  on ra in fa ll and  
ev ap o ra tio n , or th e  a d d itio n  of fresh  seaw ater from  sto rm s, tem p o ra ry  flood ing  of th e  sea in  
w in te r  or tid a l exchange. W ith  or w ith o u t v eg e ta tio n  from  Ruppietea maritimae, Potametea, 
Zosteretea or Charetea (CORINE 91: 23.21 or 23.22).

F lads an d  gloes, c o n s id e red  a B altic  v a rie ty  of lagoons, are sm all, u su a lly  shallow , m ore  or 
less d e lim ited  w a te r b o d ies  s till co n n ec ted  to  th e  sea or have  b e e n  cu t off from  th e  sea very  
re c e n tly  b y  la n d  u p h eav a l. C h arac te rised  by  w e ll-d ev e lo p ed  reed b ed s  a n d  lu x u ria n t su b ­
m erged  v eg e ta tio n  a n d  h av in g  severa l m o rp h o lo g ica l an d  b o tan ica l d ev e lo p m en t stages in  
th e  p ro cess  w h e reb y  sea becom es lan d .

Introduct ion to the  feature's  interest
Lagoons have  a re s tr ic te d  d is tr ib u tio n  on  th e  A tlan tic  coast of E urope. T he h a b ita t ty p e  is com plex , an d  
a w id e  range of p h y sica l typ es an d  orig ins are in c lu d e d , w ith  m u c h  geograph ica l an d  eco logical v a r ia ­
tion . Som e of th e  ty p es of lagoon  fo u n d  in  th e  UK are rare  e lsew h ere  in  E urope. T h is is a p r io rity  h a b i­
ta t ty p e  an d  is re la tiv e ly  u n co m m o n  in  th e  UK. T herefo re  a h ig h  p ro p o rtio n  of th e  sites id e n tif ie d  as 
m ee tin g  th e  d e fin itio n  of th e  h ab ita t ty p e  h av e  b e e n  se lec ted .

A lth o u g h  u n co m m o n , lagoons m ay  be  c lu s te red  to g e th er on  p a r tic u la r  s tre tch es  of coast, w h ere  th ey  
are d e p e n d e n t on  specific  local p h y s ica l p rocesses. S u ch  c lu ste rs  h av e  b een  c o n s id e red  p a rtic u la rly  
im p o rta n t for co n se rv a tio n  of th e ir  s tru c tu re  a n d  fu n c tio n . Som e of th e  sub -ty p es of lagoon  have a very  
re s tr ic ted  d is tr ib u tio n  in  th e  UK, w ith  one ty p e  bein g  fo u n d  m a in ly  in  th e  O u ter H ebrides an d  a h igh  
p ro p o rtio n  of a n o th e r ty p e  o ccu rrin g  on  th e  east coast of E ngland .

L agoons are areas of shallow , coastal salt w ater, w h o lly  or p a rtia lly  sep ara ted  from  th e  sea by  sa n d ­
b anks, sh in g le  or, less frequen tly , rocks. F ive m a in  sub -types of lagoon  have  b een  id e n tif ie d  in  th e  UK, 
on th e  basis  of th e ir  p h y sio g rap h y , as m ee tin g  th e  d e fin itio n  of th e  h ab ita t type.

Isolated lagoons are sep ara ted  co m p le te ly  from  th e  sea by  a b a rrie r of rock  or sed im en t. S eaw ater 
en te rs  by  lim ited  g ro u n d  w a te r seepage or b y  over-topp ing  of th e  sea barrier. S a lin ity  is va riab le  b u t 
o ften  low. Iso la ted  lagoons are often  tra n s ie n t fea tu res w ith  a lim ite d  life -sp an  d u e  to n a tu ra l p rocesses 
of in fillin g  an d  coastal e rosion . Iso la ted  lagoons m ay  have less w a te r exchange th a n  p e rco la tio n  lagoons 
an d  c o n seq u en tly  a m ore  im p o v e rish e d  b io ta .

Percolation lagoons are n o rm a lly  sep ara ted  from  th e  sea b y  sh ing le  banks. S eaw ater en ters  b y  p e rco ­
la tin g  th ro u g h  th e  sh ing le  or o ccasiona lly  by  over-topp ing  the  b an k  (e. g. in  storm s). T he w ater level 
show s som e v a ria tio n  w ith  tid a l changes, an d  sa lin ity  m ay  vary. S ince  p e rco la tio n  lagoons are n o rm ally  
fo rm ed  b y  n a tu ra l p rocesses of sed im en t tran sp o rt, th ey  are tra n s ie n t features, w h ic h  m ay  be e ro d ed  and  
sw ep t aw ay over a p e rio d  of years or decades or m ay  becom e in filled  b y  m o v em en t of th e  sh ing le  bank.

Silled lagoons occur w h ere  w a te r is re ta in e d  at all sta tes of th e  tid e  b y  a b a rrie r of rock  (the ‘s i l l ’). 
T here  is u su a lly  a sm all tid a l rise -an d -fa ll, th e  ex ten t d e p e n d in g  on  th e  h e ig h t of th e  s ill in  re la tio n  to 
th e  tid a l range. S eaw ater in p u t  is reg u la r an d  frequen t, a n d  a lth o u g h  sa lin ity  m ay  be seaso n a lly  v a r i­
able, it  is u su a lly  h igh , ex cep t w h ere  th e  leve l of th e  sill is n ea r to  h ig h  tid e  level. T hese  lagoons are 
re s tr ic te d  to  th e  n o rth  a n d  w est of S co tlan d  a n d  m ay  occur as se d im e n ta ry  b as in s  or in  b ed ro ck  (w here 
th e y  are ca lled  ‘o bs’). M u d d y  areas are d o m in a te d  by  filam en to u s  g reen  algae, am ongst w h ic h  m ay be 
co lon ies of rare  ch a ro p h y te s , su c h  as fox tail s to n ew o rt Lamprothamnium papulosum. Beds of tassel- 
w eed s Ruppia sp p . an d , in  th e  deeper, m ost stab le  lagoons, eelgrass Zostera marina m ay be p resen t.

1 These numbers are the habitat codes in the Palaearctic classification (originally the CORINE classification). 
For further information refer to The Interpretation M anual o f European Habitats -  EUR 15 (version 2, October 
1999) published by the European Commission (see: http://europa.eu.int/comm/environment/nature/docum.htm)

http://europa.eu.int/comm/environment/nature/docum.htm
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Sluiced lagoons occu r w h ere  th e  n a tu ra l m o v em en t of w a te r b e tw een  th e  lagoon  a n d  th e  sea is m o d i­
fied  by  h u m a n  m ech an ica l in te rfe ren ce  su c h  as th e  c o n s tru c tio n  of a cu lv e rt u n d e r  a ro ad  or v a lv ed  
slu ices. C om m u n ities  p re se n t in  s lu ic e d  lagoons v a ry  acco rd in g  to  th e  su b stra te  ty p e  an d  sa lin ity , an d  
therefo re  m ay  resem b le  a ll o ther s ille d  lagoon  types.

Lagoonal inlets are lagoons th a t have  a p e rm a n e n t, b u t re s tr ic ted , c o n n e c tio n  ch a n n e l to th e  sea w h ere  
seaw ater en te rs lagoonal in le ts  d u rin g  each  tid a l cycle. S a lin ity  is u su a lly  h igh , p a rtic u la r ly  a t th e  sea­
w ard  p a r t of th e  in le t. Larger exam ples of th is  sub -type  m ay  h av e  a n u m b e r of d iffe ren t b asin s , se p a ra t­
ed  b y  sills, an d  m ay  d em o n stra te  a co m p le te  g rad ien t from  fu ll sa lin ity  th ro u g h  b ra c k ish  to  fresh  w ater. 
T h is sa lin ity  g rad ien t s ig n ifican tly  in c reases  th e  h a b ita t an d  sp ec ies  d iv e rs ity  of th e  sites in  w h ic h  it 
occurs.

O n ly  sites on  n a tu ra l su b stra ta  have  b e e n  se lec ted . S ites th a t are e n tire ly  artific ia l in  orig in , e. g. som e 
docks, h av e  b een  ex c lu d ed  from  th e  se lec tio n , a lth o u g h  in  som e cases th e  co m m u n itie s  p re se n t m ay  be 
s im ila r to th o se  of m ore  n a tu ra l sites.

T he w a te r in  lagoons can  v a ry  in  sa lin ity  from  b ra c k ish  (fo llow ing  d ilu tio n  w ith  fresh  w ater) to  h y p e r­
sa lin e  (i. e. sa ltie r th a n  seaw ater b ecau se  of evapora tion ). A  sig n ifican t factor d e te rm in in g  th e  b io logy  of 
a lagoon  is w h e th e r th e  sa lin ity  flu c tu a tes  m ark ed ly  (ten d in g  to  lead  to  lo w  spec ies rich n ess), or is m ore  
stab le  (tend ing  to  le ad  to  h ig h e r sp ec ies  rich n ess). T h u s  th e  p la n t an d  an im al c o m m u n itie s  of lagoons 
v a ry  acco rd in g  to  th e  p h y s ica l ch a rac te ris tic s  an d  sa lin ity  reg im e of th e  lagoon , an d  therefo re  th e re  are 
s ig n ifican t d ifferences b e tw een  sites. A lth o u g h  a lim ite d  range of spec ies m ay  be p re sen t, co m p ared  
w ith  o th e r m arin e  h ab ita ts , th ese  spec ies are e sp ec ia lly  a d a p te d  to  th e  v a ry in g  sa lin ity  an d  som e are 
u n iq u e  to  lagoon  hab ita ts . T he v eg e ta tio n  m ay  in c lu d e  b eds of eelgrasses Zostera sp p ., ta sse lw eed s 
Ruppia sp p ., p o n d w e e d s  Potamogeton sp p ., an d  s to n ew o rts  su c h  as fox tail s to n ew o rt Lamprothamnium 
papulosum. In  m ore  rocky  lagoons, c o m m u n itie s  of fu co id  algae Fucus sp p ., sugar k e lp  Laminaria sac­
charina, red  algae a n d  g reen  algae are also  found . T he fau n a  is o ften  c h a rac te rised  by  m y sid  sh rim p s 
an d  o th e r sm all c ru stacean s , w orm s w h ic h  b u rro w  in to  th e  sed im en t, p ro so b ra n c h  an d  g astro p o d  m o l­
lu scs  a n d  som e fish  spec ies su c h  as stick leback . S pec ies th a t are p a r tic u la r ly  fo u n d  in  lagoons an d  co n ­
se q u en tly  h av e  re s tr ic te d  d is tr ib u tio n s  in  th e  UK in c lu d e  th e  s ta rle t sea  an em o n e  Nematostella vecten­
sis, lagoon  san d w o rm  Armandia cirrhosa, lagoon  sa n d  sh rim p  Gammarus insensibilis an d  foxtail 
s to n ew o rt Lamprothamnium papulosum.

Typical a tt r ibutes  to def ine  the  feature's cond i t ion  

Generic attributes
T he a ttach ed  g eneric  g u id an ce  does n o t p re c lu d e  th e  in c lu s io n  of o th e r a ttrib u tes  th a t m ay  be req u ired  
in  re la tio n  to  p a r tic u la r  th rea ts  to  a site , b u t an y  su c h  a d d itio n s  w o u ld  n e e d  to be c learly  ju stified . For 
ex am p le  th e  ch a rac te ris tic  spec ies Lamprothamnium papulosum  co u ld  be u se d  as an  in d ic a to r  of p h o s ­
p h a te  levels w h ere  n u tr ie n t e n r ic h m e n t is c o n s id e red  a th re a t to  th e  lagoon  feature.

Table 3.8-1 lis ts  th e  g eneric  a ttrib u tes  for lagoons an d  p re sen ts  exam ples of th e  m easu res  p ro p o se d  for 
som e of th e  c a n d id a te  SACs in  th e  UK. T h is tab le  is b ased  on  g u id an ce  d ev e lo p ed  for th e  lagoons in  
E ng land  an d  m ay  change w h e n  eq u iv a len t g u id an ce  is availab le  for lagoons in  th e  re m a in d e r of th e  UK. 
For exam ple , b io to p es  h av e  n o t b e e n  re fe rred  to  w ith in  th e  a ttrib u tes  as m a n y  lagoons in  E n g land  co m ­
p rise  v a ria tio n s  on  on ly  one b io to p e  (ENLag.IM S.A nn) an d  th e  p re sen ce  of an o th e r (ENLag.Veg). 
H ow ever, w h e re  o th e r b io to p es  are p re se n t w h ic h  are of no te , e.g. Zostera bed s, th e re  w o u ld  be  ju s tif i­
ca tio n  for th e ir  in c lu s io n  in  th e  overall m o n ito rin g  program m e.
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Table 3.8-1 A su m m ary  of a ttributes th a t  m ay  def ine  favourab le  cond it ion  of lagoons

Attribute Measure Comments

Extent

Extent of 
lagoon

Area of the lagoon basin

Area of water occupying the basin 
m easured at the same time of year 
(preferably in  late w inter/early spring 
and  late summer)

Extent of the feature is an attribute on w hich reporting is required by the 
Habitats Directive. Extent influences both sensitivity of the habitat and 
(together w ith shape, i.e. length to breadth ratio) the diversity of the 
biological community present.

Critical to both the definition and maintenance of a lagoon, and the 
community of species it supports, is the retention of most or all of the 
water mass w ithin the system at low water in  the adjacent estuary or sea. 
Concomitant w ith this is maintenance of a relevant depth of water.

Extent of w ater in  late w inter/spring may be taken as the likely extent of 
the lagoon basin. Extent of water in late summer in  lagoons w ith a 
shallow basin is likely to be less than the extent of the basin.

Monitoring the extent of water w ithin the lagoon basin, in  conjunction 
w ith the presence and nature of the isolating barrier, w ill provide a 
surrogate for the attribute water depth once the relationship between these 
attributes has been established, based on the profile of the lagoon bed, 
from survey to characterise the site.

Physical
properties

Topography Average water depth w ith in  the 
lagoon basin (metres) at low tide, 
m easured at same time of year 
(preferably in  late w inter/early spring 
and  late summer).

Isolating 
barrier -

Most appropriate measure of integrity 
and nature of the barrier -

presence
and nature Percoiation: length, w idth and height 

(relative to basin and to tidal levels)

Isolated: length, w idth and height 
(relative to basin and to tidal levels)

Iniet: w idth, depth of inlet channel 
(or, as a surrogate, an indicator of 
hydrological conditions around the 
mouth of the inlet).

Sluiced: Height of base of sluice(s) 
(relative to basin and to tidal levels), 
integrity (leaking or not) and frequen­
cy of opening/closure.

Salinity Seasonal averages (%o) to be measured
regime at least once during the reporting

cycle (preferably in  late w inter/early 
spring and later summer to indicate 
seasonal low and high)

Depending on the size and shape o f 
the lagoon, it m ay be necessary to 
measure along a salinity gradient.

Many (the majority in England) saline lagoons are shallow. The influence 
of depth is a balance between sufficiently shallow to enable light 
penetration, and therefore photosynthesis, and sufficiently deep to 
submerge vegetation (and thereby affect oxygenation, food resource, 
habitat diversity and colonization by lagoonal fauna), determining 
temporal duration of stratification, and buffering against environmental 
change, particularly dehydration.

Empirical analysis o f English lagoons suggests the majority o f the bed  
should be less than lm  deep, particularly in smaller lagoons, but with a 
sm all proportion o f deeper habitat. Actual values will depend on the site. 
Where it is more appropriate to a site, e.g. those with steep banks, water 
depth should be monitored.

The presence of an isolating barrier is fundam ental to the structure and 
function of a saline lagoon (indeed the nature of the barrier and degree of 
separation from the sea defines the type of lagoon in  the UK). Except in 
the case of over-topping (isolated and some percolation lagoons) the key 
factor determining input and output of seawater is the height of the 
bottom of the inlet bed (channel, sluice, w eir or impermeable base of a 
percolation route) relative to ambient low water levels to allow retention 
of the majority of the lagoonal water at low tide. Generally speaking, 
experience suggests the horizontal level should be a little below high 
water neaps.

Salinity is critical to both the structure and function of a lagoon, e.g. in 
defining the habitat, contributing to diversity w ith in  a site, and 
determining w hat species are present. The evolution of a specialist 
lagoonal community appears to be related to intrinsic variation in  salinity 
both in  time (short-term tidal, seasonal) and space.

It is essential that salinity is measured at a similar time of the year and 
state of tide on a site. Salinity of the adjacent open coastal waters should 
be measured at the same time.

Empirical analysis o f lagoons and specialist lagoonal species in the UK 
suggests a salinity range predom inantly between 15%o and 40%o. Variation 
outside this range is tolerable in the short term (days rather than weeks) 
but <10%jo and >50%o should trigger remedial action.

N.B. Percolation lagoons: the long-term natural trend at some sites is to 
become freshwater as silting within the lagoon prevents percolation o f sea 
water and shingle builds up preventing overtopping.
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Attribute Measure Comments

Biotic
composition

Species Presence and abundance of Composite species are im portant contributors to the structure of the saline
composition composite species, m easured at least lagoon habitat, The community w ill reflect to varying degrees the

once during the reporting cycle, structure and function of the habitat as a whole,
measured at same time of year.

The species w ill include one or all of the flora, infauna, epifauna, 
plankton/nekton and phyton. The community is likely to (and indeed 
should) include species characteristic of lagoons. It may include specialist 
and rare/scarce species of interest in  their own right. Reference should be 
made to such species but only if there is a clear case for a species as an 
indicator of the community as a whole (there are almost no known 
examples) or an attribute that is of specific relevance at the individual site 
level, e.g. Lam prothamnium papulosum  as an indicator of phosphate 
levels on sites where such levels are a concern to condition of the feature.

Where infauna are monitored, associated monitoring of the sediment, e.g. 
particle size analysis, w ould be sensible, but not essential unless it is 
critical to the species composition of the biotope concerned.

Suggested techniques for monitoring attributes o f lagoons
For each  of th e  a ttrib u tes  lik e ly  to  be  se lec ted  to  m o n ito r  th e  c o n d itio n  of a fea tu re , th e re  are m a n y  te c h ­
n iq u es  availab le  to  m easu re  its  va lue . To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M on ito rin g  
p rogram m e, it  is n ecessa ry  to  reco m m en d  a sm all n u m b e r of te c h n iq u e s  th a t are lik e ly  to  p ro v id e  co m ­
parab le  m easu res  (Table 3.8-2). T he UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e 
of th e se  tec h n iq u e s  (reco rd ing  b io to p e  r ich n ess , spec ies coun ts), b u t fu rth e r w o rk  is req u ired  on  o ther 
te ch n iq u es  (su ch  as m easu rin g  ex ten t w ith  rem ote  sen sin g  tech n iq u es). T he adv ice  p re se n te d  b e lo w  w ill 
be u p d a te d  w h e n  n ew  in fo rm a tio n  becom es availab le .
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Table 3 .8 -2  Suggested  tec h n iq u es  for m easu r in g  lagoon  attributes. The term s u n d e r  Technique  a p p e a r  u n d e r  the  head in g  
Sum m ary title in the  p ro ced u ra l  g u ide l ines  p rov ided  in Section  6. G u id a n c e  will b e  d ev e lo p ed  for the  t e c h n iq u es  in italics.

Generic attribute Feature attribute Technique

Extent Extent of lagoon (basin; area 
of water)

A ir photo interpretation; Remote imaging; 
Intertidal resource mapping; Direct 
m easurem ent (sm all lagoons only)

Biotope extent A ir photo interpretation; Remote imaging; 
Intertidal resource mapping; Intertidal 
biotope ID; Point sample mapping; 
transect survey (by snorkelling or diving) 
AGDS; Side scan sonar (large lagoons 
only)

Physical properties Substratum: sediment 
character

Particle size analysis; Sedim ent chemical 
analysis

Salinity regime Measuring water quality; Water chemistry 
data loggers

Water depth LIDAR; Rathymetry survey; On-site 
m easurem ent (stick/gauge)

Presence and nature of 
isolating barrier

A ir photo interpretation; Direct 
m easurem ent (small lagoons only)

Nutrient status Measuring water quality; Water chemistry 
data loggers;
Algal mats: see Species com position/ 
richness below for abundance measures; 
see Riotope Extent for the extent of algal 
mats

Biotic composition Species composition, 
Species richness 
Characteristic species

Intertidal ACE; Intertidal quadrat 
photography; Intertidal quadrat sampling 
(see Subtidal quadrat sampling); Intertidal 
core sampling; Subtidal quadrat sampling; 
Subtidal biotope ID; Subtidal core 
sampling; Grab sampling; Suction 
sampling; Fish on sediments; Plankton 
sampling

Biological structure Spatial pattern of biotopes Intertidal resource mapping; Intertidal 
biotope ID; A ir photo interpretation; 
Remote imaging; Point sample mapping; 
Transect survey (by snorkelling or diving) 
AGDS; Side scan sonar (large lagoons 
only)

Specif ic issues affecting the  mon ito r ing  of  lagoons
Lagoons are lis te d  as a p r io r ity  h a b ita t in  th e  H ab ita ts  D irective an d  u n d e r  th e  UK B io d iv ers ity  A c tio n  
P lan . T he H ab ita t A c tio n  P la n  for sa lin e  lagoons in c lu d e s  som e basic  adv ice  o n  m o n ito ring . 
C o m p reh en siv e  g u id an ce  on  th e  m an ag em en t of sa lin e  lagoons in  E ng land , S co tlan d  a n d  W ales, in c lu d ­
ing  m o n ito rin g  th e ir  co n d itio n , is b e in g  p re p a re d  b y  th e  S a lin e  Lagoon W orking G roup .' T he 
in fo rm a tio n  p re se n te d  b e lo w  is a b rie f  su m m ary  of th e  m a in  p o in ts  to  consider, an d  th e  m ore  co m p re ­
h en siv e  g u id an ce  m e n tio n e d  above m u s t be fu lly  c o n su lte d  w h e n  p la n n in g  a m o n ito rin g  s tu d y  of a 
sa lin e  lagoon.

It is im p o rta n t to  co n sid e r th e  w h o le  ecosystem  of a lagoon  w h e n  p la n n in g  a c o n d itio n  m o n ito rin g  
prog ram m e. It m ay  be n ecessa ry  to  co n sid e r a ttr ib u tes  of th e  se d im e n t in fau n a l, ep ifau n a l, p h y to p la n k ­
to n  an d  vegeta tive  co m p o n en ts  of th e  lagoon  system  to co m p reh en siv e ly  ev a lu a te  th e  c o n d itio n  of the  
lagoon  itself.
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Lagoons are a ra re  a n d  v u ln e ra b le  h a b ita t in  th e ir  o w n  righ t, an d  su p p o rt a v a rie ty  of scarce an d  rare  
species. In  G reat B rita in , 12 spec ies of in v e rteb ra tes  an d  p la n ts  asso c ia ted  w ith  lagoons are p ro tec ted  
u n d e r  th e  W ild life  a n d  C o u n try sid e  A ct 1981. A  licen ce  is req u ired  from  th e  re le v a n t s ta tu to ry  co n se r­
v a tio n  agency  to  co llec t an y  sc h e d u le d  sp ec ies  b u t m any, w ith  tra in in g , c an  be id e n tif ie d  in  situ .

T he m in im u m  freq u en cy  of m o n ito rin g  is at least once p e r rep o rtin g  cycle  (six years). W h ils t it is 
im p o rta n t n o t g enera te  an  u n n e c e ssa rily  b u rd e n so m e  m o n ito rin g  p rog ram m e, it  m ay  be n ecessa ry  to 
have  m ore  freq u en t m o n ito rin g  b ecau se  of th e  co n se rv a tio n  im p o rtan ce  of lagoons, an d  th e ir  se n s itiv i­
ty  to  dam age. A n y  d ec is io n  on  w h e th e r to  m o n ito r  m ore  th a n  once d u rin g  a rep o rtin g  p e rio d  w ill n eed  
to take  acco u n t of o ther factors, i.e. degree of th rea t, m an ag em en t ac tion , or re sea rch  need s; th is  obv i­
o u sly  can n o t be in d ic a te d  at a generic  level. It is lik e ly  th a t som e m o n ito rin g  of at leas t p a r t of e ach  SAC 
w ill be re q u ire d  m ore  th a n  once every  six  years.

Seasonal effects
M ost lagoona l su b m erg ed  p la n t sp ec ies  sh o w  m ark ed  seaso n a l cycles of g ro w th  a n d /o r  d ie  back. For 
exam ple , p o p u la tio n s  of th e  im p o rta n t ch a ro p h y te  L a m p ro th a m n iu m  p a p u lo su m  d ie  back  in  th e  w in ­
ter an d  sh o u ld  th u s  be m o n ito re d  in  th e  sum m er. Seagrasses (Z o stera  sp p . an d  R u p p ia  spp .) have  s im i­
lar seaso n a l p a tte rn s  in  th e ir  p o p u la tio n  density . S easona l changes in  v eg e ta tio n  m u s t be co n sid e red  
w h e n  u n d e rta k in g  an y  rem ote  sen sin g  in v es tig a tio n  b ecau se  a change in  ‘c o lo u r’ of th e  la n d  su rface  w ill 
s ig n ifican tly  affect an y  tem p o ra l co m p ariso n  b e tw een  im ages . M ost in v e rteb ra te  spec ies are p re se n t 
th ro u g h o u t th e  year a lth o u g h  som e spec ies have  an  a n n u a l life cycle  an d  w ill sh o w  seaso n a l p a tte rn s  in  
ab u n d an ce . B am ber et al. (in  p rep .)6 c o n c lu d e d  th a t ‘... u n sy n c h ro n ise d  a n n u a l m o n ito rin g , i.e. n o t at 
th e  sam e tim e  each  year, is lik e ly  to  give re su lts  of little  v a lu e  w h ere  seaso n a l p a tte rn s  do e x is t.’ In  
general, m o n ito rin g  s tu d ie s  sh o u ld  be u n d e rta k e n  in  la te  su m m er an d  la te  w in te r /e a r ly  sp rin g  to  id e n ­
tify, an d  co in c id e  w ith , seaso n a l lo w  a n d  h ig h  sa lin ity /w a te r  levels.

S easona l changes in  ra in fa ll m ay  affect th e  sa lin ity  reg im e, w a te r d e p th  a n d  ex ten t of a lagoon. S u ch  
changes w ill be d irec tly  re la ted  to  th e  d im en sio n s  of th e  lagoon. Lagoons w ith  a large w a te r v o lu m e  are 
m ore  ab le to  buffer seaso n a l v a ria tio n s. S easona l changes in  th e  ra te  of in u n d a tio n  m ay  affect th e  ra te  
of se d im e n t d e p o s itio n  or re -su sp en sio n , w ith  a c o n seq u en t change in  tu rb id ity  th a t m ay  in flu e n c e  the  
lagoon  vegeta tion .

Meteorological changes
S a lin ity  is a key  factor d e te rm in in g  th e  b io log ica l co m p o sitio n  a n d  its  asso c ia ted  sp a tia l o rgan isa tion . A 
lagoon, b y  d e fin itio n , has a lim ite d  exchange w ith  th e  o p en  sea w h ere  th e  re s tr ic tio n  is o ften  lin k e d  to 
tid a l cycles. T idal in u n d a tio n  m ay  v a ry  w ith  am b ien t c o n d itio n s  (air p re ssu re  has an  in v erse  effect on 
tid a l he igh t), s to rm  ac tio n  an d  th e  stage of th e  m o n th ly  or a n n u a l tid a l cycle. R ainfall w ill also  in f lu ­
ence  th e  sa lin ity  in  a lagoon, p a rtic u la r ly  th o se  lagoons w ith  v e ry  re s tr ic te d  lin k s to  th e  o p en  sea.

W eather cycles can  re su lt in  changes in  th e  b io tic  assem blages. W ind  m ay  p u s h  algal co m m u n itie s  or 
floa ting  v eg e ta tio n  over sed im en t, p a rtic u la r ly  after a seaso n a l die-back. A  large b an k  of d e ta c h e d  vege­
ta tio n  h a d  b een  b lo w n  on to  th e  sho re  of th e  F lee t lagoon  b y  recen t s trong  w in d s  d u rin g  N ovem ber 1999. 
T h is v eg e ta tio n  o b scu red  th e  u n d e rly in g  h a b ita t a n d  affected  th e  c la ss ifica tio n  of rem ote  sen sin g  
im ages.

Access
L and su rro u n d in g  a lagoon  w ill o ften  be u n d e r  p riv a te  o w n ersh ip  an d  there fo re  it  w ill be n ecessa ry  to 
seek  th e  la n d o w n er 's  p e rm iss io n  to  gain  access to  th e  w ater. W here b o a t access is req u ired , it  m ay  be 
n ecessa ry  to  seek  p e rm iss io n  to  u se  a p riv a te  p ie r  or jetty.

A ccess for m o n ito rin g  a lagoon  w ill d e p e n d  on  th e  size an d  d e p th  of th e  lagoon  a n d  its  substra ta . 
S m all, sh a llo w  lagoons m ay  be sam p led  from  th e  edge or b y  w ad in g  carefully . Large, sh a llo w  lagoons 
m ay  be  sn o rk e lled  w h ile  large, d eep e r lagoons m ay  req u ire  b o a t access. N ev erth e less , th e  su b stra ta  w ill 
have  an  o v errid in g  in flu e n c e  on  th e  m o d e  of access. In  L och  M ad d y  cSAC, th e  m u d  in  th e  lagoons w as 
so soft an d  f lo ccu len t th a t ev en  sn o rk e llin g  w o u ld  cause  u n d e s ira b le  d is tu rb an ce  to  th e  h ab ita t, an d  
d irec t sam p lin g  w as n o t feasib le .6 In  th e  ex ten siv e  F lee t lagoon, D orset, a p ro h ib itio n  o rd er o n  m o to rised  
v esse ls  m ad e  b io log ica l sam p lin g  d ifficu lt an d  a rd u o u s , an d  re s tr ic te d  th e  o p tio n s availab le  w h e n  p la n ­
n in g  a su rv ey  strategy.

In  a ll cases, fie ld  staff m u s t take acco u n t of th e  n e e d  for m in im a l d is tu rb an ce  to th is  fragile h ab ita t.

2 Or the Wildlife (Northern Ireland) Order 1985. At the time of writing there are no lagoon species listed in 
Northern Ireland.

3 Countryside Council for Wales, English Nature, Scottish Natural Heritage.
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Sampling issues
T he fo llow ing  th ree  p o in ts  are m e n tio n e d  above b u t m erit re -em p h asis in g  w h e n  p la n n in g  a sam p lin g  
exerc ise  in  a sa lin e  lagoon:

• Lagoons are a fragile h a b ita t a n d  d is tu rb an ce  m u s t be k e p t to  a m in im u m . It m ay  be a p p ro p ria te  to 
u se  sam p lin g  dev ices th a t take a sm alle r v o lu m e  of se d im e n t (e.g. E k m a n  grab ra th e r  th a n  a D ay grab; 
sm alle r d iam ete r cores ), or red u ce  th e  n u m b e r of sam p les  reco rd ed .

• O ne p o ssib le  d ev e lo p m en t th a t co u ld  co m p ro m ise  d is tu rb an ce  an d  im p ro v e  da ta  on  th e  key  a ttr ib ­
u te  of sa lin ity  is th e  u se  of da ta  loggers. H ow ever, th e  te ch n o lo g y  for m easu rin g  sa lin ity  (u su a lly  
co n d u c tiv ity ) is su c h  th a t su ffic ien tly  sm all a n d  ch eap  loggers, su c h  as for tem p era tu re , m ay  n o t be 
availab le  for som e tim e.

• Lagoons can  su p p o rt spec ies s c h e d u le d  u n d e r  th e  W ild life  an d  C o u n try sid e  A ct 1981 a n d  a licen ce  
is req u ired  for th e ir  co llec tio n . If co llec tio n  is req u ired , th e  q u a n tity  of sp ec im en s  sh o u ld  be  k ep t to 
th e  m in im u m  necessary , a n d  if  p o ssib le , re tu rn e d  to  th e ir  h a b ita t a live  if  a p e rm a n e n t reco rd  is n o t 
req u ired .

A  m o n ito rin g  p rog ram m e m u st co llec t su ffic ien t in fo rm a tio n  to  assess th e  c o n d itio n  of th e  w h o le  
lagoon, or su ite  of lagoons w ith in  th e  SAC. T he co m p lex ity  of su c h  m o n ito rin g  w ill d e p e n d  on  th e  p h y s ­
ica l d im en sio n s  an d  th e  ease of access to  a lagoon. It m u s t co n sid e r b o th  th e  p h y sica l, w a te r q u a lity  (e.g. 
sa lin ity ) an d  b io log ica l aspec ts  of a lagoon  to  assess th e  in teg rity  of th e  en tire  lagoonal ecosystem . 
B am ber e t al. (2000)c p ro v id e  d e ta iled  g u id an ce  on  sam p lin g  issu es  for lagoon  m o n ito rin g  s tu d ies , 
in c lu d in g  th e  m a in  a ttrib u tes  to  m easu re . T h ey  note:

‘T he scale  of larger lagoons, su c h  as m an y  sites in  S co tlan d  an d  th e  F leet, D orset, p oses p a rtic u la r  
challen g es for m o n ito rin g . M any  lagoons can  be tre a te d  as a co llec tio n  of su b -h ab ita ts  w h ic h  m ay  
th erefo re  be s tu d ie d  separa te ly , w h ereas  ex tensive  areas of u n ifo rm  h a b ita t w ill n e e d  to  be "sub-sam ­
p led" b y  tran sec ts  or by  s tra tified  ran d o m  sam pling . T h e  g rea test d ifficu lty  is p o sed  b y  m osaic  h a b i­
ta ts , w h ere  site -sp ec ific  p ro to co ls  w ill n e e d  to  be d ev ised . In  larger lagoons rem ote  sen sin g  tech n iq u es  
m ay  enab le  m o n ito rin g  of th e  ex ten t an d  o th e r a ttrib u tes  of ce rta in  b io to p e s .’

Site marking and relocation
It is u n lik e ly  th a t a lagoon  site  w ill req u ire  m ark ing  or po se  an y  p ro b lem s for re lo ca tio n . M ark ing  sam ­
p lin g  s ta tio n s  w ith in  a lagoon  is m ore  d ifficu lt an d  m u s t take  fu ll a cco u n t of th e  fragile n a tu re  of the  
hab ita t. For h a rd  su b stra ta , th e  site  m ark in g  a n d  re lo ca tio n  issu es  d iscu ssed  u n d e r  Reefs ea rlie r w ill 
eq u a lly  a p p ly  to  lagoons. S im ilarly , th e  sec tio n  on  su b tid a l san d b an k s w ill a p p ly  to  san d  h ab ita ts  
in c lu d in g  eelgrass beds. For sm all sites, p e rm a n e n t m ark in g  of s ta tio n s  in  sed im en t is u n lik e ly  to  be 
n ecessary ; larger sites sh o u ld  be c o n s id e red  case-by-case. P oo ley  an d  B am ber (2000) c o n c lu d e d  th a t 
dGPS w as sa tisfac to ry  for reco rd in g  p o s itio n  w ith in  th e  F lee t lagoon, D orset; th is  co n c lu s io n  sh o u ld  
a p p ly  to  m o st ex ten siv e  lagoons in  th e  UK. For sm a lle r lagoons, th e  lo ca tio n  a n d  re lo ca tio n  of sam p lin g  
s ta tio n s  co u ld  u se  tran s its /b ea rin g s  from  la n d sc a p e  fea tu res (F igure 3-5) a n d  d raw in g s/sk e tch es  of sp e ­
cific loca l fea tu res (F igure 3-4).

Health and safety
A ll fie ld  staff m u s t fo llow  ap p ro v ed  safety  p ro ced u re s  p u b lish e d  b y  th e ir  h o s t in s titu tio n , or th a t of 

th e  co n trac tin g  agency, w h ich ev e r are th e  m ore  strin g en t. R isks specific  to  w o rk ing  in  lagoons are:

• W ading  in  so ft sed im en t. T th e re  is a r isk  of ge tting  s tu ck  or, w orse , d ro w n in g  after fa lling  w h e n  the  
feet are im m o b ilised .

• I lln ess  a n d  d isease  fro m  c o n ta m in a te d  sed im en t. S ed im en ts  are k n o w n  to b in d  c o n tam in an ts  su ch  
as h eav y  m eta ls  (& rad io ac tiv e  iso topes) at h ig h  co n cen tra tio n s , w h ic h  are su b seq u en tly  re leased  
u p o n  d is tu rb an ce . It is p o ssib le  to  co n trac t serio u s d iseases su c h  as h e p a titis  from  sew age effluen t 
in  sed im en t.

4 It is important to consider the body size of the characteristic infaunal organisms to ensure that a smaller sam­
pling device will collect adequate samples.

5 A pilot investigation may be necessary to fully evaluate the m inim um  number of samples necessary to record 
any change.
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If th e re  is an y  h is to ry  of su c h  d ischarges in to  th e  lagoon  u n d e r  in v es tig a tio n , p ro tec tiv e  gloves sh o u ld  
be u se d  to  avo id  sk in  co n tac t w ith  th e  sed im en t.

S u b tid a l sam p lin g  in  lagoons m ay  in v o lv e  sn o rk e llin g  an d  SCUBA d iv in g  tech n iq u es . A ll d iv in g  o p e r­
a tio n s are sub jec t to th e  p ro c e d u re s  d esc rib ed  in  th e  D iving at W ork R egu la tions 1997 
(see: http://www.hse.gov.uk/spd/spddivex.htm) an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical 
A p p ro v ed  C ode of P rac tice7 (http://www.hse.gov.uk/spd/spdacop.htm - a).
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Aim
To p ro v id e  g u id an ce  on  m arin e  A n n ex  II spec ies to  ass is t th e  se lec tio n  of ap p ro p ria te  
m o n ito rin g  tech n iq u es  an d  th e ir  fie ld  d ep lo y m en t

O f th o se  A n n ex  II sp ec ies  th a t occu r in  th e  m arin e  e n v iro n m e n t a ro u n d  th e  U K ,1 th is  sec tio n  o n ly  p ro ­
v id es  ad v ice  for th re e  sp ec ies  for w h ic h  th e  UK h as c u rre n tly  se lec ted  s ites (N ovem ber 2000) -  n a m e ­
ly, g rey  seal, co m m o n  (or h arb o u r) sea l an d  b o ttle n o se  d o lp h in . T h e  p re se n t sec tio n  o n ly  p re se n ts  som e 
b asic  ad v ice  on  asp ec ts  re la tin g  to  th e  e s ta b lish m e n t a n d  im p le m e n ta tio n  of m o n ito rin g  p ro g ram m es 
for th e se  th re e  sp ec ies . T h ere  are m a n y  s ta n d a rd  tex ts  av a ilab le  th a t p ro v id e  m ore  d e ta ile d  g u id an ce  
on  gen eric  issu es  re la tin g  to  sp ec ies  m onito ring ."

E ach  se c tio n  s ta rts  w ith  a b asic  in tro d u c tio n  to  th e  sp ec ies  a n d  som e b ack g ro u n d  in fo rm a tio n  on  th e  
s ite  se le c tio n  p o lic y  for s ites in  th e  UK. It is fo llo w ed  b y  ad v ice  on  se lec tin g  a p p ro p ria te  te c h n iq u e s  
for m o n ito rin g  each  g en eric  a ttr ib u te  an d  in fo rm a tio n  sp ec ific  to  m o n ito rin g  th e se  a ttr ib u te s . F inally , 
sp ec ific  ad v ice  is g iven  on  h e a lth  a n d  safe ty  is su e s  for m o n ito rin g  s tu d ies .

U n d e r th e  C o n se rv a tio n  of S eals A ct 1970, th e  N a tu ra l E n v iro n m e n ta l R esea rch  C o u n cil (NERC) has 
a s ta tu to ry  o b lig a tio n  to  p ro v id e  th e  UK G o v ern m en t w ith  ad v ice  o n  th e  size  a n d  s ta tu s  of B ritish  seal 
p o p u la tio n s . NERC’s Sea M am m al R esea rch  U n it (SMRU) reg u la rly  m o n ito rs  grey  an d  co m m o n  seals 
u s in g  s ta n d a rd  tech n iq u e s . S u rv ey in g  is m o s tly  re s tr ic te d  to  sites in  S c o tlan d  w h e re  over 90%  of each  
sp ec ies  are fo u n d . D ata from  th ese  a n d  o th e r m o n ito rin g  p ro g ram m es w ere  u se d  to  id e n tify  an d  d efine  
c a n d id a te  SACs an d  w ill p ro v id e  im p o r ta n t c o n te x tu a l in fo rm a tio n  ag a in st w h ic h  th e  re su lts  from  
fu tu re  SAC m o n ito rin g  s tu d ie s  m ay  be co m p ared .

A  co n s id e ra b le  a m o u n t of re se a rc h  d a ta  is av a ilab le  for a sp ec ts  of th e  life  cycle  a n d  life  h is to ry  of 
th e se  sp ec ies  at som e sites -  for ex am p le , A b e rd een  U n iv e rs ity  h av e  s tu d ie d  th e  M oray  F irth  area; 
A b e rd een  U n iv ersity , th e  Sea W atch  F o u n d a tio n  a n d  N ek to n  h av e  s tu d ie d  C ard ig an  Bay. N ev erth e less , 
th e re  are s ig n if ican t gaps in  our u n d e rs ta n d in g  of th e  b io logy  a n d  p o p u la tio n  d y n am ics  of a ll th ree  
sp ec ies , b u t p a r tic u la r ly  th e  b o ttlen o se  d o lp h in . C o n seq u en tly  th e  sco p e  of th e  ad v ice  p re se n te d  b e lo w  
is l im ite d  an d  w ill be  rev ised , as th e  re su lts  o f on-going  re se a rc h  b eco m e availab le .

It sh o u ld  be  n o te d  th e re fo re  tha t:

• v e ry  li ttle  in fo rm a tio n  is av a ilab le  for A n n ex  II spec ies , p a r tic u la r ly  th e  b o ttle n o se  d o lp h in ;

• at p re se n t, it  is n o t p o ss ib le  to  co m p le te  a ll th e  sec tio n s  of th e  a ttr ib u te  tab le  -  m ore  re se a rc h  is
re q u ire d  o n  a p p ro p ria te  a ttr ib u te s  to  d e fin e  fav o u rab le  co n d itio n ;

• m a n y  m o n ito rin g  te c h n iq u e s  are  n o t fu lly  te s te d  or e s tab lish ed .

Therefore, th e  a d v ice  p ro v id e d  in  th is  sec tio n  is  b a sed  on o ur p re se n t u n d e rs ta n d in g  (S p rin g  2001) a n d  
is  l ik e ly  to change  as o ur p ra c tica l exp er ien ce  o f  S A C  m o n ito r in g  increases. In  p articu lar, th e  Jo in t 
N a tu re  C onserva tion  C o m m ittee  is  d e v e lo p in g  d e ta ile d  g u id a n c e  d u rin g  2001 to im p le m e n t th e  UK’s 
C o m m o n  S ta n d a rd s  fo r  M o n ito r in g  p ro g ra m m e th a t w ill p ro b a b ly  re su lt in  a s ig n ific a n t rev is io n  o f  th is  
sec tion .

T he  lis tin g  o f  an a ttr ib u te  in  th e  ta b les  in  th is  sec tio n  d o es  n o t  im p ly  th a t i t  sh o u ld  fo rm  p a r t o f  a 
m o n ito r in g  p ro g ra m m e fo r  th e  fea tu re , b u t i t  m a y  n e e d  to be co n sid ered .

1 Grey seal, common seal, bottlenose dolphin, harbour porpoise, otter, twaite shad, allis shad, Atlantic salmon, 
river lamprey and sea lamprey.

2 For example: Ecoscope (2000c) A  species and habitats monitoring handbook. Volume 3: Species. Research,
Survey and Monitoring Report No. [XX], Scottish Natural Heritage, Edinburgh; also Sutherland, W J (1996)
Ecological Census Techniques. Cambridge University Press, Cambridge.

3 See Section 2 for an explanation.
4 See http://smub.st-and.ac.uk/
5 See http://www.abdn.ac.uk/~nhil04/seals/marmamm.htm

http://smub.st-and.ac.uk/
http://www.abdn.ac.uk/~nhil04/seals/marmamm.htm
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Grey seal H a l i c h o e r u s  g r y p u s

Marine Moni tor ing H a n d b o o k

Figure 4.1 Grey seal Halichoerus grypus (Paddy Pomeroy, SMRU)

Int roduc t ion to the  spec ies '  interest
T h e grey  seal H a lich o eru s  g ry p u s  is th e  larger of th e  tw o  re s id e n t sp ec ies  in  th e  UK, reach in g  a len g th  
of u p  to  2 .45m  a n d  w e ig h in g  u p  to  310kg (bo th  m e a su re m e n ts  for a d u lt  m ales) (F igure 4.1). T yp ica lly  
th e y  b re e d  on  e x p o sed  ro ck y  coasts a n d  in  caves b u t occu r in  m o st coasta l h ab ita ts  at o th e r stages of 
th e ir  life  cycle. T h ey  are p re d o m in a n tly  fish  feeders tak in g  a v a rie ty  of sp ec ies  in c lu d in g  san d ee ls , 
gad o id s , sa lm o n id s , a n d  fla tfish , w ith  c e p h a lo p o d  a n d  c ru s ta c e an  in v e rte b ra tes  o ccas io n a lly  c o n ­
su m ed . T h e ir d ie ta ry  c o m p o s itio n  v a rie s  sea so n a lly  a n d  is l in k e d  to  th e  a v a ilab ility  of p re y  species. 
G rey sea ls form  p o ly g y n o u s  b re e d in g  g ro u p s b u t th e  size  of th e  g ro u p s a n d  th e  sex  ra tio  v a rie s  w ith  th e  
n a tu re  of th e  h ab ita t. S ites w ith  o p en  access m ay  h av e  a ra tio  o f one m ale  to  tw o  fem ales b u t w h ere  
access is re s tr ic te d , for ex am p le  in  caves, th e  ra tio  m ay  rise  to  one m ale  for ev ery  te n  fem ales. T h e  t im ­
in g  o f b re e d in g  v a r ie s  b u t  in  g e n e ra l, i t  o c c u rs  in  S e p te m b e r-O c to b e r  in  S.W . B rita in , 
O c to b e r-N o v em b er in  w est a n d  n o r th  S co tlan d , a n d  N o v em b er-D ecem b er at th e  Isle  of M ay (F irth  of 
F orth) a n d  th e  F arn e  Is lan d s. A  sing le  p u p  is p ro d u c e d  a n d  w e a n e d  after 16 -21  days. F em ales com e 
in to  o estru s  to w ard s  th e  en d  of la c ta tio n  w h e n  m atin g  occurs. F em ales leav e  th e  b reed in g  s ite  so o n  
after m a tin g , a n d  so th e re  is no  p a re n ta l care  for th e  p u p s  p o st-w ean in g . In  th e  UK, h u m a n s  are  the  
o n ly  m ajo r p re d a to r  of a d u lt  g rey sea ls , a lth o u g h  p o ten tia lly , p re d a tio n  b y  large ce tacean s (e.g. k ille r  
w h a les) or sh a rk s  m ay  occu r in  o ffshore  areas. S ta rv a tio n  a n d  in fe c tio n  are e s ta b lish e d  so u rces  of p u p  
m orta lity .

The Sea Mammal Research Unit (SMRU) of the Natural Environmental Research Council (NERC) has 
extensively studied grey seal biology and population dynamics in  the UK. In particular, they have com­
pleted surveys of population size," diet, movements and foraging behaviour (using Satellite Relay Data 
Loggers attached to seals) and genetic diversity.

A p p ro x im a te ly  40%  of th e  w o rld  p o p u la tio n  of grey  sea ls b re e d  at UK sites, w h ic h  re p re se n ts  95%  
of th e  EC p o p u la tio n . T h ere  are  b re e d in g  co lo n ies  a ll ro u n d  th e  coast, from  th e  S c illy  Isles c lo ck w ise  
to  th e  N o rth  N orfo lk  C oast. T h ese  co lo n ies  v a ry  g rea tly  in  size  w ith  th e  m a in  b reed in g  co lo n ies  lo c a t­
ed  in  th e  In n e r a n d  O u te r H eb rid es , O rkney, S h e tla n d , th e  m a in la n d  co ast of n o r th  a n d  n o rth -ea s t 
S co tlan d , th e  Isle  of M ay, th e  F arn e  Is lan d s  a n d  w est W ales.

The largest breeding colonies, based on pup production, are candidate SACs. Sites were selected 
using the most up-to-date population information available at the time, although populations at ind i­
vidual sites may fluctuate. Sites were also chosen to reflect the geographical distribution of breeding 
sites -  for example in  west Wales, w hich is the most southerly breeding population.

1 These statistics and the following text are taken from: Bonner, W N and Thompson, P M (1990) Seals, etc.:
Order Pinnipedia -  Grey seal. In: Harris, S and Corbet, G B (eds) The Handbook o f British Mammals, Chapter
11, pp. 472^180. Blackwells, Oxford.

2 See http://smub.st-and.ac.uk/chl_l.html
3 See http://smub.st-and.ac.uk/ch3_2.html

http://smub.st-and.ac.uk/chl_l.html
http://smub.st-and.ac.uk/ch3_2.html
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M onito r in g  requ i r em e n ts  a n d  suggested  t e c h n i q u e s  for grey seal
To h e lp  im p le m e n t th e  U K ’s C om m on  S ta n d a rd s  for M o n ito rin g  p ro g ram m e, it  is  n e c e ssa ry  to  re c o m ­
m e n d  a sm all n u m b e r  of te c h n iq u e s  th a t are lik e ly  to  p ro v id e  co m p arab le  m easu res  for e ach  a ttr ib u te  
(Table 4-1). T he UK M arin e  SACs p ro jec t e v a lu a te d  th e  in te r-c o m p a rab ility  of som e of th e se  te c h n iq u e s  
(for ex am p le  a co u stic  v e rsu s  v isu a l co u n ts  of d o lp h in s) , b u t c o n s id e ra b le  fu r th e r  w o rk  is re q u ire d  to 
e s ta b lish  su itab le  te c h n iq u e s  for m a n y  a ttr ib u te s . T h e  ad v ice  p re se n te d  b e lo w  w ill be u p d a te d  w h e n  
n ew  in fo rm a tio n  beco m es av ailab le .

Table 4-1 Suggested  t e c h n iq u e s  for m ea su r in g  th e  a ttr ibutes  th a t  m ay  b e  used  to de f ine  fav o u rab le  c o n d i t io n  of grey  seal 
p o p u la t io n s .  G u id a n c e  will b e  d e v e lo p e d  for th e  t e c h n iq u e s  listed.

Generic attribute Feature attribute Technique

Quantity
(abundance)

Population size Aerial photo-monitoring; Direct counts from 
boat or shore; ISJark-recapture; Photographic 
mark/recapture

Population dynamics Recruitment

Mortality

Emigration

Immigration

Pup counts;

Track adult survivorship; Adult and pup car­
cass recovery

Tracking pups

Tracking pups

Population structure Age structure 

Sex ratio

Fragmentation/isolation 

Genetic diversity

Estimate natural population structure; ID of 
known individuals

DNA analysis

Habitat requirements Area for breeding

Area for feeding

U ndisturbed area for 
breeding

Environmental processes

Aerial photography; Habitat mapping; 
Airborne remote sensing; Shore survey

Fish census techniques; AGDS; Side scan 
sonar; Acoustic fish monitoring

5
Monitor disturbance events

6
Measure water quality factors ; Elebris/litter 
survey ; Survey injury to animals

Specif ic  issues  affect ing th e  m o n i to r ing  of  grey seal 

Estimating population size
The current surveillance programme undertaken by the SMRU is likely to make a substantial con­

tribution to condition m onitoring of SACs. Currently, each discrete breeding site in  the Inner and 
Outer Hebrides, Orkney and the Isle of May is photographed betw een three and six times at regular 
intervals every year throughout the breeding season. Aerial surveys are carried out from a light twin- 
engine aircraft, using a large format aerial camera m ounted in  a vibration-dam ped, m otion-com pen­
sating cradle. At sites in  Pembrokeshire, the Farne Islands, Orkney and Lincolnshire, population size 
is estim ated by ground counts from boat and shore. These techniques (aerial or ground) should be

4 See Grey seals: Status and monitoring in the Irish and Celtic Seas 
http://www.ucc. ie/ucc/research/crc/pages/research/projectl.htm

5 Disturbance in breeding areas may reduce pup production.
6 To determine levels of nutrients, pollutants and pathogens.
7 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.

http://www.ucc
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used for all other sites not surveyed by these existing programmes. Counting grey seals at breeding or 
haul-out sites will only provide an estimate of the population size and structure because it cannot 
take account of the proportion of the population at sea.

S eals c a n  tra v e l u p  to  100k m  p e r  day, a n d  in d iv id u a l  a n im a ls  h av e  b e e n  tra c k e d  for 3 ,000km . 
C o n se q u e n tly  th e re  m ay  be  large m ig ra tio n s  b e tw e e n  b re e d in g  a n d  h a u l-o u t s ites . T h e re  is  a reg u la r 
in te rc h a n g e  of in d iv id u a ls  b e tw e e n  s ite s  on  th e  east co asts  of S c o tla n d  a n d  E n g lan d , a lth o u g h  th e re  
re m a in s  som e g en e tic  d iffe re n tia tio n  b e tw e e n  ea c h  p o p u la tio n . S om e of th e se  m o v em en ts  m ay  be sea ­
so n a l a n d  lin k e d  to  sea so n a l ch an g es in  th e  sp a tia l d is tr ib u tio n /a v a ila b ili ty  of p re y  sp ec ies . T h e re  is 
lim ite d  in fo rm a tio n  on  th e  f id e lity  of in d iv id u a ls  to  a p a r tic u la r  b re e d in g  s ite  b u t som e h av e  b e e n  
re c o rd e d  re tu rn in g  to  th e  sam e lo c a tio n  on  an  a n n u a l b as is  for a t le a s t 15 years. T h ese  m o v em en ts  
m u s t be  c o n s id e re d  w h e n  in te rp re tin g  th e  re su lts  of c o n d itio n  m o n ito r in g  s tu d ie s  o n  p o p u la t io n  size 
in  a n  SAC.

Population dynamics
Pup counts are taken at the breeding sites and may provide an estimate of birth  rate. M ortality 
amongst newborn pups can be as m uch as 15% , w ith a further m ortality rate of betw een 40 and 60%  
occurring w ith in  1 2 -1 8  months.

The m ain causes of m ortality are difficult to quantify as many seals (adults and pups) die at sea, but 
disease caused by parasites, pollu tion and entanglem ent in  discarded/lost fishing nets are some of the 
m ain causes.

A  d e ta ile d  u n d e rs ta n d in g  of th e  p o p u la t io n  d y n am ics  n e e d e d  in  o rd e r to  d e fin e  fav o u rab le  c o n d i­
tio n  of th e  grey  sea l is  n o t ava ilab le .

Habitat requirements
G rey sea ls  d e p e n d  on  th e  sea for th e ir  food  b u t a lso  h av e  a n e e d  for safe areas of la n d  to  h a u l  ou t to  
re s t, g ive b ir th  a n d  m o u lt. T h ey  re q u ire  u n d is tu rb e d  areas, u s u a lly  u n in h a b ite d  o ff-shore  is la n d s , th a t 
affo rd  easy  access  to  th e  in te r tid a l a n d  a d ja c e n t co asta l a reas above M ean  H ig h  W ater of sp rin g  tid e s . 
T h e re  is  in c re a s in g  e v id e n c e  th a t  c e r ta in  h a b ita t fea tu res , su c h  as access to  sh a llo w  fre sh w a te r  p o o ls , 
are im p o rta n t.

S tu d ie s  d e m o n s tra te d  th a t g rey  sea ls  can  forage w id e ly , a lth o u g h  m o st feed in g  a c tiv ity  w as w ith in  
50km  of a h a u l-o u t site . T yp ica l forag ing  tr ip s  la s t from  tw o  to  five days. N ev e rth e le ss , sa te llite  
te le m e try  s tu d ie s  sh o w  d is tin c t agg regations of a n im a ls  at o ffshore  lo c a tio n s  in  th e  N o rth  Sea, o ften  
w h e re  th e  seab ed  co m p rise s  co arse  sa n d  a n d  g ravel. M o n ito rin g  a ttr ib u te s  in  re la tio n  to  forag ing  area  
a n d  p re y  a v a ila b ility  w ill be  d iff ic u lt for g rey  sea ls  b e c a u se  of th e ir  m o b ility  a n d  a b ility  to  sw itc h  
b e tw e e n  p re y  sp ec ies .

Heal th  a n d  safety

Grey seal colonies are often located in  remote areas that present considerable health  and safety risks. 
Staff m ust follow all standard procedures, particularly in  relation to working alone (to be avoided), 
working in  remote areas and working from small boats. Some specific risks are:

• w o rk in g  in  caves;
• w o rk in g  o n  offshore  rocks, w h e re  d iff ic u ltie s  are a s so c ia te d  w ith  la n d in g , w av e  su rges, b e in g  

s tra n d e d  b y  a r is in g  tid e ;
• a tta c k  b y  a d u lt  sea ls , p a r t ic u la r ly  d u rin g  th e  b re e d in g  seaso n  a n d /o r  in  c o n fin e d  sp aces  (caves or 

g u llies);
• in fe c tio n  of w o u n d  i f  b itte n ;

• b a c te r ia l in fe c tio n  from  sea l faeces at b re e d in g /h a u l-o u t sites.

T h e  W ild life  a n d  C o u n try s id e  A ct 1981° a n d  th e  A n im a ls  (S c ien tific  P ro ced u re s)  A ct 19869 co n tro l 
a n d  reg u la te  th e  s tu d y  of w ild  a n im a ls  th a t in v o lv e  th e  c a p tu re  a n d  re lea se , h a n d lin g  or rem o te  sa m ­
p lin g  of in d iv id u a ls . U n d e r th is  le g is la tio n , a lic e n c e  is re q u ire d  from  th e  UK G o v e rn m en t for a ll 
a c tiv itie s  th a t  re q u ire  th e  c a p tu re  or h a n d lin g  of grey  seals.

8 See: http://www.wildlife-countryside.detr.gov.uk
9 See: http://www.homeoffice.gov.uk

http://www.wildlife-countryside.detr.gov.uk
http://www.homeoffice.gov.uk
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Figure 4 .2  Common seal Phoca vitulina (Lighthouse Field Station, University of Aberdeen) 

Introduct ion to the  species '  interest
T he co m m o n  seal P hoca v itu lin a  (also k n o w n  as th e  h a rb o u r seal) is th e  sm alle r of th e  tw o  re s id e n t 
spec ies in  th e  UK, reach in g  a len g th  of u p  to  1 .85m  an d  w eig h in g  u p  to  130kg (both  m easu rem en ts  for 
a d u lt m ales). C om m on sea ls’ h a b itu a l h a u l-o u t areas are g en era lly  fo u n d  in  shallow , sh e lte red  w aters, 
sea loch s a n d  is la n d  arch ipelagos. T h ey  are ch a rac te ris tica lly  fo u n d  o n  san d b an k s, m u d  flats a n d  e s tu ­
aries on  th e  east coast of th e  UK (W ash, D ornoch  F irth), or sho res of sm all is la n d s  or iso la ted  skerries 
in  w est S co tlan d  an d  th e  ou te r is lan d s . In d iv id u a ls  re tu rn  to  favoured  h a u l-o u t sites an d  th e re  are no 
k n o w n  m ig ra to ry  m o v em en ts . T h ey  are p re d o m in a n tly  o p p o rtu n is tic  fish  feeders tak ing  a v a rie ty  of 
spec ies th a t are lo ca lly  ab u n d a n t, an d  a lso  in v erteb ra tes  su c h  as cep h a lo p o d s , g astro p o d s an d  c ru s ­
taceans. A d u lt fem ales b ear a sing le  p u p  in  June  or ea rly  Ju ly  w ith  n o  obv ious reg iona l d ifferences 
a ro u n d  th e  UK. P u p s are w ean ed  after abou t 4 -5  w eeks an d  n o rm a lly  co m p le te  b y  la te  Ju ly  at m ost 
co lon ies. M ating  occurs so o n  after w ean ing . C om m on seals are to p  p red a to rs  in  th e  UK an d  th e re  are 
few  k n o w n  sou rces of m orta lity . In  1988, p o p u la tio n s  w ere  re d u c e d  b y  abou t 50%  fo llow ing  a p h o c in e  
d is tem p er v iru s  ep izoo tic . C om m on seals are often  p e rce iv ed  as h av in g  a great im p a c t on  fisheries, p a r ­
tic u la rly  th o se  u s in g  se t n e ts  an d  cages, a lth o u g h  th e ir  ac tu a l im p a c t on  fish  p o p u la tio n s  is e s tim a ted  to 
be v e ry  low. P u p s w ere  h u n te d  for th e ir  sk in  in  n o rth  an d  w est S co tlan d  an d  th e  W ash  u n til  th e  p a ss ­
ing  of th e  C onserv a tio n  of Seals A ct in  1970. In  o rder to  p ro te c t th e ir  ca tch , fish e rm en  m ay  k ill sea ls if  
th e y  are in te rfe rin g  w ith  fish ing  gear.

The Sea Mammal Research Unit (SMRU) of the Natural Environmental Research Council (NERC) and 
Aberdeen University" have extensively studied common seal biology, population dynamics and diet on 
the east coast of Scotland. SMRU undertake annual surveys to estimate population size.

T he UK h o ld s  ap p ro x im a te ly  5%  of th e  w o rld  p o p u la tio n  of co m m o n  seals, an d  a p p ro x im a te ly  50%  
of th e  EC p o p u la tio n . T he b io g eo g rap h ica l d is tr ib u tio n  in  UK w aters ranges from  S trang fo rd  Lough, 
N o rth e rn  Ire lan d  to  th e  so u th  sho res of th e  C lyde an d  th e n  c lockw ise  ro u n d  th e  coast to  th e  T ham es 
estuary . T he co m m o n  seal is w id e sp re a d , b u t p o p u la tio n  d e n s ity  varies  g rea tly  from  p lace  to  p lace , w ith  
lo w  n u m b ers  a t m an y  sites. T h is  m ean s it c an  be d ifficu lt to  define  th e  b o u n d a rie s  of sp ec ific  sites. T he 
cen su s of th e  co m m o n  seal p o p u la tio n  is b ased  o n  n u m b ers  h a u lin g  ou t in  coasta l lo ca tio n s d u rin g  th e  
m o u ltin g  p e r io d  in  A ugust. S u ch  h a u l-o u t areas are th o u g h t to  be v e ry  im p o rta n t for th e  co n se rv a tio n  
of th e  spec ies, as are th e  m o st im p o rta n t b reed in g  co lon ies. S ites w ere  se lec ted  u s in g  th e  m ost 
u p -to -d a te  p o p u la tio n  in fo rm a tio n  ava ilab le  at th e  tim e , a lth o u g h  p o p u la tio n s  at in d iv id u a l sites 
m ay  fluc tua te .

1 These statistics and the following text are taken from: Bonner, W N and Thompson, P M (1990) Seals, etc.: 
Order Pinnipedia -  common seal, in: Harris, S and Corbet, G B (eds) The Handbook o f British Mammals, 
Chapter 11, pp. 462-471. Blackwells, Oxford.

2 See http://www.abdn.ac.uk/~nhi519/lighthse/seals/seals.htm
3 See http://smub.st-and.ac.uk/chl_l.html

http://www.abdn.ac.uk/~nhi519/lighthse/seals/seals.htm
http://smub.st-and.ac.uk/chl_l.html
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Monito r ing  r equ i rem en ts  a n d  suggested t e c h n iq u e s  for c o m m o n  seal
To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M on ito rin g  p rog ram m e, it is n ecessa ry  to  reco m ­
m e n d  a sm all n u m b e r of te ch n iq u es  th a t are lik e ly  to  p ro v id e  co m p arab le  m easu res  for each  of a ttrib u te  
(Table 4-2). T h e  UK M arine  SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e of th e se  te ch n iq u es  
(for ex am p le  aco u stic  v e rsu s  v isu a l co u n ts  of d o lp h in s), b u t co n sid e rab le  fu rth e r w o rk  is req u ired  to 
e s tab lish  su itab le  tech n iq u es  for m a n y  a ttr ib u tes . T h e  adv ice  p re se n te d  b e lo w  w ill be u p d a te d  w h e n  
n ew  in fo rm a tio n  b ecom es availab le .

Table 4-2 Suggested  t e c h n iq u es  for m easu r ing  the  a ttr ibutes th a t  may b e  used to def ine  favourab le  cond it ion  of c o m m o n  
seal p opu la t ions .  G u id a n c e  will b e  d e v e lo p ed  for th e  t e c h n iq u es  listed.

Generic attribute Feature attribute Technique

Quantity
(Abundance)

Population size Thermal aerial photography; Colour 
aerial photography; Direct counts 
from boat or shore

Population dynamics Recruitment

Mortality

Emigration

Immigration

Pup counts

Pup carcass counts; Adult carcass 
recovery; Tagging individuals

Satellite telemetry

Satellite telemetry

Population structure Age structure 

Sex ratio

Fragmentation/isolation 

Genetic diversity

ID of known individuals

Count haul-out sites 

DNA techniques

Habitat requirements Area for breeding 

Area for feeding

Environmental processes

Aerial photography; airborne remote 
sensing; Habitat mapping

Habitat mapping (AGDS; Side scan 
sonar); Fish census techniques; 
Acoustic fish monitoring

Measure water quality factors4; 
Debris/litter survey ; Survey injury 
to animals

Specif ic issues affecting the  mon ito r ing  of  c o m m o n  seal 

Estimating population size
T he c u rre n t su rv e illan ce  p rog ram m e u n d e rta k e n  b y  th e  SM RU is lik e ly  to  m ake a su b stan tia l c o n tr ib u ­
tio n  to  c o n d itio n  m o n ito rin g  of SACs. C urren tly , SM RU su rveys co m m o n  seals every  five years in  
S co tlan d  an d  a n n u a lly  in  L in co ln sh ire  a n d  N orfolk. S urveys are ca rried  ou t in  A ugust d u rin g  th e  m o u lt 
w ith in  tw o  h o u rs  of lo w  tid e s  occu rrin g  b e tw een  13:00 an d  19:00 h o u rs . For rocky  or seaw eed  d o m i­
n a te d  sites, seals are su rv ey ed  u s in g  a th e rm al-im ag in g  cam era  m o u n te d  on  a h e lic o p te r  to d isc rim in a te  
th e  w ell-cam o u flag ed  seals from  th e  b ack g ro u n d  (Figure 4.3). H elico p ters  are p re fe rred  to  fixed-w ing  
a irc ra ft b ecau se  th e y  can  ca re fu lly  fo llow  th e  sho re  along  a co m p lex  coastline . C o n v en tio n a l aeria l p h o ­
to g rap h y  is u se d  for th e  east coast san d b a n k  sites w h ere  th o se  seals h a u le d  ou t are c o n sp icu o u s  against 
th e  b ack g ro u n d  sed im en t.

4 To determine levels of nutrients, pollutants and pathogens.
5 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.
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Figure 4 .3  A conventional photograph (left) and a thermal image (right) of com m on seals on a skerry in 
Scotland (from SMRU Internet site)

A lth o u g h  th ese  su rveys co in c id e  w ith  th e  p e rio d  w h e n  th e  m ax im u m  n u m b e r of seals are lik e ly  to  be 
asho re , th e re  w ill be an  u n k n o w n  n u m b e r of an im als  in  th e  w a te r at th e  tim e  of survey. R esearch  s tu d ­
ies in  O rkney, th e  M oray  F irth  a n d  th e  W ad d en  Sea d ev e lo p ed  ‘c o rrec tio n  fac to rs’. In  th e  M oray  F irth , 
th e  p ro p o rtio n  of seals h a u le d  ou t w as estim a ted  to  be 0 .5 -0 .7 5  of th e  to ta l p o p u la tio n . It is im p o rta n t 
to e s tab lish  th e  ac tiv ity  p a tte rn s  of th e  seals w h e n  p la n n in g  an y  cen su s as th e  h a b ita t c an  stro n g ly  in f lu ­
ence  th e  a n im a l’s b eh av iou r. For exam ple , co m m o n  seals on  ro ck y  sho res in  O rkney  h a d  d iu rn a l p a t­
te rn s  of activ ity , w h ereas  in  th e  M oray  F ir th  th e  av a ilab ility  of h a u l-o u t sites on  san d b an k s  d e p e n d e d  
on  th e  tid a l cycle. C ensus te c h n iq u e s  m u s t m in im ise  w ith in -y ea r v a ria tio n  b y  in v estig a tin g  ac tiv ity  p a t­
te rn s  at a loca l level. T he s tu d y  in  th e  M oray  F ir th  c o n c lu d e d  th a t p o p u la tio n  tre n d s  m ay  be de tec ted  
over 4 -6  years u s in g  a n n u a l co u n ts  b ased  on  2 -3  v is its  p e r year; > 5 -6  v is its  p e r year w ere  fo u n d  to  be 
ineffic ien t.

Population dynamics
C om m on seal m o v em en ts  can  be in v es tig a ted  b y  VHF or sa te llite -lin k ed  te lem etry . In d iv id u a ls  are c a p ­
tu re d  at th e  h a u l-o u t site  a n d  th e  te lem e try  dev ice, w h ic h  u su a lly  in c lu d e s  a da ta  logger, g lu ed  to  th e  
fur on  th e  to p  of th e  se a l’s n eck .c' T h ese  tags d e tach  from  th e  b o d y  d u rin g  th e  a n n u a l m o u lt. C om m on 
seal m o v em en ts  are  stro n g ly  in flu e n c e d  by  local food availab ility , an d  m o st m o v em en ts  are co n sid e red  
‘lo c a l’ co m p ared  w ith  grey  seals. In d iv id u a ls  m ay  trav e l u p  to  45km  on  tr ip s  la s tin g  six  days, b u t th e n  
re tu rn  to  th e ir  ‘h o m e ’ site. M ost m ass m o v em en ts  are a sso c ia ted  w ith  th e  d isp e rsa l of y o ung  an im als, 
a lth o u g h  seaso n a l m o v em en ts  b e tw een  h a u l-o u t sites are k n o w n .6

Population structure
Sex ra tio  m ay  be an  im p o rta n t a ttr ib u te , a lth o u g h  an y  change m ay  n o t m an ifest as a p ro b lem  for sev e r­
al gen era tio n s. It is n ecessa ry  to in v estig a te  sex ra tio  at least tw ice  d u rin g  th e  a n n u a l life  cycle  b ecau se  
th e  sex of an im als  at a h a u l-o u t is b ia sed  to w ard  fem ale d u rin g  th e  p u p p in g  season , a n d  to w ard  m ale  
d u rin g  th e  a n n u a l m o u lt.

C om m on seals req u ire  su itab le  h a u l-o u t sites th ro u g h o u t th e ir  life  cycle. S tu d ies  have  sh o w n  th a t th is  
spec ies form s d iscre te  p o p u la tio n s  w ith  little  in te rch an g e  of in d iv id u a ls  b e tw een  p o p u la tio n s . A n y  loss 
of h a u l-o u t sites w ith in  an  SAC w ill affect th e  loca l co m m o n  seal p o p u la tio n . It m ay  be n ecessa ry  to 
m o n ito r th e  n u m b e r of h a u l-o u t sites w ith  th e  SAC.

Habitat requirements
C om m on seals are coasta l feeders, ra re ly  occu rrin g  fu rth e r th a n  a few  k ilo m etres  offshore. P o p u la tio n s  
ap p ea r to  re m a in  w ith in  an  area th ro u g h o u t th e  year, a lth o u g h  th e  n u m b e r of in d iv id u a ls  at a h au l-o u t 
site  w ill change th ro u g h o u t th e  year. S tu d ies  have  sh o w n  th a t seaso n a l changes in  site  u se  m ay  be 
lin k e d  to  a s ite ’s p h y s ic a l ch a rac te ris tic s , b ecau se  th e y  m ay  be su itab le  for b reed in g  fem ales d u rin g  p u p ­
p ing , or g roups u n d e rg o in g  th e  a n n u a l m o u lt, or b ecau se  th e re  are seaso n a l p a tte rn s  in  th e  a b u n d an ce  
of th e  se a l’s p rey  n ea r a s ite .6 M a in ten an ce  of v iab le  p o p u la tio n s  w ith in  SACs is th ere fo re  c learly  lin k ed  
to th e  av a ilab ility  of su itab le  h a u l-o u t sites w ith  foraging areas n ea rb y  (<60km ) th ro u g h o u t th e  life  cycle.

M on ito rin g  th e  av a ilab ility  of su itab le  feed ing  areas m u s t be lin k e d  to  c o n tem p o ra ry  analyses of th e  
se a l’s d ie t b ecau se  co m m o n  seals sw itc h  th e ir  p re fe rred  p re y  in  re la tio n  to  its  loca l a b u n d an ce  b o th  
w ith in  a n d  b e tw een  years. D iet co m p o sitio n  can  be asce rta in ed  by  an a ly sin g  faecal m a te ria l from  sam ­
p les  co llec ted  at h a u l-o u t sites. T he lo ca tio n  of feed ing  areas can  be d e te rm in ed  b y  te lem e try  s tu d ies. 
T he ty p e  of p re y  co n su m ed  w ill d e te rm in e  th e  te c h n iq u e  req u ired  for m o n ito rin g  p rey  a b u n d an ce  w ith ­
in  th ese  areas.
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Heal th a nd  safety
C om m on seal co lon ies are often  lo ca ted  in  rem ote  areas th a t p re se n t co n sid e rab le  h e a lth  an d  safety  
risks. S taff m u s t fo llow  a ll s ta n d a rd  p ro ced u re s , p a rtic u la r ly  in  re la tio n  to  w o rk in g  a lone  (to be av o id ­
ed), w o rk in g  in  rem ote  areas an d  w ork ing  from  sm all boats. Som e specific  risks in c lu d e :

• w o rk in g  on  san d b an k s: getting  s tu ck  in  th e  sed im en t, b e ing  tra p p e d  b y  ris in g  tide;
• w o rk in g  on  offshore rocks: d ifficu lties  asso c ia ted  w ith  lan d in g , w ave surges, b e ing  s tra n d e d  b y  a r is ­

in g  tide;
• a ttack  b y  a d u lt seals, p a rtic u la r ly  d u rin g  th e  b reed in g  season;
• in fe c tio n  of a w o u n d  if  b itten ;

• b ac te ria l in fe c tio n  from  seal faeces a t b re e d in g /h a u l-o u t sites.

T he W ild life  a n d  C o u n try sid e  A ct 19816 a n d  th e  A n im als  (S cien tific  P ro ced u res) A ct 1986? co n tro l an d  
reg u la te  th e  s tu d y  of w ild  an im als  th a t in v o lv e  th e  cap tu re  a n d  re lease , h a n d lin g  or rem o te  sam p lin g  of 
in d iv id u a ls . U n d e r th is  leg is la tio n , a licen ce  is re q u ire d  from  th e  UK G o v ern m en t for a ll ac tiv ities  th a t 
req u ire  th e  cap tu re  or h a n d lin g  of co m m o n  seals.

Bibliography
a Thompson, P M and Harwood, J (1990) Methods for estimating the population size of common seals Phoca vit­

ulina. Journal o f Applied Ecology 27 , 924-938. 
b Thompson, P A, Tollit, D J, Wood, D, Corpe H M, Hammond, P S and Mackay A (1997) Estimating harbour seal 

abundance and status in an estuarine habitat in north-east Scotland. Journal o f Applied Ecology, 34, 43-52. 
c Thompson, P A, McConnell, B J, Tollit, D J, Mackay, A, Hunter, C and Racey, P A (1996) Comparative distribu­

tion, movements and diet of harbour and grey seals in the Moray Firth, N.E. Scotland. Journal o f Applied  
Ecology, 33, 1572-1584.

d Thompson, P A and Miller, D (1990) Summer foraging activity and movements of radio-tagged common seals 
[Phoca vitulina. L.) in the Moray Firth, Scotland. Journal o f A pplied  Ecology, 27, 492-501. 

e Allen, S G (1988) M ovement and activity patterns o f harbor seals at Point Reyes Peninsula, California. M.Sc. the­
sis, University of California, Berkeley, 

f Tollit, D J and Thompson, P M (1996) Seasonal and between-year variations in the diet of harbour seals in the 
Moray Firth, NE Scotland. Canadian Journal o f Zoology, 74, 1110-1121.

6 See: http://www.wildlife-countryside.detr.gov.uk
7 See: http://www.homeoffice.gov.uk
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G u id an c e  for establ ishing moni tor ing p rogrammes  for some  Annex  II species

Bottlenose dolphin T u r s i o p s  t r u n c a t u s _________

129

Figure 4 .4  Bottlenose do lp h in  Tursiops truncatus (from Lighthouse Field Station, University  of
A b e rd ee n  Internet site)

Introduct ion to the  species '  interest
B ottlenose  d o lp h in s  m ay  a tta in  a len g th  of 2 .7m  an d  w eig h  u p  to  275kg (both  m easu rem en ts  for a d u lt 
m ales). T h ey  are long -lived  m arin e  m am m als  liv in g  u p  to  50 years of age. Fem ales reach  sex u a l m a tu ­
r ity  at 5 -1 2  years of age a n d  m ay  p ro d u c e  a ca lf every  2 -3  years th ro u g h o u t th e ir  4 0 -5 0  year life  span . 
B irths occur over an  ex te n d e d  p e rio d  w ith  a p e a k  in  M arch  to  M ay, an d  p o ss ib ly  d u rin g  A ugust an d  
S eptem ber. T h is spec ies is w id e ly  d is tr ib u te d  in  th e  N o rth  A tlan tic , W est A frican , M ed ite rran ean  an d  
UK coasta l w aters , w ith  m ost sigh tings w ith in  10km  of lan d . Two p re d o m in a n t p o p u la tio n s  occur in  UK 
in sh o re  w aters -  C ard igan  Bay a n d  th e  M oray  F irth . In  ad d itio n , sm all g roups ap p ea r to  be re s id e n t or 
n ea r-re s id en t in  w ate rs  off C ornw all an d  D orset. T he to ta l p o p u la tio n  in  th e  in sh o re  w ate rs  of th e  UK is 
p ro b ab ly  b e tw een  300 an d  500 in d iv id u a ls . T he spec ies u se d  to  be m ore  w id esp read , e sp ec ia lly  in  th e  
s o u th e rn  N orth  Sea an d  E ng lish  C h an n e l, an d  has ce rta in ly  d ec lin ed  in  range. T h e ir  d ie t is p re d o m i­
n a n tly  fish , a lth o u g h  c ep h a lo p o d  in v erteb ra tes  (squ id  an d  cu ttle fish ) are co n su m ed .

A b erd een  U niversity" an d  th e  SM RUJ h av e  s tu d ie d  th e  d o lp h in  p o p u la tio n  in  th e  M oray F irth  since  
1988. S ince  1989 th ey  s ta rted  a jo in t p ro jec t to  deve lop  p h o to -id e n tif ic a tio n  te c h n iq u e s  in  an  a ttem p t to 
s tu d y  th e  size an d  d y n am ics of th e  M oray  F ir th  p o p u la tio n .

In  o rd er for site  d esig n a tio n  u n d e r  th e  D irective to  be an  a p p ro p ria te  m e c h a n ism  for p ro te c tio n  of 
A nn ex  II species, it is ex p ec ted  th a t c lea rly  id en tif iab le  areas can  be d e fin ed  th a t have  th e  p h y s ica l an d  
b io log ica l factors e ssen tia l to  th e  life  an d  re p ro d u c tio n  of a p o p u la tio n  of th e  species. O nly  tw o  areas in  
UK w aters  h av e  b een  id e n tif ie d  th a t m ee t th is  c rite rio n  for b o ttlen o se  d o lp h in s ; b o th  th e se  lo ca lities  
have  b een  se lec ted  h o ld in g  th e  o n ly  tw o  su b stan tia l re s id e n t p o p u la tio n s  of th e  spec ies in  UK w aters. 
W hile  th e  in d iv id u a ls  u s in g  th e  tw o sites m ay  range fu rth e r a fie ld  for p a rt of th e  year, d o lp h in s  are p re s ­
en t th ro u g h o u t th e  year a n d  easily  reco g n ised  in d iv id u a ls  h av e  b e e n  seen  over p e rio d s  of severa l years. 
T h is re p e a te d  o ccu rren ce  an d  c o n tin u a l p re sen ce  in d ic a te s  th a t th e  sites are c ritica l for th e  m a in te n a n c e  
of th e se  p o p u la tio n s .

Monito r ing  r equ i rem en ts  an d  suggested  t e c h n iq u e s  for bo t t l enose  do lph in
To h e lp  im p le m e n t th e  U K ’s C om m on S tan d a rd s  for M o n ito rin g  p rog ram m e, it is n ecessa ry  to  reco m ­
m e n d  a sm all n u m b er of te c h n iq u e s  th a t are lik e ly  to  p ro v id e  co m p arab le  m easu res  for each  of a ttr ib u te  
(Table 4-3). T he UK M arine SACs p ro jec t ev a lu a ted  th e  in te r-co m p arab ility  of som e of th ese  te ch n iq u es  
(for exam ple , aco u stic  v e rsu s  v isu a l co u n ts  of d o lp h in s), b u t co n sid e rab le  fu rth e r w o rk  is req u ired  to 
e s tab lish  su itab le  te c h n iq u e s  for m an y  a ttrib u tes . T he adv ice  p re se n te d  b e lo w  w ill be u p d a te d  w h en  
n ew  in fo rm a tio n  becom es availab le .

1 These statistics and the following text are taken from: Evans, P G  H (1990) Whales, Dolphins and Porpoises:
Order Cetacea -  Bottlenose dolphin, in: Harris, S and Corbet, G B (eds) The Handbook o f British Mammals,
Chapter 9, pp. 331-333. Blackwells, Oxford.

2 See http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/dolphins.htm
3 See http://smub.st-and.ac.uk/ch4_5.html

http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/dolphins.htm
http://smub.st-and.ac.uk/ch4_5.html
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Table 4-3 Suggested  t e c h n iq u es  for m easu r ing  th e  a ttr ibutes th a t  may b e  used to def ine  favourab le  cond it ion  of bo t t lenose  
d o lph in  p opu la t ions .  G u id a n c e  will b e  d e v e lo p ed  for the  t e c h n iq u es  listed.

Generic attribute Feature attribute Technique

Quantity
(Abundance)

Population size Counts; Mark/recapture by photo-ID; 
Acoustic techniques

Population dynamics Recruitment Count juveniles

Mortality Fishery by-catch survey; Stranded 
carcass returns;

Immigration Photo-ID of individuals

Population structure Age structure 

Sex ratio

Fragmentation/isolation 

Genetic diversity

Habitat requirements Area for breeding

Area for feeding Habitat mapping (AGDS; side scan 
sonar); Prey census techniques

Environmental processes
4

Measure water quality factors; 
Debris/litter survey in  relation to 
injury to animals;5 Incidence of skin 
lesions

Specif ic issues affecting the  mon ito r ing  of  bo t t l enose  do lph in  

Population size
For th e  M oray  F ir th  p o p u la tio n , th e  estim a te  of p o p u la tio n  size w as d e riv ed  from  a m ark -recap tu re  
m o d e l u s in g  th e  p ro p o rtio n  of p h o to g ra p h e d  in d iv id u a ls  in  severa l sep ara te  sam ples. It is im p o rta n t to 
s ta n d a rd ise  th e  reco rd in g  p e r io d  (using  tim e) to  avo id  an y  b ias in  th e  re su lts ; th a t is, th e  co u n ts  are 
effo rt-lim ited . C o n sis ten t id e n tif ic a tio n  of an  in d iv id u a l re lies  on  m ark ings th a t p e rs is t b e tw een  su rveys 
(F igure 4.5). T h is m ay  req u ire  m ore  reg u lar su rv e illan ce  v is its  th a n  c o n d itio n  m o n ito rin g  even ts (per­
h ap s  every  six  years). In  th e  M oray  F irth , th e re  is a p h o to -a rch iv e  of over 395 ‘in d iv id u a ls ’. Som e a n i­
m als occur m ore  th a n  once e ith e r  b ecau se  th e ir  id e n tify in g  m arks w ere  lo s t b e tw een  p h o to g rap h s , or 
b ecau se  th e  p h o to g rap h s  re p re se n t le ft an d  rig h t v iew s th a t it  h a d  n o t b e e n  p o ss ib le  to  l in k  together.

4 To determine levels of nutrients, pollutants and pathogens.
5 For example, discarded monofilament nets and ropes may entangle seals causing lacerations.



G u id an c e  for establ ishing moni tor ing p rogrammes  for so m e  Annex  II species

Figure 4 .5  Examples of  so m e  of the  m ain  types of natural markings used to identify individual b o t t len o se  d o lp h in s  in the  
Moray Firth popu la t io n .  C lockw ise  f rom  the  to p  left: dorsal fin nicks,  d e p ig m e n te d  areas,  rake marks; an d  skin lesions (after 
Lighthouse Field Station, University  of  A b e rd een  )

S hore  or b o a t-based  co u n tin g  tec h n iq u e s  th a t do n o t in v o lv e  an y  id e n tif ic a tio n  of in d iv id u a l an im als  
are p ro n e  to  erro r d u e  to  th e  m o b ility  of th e  an im als  b o th  w ith in  an d  b e tw e e n  co u n tin g  p e rio d s. 
In d iv id u a l d o lp h in s  can  m ove ra p id ly  th ro u g h o u t th e ir  range; for exam ple , one in d iv id u a l in  th e  M oray 
F ir th  w as s ig h ted  at lo ca tio n s 190km  a p a rt w ith in  a 5-day  p e r io d .3 N everth e less , v isu a l co u n ts  at s ta ­
tio n s k n o w n  to be reg u la rly  freq u en ted  by  d o lp h in s  m ay  be im p o rta n t for a ssessing  th e  effec tiveness of 
an y  m an ag em en t ac tio n s, an d  if  u n d e rta k e n  reg u la rly  m ay  act as a reg u lar ‘h e a lth  c h eck ’ b e tw een  m o n ­
ito rin g  events.

Passive acoustic monitoring of dolphin vocalisations may be useful for estimating the abundance of 
individuals w ithin an SAC, particularly for monitoring changes in  distribution and abundance in  small, 
localised areas . This technique has the advantages of tim e/weather independence and it can detect dol­
phins over m uch greater ranges than visual census techniques'. However, it is not possible to assess the 
proportion of individuals calling at any one time. Acoustic monitoring can provide a valuable adjunct 
to a visual census, and may provide a valuable tool for the long-term surveillance of dolphin activity 
patterns w ithin an SAC. Photo-identification techniques are considered to be the more appropriate 
m ethod for estimating changes in  dolphin abundance over a wider area (whole SAC).

None of these counting techniques provides an absolute population size, rather a m inim um  estimate 
of population size for a defined period.

Population dynamics
It is possible to compile an inventory of individual dolphins w ithin an area using photographic identi­
fication. From repeated observations it should be possible to track an individual dolphin through time. 
Aggregating the results for many individuals may provide a basic understanding of a population’s 
dynamics over time.

Analysis of stranded animals or corpses may provide surveillance data to support an assessment of 
the ‘health’ of dolphin populations. The UK Government funds schemes to report and collect stranded 
carcasses for post-mortem analysis.

6 See: http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/mfdolfliid.htm
7 For example, the Natural History Museum operates a stranding project (Tel: +44 (0)20 7938 8861); also the 

Collaborative Celtic Marine Strandings Project operates in Wales and Ireland.

http://www.abdn.ac.uk/~nhi519/lighthse/dolphins/mfdolfliid.htm
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Habitat requirements
T he p rec ise  h a b ita t re q u ire m e n t of b o ttlen o se  d o lp h in s  is p o o rly  u n d e rs to o d . D o lp h in s  u se d  d ifferen t 
areas in  th e  M oray  F ir th  th ro u g h  th e  y ear“ an d  th e ir  d is tr ib u tio n  sh o w ed  d is tin c t geog raph ica l s tra tif i­
ca tion . T h is s tra tif ic a tio n  m ay  re s tr ic t th e  a n im a l’s m o v em en ts  in  co n fin ed  sites su c h  as firths an d  th ey  
m ay  n o t be ab le to  m ove aw ay  from  lo ca lised  d is tu rb an ce  or p o llu tio n .

Unless the entire SAC is being investigated, monitoring the extent and quality of prey habitats must 
be linked to contemporary surveys of the geographical location of dolphin populations rather than 
simply returning to the same area at each monitoring event. Dolphins can forage widely and therefore a 
decline in  prey abundance in  one area may not impact the population.

In c id en ce  of sk in  le s io n s  (F igure 4.5) h as  b een  te n u o u s ly  lin k e d  to  e n v iro n m en ta l factors (low  w ater 
tem p e ra tu re  an d  lo w  sa lin ity ) a n d  m ay  be lin k e d  to  an th ro p o g en ic  co n tam in a tio n . A t p re se n t th e re  is 
no  co n c lu s iv e  ev id en ce  for th e  la tte r a lth o u g h  c learly  a p re c a u tio n a ry  ap p ro a c h  to  SAC m an ag em en t 
w o u ld  be adv isab le . P o p u la tio n s  have  o n ly  b een  s tu d ie d  for a p ro p o rtio n  of an  in d iv id u a l’s lik e ly  life 
cycle  (~12 ou t of 4 0 -5 0  years) an d  ch ro n ic  effects m ay  ye t m ateria lise .

Heal th a nd  safety
Bottlenose dolphins may occur in offshore and potentially remote areas. Staff m ust follow all standard 
procedures, particularly in  relation to working alone (to be avoided), working in  remote areas and work­
ing from small boats. Some specific risks include:

• u s in g  boats in  offshore areas: it  is im p e ra tiv e  th a t su itab le  vesse ls  are u se d  in  offshore locations; 
w e a th e r an d  sea c o n d itio n s  can  d e te rio ra te  ra p id ly  crea tin g  v e ry  h a z a rd o u s  co n d itio n s;

• w o rk in g  on  iso la ted  b each es/o ffsh o re  rocks: d ifficu lties  asso c ia ted  w ith  lan d in g , w ave surges, be ing  
s tra n d e d  by  a ris in g  tide .

Swimming w ith dolphins is strongly discouraged -  there is a potential risk of attack.
It is im p o rta n t to  avo id  d is tu rb in g  or h a ra ss in g  d o lp h in s  w ith  th e  su rv ey  vesse l. G u id an ce  is availab le  

on  th e  W hale  & D o lp h in  C o n serv a tio n  S oc ie ty  In te rn e t site , a n d  th e  D ep artm en t for th e  E n v iro n m en t, 
T ran sp o rt an d  th e  R egions (DETR) In te rn e t site . DETR have re c e n tly  p u b lish e d  g u id e lin e s  o n  m in im is ­
ing  d is tu rb an ce  from  w h a le  w a tch in g  o p era tio n s u n d e r  A SCO BA N S.“

T h e  W ild life  a n d  C o u n try sid e  A ct 1981 (d o lp h in s  are a S ch ed u le  5 species) an d  th e  A n im als 
(S cien tific  P ro ced u res) A ct 1986 con tro l an d  reg u la te  th e  s tu d y  of w ild  an im als  th a t invo lv es  th e  ca p ­
tu re  an d  re lease , h a n d lin g  or rem o te  sam p lin g  of in d iv id u a ls . U n d e r th is  leg is la tio n , a lic en ce  is 
re q u ire d  from  th e  UK G overnm en t for all ac tiv ities  th a t req u ire  th e  cap tu re  or h a n d lin g  of b o ttlen o se  
d o lp h in s .

Bibliography
a Wilson, B, Thompson, P A and Hammond, P S (1997) Habitat use by bottlenose dolphins: seasonal distribution 

and stratified movement patterns in the Moray Firth, Scotland. Journal o f A pplied  Ecology, 34, 1365-1374. 
b Thompson, P, Tufft, L, Spencer, N, Grellier, K and Durban, J (2000) Evaluation o f techniques for monitoring the 

abundance and behaviour o f bottlenose dolphins -  the Kessock Channel as a case study. Scottish Natural Heritage 
Commissioned Report F99LE01 (unpublished), 

c Clark, C W and Charit, R A (1998) Acoustic monitoring o f large whales to the west o f Britain and Ireland using 
bottom-mounted hydrophone arrays: October 1996-September 1997, JNCC Report No. 281. Joint Nature 
Conservation Committee, Peterborough.

8 See: http://www.wdcs.co.uk/
9 See: http://www.wildlife-countryside.detr.gov.uk/whales/index.htm
10 Agreement on the Conservation of Small Cetaceans of the Baltic and North Sea.
11 See: http://www.wildlife-countryside.detr.gov.uk
12 See: http://www.homeoffice.gov.uk
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S ections 3 a n d  4 offered a re s tr ic te d  range of te c h n iq u e s  for m o n ito rin g  a ttrib u tes  to  assess th e  c o n d i­
tio n  of SAC features. T he p re se n t sec tio n  w ill offer ad v ice  on  h o w  to se lec t th e  m o st a p p ro p ria te  
te c h n iq u e  from  th e  range of te ch n iq u es  availab le . E ach  sec tio n  starts  w ith  a su m m ary  of th e  overall te c h ­
n iq u e  fo llo w ed  b y  co m p ara tiv e  in fo rm a tio n  to  ass is t in  th e  fina l se lec tio n  of a tech n iq u e .

This section is under development and will be expanded as more information becomes available. In 
particular, it has not yet been established whether it will be necessary to aggregate data for features 
across the SAC site series. If this were required, it would be necessary to standardise the data recording 
on each SAC, probably via a single technique and/or m ethod of deployment.
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Monitoring spatial patterns
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Introduct ion
K now ledge of th e  ex ten t an d  sp a tia l p a tte rn  of an  A n n ex  I h a b ita t is an  essen tia l p a rt of th e  a ssessm en t 
of its  co n se rv a tio n  s ta tu s. It is n ecessa ry  to  m easu re  th e  e x te n t  of an  A n n ex  I fea tu re  d u rin g  th e  assess­
m en t of w h e th e r it  is in  favourab le  c o n d itio n . In ev itab ly  w h e n  d ea ling  w ith  sp a tia l issu es , th e  co n cep t 
of sca le  b ecom es cen tra l to  a ll in v estig a tio n s. T h e  a ttrib u te  of e x te n t  c an  be c o n s id e red  on t tw o  p r in c i­
p a l scales: th a t o f th e  w h o le  A n n ex  1 fea tu re , an d  th a t of in d iv id u a l sub-fea tu res. R eco rd ing  th e  sp a tia l 
p a tte rn  of b io log ica l re so u rces  w ith in  an  SAC w ill co n tr ib u te  to  m o n ito rin g  th e  b io log ica l d iv e rs ity  of 
th e  site , an d  assessing  th e  co n seq u en ces of an y  lo ca lised  an th ro p o g en ic  ac tiv ity  on  th e  re m a in d e r of the  
site. A  m ap  is a p o w erfu l too l for p re se n tin g  a c lear v isu a l sy n th es is  of a co m p lex  n a tu ra l s itu a tio n . 
M aps sh o w in g  th e  d is tr ib u tio n  of h ab ita ts  a n d  th e ir  asso c ia ted  b io ta  are cen tra l to m an y  aspec ts  of en v i­
ro n m e n ta l m an ag em en t, e n v iro n m en ta l ap p ra isa l, an d  th e  a ssessm en t of th e  n a tu ra l heritag e  or co n se r­
v a tio n  v a lu e  of an  area. U n fo rtu n a te ly  m ap s can  also  se rio u sly  m is lead  a u se r  an d  m is re p re se n t th e  real 
s itu a tio n .3 A  m ap  is on ly  as good as th e  u n d e rly in g  da ta  u sed  for its  p re p a ra tio n . R eco rd ing  da ta  to p re ­
p are  m ap s is a com plex , ex p en siv e  a n d  tim e-co n su m in g  op era tio n . R esources (h u m an  an d  financ ia l) are 
g en era lly  fin ite  an d  therefo re  it is v ita l th a t th e  m e th o d  ch o sen  is a p p ro p ria te  for th e  ob jective of the  
s tu d y  -  it  is f i t  fo r  purp o se .

M aps h av e  a n u m b e r of ro les in  a m o n ito rin g  contex t:

• d isp la y  th e  b a se lin e  sp a tia l p a tte rn  of th e  featu res in  an  SAC;

• su p p o r t  th e  d e v e lo p m en t of a sam p lin g  s tra tegy  an d , in  p a rticu la r, p ro v id e  th e  ju s tif ica tio n  for s tra ti­
fy ing a sam p lin g  reg im e in  a m o n ito rin g  study ;

• analyse  changes in  the  spa tia l p a tte rn  a n d /o r areal ex ten t of features in  an  SAC after a m o n ito ring  study. 

Scale: broad and fine
A m ap  is a scale  d raw in g  of a fea tu re  on  th e  e a r th ’s surface. S cale is cen tra l to  m ap p in g  an d  m ap s are 
often  re fe rred  to as ‘b ro ad  sca le ’ or ‘fine sca le ’. T h ese  te rm s are re la tiv e  an d  th e re  are no  s tric t d e fin i­
tio n s to  th e ir  ac tu a l rea l-w o rld  scale. B ro ad /fin e  scale  d e fin itio n s  often  re la te  to  th e  te c h n iq u e s  u se d  to 
g a ther th e  data: b ro ad  scale  m ap s are u su a lly  d e riv ed  from  rem ote  sen sin g  tech n iq u es; fine scale  m aps 
are b ased  on  d irec t o b se rv a tio n  th ro u g h  in te n s iv e  g ro u n d  su rveys. N orm ally , ‘b ro ad  sca le ’ refers to  a 
g enera l p ic tu re  of th e  d is tr ib u tio n  of h ab ita ts  or b io to p es, o ften  th em se lv es d e fin ed  in  g enera l te rm s -  
for exam ple , rock, san d , k e lp  forest, m aerl bed . A  ‘fine sca le ’ m ap  w ill sh o w  th e  d e ta iled  d is tr ib u tio n  of 
h ab ita ts /b io to p es , w ith  m ore  p rec ise  d e fin itio n  of th e  c lass b o u n d a rie s .

Point distribution and continuous coverage maps
It is im p o rta n t to  d is tin g u ish  b e tw een  tw o  v e ry  d iffe ren t typ es of m ap  co m m o n ly  u se d  in  co n se rv a tio n  
s tu d ie s  (see F igure  5-1).

P oin t d istribu tion  m aps sho w  the  lo ca tio n  of a single sam pling  p o in t in  an  area, an d  no  assu m p tio n s can 
be d raw n  on  the  areas b e tw een  th e  po in ts . For exam ple, a series of grab sam ples m ay  be tak en  th ro u g h o u t 
a su b tid a l san d b an k  to reco rd  the  p resence  or absence of a p a rticu la r species or d is trib u tio n  of b io topes. A 
m ap  of the  san d b an k  cou ld  show  these  sam ples as filled  circles for p resence , o pen  circles for absence.

C o n tin u o u s coverage  m ap s d isp lay  in fo rm atio n  on  every  possib le  lo ca tio n  in  th e  su rv ey ed  area. For the  
latter, th e  m e th o d  of da ta  co llec tio n  for th e  m ap  has a fu n d am en ta l bearing  on  its accuracy. D irect obser­
v a tio n  th ro u g h  g ro u n d  su rv ey  w ill re su lt in  a h ig h ly  accu ra te  m ap  (assum ing  th e  m e th o d  of reco rd ing  
lo ca tio n  is p rec ise  an d  accurate). A lternatively , a m ap  d eriv ed  from  a rem ote  sensing  s tu d y  re lies on 
deriv ing  a re la tio n sh ip  b e tw een  a g ro u n d  sam p le  an d  a rem o te ly  reco rd ed  im age. A ll areas of th e  im age 
w h o se  va lu es  co rre la te  w ith  th o se  reco rd ed  at the  g ro u n d  sam p le  p o in t are assu m ed  th e  sam e as the  
g ro u n d  sam ple. T hus, th e  g ro u n d  classes are n o t m a p p e d  d irec tly  at all loca tio n s, ra th e r th e y  are p re ­
d ic ted  from  th e  rem o te ly  sen sed  im age. T here  w ill be errors assoc ia ted  w ith  th is  p re d ic tio n  p rocess, and  
therefo re  th e  m ap s w ill have  an  u n d e rly in g  degree of uncerta in ty . F u rth e r sam p lin g  is req u ired  to  te s t the  
re liab ility  of th ese  p red ic tio n s  an d  evaluate  th e  degree of u ncerta in ty . It is possib le  to  create c o n tin u o u s  
m ap s from  p o in t sam ples u sin g  a v a rie ty  of spa tia l s ta tis tica l e s tim a tio n  tech n iq u es. N evertheless, any  
b o u n d a ry  lin e  can  o n ly  be d raw n  m id w ay  b e tw een  d iss im ila r sam ple  p o in ts . T he re liab ility  of su ch  m aps 
is d irec tly  d e p e n d e n t on  th e  d en sity  of sam p lin g  an d  th e  h e te ro g en e ity  of the  g round . R em ote sensing  
can  p ro v id e  th e  u n d e rly in g  ev id en ce  for d raw ing  b o u n d a rie s  a t d ifferen t p o s itio n s  b e tw een  sam ple  
p o in ts , an d  for in te rp re tin g  p arts  of an  area w h ere  no  sam ple  p o in ts  w ere  recorded .



Advice on select ing appropr iat e  moni tor ing t echniques 137

P o in t  à ïu t f lh u i 'u n i  rïitff)

(Stíñfiituóus iiïY cra g t

Figure 5-1 D iag ram m atic  represen ta t ion  of p o in t  distr ibution an d  c o n t in u o u s  co verage  m ap s  of the  b io to p es  p re sen t  w i th ­
in a sa n d b a n k

Key issues to c ons ide r  w h e n  m easu r ing  spatial  pat terns
To m o n ito r an y  a ttrib u te  in v o lv in g  ex ten t, carefu l c o n s id e ra tio n  m u s t be  g iven  to th e  lik e ly  d im en sio n s  
of th e  fea tu re , a n d  w h e th e r a c o n tin u o u s  m easu re  is req u ired . S u ch  issu es w ill h av e  a s ig n ifican t b e a r­
ing  on  th e  se lec tio n  of th e  m ost a p p ro p ria te  m o n ito rin g  tech n iq u e . It is ra re ly  p o ss ib le  to  u n d e rta k e  a 
d irec t g ro u n d  su rv ey  of an  area  larger th a n  a few  square  k ilom etres. For su b tid a l h ab ita ts , th e  s itu a tio n  
is m ore  acu te  a n d  it  is p ra c tic a lly  im p o ss ib le  to  d irec tly  m ap  an  area  g reater th a n  a few  h u n d re d  square  
m etres w ith o u t s ig n ifican t reso u rces. D irect observ a tio n  is there fo re  o n ly  an  o p tio n  for m o n ito rin g  th e  
c o n tin u o u s  ex ten t of a sub -fea tu re  su c h  as a b io to p e  or b io to p e  com plex . R em ote sen sin g  tec h n iq u e s  are 
th e  o n ly  p rac tica l so lu tio n  for m ap p in g  th e  c o n tin u o u s  ex ten t of a su b tid a l fea tu re  or th e  sp a tia l p a tte rn  
of b io log ica l re so u rces  th ro u g h o u t an  en tire  SAC. If a c o n tin u o u s  m easu re  is n o t req u ired , s ta n d a rd  
rem ote  sam p lin g  tec h n iq u e s  can  be u se d  for p o in t sam p le  observa tions to  co m p ile  a m ap . It th e n  
becom es v ita l, how ever, to  p la n  th e  sam p lin g  s tra tegy  to  en su re  su ffic ien t sam ples are reco rd ed  in  th e  
m ost a p p ro p ria te  sp a tia l co n fig u ra tio n  to  u n am b ig u o u s ly  sam p le  th e  en tire  fea tu re  th ro u g h o u t an  SAC. 
F igure 5-2 p re sen ts  a basic  d ec is io n  tree  for p la n n in g  a sp a tia l study.
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Figure 5-2  A dec is ion  tree  ou t lin ing  so m e  im por tan t  ques t ions  to d e te rm in e  th e  ap p ro p r ia te  t e c h n iq u es  for a spatia l inves­
tigation

An overv iew  of r em ote  sensing in the  m ar ine  e n v i r o n m e n t
For m an y  p eo p le , rem o te  sen s in g  is sy n o n y m o u s w ith  sa te llite  o b se rv a tio n  of th e  e a r th ’s surface. It does 
cover, how ever, a m u c h  w id e r range of in s tru m e n ts  as sa te llite  o b se rv a tio n  has, at p re sen t, a ra th e r  l im ­
ite d  ro le  in  th e  m arin e  e n v iro n m en t. R em ote sen sin g  is a g eneric  te rm  d esc rib in g  th e  m e asu rem en t of 
an  a ttrib u te  from  a d is tan ce . In  th e  p re se n t con tex t, it  g en era lly  refers to th e  m e asu rem en t of an  a ttr ib ­
u te  of th e  la n d  surface from  th e  air, or th e  seabed  from  th e  w a te r’s surface. T h ere  are  a w id e  range of 
rem ote  sen sin g  tech n iq u es  availab le , d iffering  p r in c ip a lly  in  th e  ty p e  of da ta  reco rd ed  (e lec trom agnetic  
(light) or aco u stic  (sonar)), m o d e  of da ta  co llec tio n , th e  storage m e d iu m  (film , p a p e r  or d ig ita l), an d  the  
p la tfo rm  o n  w h ic h  th e  in s tru m e n t is m o u n te d  (sa te llite , a ircraft, boat). T he o p tim u m  co m b in a tio n  of 
th e se  p a ram ete rs  w ill d e p e n d  on  th e  specific  req u irem en ts  of each  in v estig a tio n . A  d e ta iled  acco u n t of 
m a rin e  rem o te  sen s in g  is b ey o n d  th e  scope of th e  p re se n t v o lu m e  a n d  o n ly  som e b asic  in fo rm a tio n  on  
th e se  te ch n iq u es  is p re se n te d  below . G reen  an d  King (2000)c p ro v id e  a co m p reh en siv e  rev iew  on  th e  use
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of rem ote  sen sin g  for m o n ito rin g  in  th e  coasta l zone. E cosope (2000b)d p ro v id e  an  ex ce llen t su m m ary  of 
th e  u se  of rem ote  sen sin g  tech n iq u es  for te rre s tria l h a b ita t su rv ey  an d  m o n ito rin g , w h ic h  is eq u a lly  
ap p licab le  to in te r tid a l hab ita ts . G reen  e t al. (2000)e have  p u b lish e d  a co m p reh en siv e  p rac tica l g u id e  to 
th e  u se  of rem o te  sen sin g  for tro p ica l coasta l m an ag em en t a p p lica tio n s , in c lu d in g  su b tid a l reg ions; it  is 
also  ap p licab le  to  c lear tem p era te  w aters.

S a te llite  a n d  a irb o rn e  senso rs reco rd  e lec tro m ag n etic  sp ec tra l (EMS) ra d ia tio n  at a range of w av e ­
leng ths. For m o st n a tu re  co n se rv a tio n  a p p lica tio n s , th e  w av e len g th s  in  th e  v is ib le  a n d  n ea r in fra red  are 
m ost u sefu l. A eria l p h o to g rap h s  are p e rh a p s  th e  m o st fam ilia r an d  stra ig h tfo rw ard  p ro d u c ts  of a irbo rne  
rem ote  sensing . O th er rem ote  sen sin g  in s tru m e n ts  u se  an  e lec trica l sen so r th a t converts  its  read in g s in to  
d ig ita l n u m b ers . T hese  in s tru m e n ts  scan  th e  e a r th ’s su rface  reco rd in g  th e  in te n s ity  of re flec ted  EMS 
ra d ia tio n  over a range of w av e len g th s; th e  n u m b e r of w av e len g th s  or b an d s  reco rd ed  v aries b e tw een  
in s tru m e n ts . A  b lack  an d  w h ite  im age has a sing le  b an d , a co lo u r p h o to g ra p h  has th ree  b an d s  (red, g reen  
an d  b lue), th e  L andsa t sa te llite ’s E n h a n c e d  T h em a tic  M a p p er  reco rd s e igh t sp ec tra l b an d s , an d  th e  
C om pact A irbo rne  S p ec tro g rap h ic  Im ager (CASI) reco rd s 21 b an d s. S ensors reco rd in g  m an y  b an d s  are 
te rm ed  m u ltisp ec tra l. In  genera l, m ore  b an d s  offer a g rea ter p o te n tia l for re liab ly  d is tin g u ish in g  b e tw een  
featu res on  th e  e a r th ’s surface.

Box 5-1 Q ue s t io n s  to cons ide r  w h e n  de te rm in ing  w h e th e r  r em ote  sensing is required 
for mon ito r ing

Q uestion

W hat is th e  ob jective of th e  investiga tion?

W h at are  th e  d im e n s io n s  of th e  area? 
(scale)

W h at is  th e  s m a lle s t  u n i t  to  id e n tify ?  
(spatia l reso lu tio n )

H ow  s im ila r  are  th e  d iffe re n t c la sses?  
(spectra l re so lu tio n )

W hat ty p e  of p ro d u c t is req u ired ?

A re th e  availab le  fu n d s suffic ien t?

C o m m en t

C learly  id e n tify  th e  p ro b lem , e s ta b lish  th e  
h y p o th es is

For exam ple, are you  looking to m ap  a w ho le  reef 
(broad scale) or in d iv id u a l bou lders (fine scale)?

For exam ple , are you  try in g  to  m ap  areas of 
ro c k  an d  sand , or try in g  to  m ap  su b tle  sp a tia l 
p a tte rn s  of d iffe ren t b ro w n  algal b io to p es?

Do y o u  on ly  n e e d  p r in te d  o u tp u t in  th e  form  of 
m ap s a n d /o r  p h o to g rap h s , or are e lec tro n ic  
p ro d u c ts  req u ired  to in teg ra te  w ith  o th e r data?

A fter an sw erin g  th e  p rev io u s  q u es tio n s , are 
a d d itio n a l fu n d s re q u ire d  to  p ro v id e  a so lu tio n  
to  th e  prob lem ?

W h ile  EM S ra d ia tio n  is h ig h ly  effective for in te r tid a l h a b ita ts  (at lo w  w ater), it  is s tro n g ly  abso rbed  
b y  w a te r a n d  re flec ted  by  an y  su sp e n d e d  p a r tic u la te  m atter. E ven  in  th e  c lea res t tro p ic a l w a te rs , e lec ­
tro m ag n e tic  sp ec tra l im ages w ill o n ly  sh o w  seab ed  fea tu res sh a llo w e r th a n  30m  b e lo w  sea level. It is 
g en era lly  ac c e p ted  th a t 15m  b e lo w  sea leve l is th e  m a x im u m  u sab le  d e p th  for h a b ita t re so u rce  m a p ­
p in g  p u rp o se s . In  te m p e ra te  m arin e  sy stem s, th e re  are  h ig h e r c o n c e n tra tio n s  of p a r tic u la te  m a te ria l. In  
th e  a p p a re n tly  c lear c o n d itio n s  on  th e  o p en  coast of n o rth -w e s t S c o tlan d  a n d  th e  N o rth e rn  Isles, it  is 
u n lik e ly  th a t e lec tro m ag n etic  sen so rs  w ill reco rd  u sab le  im ages for d e p th s  g rea te r th a n  6m  b e lo w  sea 
level. For th e  tu rb id  w a te rs  often  e n c o u n te re d  a long  th e  so u th e rn  N o rth  Sea co as tlin e  of E n g land , it  is 
d ifficu lt to  d is tin g u ish  an y  fea tu re  b e lo w  sea level. A co u stic  ra d ia tio n  is  less s tro n g ly  ab so rb ed  by  
w a te r a n d  th e re fo re  so u n d  in  th e  form  of so n ar is u se d  to  re c o rd  im ages of th e  seafloor. T h e  d is tan ce  
so u n d  can  trav e l th ro u g h  w a te r is d e p e n d e n t on  its  frequency : d ec reas in g  th e  freq u en cy  in c rea ses  th e  
d is tan ce  trav e lled . S o n ar sy stem s are e ith e r  o p e ra ted  from  bo a ts  w h e re  th e  sen so r (ca lled  a t ra n s d u c ­
er) is m o u n te d  on  th e  h u ll , or to w e d  b e h in d  in  a ‘f ish ’. T h ere  are  tw o  b asic  ty p es of sonar: s in g le  beam  
ech o -so u n d e rs  a n d  sw a th  sonars. S ing le  b eam  ech o -so u n d e rs  em it a v e rtic a l eone  of so u n d  th a t en so n i- 
fies a d isc re te  area of seab ed  (a c irc le  in  its  s im p le s t form ) u n d e r  th e  v esse l. S w a th  so n ars  en so n ify  a
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str ip  of seab ed  p e rp e n d ic u la r  to  th e  vesse l, w h e re  th e  range e ith e r  s id e  of th e  v esse l is d e p e n d e n t on 
th e  freq u en cy  of th e  sonar. T rad itio n a lly , th e  in te n s ity  of th e  sig n a l re flec ted  from  th e  seab ed  w as 
re c o rd e d  on to  th e rm a l sen s itiv e  p a p e r  to  c rea te  a sonograph. M o d ern  system s co n v e rt th e  re tu rn in g  
so n ar s igna ls  in to  d ig ita l in fo rm atio n .

For m a rin e  m o n ito rin g  s tu d ie s , th e  ty p e  of rem o te  sen sin g  te c h n iq u e  th a t sh o u ld  be u se d  is c lea rly  
d e te rm in e d  b y  th e  d e p th  of th e  seab ed  in  re la tio n  to  sea level. For in te r tid a l h a b ita ts , e lec tro m ag n etic  
sp ec tra l te c h n iq u e s  are th e  m o st a p p ro p ria te ; for su b tid a l h ab ita ts  d eep e r th a n  6m  b e lo w  sea level, 
so n ar te c h n iq u e s  are th e  m o st a p p ro p ria te . For th e  sh a llo w  reg io n  in  b e tw e e n  th e  ch o ice  of te c h n iq u e  
is less s tra ig h tfo rw ard . O ne has to  c o n s id e r th e  lik e ly  c la rity  of th e  w a te r  b efo re  co n s id e rin g  EM S te c h ­
n iq u e s , a n d /o r  w h e th e r  th e  o p era tin g  d e p th  is su ffic ien t to  a llo w  a v esse l to  m an o eu v re  w h e n  o p e ra t­
in g  a so n ar system .

P rio r to  co m m iss io n in g  a rem o te  sen s in g  cam p a ig n , it  is v ita l th a t th e  q u es tio n s  p o se d  in  Box 5-1 are 
fu lly  co n sid e red .

W hat finaI products should  be specified?
It is im p o r ta n t to  c o n s id e r th e  fo rm at of th e  o u tp u t p ro d u c ts  of th e  in s tru m e n t b ecau se  th is  h as  a sig ­
n if ic a n t b ea rin g  on  th e  o p tio n s  av a ilab le  for th e ir  in te rp re ta tio n . T rad itio n a l p a p e r  or p h o to g ra p h ic  
film  p ro d u c ts  p ro v id e  a re a d ily  av a ilab le  im age of th e  sh o re  or seab ed  th a t th e  u se r  can  sc ru tin ise  to  
d iffe ren tia te  d iffe ren t fea tu res. V isual in te rp re ta tio n  of ae ria l p h o to g ra p h s  h as  a lo n g  h is to ry  of u se  b y  
th e  co n se rv a tio n  agencies a n d  p e o p le  are g en e ra lly  fam ilia r w ith  th e se  p ro d u c ts . P r in te d  EMS im ages 
lo o k  su p e rfic ia lly  like  an  ae ria l p h o to g ra p h  b u t b eco m e less c lear w h e n  p r in te d  at a d e ta ile d  scale  
b ecau se  th e y  h av e  a lo w er sp a tia l re so lu tio n ; th e y  b eco m e ‘p ix e la te d ’. For ex am p le , fie ld  sta ff h ad  
som e d iff icu lty  re la tin g  a CASI im age w ith  2m  p ix e ls  of in te r tid a l h a b ita ts  of M orecam be Bay to  th e  
sa ltm a rsh  fea tu res  o b served  on  th e  g ro u n d .8 S p ec ify in g  d ig ita l p ro d u c ts  offers m ore  flex ib ility  to  th e  
an a ly s is  an d  re p o rtin g  of th e  re su lts  from  a rem o te  sen s in g  cam paign . E ven  if  a p r in te d  o u tp u t is 
re q u ire d , th e  da ta  can  be e d ite d  a n d  filte red  to  rem ove  e rro n eo u s  v a lu e s  to  im p ro v e  th e  fin a l o u tp u t. 
M u ltisp e c tra l d a ta  p ro v id es  th e  fac ility  to  u se  b a n d  co m b in a tio n s  o th e r th a n  th e  s im p le  re d /g re e n /b lu e  
co m b in a tio n  of an  ae ria l p h o to g ra p h  to  h ig h lig h t v eg e ta tio n  fea tu res. D ig ita l p ro d u c ts  c a n  also  be 
in c o rp o ra te d  in to  g eo g rap h ica l in fo rm a tio n  sy stem s to  in teg ra te  w ith  o th e r d a ta  p ro d u c ts  su c h  as fie ld  
sam p le  reco rd s. L ong-term  sto rage is a fu rth e r  c o n s id e ra tio n  w h e n  sp ec ify in g  th e  o u tp u t p ro d u c ts . 
T h ere  are  s ig n ifican t storage, se c u rity  an d  p re se rv a tio n  issu e s  a sso c ia ted  w ith  p r in te d  m a te ria l th a t 
sh o u ld  n o t be  overlooked . D igital p ro d u c ts  are eas ily  re p lic a te d  for storage in  d iffe ren t lo ca tio n s  b u t 
som e c o n s id e ra tio n  m u s t be  g iven  to  th e  fo rm at of th e  data . S to rin g  da ta  in  a b e sp o k e  fo rm at m ay  lead  
to  c o m p a tib ility  is su e s  in  th e  fu tu re , if  th e  a sso c ia ted  so ftw are  b ecom es re d u n d a n t.

Can the sensor detect the target habitat/biotope: a question o f resolution?
A rguably , th e  m o st fu n d a m e n ta l q u e s tio n  to  an sw er w h e n  se lec tin g  a rem o te  sen s in g  te c h n iq u e  is: can 
the sensor actually ‘see’ the entity to be monitored? In  te c h n ic a l te rm s, does th e  sen so r h av e  su ffic ien t 
spatial a n d /o r  spectral resolution to  id e n tify  th e  ta rg e t h a b ita t/b io to p e . Spatial resolution refers to  th e  
sm a lle s t p h y s ic a l s ize /a rea  of g ro u n d  th a t c an  be  d iffe re n tia ted  in  th e  fin a l im age; for d ig ita l im ages 
th is  eq u a tes  to  th e  area of g ro u n d  re p re se n te d  b y  each  p ix e l. A  b as ic  u n d e rs ta n d in g  of th e  area  to  be 
s tu d ie d  is  im p o rta n t, in  p a r tic u la r  th e  d im e n s io n s  of th e  m a in  sp a tia l p a tte rn s  in  te rm s of p a tc h  sizes, 
p r io r  to  sp ec ify in g  a rem o te  sen s in g  te c h n iq u e . For ex am p le , e ach  p ix e l in  a Landsat ETM  im age re p ­
re sen ts  an  area  of 40m  x  40m  on  th e  g ro u n d  a n d  th e re fo re  w ill n o t reso lv e  an y  fea tu re  w ith  sm alle r 
d im en sio n s . A eria l p h o to g ra p h s  a n d  h ig h -re so lu tio n  s id e  scan  so n ar can  reso lv e  item s < 30cm  in  d ia m ­
eter. In v a riab ly  th e re  is a trad e -o ff in  cost te rm s w h ere  h ig h  re so lu tio n  g en e ra lly  eq u a tes  to  h ig h e r cost 
(see below ) a n d  th e re fo re  th e  s e n so r’s re so lu tio n  sh o u ld  be  m a tc h e d  w ith  th e  d im e n s io n s  of th e  target 
c lasses. T he sca le  of th e  d e s ire d  m ap  w ill a lso  se t th e  lim it to  th e  s e n so r’s sp a tia l re so lu tio n  -  see Box 
5-2.

Spectral resolution is m o re  co m p lex  a n d  o ften  lin k e d  to  am b ien t c o n d itio n s . In  s im p le  te rm s, th e

1 For example, by local in situ measurements using a secchi disc.
2 ‘Campaign’ is the standard term used by the remote sensing community to cover the field data collection 

activity.
3 An electronic image comprises a grid of rectangular picture elements or pixels where each pixel has an associ­

ated datum value. In its simplest form, a pixel of black and white images has a value of 1 or 0. In a remotely 
sensing image of the earth’s surface, a pixel is referenced to a geometric grid (e.g. OS National Grid) and stores 
data on the spectral characteristics of the rectangular area of ground it represents.
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rem o te  sen so r m u s t ‘se e ’ a d iffe rence  b e tw e e n  th e  e n titie s  o f in te re s t if  th e y  are to  ap p e a r d is tin c t on 
th e  fina l im age. For ex am p le , a g reen  Ruppia seagrass b e d  m ay  lo o k  th e  sam e as a g reen  Zostera sea- 
grass b ed  to  a CASI sensor. 1 S im ilarly , b e d ro c k  co v ered  w ith  an  algal tu r f  m ay  ‘lo o k ’ th e  sam e as 
b e d ro c k  co v ered  w ith  a fau n a l tu r f  to  a so n ar sensor. It sh o u ld  be  n o te d  th a t th e  co n v erse  s itu a tio n  
co u ld  a lso  o ccu r w h e re  th e  rem o te  sen so r can  re c o rd  d iffe rences w ith in  a h a b ita t or b io to p e  th a t are 
n o t ea s ily  d is tin g u ish a b le  on  th e  g ro u n d . W h ils t it  is p o ss ib le  to  rev iew  th e  re su lts  of p re v io u s  in v e s ­
tig a tio n s to  d e te rm in e  th e  d isc r im in a to ry  p o w er of th e  d iffe ren t sen so rs , am b ien t c o n d itio n s  can  n e v ­
e rth e le ss  re d u c e  a s e n so r’s d isc r im in a to ry  p o w e r at th e  tim e  of d a ta  co llec tio n . For in s ta n c e , h ig h  se d ­
im e n t lo ad in g  of th e  w a te r in  an  e s tu a ry  d u e  to  a s to rm  ev en t can  s ig n if ican tly  deg rade  so n a r data. 
T h ere  are  no  s im p le  so lu tio n s  to  offer h e re  o th e r th a n  to  sp e n d  tim e  in v es tig a tin g  th e  d isc rim in a to ry  
p o w ers  of th e  d iffe ren t sen so rs  in  re la tio n  to  th e  ob jectives of th e  rem o te  sen s in g  study . T he p ro c e d u ra l 
g u id e lin e s  d ea lin g  w ith  rem o te  sen s in g  te c h n iq u e s  offer som e fu rth e r  g u id an ce  in  re la tio n  to  q u a lity  
a ssu ran ce  a n d  d isc rim in a tio n .

Box 5 -2  An indicat ion  of  h o w im age  resolution affects m a p  scale

Spatial resolution (m) 
1000

Typical map scale 
1:1,500,000

30 1:80,000

20 1:50,000

10 1:24,000

5 1:12,000

1 1:2,000

Are field visits required?
T he an sw er to th is  q u es tio n  is m ost em p h a tic a lly  yes! R em ote senso rs are reco rd in g  v a ria tio n s  in  re flec t­
ed  energy  (ligh t or so u n d ) of th e  sho re  or seabed  an d  th e  re su lts  are no  m ore  th a n  a series of co lou rs on 
a p h o to g ra p h  or n u m b ers  in  a com pu ter. T hese  co lo u rs  a n d  n u m b ers  m u s t be in te rp re te d  in  te rm s of th e  
h a b ita t or b io log ica l c lasses p re se n t in  th e  field . C o lla teral d a ta  are req u ired  to  m ake th is  in te rp re ta tio n  
an d  a fie ld  v is it  is th e  o n ly  rea lis tic  so lu tio n . E x isting  in fo rm a tio n  from  p rev io u s  fie ld  su rveys m ay  be 
u sed  for an  in te rp re ta tio n  b u t an y  en v iro n m e n ta l changes b e tw een  th e  date  of reco rd in g  an d  th e  date  of 
im age cap tu re , su c h  as a seaso n a l change in  v eg e ta tio n  cover, w ill co m p ro m ise  th e  im age in te rp re ta tio n . 
W h en ev er p o ssib le , th e  fie ld  v is it sh o u ld  co in c id e  w ith  th e  im age cap tu re ; c o in c id e n t su rv ey  is e ssen ­
tia l if  sp ec tro p h o to m e tric  m easu rem en ts  are re q u ire d  to  ca lib ra te  th e  im aging  eq u ip m en t.'

H ow  m an y  sam p les  are req u ired ?  T h ere  are n o  h a rd  a n d  fast ru le s  here , a n d  in  p rac tice , th e  fina l n u m ­
b er of sam ples w ill d e p e n d  on  th e  re so u rces  availab le . N everth e less , a co m p reh en siv e  (ideal?) im age 
v a lid a tio n  exerc ise  to  ach ieve  s ta tis tica l rig o u r m ay  req u ire  at leas t 50 in d e p e n d e n t sam p les  p e r h a b i­
ta t/b io to p e  class. Im age in te rp re ta tio n  is a co rre la tio n  exerc ise  w h ere , in  genera l, m ore  in fo rm a tio n  
equa tes to  a m ore  ce rta in  l in k  b e tw een  th e  v ariab les. F oste r-S m ith  et al. (1999) c lea rly  d em o n stra ted  a 
re d u c tio n  in  th e  accu racy  of a b io to p e  m ap  d eriv ed  from  an  aco u stic  g ro u n d  d isc r im in a tio n  system  w ith  
a re d u c tio n  in  th e  n u m b e r of sam p les  u se d  for th e  im age c lassifica tion . S im ila r re su lts  w ere  rep o rted  for 
sa te llite  im age c la ss ifica tio n  w h e re  a 50%  re d u c tio n  in  th e  n u m b e r of g ro u n d  sam p les  re d u c e d  th e  a ccu ­
racy  of th e  im age from  >60%  to less th a n  30% .m

A  fie ld  v is it  w ill also  be  n ecessa ry  to v a lid a te  th e  fina l in te rp re ta tio n  to  d e te rm in e  its accuracy. It is 
p o ssib le  to  p ro d u c e  som e v e ry  p la u s ib le  an d  v isu a lly  p lea s in g  in te rp re ta tio n s  th a t b ear little  re se m ­
b lan ce  to reality . A n  assessm en t of accu racy  is n ecessa ry  for p o te n tia l u se rs  to  m ake a ju d g em en t on 
th e ir  degree of co n fid en ce  in  th e  fina l m ap . T he s im p le s t m easu re  of th e  accu racy  of a m ap  is th e  fre­
q u en cy  w ith  w h ic h  a g ro u n d  sam p le  m a tch es th e  m a p p e d  in te rp re ta tio n  b ey o n d  ran d o m  chance; it  is 
often  q u o ted  as th e  Tau coefficient?1 M um by  et al. (1997) re p o rte d  a m ax im u m  accu racy  of 37%  for 
sa te llite  im agery, 67%  for aeria l p h o to g rap h ic  in te rp re ta tio n  a n d  81%  for CASI im agery  for d e ta iled  
h a b ita t m ap s (>9 ree f h a b ita t classes) of a C aribbean  coral reef. E rror m atrices  are m ore  in fo rm ativ e  th a n  
a sing le  m easu re  w h ere  th e  sam p le  da ta  are lis ted  in  co lu m n s a n d  th e  im age da ta  as th e  row s. T he d iag­
onal cells in  th e  m a trix  sh o w  th e  freq u en cy  of a d irec t m atch , an d  th e  c o lu m n  an d  ro w  to ta ls  sho w  
w h ere  th e  m a in  m is-m atch es occur. F oste r-S m ith  et al. (1999)P d escribe  th e  u se  of erro r m atrices  in  re la ­
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tio n  to  b io log ica l m ap p in g  u s in g  aco u stic  g ro u n d  d isc r im in a tio n  system s. W h en  co m m iss io n in g  a 
rem ote  sen sin g  study , it  is v ita l th a t su ffic ien t re so u rces  are a llo ca ted  to  th e  co llec tio n  of an  in d e p e n d ­
en t set of g ro u n d  sam p les  to verify  th e  accu racy  of th e  fina l p ro d u c ts .

In  sum m ary :

• G round  sam p lin g  is e ssen tia l for a rea lis tic  in te rp re ta tio n  of a rem o te ly  sen sed  im age.

• S u ffic ien t g ro u n d  sam p les  m u s t be reco rd ed  to  give an  ad eq u a te  degree of accu racy  for an  
in te rp re ta tio n .

• A  fu rth e r in d e p e n d e n t set of g ro u n d  sam p les  m u s t be  re co rd ed  to  verify  th e  accu racy  of th e  fina l m ap. 

H ow  m uch will it cost?
A rem ote  sen sin g  cam p a ig n  is ex p en siv e  b ecau se  it  req u ires  s ig n ifican t h a rd w a re  (from  boats to  co m ­
pu te rs), besp o k e  co m p u te r  softw are, staff w ith  te c h n ic a l ex p ertise  for da ta  co llec tio n  an d  im age a n a ly ­
sis an d  fie ld  staff w ith  b io log ica l exp ertise . It does, how ever, p ro v id e  a v a s t a m o u n t of in fo rm a tio n  on  
th e  d is tr ib u tio n  an d  sp a tia l p a tte rn s  of m arin e  h ab ita ts  a n d  b io to p es. T he raw  da ta  m ay  be u sed  b y  o ther 
agencies, g iv ing  th e  p o ss ib ility  of sh a rin g  th e  cost of da ta  cap tu re . For in s tan ce , CASI a irbo rne  im ages 
can  also  be u se d  for a ssessing  w a te r quality . A  care fu lly  p la n n e d  g ro u n d -sam p lin g  p rog ram m e can  p ro ­
v id e  b o th  v a lid a tio n  da ta  to  rem ote  sensing , an d  p ro v id e  da ta  for th e  m o n ito rin g  of o ther b io log ica l co m ­
m u n ity  a ttrib u tes  su c h  as th e  p re se n c e /ab sen c e  of a p a r tic u la r  species. M um by  et al. (1999)m p re se n te d  
a d e ta iled  d isc u ss io n  on  th e  cost-effectiveness of rem ote  sen sin g  for h a b ita t m ap p in g  in  tro p ic a l m arin e  
system s. T h ey  no te , ‘... th e  issu e  is n o t th a t rem ote  sen sin g  is ex p en siv e  b u t th a t h a b ita t m a p p in g  is 
ex p e n s iv e ’, an d  c o n c lu d e , ‘.. .the m a in  is su e  facing p rac titio n e rs  is: W hat is th e  least ex p en siv e  m e th o d  
to  ach ieve  a g iv en  h a b ita t m a p p in g  ta sk  w ith  an  accep tab le  accu racy ?’

It is d ifficu lt to  give an y  d e fin itiv e  g u id an ce  on  th e  cost of a rem ote  sen sin g  cam p aig n  d u e  to  th e  m an y  
o p tio n s availab le  a t each  stage (sensor, scale , ana ly sis , a n d  p ro d u c ts). Som e recen t ca lcu la tio n s  w ere  
m ad e  for tro p ica l rem ote  sen sin g .”1 T h ey  also  co m p ared  th e  cost o f a CASI rem ote  sen sin g  cam p a ig n  w ith  
a d irec t m ap p in g  exerc ise  b ased  on  sp o t sam p les  (see earlier) for 16km 2 (the m e d ia n  size of a m arin e  
p ro te c te d  areaq) a n d  c o n c lu d ed , ‘... a b o a t b ased  su rv ey  w o u ld  s till be less accu ra te  [than  rem ote  se n s­
ing], m ore  ex p en siv e , an d  w o u ld  in v o lv e  an  ex tra  16 p e rso n  m o n th s  of effo rt.’

W h a t  is the  mos t  a pp rop r ia t e  t echn ique?
Taking acco u n t of th e  issu es  ra ise d  in  th e  p reced in g  tex t, it w o u ld  be u n w ise  to  reco m m en d  a single 
te c h n iq u e  to  m o n ito r  an  a ttr ib u te . T he fina l cho ice  w ill d e p e n d  on  th e  ch a rac te ris tic s  of th e  a ttrib u te  
itse lf  (such  as scale , re so lu tio n ), th e  re so u rces  (expertise , fu n d s, eq u ip m en t) availab le , an d  th e  degree of 
accu racy  req u ired . It is im p e ra tiv e  th a t th e  q u es tio n s  lis te d  in  Box 5-1 are ca re fu lly  c o n s id e red  p rio r  to 
co m m iss io n in g  an y  sp a tia l in v estig a tio n . Table 5-2 ( in te rtid a l/sh a llo w  su b tid a l) an d  Table 5-3 (sub tidal) 
com pare  th e  d iffe ren t te c h n iq u e s  availab le  in  an  a ttem p t to  m ake th e  fina l ch o ice  of te c h n iq u e  easier. 
K enny  et al. (2000)' p ro v id es  an  ex ce llen t a cco u n t of th e  d iffe ren t tech n o lo g ies  availab le  for seabed  m a p ­
p in g  an d  in c lu d e s  a n u m b e r of co m p ara tiv e  tab les (see Table 5-1). T h ey  n o te  th a t th e re  are th ree  factors 
to  co n sid e r w h e n  se lec tin g  th e  m o st a p p ro p ria te  an d  cost effective (acoustic) system :

1) d im en sio n s  of th e  area  to  m ap ;

2) range of d ep th s  over th e  su rv ey  area;
3) size of th e  objects to  d e tec t (spatia l reso lu tio n ).
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Water depth (m) Multibeam sonar @ 12 kts Feature attribute

Horizontal 
w idth (m)

Maximum 
footprint (m)

Coverage 
(km^ per day)

Horizontal 
w idth (m)

Maximum 
footprint (m)

Coverage 
(km^ per day)

10 70 2.4 40 400 1.0 67

50 350 12 195 400 1.0 67

100 700 24 390 400 1.0 67

200 1400 48 780 400 1.0 67

Table 5-1 Area of seafloor  m a p p e d  by m u lt ib eam  so n a r  and  side  scan  so n a r  in a given t im e  u n d e r  ope ra t io n a l  cond it ions  
(from Kenny e t  al. (2000) -  r e p ro d u c e d  with th e  kind perm iss ion  of th e  authors)

It sh o u ld  be n o te d  th a t the  tech n o lo g ies  availab le  are ch a n g in g  ra p id ly  a n d  th e  sp ec ifica tio n s  p re ­
se n te d  are curren t a t the  tim e  o f  p u b lica tio n . T he basic  p r in c ip les , how ever, sh o u ld  rem a in  constan t.
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03 -O Ph d
2 p 
tí -p9o

9 2  .23 - t í

tí
3  ■

tí 03
ä  tí

H 03
P 2  oo 3

" Ö  - H
. p 3
l i s
1  a.9 03

tH
tí .3
3  tí3
S 1

’-SJ
. 9 ®o ? s
h2 ;p 
^ 2 
s >
O  03 

•-H tH
tí ^  

£ j  03 
03 - t í
tí ^ •
03 >> 

Ph -P

03 ' p  —
2  2

t íO a u  ' P  
2o

ÍH 2  ' p
- 9tí

“ tí .23 tíOu
u

Ou tío
tH
03 .-y 

"tí ^ 3

tH ^  .

Ph2  i 00

9 >> tí 
3 3 2  
oo9 tí 2 .S tí

tH f e  3
P h  t í  t í

tí
o 73

03
U
03o o

ÍH 2
-5 P h

tí 9 • -h
ou Ou

tH 
. 03 (H HJ

03 tí
- t í  wCK-Ö >r~l « tí ^  
° tí « 
9 tíiP tH -71tí 03 P
00 g ^  
9  9 - 2.S tí
*9 3 à > 9 p03 , 03 HJ
tH tíí tí Ph tí tí

- t í  9  
00 - t í

§ a

2 tís >
O  03 

•-H tH

tí ^  
¿ j  03
03 - t í  i
tí ^ 1
03 > ,  ¡ Ph -P <

-aá
S M  p  s

tí a  B 03 
O t í  03 
tí lii 03 ¡>% tí Ph -P «

Ctí C 00 O -

00 U

03 03

00 C

cß sw
tH >  X9 2P5

< tí Et

I  i

I I
03 y
tH t í

'9
ÇT 9

“ I B S  
a & e “

.23 œ oo-̂

u w

3 ^  §¿5 03 tí

U  0  t ín
03 3  P
00 5  50 
tí O 73 9 9 Ö B -* tí

° tí Ö
S’!  "3

1.1 stí -y 03
£ > T3
'S -9 3

t í  (H ̂
tí “ ̂tí
r t t í u  0 ) ”  
t í  a  cd t í  - 2< tí W O tí

2  g
2 tí. tí o
I . “ a ^

O t í  P  
. y  u  - h

3  tn tí
P  03 ^  cß tí > ^.-H o 03

tH U  ß f l ' P

I  fr.a o
I I  f r “^  P i  P h tH_d tí tí 
o p >  t i j H - d—1 03 03 3  t í  

- i  h h t IH* hH H-'

73
títí

í>%
9  c3

' p  T tí
t í  9  p .9
O  Cß 

03

tí
O

I
tí
O

H ° ¿i ? 
^ 00  t 

O  '
_  ,  o  03

—  9  2  os 
I  a  o-1  a 
B § 1  g "
g fr§ °03 03 h/ Q f-Ph 73 O U 5

00 4

l ;í
g  "ob03 Æí^D

P h 2

tín 2  
2  H*

i stí 03 
O  --H U Ph

7h 73 tí tí . 3  tí « 
ö M tí 

. t í  03 -y
I  ¡ 1
Ph .23 - t í

0003 
t í  t í  03

tí
“H H 0
tí 03 CÖ 

>
03 03 5P

03 00

OO 03

OO >
03 tí 
0 0 7 3  tí

d^g ® > tí O d
03 a- 03 03

03 c 03 t í
03 C

Ph 73  < tí co -P

fra
P h

tfr
tí
s

P h
X
w

P h

í>%03

145



Ta
bl

e 
5-

3 
C

om
pa

ri
so

n 
be

tw
ee

n 
re

m
ot

e 
se

ns
in

g 
te

ch
ni

qu
es

 
fo

r 
m

ap
pi

ng
 

su
bt

id
al

 f
ea

tu
re

s
146 Marine Moni tor ing H a n d b o o k

&0tí
Ia

a
co

o

'S
p

Ico

P
CO

P
Ptí
I

"co
coa ‘dd 0

tHtí
0 2 cd
Cj

co
0

s 0
0

u

-o o
P h 0cd f-i

g  *00 .S
"cd o  
o  ¿DtH ^
cd o  
Op >>.a s

otí

00tícd
- t í

tí
y so

P  •.
Cd n  

2 £  
ö

g" ^
f t g
u td > tí p  o  
cd -tí 

POí fH 
tH 2

tí 2 ^tí 0  tí
> j  S 

*  ÖP h  . t í  Cd

cd 
- P
cd
oo . —ü  oo oo «

•tí d tí tín d  . t í  - t í  P

â  s  s  a ' . .
"§ tí g 2  tí 3H-> o o o 03 ^

00 « 
d  O
tí ^

w

- i
- t í tí ¿O 0

"cd B enu o  cd
cd-Q
cd
00

.9
2

scd
- t íu

00 00 
Ö tí

o+j o
2 Htí 

p .:

1 5  «  «■e p °
m  S S

■a s  ï - 2  

cd htí -Q - t í

cd o
0  t-H

ä  §  0  - t í

tí S■is s
cd 1-0
tH 03
^ oo 
?  «

tH ;dI iS
S M

3
- t í
0

- t í

©O . P  
tí tí -g  

•dl ^
g a  
œ g 52  oo S

P I
■ô t f 3  
' f t  S  iScd > «  
Ph O H

S  03 

Jtí o

03 . 2

23 gju p  « d
2  2 
o -° 

hQ "S 
oc oo 3 s s  ^

2  •- -dtí tí ¿o o ^a s . s

- t í  ou
00
9 -ü

‘Ö 9 !
s 2  c  : 
1 t í ^ :
’ 3 I  5

0

Cd _ p  0 h_i
9 .9
03 «  
00 0 
tít í  d  

d  Jtí
.9 u
"n  SP

d tí 
o 2 h
S tí g
U l

cd
B

oo
9

00
d

i P3

X0
0

00
p .a3 h 0a •p 3 h

0 t í d
u B a
0 tH «
P h O pO d 0
0

• 00 3s0
00 pa ä•p  ^

0p
P h " p 0

i
P h  >
s  2

tHO—H
- t í a  P h a

-O
d0
aa

Pi d

o
V

o
J

o
J

- d
00

- d
00

^  pO S 
*H -X 
• •

. .
tí ^

1:0 - d
r  U
-o 50cd 0
o  d
tH . t í  

P3 h

03 03

3  O
Ph U

-o
O

0 03 
03 P h
> Ö
1 S 00

d .2
, P h
* P  0H

0 tí
SH tí d

2  2  _ 
d 03
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Monitoring biological composition

Marine Moni tor ing H a n d b o o k

B ackground
Maintaining biodiversity is the main aim of the Habitats Directive.8 Biodiversity itself is generally consid­
ered to encompass the variety of fauna and flora. Each Annex I feature in  an SAC should have an attrib- 
ute(s) that encompasses the variety of fauna and flora it supports. Theoretically, recording the total num ­
ber of species present would provide the optimum measure of the biological diversity of a feature. In prac­
tice, the definition of each marine Annex I feature is sufficiently broad that enumerating the total number 
of species would be a near impossible task. Description of the biodiversity of ecosystems can be simpli­
fied by sub-dividing the environment into more easily recognisable units or classes, usually on the basis 
of the main physical habitats and their associated characterising species. The term biotope is generally 
used for biological classes. Recording the number of classes in an area is a more practical proposition and 
the total number of classes is considered an appropriate proxy measurement for the total number of 
species. The range of biotopes supported by an Annex I feature in an SAC, termed the biotope richness, is 
an important attribute to measure the condition of a feature.8 Prior to discussing techniques to monitor 
biotope richness, it is important to review some fundamental issues regarding the classification process.

B io tope classification
S ubdiv id ing  a con tinuous variable in to  categories can  be a subjective or objective process. A  subjective 
app ro ach  is stra igh tforw ard  b u t often d ifficult to repeat. A n  objective ru le-based  decision  p rocess is m ore 
repeatab le  b u t often d ifficult to ap p ly  to the ‘irra tio n a l’ biological w orld . In  p ractice, the  com bination  of an  
objective analysis w ith  an  ‘experienced  eye’ is often the  o p tim um  so lu tio n  w h en  decid ing  w here  to  p u t the 
d iv id ing  line  in  a classification. In  1997, the  JNCC p u b lish ed  a draft classification  of m arine  b io topes for the 
UK an d  Ire land  (Connor et al. (1997) a an d  b); the  final version  w ill be p u b lish ed  in  2001. T he b io topes w ere 
defined  from  the  resu lts of sta tistical c lassification  analyses in te rp re ted  by  m arine  biologists w ith  con sid er­
able field su rvey  experience. T hese analyses u sed  data reco rded  a ro u n d  the  w hole  of the  UK an d  Ireland 
an d  the  descrip tions rep resen ted  th is  national em phasis. T he UK bio tope classification  w as an  im portan t 
com ponen t in  achieving a consisten t ap p ro ach  to describ ing m arine  SACs th ro u g h o u t the  UK an d  estab­
lish ing  a framework for com m on standards m onitoring. H ow  is the  b io tope  classification  u sed  in  practice?

Identifying biotopes from field records
Ideally, each biotope should be a recognisable unit in  the field whereby a surveyor could simply record 
the presence of each biotope as they move around an SAC. In practice, many biotopes require dedicat­
ed sampling techniques to collect their characterising species (for instance, sampling infauna in 
sediments), and/or specialist taxonomic skills to then identify these species. More importantly, simply 
identifying a biotope in  the field without recording any supporting data does not enable subsequent 
auditing of field data for quality assurance purposes. Thus the issues of biotope description and biotope 
assignment have profound consequences for monitoring studies and should be clearly understood:

• The biotopes in  the published classification were defined on a national basis, and cannot take account 
of all regional or site-specific (i.e. an individual SAC) variations in  form. (Biotope description)

• Each biotope is a sub-division of a continuum with its description representing a nodal point. A 
sample from a transitional zone will have the characteristics of two or more biotopes. 
(.Biotope assignment)

Most of the monitoring trials undertaken by the UK Marine SACs Project recorded some difficulties in 
assigning field records to the national biotope descriptions. It should be noted that these problems were 
largely only encountered w ith subtidal biotopes; fewer problems have been encountered w ith assigning 
intertidal records to a national biotope description. In retrospect, trying to use the national classifica­
tion compromised the results for these subtidal studies and severely reduced the usefulness of their con­
clusions. The concluding message is therefore:

8 The introductory section of the Directive states: ‘Whereas, the main aim of this Directive being to promote the 
m aintenance of biodiversity,...’

9 A biotope is defined as the habitat (i.e. the environm ent’s physical and chemical characteristics) together w ith 
its recurring associated community of species, operating together at a particular scale.
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R egional or s ite -spec ific  b io to p e  d esc rip tio n s  are a fu n d am en ta l re q u ire m e n t for a 
m o n ito rin g  p rog ram m e on  a m arin e  SAC

N o tw ith s ta n d in g  th is  req u irem en t, th e re  is a n e e d  to  ach ieve  a degree of c o n s is ten cy  in  th e  a p p ro ach  
to c o m p ilin g  an y  reg iona l d e sc rip tio n , w ith  ex p lic it lin k s to  th e  n a tio n a l b io to p e  c la ssifica tio n , from  a 
co m m o n  s ta n d a rd  for m o n ito rin g  p e rsp ec tiv e  (Figure 5-3).

Describing regional biotopes
B a s e l in e  s u r v e y

A s s ig n  

n a t i c a #  

b io to p e

PjKTrft

D e fin e  ‘ locaT  
biotope

No
f i t

J N C C  lo  d e fin e
n e w  11 ¡.it lo i i ui

b io to p e

J N C C  to  
a m e n d  th e  

n a tio n a l  
c la s s if ic a tio n

[ N a t io n a l  h i e r a r c h y

B i o t o p e  

1
S u b -b io to p e

M o n i t o r i n g  s u r v e y

Figure 5 -3  An a p p ro ac h  to a ch iev e  co n sis ten cy  in defin ing  reg ional b io to p es

E ven w ith  besp o k e  d esc rip tio n s , assign ing  fie ld  reco rd s to  a b io to p e  w ill re m a in  d ifficu lt d u e  to  the  
in h e re n t v a riab ility  in  th e  n a tu ra l en v iro n m en t. T he b io to p e  c la ss ifica tio n  is h ie ra rc h ica l w h ere  m an y  
of th e  fina l d iv is io n s  b e tw een  v e ry  s im ila r b io to p es  re ly  on  th e  p re sen ce  or absence  of a sm all n u m b er 
of (often  in c o n sp ic u o u s) species. If som e of th e se  ch a rac te ris in g  sp ec ies  are n o t p re se n t (or n o t re c o rd ­
ed!), th e  fina l a ss ig n m en t of th e  reco rd  to  a b io to p e  is d ifficu lt an d  b ecom es m ore  sub jec tive . F ie ld  
reco rds m u s t in c lu d e  su ffic ien t in fo rm a tio n  (ev idence) to  h e lp  red u ce  am big u ities  in  th e  a ssig n m en t 
p rocess. M oore (2000) co n c lu d e d , ‘P rob lem s w ith  sp ec ies  id e n tif ic a tio n  sh o u ld  n o t occur in  fu tu re  
m o n ito rin g , as long  as su rveys are ca rried  ou t b y  ex p e rien ced  su rveyors an d  u s in g  a ch eck lis t w h ic h  
th e y  have  s tu d ie d  in  ad v a n c e .’ S im ilarly , S an d e rso n  e t al. (2000)“ sta ted  th a t ‘A  b io to p e  “k e y ” m ay  
im p ro v e  fu tu re  w o rk  of th is  n a tu re ’ (w hen  a llo ca tin g  fie ld  reco rd s to  b io topes).

W h en  assessing  th e  re su lts  of a m o n ito rin g  in v estig a tio n , an y  changes in  th e  b io to p e  co m p o sitio n  
sh o u ld  co n sid e r th e  m ag n itu d e  of th e  d ifference  b e tw e e n  th e  observed  an d  ex p ec ted  b io to p es  (or th e  
d is tan ce  ap a rt in  th e  c lassifica tion ) p rio r  to  in s tig a tin g  an y  m an ag em en t ac tion . A  change b e tw een  c lo se ­
ly  lin k e d  b io to p es is p e rh a p s  less p ro fo u n d  th a n  b e tw een  b io to p es  in  v e ry  d iffe ren t p a rts  of th e  c la ss i­
fication . For in s tan ce , in c o m p le te  reco rd in g  of th e  fu ll range  of spec ies in  a k e lp  fo rest co u ld  be in te r ­
p re te d  as a generic  k e lp  b io to p e  ra th e r th a n  a p re v io u s ly  m ore  d iverse  t id e sw e p t v a r ia n t (less w orry ing). 
A lte rna tive ly , a re d u c tio n  in  th e  d e n s ity  of ke lp  le ad in g  to a change from  ke lp  fo rest to  k e lp  p a rk  co u ld  
be lin k e d  to  an  in c rea se  in  se d im e n t lo ad in g  of th e  overly ing  w a te r c o lu m n  (m ore w orry ing) th a t co u ld  
m erit fu rth e r m an ag em en t ac tion . In  su c h  s itu a tio n s , it  is e ssen tia l th a t th e  assesso r can  rev iew  p re v i­
ous reco rd s to  ch eck  th e  assig n m en t p ro cess  p rio r  to  in stig a tin g  p o te n tia lly  ex p en siv e  m an ag em en t 
ac tions. A n  a u d it tra il is re q u ire d  for q u a lity  a ssurance  p u rp o ses . S u ffic ien t da ta  m u s t be reco rd ed  in  
th e  fie ld , an d  m a in ta in e d  in  an  a p p ro p ria te  d a tabase , to  su p p o rt fu tu re  a ssessm en t b y  o ther staff.

R eso lv ing  p ro b lem s w h ere  fie ld  reco rd s do n o t m a tc h  n a tio n a l d e sc rip tio n s  is n o t a so le ly  m arin e  
p rob lem . E coscope (2000b) d iscu ss  fitting  te rre s tr ia l v eg e ta tio n  reco rds to  th e  N atio n a l V egetation 
C lassifica tion  (NVC) an d  m e n tio n  co m p u te r p rog ram s to  assis t th e  p rocess. JNCC are in v estig a tin g  
w h e th e r s im ila r co m p u te r-ass is ted  tec h n iq u e s  can  h e lp  in  th e  m arin e  en v iro n m en t. A t p re se n t, h o w e v ­
er, th e  co n c lu d in g  m essages to  im p ro v e  b io to p e  assig n m en t are:
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• D evelop  ch eck lis ts  to  su p p o rt fie ld  reco rd in g
• E nsu re  su ffic ien t da ta  are reco rd ed  an d  s to red  to  su p p o rt q u a l­

ity  a ssu ran ce  of b io to p e  assignm en ts

• U se su itab ly  q u a lified  fie ld  su rv ey o rs10

• F am ilia rise  fie ld  su rveyo rs w ith  loca l b io to p es
• D evelop  a key  for b io to p e  id e n tif ic a tio n

M easu ring  b io to p e  r ichness
C om piling  an  in v e n to ry  of th e  b io to p es p re se n t in  a m arin e  SAC req u ires  a s tru c tu re d  a p p ro a c h  if  
b io to p e  r ich n ess  is an  a ttr ib u te  u se d  to  define  th e  favourab le  c o n d itio n  of an  A n n ex  I feature . A rguably, 
rem ote  sen sin g  is th e  m ost e ffic ien t m e th o d  for c o m p ilin g  a b io to p e  in v e n to ry  of a SAC (see p rev io u s  
section). U nfo rtu n a te ly , som e b io to p es  are b ey o n d  th e  sp ec tra l re so lu tio n  of rem o te  senso rs a n d  th e re ­
fore a lte rn a tiv e  tech n iq u es  are n ecessa ry  to  reco rd  th e  fu ll range  of b io to p es  p re se n t w ith in  a feature, 
an d  th e reb y  ev a lu a te  b io to p e  rich n ess . M aps d eriv ed  from  rem ote  sen sin g  s tu d ie s  can  m ake a sig n ifi­
can t c o n tr ib u tio n  to  th e  p ro cess  b y  in d ic a tin g  th e  range of h ab ita ts  an d , by  in fe ren ce , th e  lik e ly  n u m b er 
of b io to p es p re se n t th ro u g h o u t th e  site. S u ch  in fo rm a tio n  can  assis t in  p la n n in g  a sam p lin g  p rog ram m e 
to reco rd  b io to p es. A ccu ra te  b io to p e  id e n tif ic a tio n  req u ires  d irec t o b se rv a tio n  of th e  seabed , w h ic h  can  
be ach iev ed  for m an y  b io to p es  “ u s in g  a rem o te  v iew in g  te c h n iq u e  v ia  v id eo  cam eras or se d im e n t sam ­
p lin g  dev ices. T here  are tw o  issu es  to  co n sid e r w h e n  p la n n in g  an  in v es tig a tio n  in to  b io to p e  r ich n ess  for 
m o n ito rin g  th e  c o n d itio n  of a m arin e  SAC:

• Do I need f i x e d  (p e rm a n e n t)  s ta tio n s?

• H ow  do I r e p e a t  (s ta n d a rd ise )  th e  reco rd in g ?

F ixed  sta tio n s p ro v id e  g reater p re c is io n  for m o n ito rin g  b y  re d u c in g  sp a tia l v a ria b ility  b e tw e e n  sam p lin g  
even ts , b u t th e re  are sig n ifican t overheads in  re la tio n  to  re lo ca tio n  an d  m a in ten an ce . For m ob ile  su b ti­
dal h ab ita ts  su c h  as san d b an k s, th e  p ro b lem s of p e rm a n e n t m ark ing  are even  m ore  acu te . F u rth erm o re , 
to  reco rd  b io to p e  r ich n ess  th ro u g h o u t a site  req u ires  m an y  sam p lin g  sta tio n s th a t w o u ld  in  reality , 
b ecom e an  o v erw h e lm in g  b u rd e n  on  a m o n ito rin g  p rog ram m e. A ccu ra te ly  re lo ca tin g  a site  has c lear 
tim e  im p lic a tio n s , w h e re  th is  ex tra  tim e  co u ld  u se fu lly  a llow  a d d itio n a l sites to  be sam p led  to  in c rease  
th e  s ta tis tic a l p o w er of th e  sam p lin g  strategy. T h u s  fixed  s ta tio n s  are n o t co n s id e re d  a p p ro p ria te  to 
m easu re  th e  b io to p e  r ich n ess  of A n n ex  I features.

It is v ita l to  ad o p t a s ta n d a rd ise d  a p p ro a c h  to reco rd in g  b io to p e  r ich n ess  if  th e  re su lts  are to  re liab ly  
co n tr ib u te  to  th e  assessm en t of c o n d itio n  of an  A n n ex  I feature . T h e  m ost im p o rta n t a sp ec t to  s ta n ­
d a rd ise  is th e  reco rd in g  effort. It is w e ll d o c u m e n te d  th a t th e  to ta l n u m b e r of sp ec ies  re co rd ed  w ill 
in c rease  w ith  th e  n u m b e r of sam p les  co llec ted . It is log ical to  ex ten d  th is  co n cep t to  reco rd in g  th e  n u m ­
b er of b io to p es  in  an  area. S tan d a rd is in g  (or lim iting ) th e  reco rd in g  effort m u s t be a p p lie d  at tw o  sp a ­
tia l scales: th e  w h o le  fea tu re  leve l a n d  th e  in d iv id u a l sam p le  level. A t th e  fea tu re  level, c learly  it  w ill 
be n ecessa ry  to  reco rd  th e  sam e n u m b e r of sam p les  at e ach  m o n ito rin g  event. A t th e  sam p le  level, 
S an d e rso n  et al. (2000) d iscu ss  v a rio u s  aspec ts  of effort lim ita tio n , a lth o u g h  p e rh a p s  th e  m o st im p o r­
ta n t are tim e  a n d  d is tan ce . U ltim ate ly , b o th  tim e  an d  d is tan ce  re la te  to  th e  area of seabed  ac tu a lly  sam ­
p le d  at a lo ca tio n , w h ic h  sh o u ld  re m a in  c o n s tan t b e tw een  sam p les  an d  m o n ito rin g  events.

10 Staff must have experience of both the recording method and sufficient taxonomic expertise to identify the 
likely range of species present. It may be necessary to have bespoke training sessions prior to the monitoring 
event. These issues are very important to achieve satisfactory QA/QC.

11 The num ber of biotopes supported by a feature. It will be necessary to specify the finest level in the hierarchy 
of the biotope classification to w hich any sample will be classified to ensure a standard and consistent 
approach.

12 Remote viewing w ill not discriminate between biotopes that are defined on the presence or absence of small 
filamentous or cryptic species.
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D eterm in in g  th e  sam p lin g  stra tegy  an d  th e  n u m b e r of sam p les  n ecessa ry  is a m ore  co m p lex  issu e  th a t 
is n o t fu lly  re so lv ed  at th e  p re se n t tim e. For sp ec ies  reco rd in g , th e  o p tim u m  n u m b e r of sam p les  is often  
d e riv ed  from  a p ilo t s tu d y  w h ere  th e  area  is in te n s iv e ly  sam p led  to  g enera te  a sp ec ies/e ffo rt (or area  = 
no. of q u ad ra ts) g raph . T h e  re su ltin g  g rap h  is u se d  to  d e te rm in e  th e  n u m b e r of sam p les  n ecessa ry  to 
reco rd  th e  to ta l n u m b e r of spec ies in  th e  a re a / ' For m a n y  b io to p es, th e  n u m b e r of sam p les  re q u ire d  to 
reco rd  all th e  spec ies p re se n t is lik e ly  to  be p ro h ib itiv e ly  ex p en siv e  an d  th u s  an  accep tab le  leve l w ill 
n e e d  to  be d e te rm in ed . It is p o ss ib le  to  u se  m a th em a tica l te c h n iq u e s  (ra re fac tion  m e th o d , b o o ts trap  p ro ­
ced u re  or jackkn ife  estim a te  ) to  es tim ate  th e  to ta l n u m b e r of sp ec ies  b ased  on  a se lec tio n  of ran d o m  
q u ad ra ts . A  s im ila r a p p ro a c h  co u ld  be a d o p ted  for reco rd in g  b io to p e  rich n ess . D ue to  th e  n a tu re  (hab i­
ta t v e rsu s  p h y s io g rap h ic  feature) an d  th e  large geograph ica l ex ten t o f som e m arin e  A n n ex  I fea tu res in  
th e  UK (W ash, M orecam be Bay), th e  o p tim u m  sam p lin g  s tra tegy  is lik e ly  to  have  sig n ifican t fin an c ia l 
im p lica tio n s . It is p o ss ib le  th a t a sm alle r rep re sen ta tiv e  area w ith in  a fea tu re  co u ld  be ‘su b -sa m p le d ’ as 
a p ro x y  to  assess c o n d itio n  for th e  w h o le  feature. T he long -term  im p lic a tio n s  of su c h  an  a p p ro a c h  have  
yet to  be fu lly  ex p lo red . S u b -sam p lin g  itse lf  req u ires  carefu l c o n s id e ra tio n  of th e  lo c a tio n  a n d  n u m b er 
of su b -u n its  n ecessa ry  to  re liab ly  assess b io to p e  r ich n ess  th ro u g h o u t th e  en tire  feature.

In  sum m ary , to reco rd  b io to p e  r ich n ess  it  is c o n s id e red  n ecessa ry  to:

S tan d a rd ise  th e  n u m b e r of sta tio n s sam p led  

S tan d a rd ise  th e  sam p lin g  effort at each  s ta tio n

W h a t  is th e  m ost ap p ro p r ia te  techn ique?
A  range of tech n iq u es  is ava ilab le  for th e  d irec t observ a tio n  of th e  seab ed  (in te rtid a l an d  su b tid a l) to 
id e n tify  th e  b io to p es  p resen t. T he C o u n try sid e  C ouncil for W ales (CCW) co m p le ted  a co m p reh en siv e  
ev a lu a tio n  of te c h n iq u e s  in  th e ir  c o n tr ib u tio n  to th e  UK M arine  S A C s Project. T h e ir re su lts  are in c lu d ­
ed  in  Table 5-4 an d  Table 5-5. It sh o u ld  be n o te d  th a t th e  level an d  q u a n tity  of da ta  reco rd ed  by  th ese  
d iffe ren t te c h n iq u e s  do vary, a n d  it  m ay  be p o ssib le  to  reco rd  in fo rm a tio n  to ad d ress  m ore  th a n  one 
a ttrib u te  from  a sam p lin g  exerc ise  u s in g  a sing le  tech n iq u e . For exam ple , b y  tak ing  a grab sam p le  to 
id e n tify  a se d im e n ta ry  b io to p e , th e  sam p le  m ay  be re ta in e d  for b o th  p a rtic le  size an a lysis  an d  to  e n u ­
m erate  th e  n u m b e r of in fa u n a l o rgan ism s p re se n t to  estim ate  b iom ass. T h ese  a d d itio n a l u ses  of th e  sam e 
sam p le  have  clear im p lic a tio n s  for th e  cost-effic iency  of th e  tech n iq u e .

13 A review of the number of samples to take is provided by Baker and Wolff (1987)
14 For an explanation, see Krebs, C J (1998) Ecological methodolgy. Addison Wesley Longman Inc., California.
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H o w  d o  I m ea su re  th e  qua lity  of the  b iological c o m p o n e n t  of a feature?
Q u ality  is a d ifficu lt te rm  to define  in  th e  co n tex t of e n v iro n m en ta l m anagem en t. R em in d in g  ourse lves 
th a t th e  H ab ita ts D irec tive  aim s to  conserve  b iod iv ers ity , q u a lity  in  SAC te rm s sh o u ld  be  in te rp re te d  in  
te rm s of th e  d e fin itio n  of b iod iversity . T h a t is, th e  v a rie ty  of life  w ith in  an  SAC. T h ere  is a scale  issu e  
to  co n s id e r a n d  th e  p rev io u s  sec tio n  c o n s id e red  th e  v a rie ty  (richness) of b io to p es w ith in  a site. B io topes 
are d e fin ed  b ased  on  a lim ite d  n u m b e r of ch a rac te ris in g  spec ies b u t a ll b io to p es  w ill a lso  su p p o rt very  
m an y  a d d itio n a l species. B io tope d e fin itio n s  are n o t exact an d  th e  faith fu lness" of th e ir  ch a rac te ris in g  
spec ies w ill n o t be 100% . C onsequen tly , n o t all th e  ch a rac te ris in g  sp ec ies  lis te d  in  a b io to p e  d e sc r ip ­
t io n  n e e d  to  be reco rd ed  for a sam p le  to  be assig n ed  to  th a t b io tope . S im p ly  m o n ito rin g  th e  n u m b e r of 
b io to p es p re se n t w ith in  a fea tu re  m ay  m ask  som e im p o rta n t changes in  th e  overall b io log ica l co m p o si­
tion . It is p o ss ib le  th a t th e  n u m b e r of ch a rac te ris in g  spec ies in  each  b io to p e  co u ld  d ec lin e  over a series 
of m o n ito rin g  cycles, or th e  range of ch a rac te ris in g  spec ies p re se n t m ay  change over tim e, w ith o u t 
red u c in g  th e  n u m b e r of b io to p es in  th e  feature . T h u s, o n ly  m easu rin g  b io to p e  r ic h n e ss  m ay  n o t p ro v id e  
an  accu ra te  p ic tu re  of th e  c o n d itio n  (= quality ) of a feature . To m o n ito r  th e  q u a lity  of a fea tu re , it  is 
there fo re  v ita l to  m ake a q u an tita tiv e  a ssessm en t of th e  spec ies co m p lem en t p re se n t w ith in  a b io to p e  
(ch aracte ris in g  sp ec ies  a n d  o thers), in c lu d in g  th e  a b u n d an ce  of in d iv id u a ls  . T h e  q u a lity  of a b io to p e  
is often  m e asu red  u s in g  in d ice s  of sp ec ies  r ich n ess  or spec ies d iv e rs ity  (see Box 5-3) a lth o u g h  th e  v a lu e  
of th is  ap p ro a c h  for m o n ito rin g  p u rp o se s  is sub jec t to  debate .”

Box 5-3 W h a t  is m e a n t  by th e  term s 'sp e c ie s  r ichness ' a n d  'sp e c ie s  diversity '?
S p e c ie s  r ic h n e ss  is d e fin ed  as th e  n u m b e r of spec ies p re se n t in  a b io to p e
S p e c ie s  d ive rs ity  is a d u a l co n cep t in c o rp o ra tin g  th e  n u m b e r of spec ies p re se n t, an d  th e
ev en n ess  w ith  w h ic h  th e  in d iv id u a ls  are d iv id e d  am ongst th ese  species

T h e  co n cep t of q u a lity  c an  also  be a p p lie d  at th e  leve l of in d iv id u a l sp ec ies  w h e re  th e  p re sen ce  or 
absence  of a spec ies m ay  be  an  im p o rta n t a ttrib u te  of a feature . For exam ple , a spec ies m ay  be u se d  as 
an  in d ica to r  of th e  ‘h e a lth ’ of a fea tu re  (for a d isc u ss io n  on  th e  use  of in d ic a to r  spec ies see: R ow ell 
1994x an d  GESAM P 1995y), or a surrogate  " for an o th e r a ttrib u te . A ssessing  th e  fa vo u ra b le  conserva tion  
s ta tu s  of an  A n n ex  I fea tu re  in c lu d e s  an  e v a lu a tio n  of th e  sta tu s  of its  ty p ica l species.

M o n ito rin g  a ttrib u tes  to  assess th e  q u a lity  of a fea tu re  a ll req u ire  th e  e n u m e ra tio n  of th e  n u m b e r of 
spec ies a n d /o r  th e  n u m b e r of in d iv id u a ls  p resen t. For m o st m arin e  sp ec ies, th e  size a n d  c o m p lex ity  of 
m arin e  A n n ex  1 fea tu res, an d  th e  life -cy c le /n a tu re  of m arin e  A n n ex  II sp ec ies, p re c lu d e  an y  a ttem p t at 
c o u n tin g  th e  en tire  p o p u la tio n . S am p lin g  is there fo re  req u ired .

H ow  do I sam ple a population?
P o p u la tio n  estim ates  for spec ies are g en era ted  from  a sam p lin g  p rog ram m e w h ere  th e  n u m b e r of in d i ­
v id u a ls  is en u m e ra te d  for a sm all fixed  area. B row n2 re lay ed  th e  fo llow ing  quo te  to  e x p la in  th e  co n cep t 
of sam pling : ‘Dr Jo h n so n  sa id  th a t you  do n o t have  to  ea t w h o le  ox, in  o rd er to k n o w  th a t th e  m ea t is 
to u g h ’! Brown" p re se n ts  an  ex ce llen t e x p la n a tio n  of th e  p rin c ip le s  an d  p rac tices  b e h in d  sam p lin g  in  
re la tio n  to  co m m o n  s tan d a rd s  m o n ito rin g . S am p lin g  is a lso  d esc rib ed  in  d e ta il b y  m ost s ta n d a rd  eco ­
log ical aa' an d  s ta tis tica l tex ts. E coscope (2000a) e x p la in  sam p lin g  p ro ced u res  in  th e  co n tex t of 
d esign ing  a m o n ito rin g  p rog ram m e to assess s ite  co n d itio n . T he m o st im p o rta n t issu es  re la tin g  to  sam ­
p lin g  are:

29 A highly fa ith fu l species is restricted to the defined habitat for the biotope; a poorly fa ith fu l species is found 
very widely in the relevant major habitat. Definitions taken from the National Biotope Classification.

30 Determining abundance of individual is important for the same reason as counting the number of species in a 
biotope -  the abundance could decline w ithout reducing the num ber of species, indicating some management 
action may be necessary.

31 A species whose characteristics (presence/absence, population density, dispersion, reproductive success) are 
used as an index of attributes too difficult, inconvenient or expensive to measure for other species or envi­
ronmental conditions of interest: Landres, P B, Verner, J, and Thomas, J W (1988) Ecological uses of verte­
brate indicator species: a critique. Conservation Biology, 2, 316-328.

32 Surrogate species are likely to change if the whole biotope is changing and therefore may be considered to 
represent the whole community.
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• th e  p a tte rn  of sam p le  reco rd in g

• th e  n u m b e r of sam p les  reco rd ed

• th e  size  of th e  sam p le  area: th e  c o n cep t of th e  q u a d r a t

• th e  m e th o d  of e n u m era tio n

What size  quadrat should I use?
To s ta n d a rd ise  fie ld  reco rd in g  to  en su re  th e  re su lts  are co m p arab le  b e tw e e n  sam p les  an d  m o n ito rin g  
even ts, it  is im p e ra tiv e  th a t a s ta n d a rd  reco rd in g  u n it  is ad o p ted . S u ch  s ta n d a rd isa tio n  is m ost easily  
ach iev ed  u s in g  a quadrat. A  q u ad ra t is ‘som e so rt of square , rec tan g u la r or c ircu la r fram e ... [that] p ro ­
v id es  som e d isc ip lin e  for reco rd in g  in fo rm a tio n  ab o u t th e  h a b ita t or v e g e ta tio n ’.2 Q u ad ra t size (and 
shape) w ill affect th e  m e asu rem en t ty p e  a n d  th e  effic iency  of reco rd ing . T he cho ice  of th e  size of th e  
q u a d ra t is fu n d a m e n ta lly  re la te d  to th e  ch a rac te ris tic s  of th e  p o p u la tio n  u n d e r  in v estig a tio n , a n d  p a r ­
tic u la rly  to its sp a tia l o rgan isa tion ; es tim ates  for p o p u la tio n s  w ith  an  aggregated  d is tr ib u tio n  are m ost 
affected  by  q u ad ra t size. T he m o st a p p ro p ria te  m e th o d  u se d  for ch oosing  th e  op tim a l q u a d ra t size is th e  
sub jec t o f co n sid e rab le  deba te  w ith  v iew s rang ing  from  a ‘gu t fee lin g /easy  d e p lo y m e n t’ a p p ro a c h  to  rig ­
o rous s ta tis tic a l an a ly s is .“  E coscope (2000b) devo te  an  a p p e n d ix  to  th e  issu e  of se lec tin g  an  a p p ro p r i­
ate q u ad ra t size  an d  no te  th a t ‘th e re  is n o  s im p le  ru le  for c a lcu la tin g  op tim a l size [of q u a d ra ts ]’. A n d rew  
an d  M ap sto n e  (1987) p re se n t a u se fu l d isc u ss io n  on  th e  to p ic  an d  p ro v id e  m an y  re fe rences to  o ther 
in v estig a tio n s. (Boz 5-4)

T he resu lts  of th e  UK M arine  SACs P ro jec t m o n ito rin g  tria ls  p ro v id e d  som e g u id an ce  on  th e  m ost 
a p p ro p ria te  q u ad ra t size a lth o u g h  no  d e d ica ted  in v estig a tio n s w ere  u n d e rtak en . O verall, 0 .1 m 2 
q u ad ra ts  w ere  a p p ro p ria te  for d en se  a fau n a l a n d /o r  algal tu rf, 0 .2 5 m 2 for m ost o ther assem blages, an d  
l m 2 for co u n tin g  large organ ism s su c h  as th e  b ro w n  alga Halidrys siliquosa or th e  n o r th e rn  sea fan  
Swiftia pallida.

G reen  (1979) (quo ted  in  A n d re w  an d  M ap sto n e  1987) n o te d  th a t ‘T hose  w h o  sk ip  th is  s tep  [p ilo t 
s tudy] b ecau se  th e y  do n o t h av e  en o u g h  tim e, u su a lly  en d  u p  lo sin g  tim e .’

What counting technique should I use to estimate abundance?
T here  are four d iffe ren t te c h n iq u e s  co m m o n ly  u se d  to  e stim ate  th e  a b u n d an ce  of a species:

1) p e rcen tag e  cover

2) ac tu a l co u n ts

3) freq u en cy  of o ccu rren ce  (in  a quadra t)
4) a b u n d a n c e  scales

P o in ts  1 -3  are q u an tita tiv e , 4 is a sem i- 
q u an tita tiv e  m easu re  b ased  on  a su b jec ­
tiv e  a sse ssm e n t of a b u n d a n c e  b y  th e  
recorder. E ven  w h e n  rig o ro u sly  ap p lied , 
th e  sub jec tive  e lem en t of ab u n d a n c e  scale 
d a ta  lead s to  co n sid e rab le  in te r-reco rd e r 
v a ria b ility  an d  th e re fo re  th e y  are n o t 
a p p ro p r ia te  for sp e c ie s  m o n ito r in g .88 
F u rth e rm o re , sem i-q u an tita tiv e  da ta  c a n ­
n o t be u se d  for m o st s ta tis tica l analyses 
ro u tin e ly  u se d  for h y p o th e s is  testing .

T here  are no  h a rd  an d  fast ru le s  for th e  
ch o ice  b e tw e e n  th e  th re e  q u a n tita tiv e  
co u n tin g  tech n iq u es . In  a ‘s traw  p o ll’ of 
p a r t ic ip a n ts  in  th e  UK Marine SACs 
Project m o n ito rin g  tria ls , staff fe lt th a t 
fre q u e n c y  e s tim a te s  w e re  s im p le r  to  
u n d e rta k e  an d  th erefo re  th e y  h a d  m ore  
co n fid en ce  in  th e  resu lts ; a v iew  bo rn e  
ou t b y  th e  co n c lu s io n s  d raw n  from  a 
s tu d y  of Loch M addy, b u t co n tra d ic te d  b y  a s im ila r s tu d y  in  P ly m o u th .“ Table 5-6 p ro v id es  som e basic  
reco m m en d a tio n s  b ased  o n  th e  s tu d ie s  co m p le ted  b y  th e  UK Marine SACs project.

Box 5 -4  Key con c lu s io n s  from A ndrew  &
M ap sto n e  (1987) on the  c h o ic e  of q u a d ra t  size.

Estimates of average abundance obtained from larger quadrats 
will be less affected by the spatial patterns of the organisms 
under investigation.

For a given sample size, the precision of a sample estimate will 
increase with increasing quadrat size until the size exceeds the 
average distance between aggregations in the population.

Shape of the quadrat may affect the precision, and the amount 
of ‘boundary’ relative to the area or volume of the 
sample unit should be minimised.

Where the spatial arrangement of the organisms is unknown 
(or not important), the smallest quadrat should be at least one 
order of magnitude larger than the size of the largest organism 
being counted.

A cost/benefit analysis is essential to compare quadrat size, 
number of samples and efficiency.

It is often more economical to take a larger number of the 
smallest quadrat size
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Table 5-6 S u g g ested  m o n ito r in g  a p p lica tio n  o f  d iffe ren t c o u n tin g  tech n iq u es

Type o f count Application

Percentage cover Estimating community composition: density of indicator species: algal composition 
of a community: density of colonial species

Actual counts Estimating ratio of kelp species: density of sea fans: density of cup corals

Frequency of occurrence Estimating community composition: density of mobile species

T h is  tab le  w ill be e x p a n d e d  to in c lu d e  the  a d va n ta g es a n d  d isa d va n ta g es o f  each c o u n tin g  tech n iq u e  
w h en  in fo rm a tio n  b eco m es available.

H ow do I sam ple sedim ent habitats
Most of the fauna of sediment habitats lives w ithin the sediment. For subtidal sediment habitats, there 
is some debate on whether the biotope can be defined by the species living on the surface (the epiben- 
thos). There are few epibenthic species visible on intertidal sediment flats at low water. It is necessary 
to excavate the sediment to sample the full range of species in  sediment habitats. All the earlier dis­
cussions on quadrat size and counting methods equally apply to sediment sampling techniques. The 
only difference is that one needs to sample a standard volume of sediment rather than a standard area 
as provided by a quadrat. A standard volume is collected w ith a container of known dimensions 
although the actual m ethod of deployment will vary between intertidal and subtidal habitats. For inter­
tidal habitats, the m ost comm on 
m ethod of sampling uses a core or box, 
w hich is driven into the sediment and 
then carefully dug out w ith its contents 
intact. Divers can also use a similar 
technique for subtidal sediments, par­
ticu larly  coarse sedim ents such as 
maerl. Divers may use a suction sam­
pling device to excavate a known vol­
ume of sediment from w ithin a frame.
However, a mechanical grab or corer 
operated remotely from a support ves­
sel is the most common m ethod of sam­
pling subtidal sediments. After recover­
ing a standard volume, the contents are 
passed through a m esh to separate the 
fauna from the sediment and the biotic material is then preserved for enumeration in  the laboratory.

Infaunal species vary in  size from the meiofauna attached to individual sand grains (pm ) to large 
(>10cm) bivalve molluscs. The size of the mesh will determine the precise fraction of the infaunal 
assemblage retained for future analysis. The most common m esh sizes used are 2mm, 1mm, 0 .5m m  and 
0.125m m . Mesh size is an extremely contentious subject in  benthic ecology and it is difficult to provide 
any specific recommendations w ithout starting a heated debate. Clearly the size distribution of ind i­
viduals in the target community m ust be considered: there is little value in  using a coarse mesh (2mm) 
to sample an assemblage of tiny polychaetes in  soft m ud because most individuals will pass through the 
mesh! In contrast, using too fine a m esh in  coarse sediments will result in  a large volume of residue that 
will take a long time to sort through in  the laboratory and therefore have significant financial im plica­
tions. A study of sandbanks in  Plymouth Sound cSAC for the UK Marine SACs Project” investigated the 
difference between three m esh sizes (5m m , 1mm and 0.5m m ). Similar results were obtained for 0.5m m  
and 1mm mesh although significantly lower values were recorded for abundance, species richness and 
species diversity for the larger mesh. Nevertheless, they concluded that a 1mm sieve would ‘... proba­
bly be the optimum size for future sampling’, because the reduction in sampling efficiency (of 
species/individuals) would be more than compensated by the reduction in  the time taken for sample 
analysis. The National Marine Monitoring Programme requires samples to be sieved at both 0.5m m  and

33 The Green Book is a controlled document distributed by Fisheries Research Service, Marine Laboratory, 
Aberdeen (contact Dr Gili Rodger rodgergk@marlab.ac.uk). The text may be downloaded from. 
http://www.marlab.ac.uk/greenbook/GREEN.htm

34 See Chapter 1.

Box 5-5

Standard texts for sediment monitoring

• Green book for UK National M arine M onitoring 
Programme

• ICES (Rumohr, H. ed.) Techniques in  m arine 
m onitoring: soft bottom  m acrofauna: collection, 
treatm ent and quality assurance of samples. See: 
http://ww w.ices.dk/pubs/tim es/tim es.htm

• International Standards Organisation (ISO) guidelines 
for quantitative investigations of marine soft bottom 
benthic fauna (d ra ft only)

mailto:rodgergk@marlab.ac.uk
http://www.marlab.ac.uk/greenbook/GREEN.htm
http://www.ices.dk/pubs/times/times.htm
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1m m , b u t on ly  th e  1m m  re su lts  are re p o rte d  for offshore an d  in te rm e d ia te  sites; b o th  th e  1m m  an d  
0 .5m m  re su lts  are re p o rte d  for e s tu a rin e  sites. T he In te rn a tio n a l C ouncil for th e  E x p lo ra tio n  of th e  Seas 
(ICES) g u id an ce  on  se d im e n t sam p lin g  (R um ohr 2000) reco m m en d s a 1m m  sieve for ‘d e sc rip tiv e  s u r ­
v ey s’, a n d  fu rth e r reco m m en d s th a t w h ere  a finer m e sh  is req u ired , th e  sam p les  are sp lit  in to  frac tions 
b y  m esh  size. T hus:

• S am p les  sh o u ld  be p ro cessed  th ro u g h  a 1m m  sieve, u n le ss  p rev io u s  in v es tig a tio n s  in d ic a te  a finer 
m esh  is n ecessa ry  to ad eq u a te ly  sam p le  th e  target b io tic  assem blage. W here  a finer m esh  is necessary , 
th e  sam p le  sh o u ld  be su b -d iv id ed  to  p ro v id e  a 1m m  m esh  fraction .

So w h a t te c h n iq u e s  sh o u ld  I use? S ed im en t m o n ito rin g  has a long  h is to ry  an d  th e re  are m an y  tex ts 
describ in g  ‘s ta n d a rd ’ m e th o d s  (Box 5-5). C learly, th e  m o st im p o rta n t issu e  is to en su re  th e  sam p lin g  
m e th o d  w ill fu lly  ad d re ss  th e  a ttrib u te  u n d e r  in v estig a tio n , a n d  th e  p a ram ete rs  are fixed  for fu tu re  m o n ­
itoring .

F inally , th e  c lear re c o m m e n d a tio n  for se d im e n t sam p lin g  is:

There should be a pilot study to compare the relative accuracy and relative 
precision and the cost-benefit of different sample and mesh sizes, prior to 
establishing a monitoring programme

Future developments

T he in fo rm a tio n  p ro v id e d  in  C hap ter 5 w as d raw n  from  b o th  th e  sc ien tific  lite ra tu re  an d  th e  re su lts  of 
th e  m o n ito rin g  tria ls  u n d e rta k e n  by  th e  UK M arine  SACs pro jec t. T h u s  it  is m o stly  th eo re tica l (a lthough  
d e riv ed  from  p rac tica l s tu d ies) an d  its  ap p lic a b ility  to  SAC m o n ito rin g  p rog ram m es h as  ye t to  be fu lly  
ev a lu a ted . T hese  sec tio n s w ill be u p d a te d  in  th e  e lec tro n ic  v e rs io n  of th e  h an d b o o k  w h e n  m ore  in fo r­
m a tio n  becom es availab le .

A d d itio n a l sec tio n s are p la n n e d  to  ad d re ss  o ther a ttrib u tes . S pecifically , w e h o p e  to  p rep a re  adv ice  
on  m o n ito rin g  b io log ica l s tru c tu re  a n d  th e  p h y s ica l p ro p e rtie s  of A n n ex  I h ab ita ts , an d  te c h n iq u e s  for 
m o n ito rin g  A n n ex  II species.
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Procedural guidelines
C aro l in e  Turnbull a n d  Jon Davies

T he fo llow ing  tab le  lis ts  th e  te c h n iq u e s  for w h ic h  g u id an ce  w ill be availab le . T he sta tu s  c o lu m n  in d i­
cates th e  c u rre n t stage of d ev e lo p m en t for each  p ro c e d u ra l g u id e lin e . T hose  g u id e lin e s  w h o se  s ta tu s  is 
lis te d  as in  p re p .’ or ‘p la n n e d ’ are n o t in c lu d e d  in  th e  c u rre n t v e rs io n  (M arch 01).

Attribute Number Full title o f guideline Sum m ary title Status

Extent
1-1 Intertidal resource mapping using aerial photographs Intertidal resource mapping finished

1-2 Fixed view point photography Viewpoint photography finished

1-3 Seabed mapping using acoustic ground discrim ination 
interpreted w ith ground truthing

AGDS finished

1-4 The application of side scan sonar for seabed mapping Side scan sonar finished

1-5 Mosaicing side scan sonar images to map seabed 
features

Mosaicing sonar images in prep.

1-6 Mapping extent using point samples Point sample mapping in prep.

Satellite and airborne m ultispectral remote sensing Remote imaging planned

Aerial photography and photogrammetry Air photo interpretation planned

LIDAR LIDAR planned

Physical properties

2-1 Measuring water quality parameters: clarity, 
chemistry, density, salinity and temperature

Measuring water quality in prep.

2-2 Sediment profile imagery Sediment profile imagery finished

2-3 Undertaking a physical survey of littoral and 
sublittoral sea caves

Surveying sea caves finished

2-4 Determining the structure and particle size 
composition of sediment

Particle size analysis in  prep.

Routine monitoring of water chemistry parameters 
using in  situ data loggers

Water chemistry data 
loggers

planned

Analysing the chemical structure of marine sediments Sediment chemical analyses planned

Measuring bathymetry using standard hydrographic 
techniques

Bathymetric mapping planned
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Attribute Number Full title o f guideline Sum m ary title Status

Biotic composition

Biotopes
3-1 In situ intertidal biotope recording Intertidal biotope ID finished

3-2 In situ survey of intertidal biotopes using abundance 
scales and checklists at exact locations (ACE surveys)

Intertidal ACE finished

3-3 In situ survey of subtidal (epibiota) biotopes and 
species using diving techniques

Subtidal biotope ID finished

3-4 Descriptive and quantitative surveys using remote 
operated vehicles

ROV in prep.

3-5 Identifying biotopes using video recordings Drop-down video finished

3-6 Quantitative sampling of intertidal sediment species 
using cores

Intertidal core sampling finished

3-7 In situ quantitative survey of subtidal epibiota using 
quadrat sampling techniques

Subtidal quadrat sampling finished

3-8 Quantitative sampling of sublittoral sediment biotopes 
and species using diver-operated cores

Sublittoral coring by diver finished

3-9 Quantitative sampling of sublittoral sediment biotopes 
and species using remote-operated grabs

Grab sampling finished

3-10 Sampling marine benthos using suction samplers Suction sampling finished

3-11 Littoral monitoring using fixed quadrat photography Intertidal quadrat 
photography

finished

3-12 Quantitative surveillance of sublittoral rock biotopes 
and species using photographs

Sublittoral photography final draft

3-13 In situ surveys of sublittoral epibiota using hand-held 
video

Subtidal hand-held video finished

3-14 In situ survey of sublittoral epibiota using towed 
sledge video and still photography

Towed sledge finished

Species
4-1 Sampling fish and demersal fish populations in 

subtidal rock habitats
Fish in subtidal rock habitats finished

4-2 Recording benthic and demersal fish in  dense 
vegetative cover

Fish in vegetative cover finished

4-3 Sampling benthic and demersal fish populations on 
sediments

Fish on sediments finished

4-4 Sampling fish in  rockpools Fish in rockpools finished

4-5 Techniques for monitoring the abundance and 
behaviour of bottlenose dolphins

Using the National biotope classification for 
monitoring

Bottlenose dolphins draft

planned

Biological structure 
5-1 Assessing the population structure of Modiolus 

m odiolus reefs by shell ageing techniques
Mollusc shell ageing in prep.

Measuring the vertical distribution of species or 
biotopes using levelling

Shore profiling planned

Measuring spatial patterns using transect survey 
techniques

Transect survey planned

General
6-1 Positioning by differential GPS in near-shore tidal waters

dGPS finished

6-2 Relocation of intertidal and subtidal sites Site relocation finished

6-3 Specimen collection, preservation and storage Specimen collection finished



Procedural Guideline 1-1 
Intertidal resource 

mapping using aerial photographs
Francis Bunker,  M a r i n e S e e n /  Bob Foster-Smith, S e a M a p 2 a n d  

James  Perrins, exeGesIS  SDM Ltd3

Background

S hore m ap p in g  a im s to  create m ap s show ing  th e  d is tr ib u tio n  of b io to p es along w ith  assoc ia ted  in fo rm a­
tion , su ch  as th e  occu rrence  of rare species, de ta ils  of h ab ita t, etc. B iotopes are lo ca ted  on  th e  shore an d  
m atch ed  to  featu res sh o w n  on  recen t co lou r aeria l p h o to g rap h s (co rrec ted  to  a llow  an  O rd n an ce  S urvey  
g rid  overlay). T he b io to p e  b o u n d a rie s  are th e n  defined  on  th e  p h o to g rap h  (as ‘p o ly g o n s’) an d  target no tes 
m ade on  b io to p es an d  features of in te re s t toge ther w ith  d e ta iled  q u an tita tiv e  data  if  requ ired . In tegral to 
the  m eth o d o lo g y  is th e  co lla ting  of th e  b io log ica l data, together w ith  aeria l p h o to g rap h s an d  d ig itised  
1:10,000 OS m ap s on  a PC -based G eographical In fo rm atio n  S ystem  (GIS) su ch  as M aplnfo  or A rc V iew 
(ideally  lin k ed  to a database).

T he p rec ise  m eth o d o lo g y  varies s ligh tly  b e tw een  w orkers, b u t genera lly  fo llow s th a t describ ed  in  
F oster-S m ith  an d  B unker (1997) an d  W yn et al. (2000). S hore b io to p es are c lassified  acco rd ing  to the  
n a tio n a l c lass ifica tio n  (C onnor et al. 1997); how ever, it is im p o rta n t to  recogn ise  an d  p ro p e rly  describe  
the  reg ional ch arac ter an d  v arian ts  of b io to p es in  each  area of study. M aps m ay  be d isp lay ed  in  a v arie ty  
of w ays, d ep en d in g  on  th e  en d -u se r req u irem en ts , e ith er u sin g  life form  co lours (F oster-Sm ith  an d  
B unker 1997) or b io to p e  com plex  co lours (C onnor et al. 1997). P errin s  an d  B unker (1998) d iscuss the  
m erits of p resen tin g  the  sam e m ap  in  d ifferen t w ays.

S hore m ap p in g  is p rim a rily  designed  to  reco rd  the  b road-scale  d is tr ib u tio n  of b io to p es for base lin e  
m app ing . H ow ever, fo llow ing  tria ls  on  rocky  shores o iled  b y  th e  Sea Empress sp ill, B unker an d  B unker 
(1998) co n c lu d ed  th a t th e  m e th o d  also has a u sefu l ro le  in  su rv e illan ce  s tu d ies  an d  in  th e  p lan n in g  of 
m o n ito rin g  strategies. A  u sefu l d iscu ss io n  of th e  lim ita tio n s  of sho re  m ap p in g  in  m o n ito rin g  sed im en t 
b io topes is g iven  in  P errin s  an d  B unker (1998).

A  s tu d y  of shores in  P em brokesh ire , W ales affected  by  th e  Sea Empress oil sp ill p ro v id ed  exam ples of 
h o w  large-scale changes over tim e  w ere  de tec ted  b y  d e ta iled  shore  m ap p in g  an d  target n o tin g  (B unker 
an d  B unker 1998). F igure 1 show s b io to p e  m ap s of a lim esto n e  shore ap p ro x im ate ly  6 m o n th s  an d  17 
m o n th s after the  sp ill. T hese  m aps are co lo u red  acco rd ing  to life form  (F oster-Sm ith  an d  B unker 1997) 
an d  sh o w  b io to p es c lassified  accord ing  to C onnor et al. (1997). Local v a rian ts  of b io to p es w ere  recogn ised  
in  o rder to  describe  p a rticu la r  ch arac teris tics  of th e  shore , an d  su b tle  changes th a t took  place. M any  of 
the  sub tle  changes th a t o ccu rred  on  th e  sho re  w ere  n o t easily  sh o w n  on  a m ap . E xam ples of th ese  in c lu d ­
ed  th e  b leach in g  an d  su b seq u en t recovery  of crusto se  co ra llin e  algae in  som e kelp  b io to p es an d  g row ths 
of Pelvetia canaliculata, w h ic h  ap p ea red  in  the  ELR.M B.BPat.Cht (Chthamalus montagui an d  Lichina 
pygmaea) b io tope . S u ch  deta ils  w ere  reco rd ed  as target no tes  an d  su b seq u en tly  d iscu ssed  in  th e  report.

1 Estuary Cottage, Bentlass, Hundleton, Pembrokeshire SA71 5RN, UK.
2 Department of Marine Science and Coastal Management, Ridley Building, University of Newcastle-upon-Tyne, 

Newcastle-upon-Tyne NE1 7RY, UK.
3 The Smithy, Cosheston, Pembroke, Pembrokeshire SA72 4UH, UK.
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Attributes m ea su rab le  by sh o re  m ap p in g

• d is tr ib u tio n  of in d iv id u a l or g roups of b io to p es, b io to p e  com plexes a n d  life form s p re se n t in  an  area

• ex ten t of in d iv id u a l or g roups of b io to p es, b io to p e  com plexes an d  life  form s p re se n t in  an  area
• d iv e rs ity  of b io to p es  p re se n t in  an  area

• o th e r a ttrib u tes  a ttach ed  to  po ly g o n s in  th e  form  of target n o tes , su c h  as spec ies in fo rm atio n , c o n d i­
tio n  of b io to p es  (B unker an d  B unker 1998) an d  se n s itiv ity  (Cooke an d  M cM ath  2000)

A lth o u g h  n o t e ssen tia l, th e  u se  of GIS, e sp ec ia lly  w h e n  lin k e d  to  a da tabase , g rea tly  fac ilita tes m e a su r­
ing  of v a rio u s a ttrib u tes  of sh o re  m ap p in g , in c lu d in g  th e  fo llow ing .

A pplicabili ty  of sh o re  m ap p in g  to  o th e r  survey objec tives
C om pile  an  in v e n to ry  /  re -in v en to ry  b io to p es  or b io to p e  co m p lex es p re se n t in  a d e fin ed  area. 

A dvantages
• T h e  m ap s can  sh o w  th e  overall d is tr ib u tio n  of b io to p es  over large areas of sh o re lin e  an d  can  be in v a lu ­

ab le for d ev e lo p in g  reso u rce  m an ag em en t an d  m o n ito rin g  stra teg ies.
• T he m ap s can  h ig h lig h t a n d  h e lp  q u an tify  large-scale  changes in  b io to p e  d is trib u tio n .
• A eria l p h o to g ra p h  in te rp re ta tio n  is a tr ie d  a n d  te s ted  tech n iq u e .
• D ata s to red  in  a GIS are m ore  flex ib le  an d  can  be  in te rro g a ted  in  a n u m b e r of w ays. E n te ring  fie ld  data  

d irec tly  to  a PC has severa l advan tages. As w ell as b e ing  qu ick , it  cu ts  ou t sou rces of e rro r w h ic h  can  
be  c rea ted  by  in -b e tw een  p a p e r  stages.

D isadvan tages
• It is im p o rta n t th a t th e  lim ita tio n s  are fu lly  u n d e rs to o d . T h e  co lo u r m ap s p ro d u c e d  on  a GIS can  

a p p e a r im p ressiv e , b u t th e ir  accu racy  to g e th er w ith  th e  b io to p e  b o u n d a rie s  m u s t a lw ays be s c ru ti­
n ised . M any  sh o re  spec ies an d  c o m m u n itie s  occur a long  a c o n tin u u m  a n d  th ere fo re  b io to p e  b o u n d ­
aries are often  artific ia l an d  subjective.

• M apping  bio topes w ith  stric t adherence  to the  p resen t na tio n a l classification  (Connor et al. 1997a, b) m ay 
n o t take accoun t of regional characteristics. So it is essen tia l th a t p roper local descrip tions are p repared .

• S m all features or species of in te rest m ay be overlooked  w h ere  a large area is be ing  s tud ied . For exam ple, 
in te rtid a l Z ostera  p lan ts  m ay  v irtu a lly  d isap p ear from  sed im en t flats due  to w in te r die-back an d  grazing 
by  w ild fow l (Perrins an d  B unker 1998) an d  the  low  d en sity  m ay  be m issed  b y  g ro u n d  v alida tion .

• It is d ifficu lt to  re p re se n t th e  q u a lity  of a b io to p e . T he im p o rtan ce  of target n o tes  an d  q u an tita tiv e  
s tu d ie s  asso c ia ted  w ith  m a p p e d  b io to p es  is s tressed .

• A n  im p o rta n t b io to p e  m ay  n o t be a m ap p ab le  u n it  re so lv ed  b y  th e  aeria l p h o to g rap h .
• P h o to g rap h s m ay  n o t be tak en  at th e  sam e tim e  as th e  survey, p a r tic u la r ly  at lo w  w ater. H ow ever, it  is 

im p o rta n t to  u se  re c e n t aeria l p h o to g rap h s. O n  se d im e n t shores, fea tu res can  sh ift over sh o rt tim e  
scales (be tw een  tid e s  in  som e cases) a n d  th is  w ill affect th e  accu racy  of m ap s p ro d u c e d  (see d isc u s ­
s io n  in  P e rrin s  a n d  B unker 1998).

T h e  aeria l p h o to g rap h s  av a ilab le  to  a s tu d y  m ay  n o t be of h ig h  en o u g h  re so lu tio n  or q u a lity  for shore
m ap p in g .

Logistics

P re-survey
Tim e sh o u ld  be a llo w ed  befo re  th e  su rv ey  to  o b ta in  aeria l p ic tu re s , scan , d ig itise  an d  ortho-
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rec tify4 th em  p rio r  to  in c o rp o ra tio n  in to  a GIS. If da ta  are to  be co lla ted  e lec tro n ica lly  at th e  tim e  of th e  
survey, ae ria l p h o to g rap h s  for a n n o ta tio n  m u s t be p re p a re d  p rio r  to  th e  w o rk  com m encing . P ho tos m u st 
be re c o rd e d /an a ly se d  at th e  start, p rio r  to  p la n n in g  fie ldw ork .

P ro p er p la n n in g  of fie ld w o rk  is e ssen tia l for e ffic ien t use  of th e  lim ite d  tim e  th e  w h o le  sho re  is u n c o v ­
ered . As a gu ide , effective sho re  m ap p in g  w o rk  can  be ca rried  ou t for a m ax im u m  of 4 h o u rs  (2 h o u rs  
e ith e r s id e  of lo w  w ater) in  an y  p e r io d  of one lo w  w ater. F ie ld w o rk  sh o u ld  on ly  be ca rried  ou t d u rin g  
th e  tw o  to  th ree  days e ith e r  s id e  of sp rin g  tides.

Field
T he a m o u n t of sh o re  th a t c an  be covered  d u rin g  a sing le  lo w  tid e  by  a p a ir  of su rveyors w ill vary  
d e p en d in g  on  a n u m b e r of factors. T h ese  in c lu d e  th e  q u a n tity  of in fo rm a tio n  req u ired  as w e ll as th e  
c o m p lex ity  an d  access ib ility  of th e  co astline . W yn e t al. (2000) d iscu ss  su rv ey  sp eed s o n  d iffe ren t sho re  
typ es an d  q uo te  an  average sp eed  of 0.6 k m /h o u r  or 2.4 k m /tid e  assu m in g  four h o u rs  of su rv ey  p e r tide .

T he p rec ise  e q u ip m e n t to  be tak en  in to  th e  fie ld  d ep en d s  u p o n  th e  in fo rm a tio n  req u ired , b u t as a 
gu ide , a lis t is g iven  below . M ost of th e  item s for g enera l sho re  w o rk  are self-exp lanato ry . A  dGPS is 
essen tia l, e sp ec ia lly  w h ere  p o in ts  of re fe rence  are u n c le a r in  th e  fie ld , e.g. in  th e  m id d le  of an  ex ten siv e  
se d im e n t area  or p o s itio n in g  or th e  c o n firm a tio n  of b o u n d a rie s .

B io topes on  h a rd  su b s tra ta  do n o t g en era lly  req u ire  sp ec ia lised  e q u ip m e n t for sam pling . H ow ever, for 
se d im e n t h ab ita ts  som e sam p lin g  of th e  in fa u n a  is n e e d e d  to  id e n tify  th e  b io to p e . A  g enera l d e sc rip tio n  
of se d im e n t b io to p es  can  be o b ta in ed  b y  digging over an  area for co n sp icu o u s  m acro fau n a  an d  siev ing  
for sm alle r m acro fauna; v o u c h e r sp ec im en s  sh o u ld  be k e p t for d e ta iled  lab o ra to ry  ex am in a tio n .

A  sm all b o a t (e.g. an  RIB or in fla tab le ) can  be u se fu l, ev en  e ssen tia l a long  in access ib le  ro ck y  coasts 
an d  in  areas of ex ten siv e  sed im en t. (F la t-bo ttom ed  boats are m o st su itab le  for u se  on  se d im e n t flats.)

Equipm ent
• c lip b o a rd  (w eather-w rite rs  are good for fie ldw ork)

• p rin to u ts  of sc a n n e d  aeria l p h o to g rap h s  for an n o ta tin g  (lam in a ted  cop ies are m o st stu rdy)
• space  p e n  or 4B p en c ils  for a n n o ta tin g  co lo u r p h o to g rap h s

• A4 cop ies of O rd n an ce  S u rv ey  m ap s (en larged  if  necessa ry )5

• fie ld  n o teb o o k  for reco rd in g  b io to p es, target no tes  a n d  sho re  p ro files
• S ite  Form s (the M NCR site  reco rd  form )

• M NCR B io tope Form s (for n e w  b io topes)
• co llec tin g  e q u ip m e n t for v o u c h e r sp ec im en s

• cam era  (for tra n sp a re n c ie s /p r in ts  an d  p re fe rab ly  w ea th erp ro o f) or d ig ita l c am era /v id eo  (or P o la ro id  
cam era)

• com pass a n d  h a n d -h e ld  d iffe ren tia l G lobal P o s itio n  S ystem  (GPS) (track ing  fac ilities  an d  an  in te rface  
to  d o w n lo ad  to  a PC are d esirab le  features)

• h a n d  len s

• safety equ ipm ent inc lu d in g  m obile phone, VHF radio, personal protective clothing, first aid  kit, fife jacket
• tid e  tab les

Extra equipm ent needed for sedim ent shores
• sp ad e
• sieve (1m m  m e sh  size)

• sam p le  co n ta in e rs  (if v o u c h e r sp ec im en s  are to  be kept)

Optional equipment
• h a rd -h a t (for w o rk in g  u n d e r  cliffs or in  caves)

4 Otho-rectification removes all the camera distortions, and also corrects what is known as relief displacement 
(the fact that the top of a hill is closer to the camera and so appears artificially enlarged).

5 N.B. A licence is required to copy OS maps.
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• h a n d  h e ld  flares
• b in o cu la rs
• M NCR B io topes M an u a l (w here a good w o rk in g  kno w led g e  is lacking)
• F ie ld  G uide to Seash o re  M a p p in g  (B unker an d  F oste r-S m ith  1996)

Personnel/t im e
E ach fie ld  reco rd in g  team  req u ires  at leas t one m arin e  b io log ist, sk illed  in  th e  reco g n itio n  of b io to p es in  
th e  field . O th er sk ills  req u ired  are th e  ab ility  to op era te  a GPS, an d  to  in te rp re t m ap s an d  aeria l p h o to ­
graphs. W h en  a b o a t is u sed , a p p ro p ria te  seam an sh ip  sk ills  are req u ired . For lab -based  w ork , b asic  sk ills  
in  th e  u se  of GIS are req u ired .

W riting  up  field da ta
A d ay ’s w o rth  of da ta  from  a p a ir  of fie ld  w orkers w ill take four to six  h o u rs  to ‘w rite  u p ’. T h is  in c lu d es  
th e  d o w n lo ad in g  of GPS in fo rm atio n , d ig itis in g  of po lygons (or p rep a rin g  fair m aps), w ritin g  u p  target 
no tes , d raw in g  p ro files a n d  logging of p h o to g rap h s. A ll ta rget no tes, d e sc rip tio n s  a n d  p h o to g rap h s 
sh o u ld  be c lea rly  geo-referenced  e ith e r  to  po lygons or to  k n o w n  lo ca tio n s (e.g. a GPS w ay p o in t). If a PC 
is n o t availab le  to fie ld  w orkers, a ll da ta  sh o u ld  be  tra n sp o se d  onto  p a p e r an d  a n ea t m ap  d raw n  an d  
c learly  lab e lled . It is e ssen tia l th a t a ll th e  in fo rm a tio n  is co lla ted  in  su ch  a w ay  th a t it  c an  be read ily  
en te red  in to  a GIS at a la te r date. If p ro d u c in g  a p a p e r  copy  it  is p a rtic u la r ly  im p o rta n t th a t po ly g o n  
b o u n d a rie s  are m ad e  clear. S urveyors m u s t keep  u p  w ith  th e  ta sk  of w ritin g  u p  as th e  su rv ey  p ro g ress­
es an d  su ffic ien t p e rso n n e l an d  tim e  sh o u ld  be  a llo w ed  for th is  on  survey.

D ata  co lla tion  a n d  analysis
W here m ore  th a n  one fie ld  team  has b e e n  en te rin g  da ta  in to  a GIS a n d  database , tim e  m u st be a llo w ed  
for am alg am atio n  of data. T he m ore  th o ro u g h ly  da ta  c o lla tio n  is c a rried  ou t fo llow ing  each  fie ld  w ork  
session , th e  less a rd u o u s  th e  task  of p ro d u c in g  th e  fina l m ap s a n d  da ta  o u tp u t.

Method

Prepara tion
G ood q u a lity  co lo u r aeria l p h o to g rap h s  tak en  at lo w  w ate r of sp rin g  tid e s  a t a scale  of 1:10,000 p ro v id e  
th e  b es t in fo rm a tio n  for sho re  m ap p in g . P h o to g rap h s ta k e n  at a la rger scale  m ay  n o t sh o w  en o u g h  d e ta il 
to  be  u sefu l. If th e  p h o to g rap h s  are lo a d e d  in to  a GIS on  a co m p u te r p rio r  to  th e  fie ldw ork , th e y  can  be 
p r in te d  ou t at an y  req u ired  scale  for fie ld  a n n o ta tio n . A d d itio n a l b ack g ro u n d  m ap s (availab le  from  the  
O rd n an ce  S urvey), an d  g rid  lin e s  can  also  be o v erla in  p rio r  to  p rin tin g . T h e  m ore  in fo rm a tio n  th a t can  
be m ad e  ava ilab le  to  th e  fie ld  surveyor, th e  easie r th e  job of lo ca tin g  o n e ’s p o s itio n  in  th e  fie ld  becom es. 

T h ere  are a n u m b e r of m e th o d s  for lo ad in g  aeria l p h o to g rap h s  in to  a GIS system :

(1) scan n in g  a n d  reg istering
(2) scan n in g , w a rp in g  (or ru b b er sheeting) an d  reg iste ring
(3) scan n in g  a n d  o rth o -rec tifica tio n

For each  of the  above m ethods, the  pho tographs sh o u ld  be scanned  (ideally  at a reso lu tion  of 300dpi or 
higher) and  reg istered  (i.e. iden tify  po in ts  on the  p ho tog raph  -  som etim es called  control p o in ts  -  an d  obtain 
the  co-ordinates for the  sam e p o in t from  a m ap). R egistration  is n o rm ally  done using  about 5 contro l po in ts.

W arp ing  (som etim es re fe rred  to as ru b b er sheeting) req u ires  an  a d d itio n a l so ftw are tool. By u sin g  
a d d itio n a l co n tro l p o in ts , th e  aeria l p h o to g ra p h  is fitted  m ore  c lo se ly  to  th e  rea l m ap . ‘R ubber sh ee tin g ’ 
is a te rm  u se d  to  d escribe  th e  te c h n iq u e , as it  is analogous to  p r in tin g  th e  aeria l p h o to g ra p h  on  a shee t 
of rubber, a n d  th e n  u s in g  p in s  to  h o ld  each  of th e  con tro l p o in ts  in  th e  co rrec t p o s itio n . T he en d  re su lt 
is th a t a ll th e  co n tro l p o in ts  are co rrec tly  lo ca ted , an d  th e  p h o to g ra p h  is s tre tc h e d  b e tw een  th ese  p o in ts . 
In  p rac tice  it  m ean s th a t th e  fu rth e r you  are from  a co n tro l p o in t, th e  g reater th e  in accu racies .

T h e  o n ly  tru ly  accu ra te  m e th o d  for lo ad in g  an  aeria l p h o to g ra p h  in to  a GIS is th ro u g h  o rth o -rec tifica ­
tion . T he in accu rac ie s  m ay  seem  sm all, b u t th e y  te n d  to  be  cu m u la tiv e , e sp ec ia lly  if  you  are try in g  to
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‘m o sa ic  to g e th e r’ a n u m b e r of ae ria l p h o to g rap h s . W ith o u t o rth o -rec tifica tio n  it  becom es v ir tu a lly  
im p o ss ib le  to  lin e  u p  n e ig h b o u rin g  p h o to g rap h s . T h is again  req u ires  a d d itio n a l so ftw are su ch  as 
O rth o P h o to  by  exeG esIS SDM Ltd. It also  req u ires  th e  d ig ita l te rra in  m o d e l (DTM), w h ic h  can  be p u r ­
ch ased  from  th e  O rd n an ce  S u rv ey  for abou t £50 for a 20 x  20km  tile  (at th e  tim e  of w riting). T h is is u sed  
to rem ove  th e  re lie f  d isp la c e m e n t errors.

C olour m ap s for u se  in  th e  fie ld  sh o u ld  th e n  be  p r in te d  at a scale  of 1:5000 or g rea ter (d ep en d in g  on 
th e  d e ta il re q u ire d  by  th e  survey). By p rin tin g  th em  from  a p ro p e rly  co rrec ted  se t of ae ria l p h o to g rap h s, 
an y  area  can  be p r in te d  regard less of w h e th e r it  w as o rig in a lly  sp lit  b e tw een  tw o  or m ore  p h o to g rap h s. 
It is u se fu l to  p r in t g rid  lin e s  on  to p  of th e  aeria l p h o to g rap h s . P rob lem s of o rien ta tio n  on  th e  sho re  can  
occur, for exam ple , w h e n  w o rk in g  b e lo w  cliffs or far from  sh o re  on  se d im e n t flats w h ere  la n d  featu res 
can n o t be seen . T he av a ilab ility  of g rid  lin e s  a n d  a GPS th a t gives read -o u ts  in  OS co -o rd in a tes  can  be 
in v a lu ab le  in  su c h  in stan ces.

W yn e t al. (2000) d escribe  a te c h n iq u e  of p ro d u c in g  ‘w ire  fram es’ b y  trac in g  reco g n isab le  fea tu res from  
aeria l p h o to g rap h s  p rio r  to  th e  fie ld  survey. T h is can  be  u se fu l w h e n  cop ies of ae ria l p h o to g rap h s  are 
n o t ava ilab le  for a n n o ta tio n  in  th e  field . V isible po ly g o n  b o u n d a rie s  are traced  by  lay ing  a c lear acetate  
sh ee t over an  aeria l p h o to g ra p h  or b y  u s in g  a GIS. O ther v is ib le  fea tu res, w h ic h  w ill be u se fu l for o ri­
e n ta tio n  in  th e  field , can  also  be in c lu d e d , su c h  as fie ld  b o u n d a rie s , ro ad s, g roynes, s tream s, h o u ses  an d  
access p o in ts . T he w ire  fram e m ap  can  th e n  be tran sfe rred  onto  w a te rp ro o f p a p e r  a n d  a n n o ta te d  in  th e  
fie ld  w ith  b io to p e  in fo rm a tio n  an d  p o ly g o n  b o u n d a rie s  ad ju s ted  as req u ired .

Field record ing
P rio r to  b eg in n in g  an y  fie ldw ork , it  is im p o rta n t th a t th e  w h o le  su rv ey  team  gets to g e th er to  agree 
reco rd in g  p ro ced u re s  an d  b io to p e  id en tif ic a tio n . B io tope reco rd in g  is n o t an  exact sc ien ce  an d  b io to p es 
in  th e  N atio n a l C lassifica tion  (C onnor e t al. 1997) can  v a ry  v is ib ly  from  reg io n  to  reg ion . A  ‘tra in in g  ses­
s io n ’ m ay  take  m o st of one w ork ing  tid e  b u t is e ssen tia l in  o rder to  en su re  co n sis ten cy  in  reco rd in g  
b e tw een  team  pairs .

W h en  tak ing  aeria l p h o to g rap h s  in to  th e  field , reco rd e rs  m u st m a tc h  b io log ica l fea tu res w ith  tho se  
id e n tif ie d  from  aeria l p h o to g rap h s . T hese  fea tu res are th e n  lab e lled  w ith  d o m in a n t b io to p es  a n d  th e ir  
ex ten ts  m ark ed  on  th e  p r in te d  aeria l p h o to g rap h s  as po lygons. It is im p o rta n t for la te r  da ta  h a n d lin g  th a t 
each  p o ly g o n  is g iven  its  u n iq u e  fie ld  id e n tif ic a tio n  code (e.g. FB12).

In  p a rticu la r, on  rocky  shores, po lygons m ay  c o n ta in  m ore  th a n  one b io to p e , e.g. a lg a l/fau n a l d o m i­
n a te d  zones in te rsp e rse d  w ith  rock  p o o ls , overhangs, gu llies, etc. G u id e lin es  for re c o rd in g /m a p p in g  
m ix ed  b io to p es are g iven  in  F oste r-S m ith  an d  B unker (1997); see F igure 1. N otes on  su b o rd in a te  
b io to p es in  po lygons to g e th er w ith  an y  fea tu res of im p o rtan ce  sh o u ld  a lso  be reco rd ed , to g e th er w ith  
p o s itio n a l in fo rm a tio n  w h ere  p o ss ib le  (e.g. GPS w ay p o in ts). P ro files of sh o res  or sketches of im p o rta n t 
featu res sh o u ld  be co m p le ted  in  fie ld  n o tebooks w h e n e v e r a m ajor change is e n co u n te red . T hese  p ro ­
files are e sp ec ia lly  im p o rta n t to give in fo rm a tio n  on  zo n a tio n  p a tte rn s  on  steep  or v e rtic a l shores. It is 
im p o rta n t th a t es tim ates  (or m easu rem en ts) of h o riz o n ta l an d  v e rtica l scale  sh o u ld  be in c lu d e d  on  all 
d iagram s an d  th a t th e se  sh o u ld  be geo-referenced .

If req u ired , b io to p e  b o u n d a rie s  an d  th e  p o sitio n s  of p a r tic u la r  fea tu res, su c h  as gu llies , can  be re c o rd ­
ed  p rec ise ly  u s in g  d iffe ren tia l GPS. T h is m ay  be u se fu l for reco rd in g  changes of featu res su c h  as in te r ­
tid a l Z o stera  beds. B io tope b o u n d a rie s  can  be d ifficu lt to  in te rp re t from  aeria l p h o to g rap h s  of sed im en t 
shores. It is im p o rta n t to  m ake d ec is io n s over b io to p e  b o u n d a rie s  in  th e  fie ld  an d  co m p le te  p o lygon  
m ap s as fu lly  as p o ssib le . D elay ing  d ifficu lt d ec is io n s s im p ly  re su lts  in  fu rth e r in accu rac ies . As it is 
im p o ss ib le  to  cover every  square  m etre  of shore , it  is im p o rta n t to  reco rd  h o w  m u c h  of th e  sho re  area 
has b e e n  v is ite d  d u rin g  th e  survey. If th e  GPS has a track in g  fu n c tio n , it can  be u se fu l to  sh o w  exac tly  
w h ere  su rveyo rs have  been . T h e  GPS tracks can  la te r be d o w n lo a d e d  to  a PC w ith  a p p ro p ria te  softw are. 
A  m ap  of tracks can  th e n  be p ro d u c e d  w h ic h  w ill give fu tu re  su rveyors a g u ide  as to  th e  in te n s ity  of su r­
v ey  u n d e rta k e n  to  p ro d u c e  th e  fie ld  m aps.

If a b io to p e  is e n c o u n te re d  w h ic h  does n o t m a tch  th e  n a tio n a l b io to p e  c lassifica tio n , fu ll JNCC m arin e  
h a b ita t a n d  site  form s sh o u ld  be com p le ted . T he da ta  o b ta in ed  sh o u ld  th e n  be d iscu ssed  w ith  th e  JNCC’s 
M arine  In fo rm atio n  Team.

P ho tog raphy  is an  im p o rtan t ad ju n c t to  th e  fie ld  surveys. T h is gives v isu a l in fo rm atio n  on  the  co n d itio n  
of th e  b io tope  against w h ic h  gross change can  be m easured . A  m ix tu re  of v iew p o in t an d  close-up  p h o tog ­
rap h y  is usefu l. P ho tographs can  be scan n ed  (alternatively  a digital cam era can  be used) an d  im ages 
a ttached  e lec tron ically  to po lygons (w ith  the  a id  of ap p ro p ria te  softw are). V ideo is also a usefu l m ed iu m  
for reco rd ing  an d  can  be u sed  as a v isua l no tebook  an d  as an  aid  to p ro v id e  re lo ca tio n  in fo rm atio n
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for fea tu res of in te rest. V ideo files can  be in c o rp o ra te d  in to  th e  GIS an d  geo-referenced  if  d esired . T h is 
m e th o d  w as tr ia lle d  d u rin g  th e  m o n ito rin g  of b io to p es on  sho res o iled  b y  th e  Sea  E m p ress  o il sp ill in  
P em brokesh ire ; see B unker a n d  B unker (1997) for fu rth e r in fo rm a tio n  on  th e  u se  of v ideo .

A  d is tin c tio n  is m ad e  b e tw een  p o lyg o n  a ttr ib u tes  an d  target n o te s  d e p e n d in g  u p o n  th e  ty p e  of in fo r­
m a tio n  an d  th e  w ay  in  w h ic h  th e  no tes  are geo-referenced .

Polygon attributes
Polygon  a ttrib u tes  are in fo rm a tio n  a ttach ed  to  a p o ly g o n  a n d  re co rd ed  as s tan d a rd . T h is in fo rm a tio n  
w o u ld  in c lu d e  (w here relevan t):

• d o m in a n t b io tope(s);
• su b stra ta  an d  im p o rta n t m o d ify in g  features;
• sp e c ie s /c o m m u n ity  in fo rm a tio n  p e rta in in g  to  th e  po lygon , p a rtic u la r ly  if  th is  rep re sen ts  a s ign ifican t 

v a ria tio n  o n  th e  s ta n d a rd  b io to p e  d esc rip tio n ;
• rare  spec ies or sp ec ies  of co n se rv a tio n  sign ificance;
• in fo rm a tio n  on  th e  q u a lity  of th e  b io to p e , e.g. if  it  is sco u red  or p e rh a p s  a p a rtic u la r ly  good  exam ple;
• su b s id ia ry  b io to p es, w h ic h  are too sm all to  be m a p p e d  in d iv id u a lly , e.g. sh a llo w  co ra llin e  poo ls, 

w h ic h  are w id e sp re a d  over th e  po lygon;
• an y  o ther re lev an t in fo rm a tio n  re la tin g  sp ec ifica lly  to  a p a r tic u la r  p o lygon , e.g. an y  an th ro p o g en ic  

ac tiv ities  su ch  as b a it digging.

A d d itio n a lly , som e su rveys m ay  req u ire  specific  fie lds for reco rd in g  da ta  su c h  as th e  degree of o iling , 
b a it d igging or o th e r an th ro p o g en ic  effects th a t a p p ly  to  th e  po lygon.

T hese  d a ta  w ill be s to red  in  a sp re a d sh e e t or da tabase  l in k e d  d irec tly  to  th e  po lygons th ro u g h  the  
u n iq u e  p o ly g o n  ID re fe rence  code. N ote  th a t a ll th e se  da ta  are m ap p ab le  e ith e r  by  crea tin g  a th em a tic  
m ap  b ased  on  th e  po lygons or as p o in ts  tak en  as th e  cen tro id  of th e  p o lyons.

Target notes
Target no tes  co n ta in  in fo rm a tio n  n o t co llec ted  as s ta n d a rd  for th e  po lygons, w h ic h  can  be lo ca ted  on  

th e  m ap . T h is  in fo rm a tio n  w ill be d isp lay ed  as a t leas t one sep ara te  lay er w ith in  a GIS. T h e  n u m b e r of 
layers w ill be d ic ta ted  b y  th e  n a tu re  of th e  data. T he target no tes  m ay  refer to  p o in ts , lin e s  or po lygons, 
an d  it  is good GIS p rac tice  to  have  sep ara te  layers for each  of th e se  d a ta  types. T he in fo rm a tio n  m ay  also 
be sep a ra ted  b y  category  (e.g. b io log ica l an d  an th ro p o g en ic ). A lth o u g h  th e  c rea tio n  of too  m a n y  layers 
w ith in  a GIS m ay  n o t be d esirab le , it  is ex trem ely  d ifficu lt to  d isen tan g le  d iffe ren t typ es of in fo rm a tio n  
once th e y  have  b e e n  am alg am ated  in to  a sing le  layer.

T h e  da ta  m ay  con ta in :

• in fo rm a tio n  on  b io to p es sm alle r th a n  5 x  5m  w h ic h  c an n o t be reg a rd ed  as ty p ify in g  th e  w h o le  p o ly ­
gon, e.g. a s ig n ifican t sm all p o o l or g u lly  in  a large po lygon;

• in fo rm a tio n  on  im p ac ts  w ith in  a lo ca lised  area  of a po ly g o n  (but w h ic h  can  en co m p ass m ore  th a n  one 
polygon);

• a rtific ia l su b stra ta , e.g. sew age p ip es  w h ic h  m ay  be re p re se n te d  as lin e s  th a t m ay  cross m ore  th a n  one 
polygon ;

• sh o re  p ro files  sh o w in g  zo n a tio n  an d  b io to p e  ex ten ts  (esp ec ia lly  im p o rta n t on  s teep  or v e rtic a l shores);
• fea tu res o u ts id e  th e  lim its  of th e  su rv ey  (dunes, la n d  falls, etc);
• lo ca tio n s  w h ere  p h o to g rap h s  an d  /o r v id eo  w ere  reco rd ed ;
• lo c a tio n  of sam p lin g  sta tio n s (e.g. w h ere  q u ad ra ts  or se d im e n t sam p les  w ere  reco rded ).

N ote  th a t th e  target no tes  m ig h t refer to  v e ry  sm all fea tu res as p o in t d a ta  (e.g. lo ca tio n  of a p h o to ­
graph), or fea tu res th a t are large en o u g h  to  en co m p ass m ore  th a n  one p o ly g o n  (e.g. a long  sew er p ipe). 
T he p o sitio n s  of th e  target no tes  can  be estim a ted  v isu a lly  or lo ca ted  m ore  p rec ise ly  u s in g  GPS; the  
m e th o d  u se d  a n d  its  accu racy  m u s t be reco rd ed  in  th e  da ta  file for fu tu re  reference . A ll target no tes  m u st 
be geo-referenced  to  d isp la y  on  a m ap.

O ften  w h ere  th e re  is a large area of sho re  to  cover, it  is n o t p o ssib le  to  v is it every  p o ly g o n  an d  an y  m ap  
sh o u ld  m ake a d is tin c tio n  b e tw een  th o se  po lygons a c tu a lly  v is ite d  a n d  th o se  m a p p e d  by  e x trap o la tio n  
or u s in g  b in o cu la rs . T he asso c ia ted  da ta  file sh o u ld  in c lu d e  a fie ld  to  in d ic a te  h o w  th e  da ta  w ere  re c o rd ­
ed  (d irec t observ a tio n  or ex trapo la tion ).
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W riting  up  field da ta
Ideally , su rveyors sh o u ld  a im  to tran sc rib e  fie ld  m ap s, target no tes, etc. d irec tly  to  a PC fo llow ing  the  
survey. T he av a ilab ility  of p o w erfu l n o teb o o k  PCs has m ad e  th is  o p tio n  easily  ach iev ab le  for fie ld  
su rv ey  team s. F ailin g  th is , a n ea t p a p e r co p y  of a ll fie ld  su rv ey  da ta  sh o u ld  be m ade. W hatever m e th o d  
is u sed , it  is im p o rta n t th a t in fo rm a tio n  is tra n sc rib e d  care fu lly  an d  th a t ta rget n o tes , p h o to  logs an d  
o ther in fo rm a tio n  are cro ss-re fe ren ced  b o th  to each  o ther a n d  to  th e  sh o re  m ap  (or GPS w ay p o in ts  if  
ap p ro p ria te ). It can  be u se fu l to  co lla te  th e  in fo rm a tio n  g a th e red  every  d ay  by  a team  of fie ld  w orkers 
w ith in  MNCR or CCW S ite Form s (esp ec ia lly  if  it is n o t b e in g  en te red  d irec tly  in to  a PC).

F air m ap s sh o u ld  be p re p a re d  b y  d raw in g  ou t th e  p o ly g o n  b o u n d a rie s , e lu c id a te d  in  th e  fie ld  from  
aeria l p h o to g rap h s. T h is can  be ach iev ed  e ith e r  on  a GIS (i.e. d ig itis in g  th e  po lygons) or b y  m ak ing  a 
n ea t co p y  by  h an d . E ither w ay  th e  po lygons sh o u ld  be n u m b e re d  an d  lab e lled  w ith  b io to p es. P o lygon 
a ttrib u te  an d  target n o te  in fo rm a tio n  sh o u ld  be re fe ren ced  to  th e  n u m b e re d  po lygons a n d /o r  w ay p o in ts  
from  th e  GPS (on a PC th is  is a ch iev ed  b y  crea tin g  da ta  files w h ic h  are e ith e r tagged to  po lygons or geo­
re fe ren ced  to  w ay p o in ts). P h o to g rap h s sh o u ld  be  logged an d  also  geo-referenced  (any d ig ita l im ages 
b e ing  d o w n lo a d e d  onto  a PC). S ketches from  fie ld  n o tebooks sh o u ld  be co p ied  ou t in  n ea t an d  geo-ref- 
e ren ced  (these can  be sc a n n e d  in  at a la te r date  an d  in c o rp o ra te d  in to  th e  GIS if  desired ).

A n y  GPS w ay p o in ts  sh o u ld  be accu ra te ly  co p ied  ou t on  p ap er, en te red , or d o w n lo ad ed  d irec tly  onto 
th e  PC for d isp la y  on  m aps.

F ie ld  team s m ay  fin d  it u se fu l to  w rite  ou t th e  d esc rip tio n s  an d  target n o tes  an d  tran sc rib e  sho re  p ro ­
files for s tre tch es  of coast on  s ta n d a rd  form s su c h  as th e  M NCR S ite F orm  or th o se  p ro d u c e d  for 
P hase  1 m ap p in g  by  CCW (W yn e t al. 2000).

Data analysis

A ll da ta  sh o u ld  be en te red  in to  a da tabase  su c h  as R ecorder 2000. T he GIS a n d  asso c ia ted  da tabase  can  
be in te rro g a ted  for re q u ire d  in fo rm atio n . H ow ever, it  is im p o rta n t th a t th e  req u irem en ts  be d ec id ed  
u p o n  p rio r  to  th e  su rv ey  an d  da ta  entry.

Accuracy testing

In d e p e n d e n t checks n e e d  to  be m ad e  at all stages to  en su re  accuracy.

QA/QC

P h o to g rap h y  is a u se fu l su p p le m e n ta ry  reco rd in g  m e th o d , for in s tan ce  w h ere  exam p les  of b io to p es  (p a r­
tic u la rly  new , p ro v is io n a l b io topes) n e e d  to be re fe rred  to  d u rin g  th e  cou rse  of th e  su rv ey  to  en su re  c o n ­
s is ten cy  of reco rd ing . T h is is e sp ec ia lly  so w h e n  th e re  are m ore  th a n  one p a ir  of su rveyo rs in v o lv ed  w ith  
th e  su rv ey  w ork. T he u se  of d ig ita l cam eras is reco m m en d ed , as im ages are  in s ta n tly  av a ilab le  an d  can  
be re a d ily  d o w n lo ad ed , a ttr ib u te d  to  OS co -o rd in a tes  (geo-referenced) an d  th e n  en te red  onto  th e  GIS.

W here m ore  th a n  one fie ld  team  is opera ting , it is im p o rta n t th a t ag reem en t is reach ed  o n  th e  n am in g  
of b io to p es, target n o tin g  an d  o ther p ro c e d u ra l m a tte rs  before  th e  su rv ey  beg ins. A greeing  th e  n am in g  
of b io to p es  b e tw een  su rv ey  team s is e sp ec ia lly  im p o rta n t as th e re  can  be  d ifficu lties  m a tch in g  th e  h a b i­
ta ts an d  co m m u n itie s  seen  in  th e  fie ld  w ith  th e  b io to p e  c la ssifica tion . T ra in ing  p rio r  to  a su rv ey  is e ssen ­
tia l an d  su c h  p ro c e d u re s  are covered  in  W yn et al. (2000).

W ith in  th e  co n tex t of m o n ito rin g  it  is im p o rta n t to  en su re  th a t changes observed  are d u e  to  factors 
o ther th a n  in accu ra te  reco rd in g  or v a ria b ility  b e tw een  w orkers an d  it  is th erefo re  im p o rta n t to em brace 
co n tro l m e th o d s . C o m p le ted  b io to p e  m ap s sh o u ld  be tak en  in to  th e  fie ld  an d  ch eck ed  for accuracy; 
checks co u ld  be m ad e  on  th e  id e n tif ic a tio n  of b io to p es an d  species. S p ec ia l a tte n tio n  sh o u ld  be p a id  to 
th e  m ark in g  of p o ly g o n  b o u n d a rie s . W here ex trap o la tio n  has b een  u se d  to  co m p le te  areas of th e  p h o to ­
g raphs n o t su rv ey ed , som e of th ese  areas sh o u ld  be checked .

W yn et al. (2000) d escribe  q u a lity  co n tro l m e th o d s  a d o p te d  by  CCW, w h ere  it  is reco m m en d ed  th a t 
5%  of sites be ch eck ed  in  h o u se  a n d  2%  b y  e x p e rie n c ed  ex te rn a l su rveyors.

T he accu racy  of fie ld  m ap s w ill d e p e n d  on  a v a rie ty  of factors; in  p a rticu la r, th e  q u a lity  of aeria l p h o ­
to g raphs, accu racy  of p h o to  reg is tra tio n , in te n s ity  of survey, co n sis ten cy  in  b io to p e  id en tific a tio n , 
w ea th e r an d  tid a l c o n d itio n s  d u rin g  tim e  of su rv ey  an d  w h e th e r d iffe ren tia l or o rd in a ry  GPS is u sed .
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Data products

E nd  p ro d u c ts  b y  n ecess ity  d e p e n d  on  s tu d y  req u irem en ts . It is im p o rta n t to  en su re  th a t th e  GIS an d  
asso c ia ted  da tabase  can  be in te rro g a ted  for req u ired  in fo rm a tio n  p rio r  to  en te rin g  data. C om m only  
re q u ire d  p ro d u c ts  in c lu d e  p r in to u ts  of b io to p e  m ap s (Figure 1), to g e th er w ith  da ta  tab les of asso c ia ted  
in fo rm a tio n  (e.g. target no tes) a n d  a w ritte n  d iscu ss io n . For m o n ito rin g  p u rp o se s , p rec ise  de ta ils  of the  
m eth o d o lo g y  w ill be re q u ire d  for fu tu re  surveys.

E lec tro n ic  co p ies  of th e  m aps, da tabase , etc. are p e rh a p s  th e  m o st im p o rta n t da ta  p ro d u c ts .

Cost and time

T he costs of a p a r tic u la r  p ro jec t w ill d e p e n d  on  lo ca tio n , ex ten t an d  d e ta il of su rv ey  req u ired , ease of 
access an d  m an y  o ther factors d e p e n d in g  on  th e  sp ec ifica tio n s of th e  pro jec t. W h en  in  th e  fie ld , ra te  of 
p rogress w ill d e p e n d  n o t o n ly  on  th ese  factors b u t also  th e  p rev a ilin g  w ea th e r co n d itio n s , e sp ec ia lly  if  
boats  are n e e d e d  for access. It is e ssen tia l in  every  su rv ey  to  cost in  tim e  for tra in in g  an d  ag reem en t of 
p ro ced u re s  an d  b io to p es by  th e  fie ld  team . W yn e t al. (2000) p ro v id e  a u se fu l g u id e  to  estim a tin g  the  
tim e  re q u ire d  to  u n d e rta k e  fie ld w o rk  in  a v a rie ty  of s itu a tio n s  (Table 1).

Table 1 E xam ples of va ria tio n s in su rvey  sp e e d  o n  d ifferen t sh o re  ty p es (from W yn ef al., 20 0 0 )

Shore type Survey
m ethod

Survey time 
(hrs) (4hrs/tide)

Site length (km) Site area (km2) km /hr km 2/hr

Sandy shore foot 8 8.2 3.64 1.025 0.5

Bedrock cliff boat 3 5.1 0.11 1.7 0.04

Sandy m ud inlet foot 8 4 2.23 0.5 03

Thick m ud estuary boat and foot 15 33.5 4.3 2.2 0.3

M uddy gravel inlet foot 8 4.3 0.81 0.5 0.1

Complex mixed shore foot 8.5 7 0.65 0.8 0.08

Complex bedrock platform foot 7 3.6 0.6 0.5 0.08

Complex shelving platform boat and foot 9 13 0.52 1.4 0.06

W ide ro ck y  sh o res  (such  as th o se  200m  w id e  fo u n d  along  m u c h  of th e  N o rth u m b e rla n d  coast) are very  
d ifficu lt to  exp lo re  by  foot an d  req u ire  m ore  su rv ey  tim e  th a n  th e  n a rro w  sho res fo u n d  a ro u n d  m u c h  of 
th e  S h e tla n d  Isles. A  b o a t can  be u se fu l for w id e  rocky  sho res w h ere  one team  reco rd s th e  lo w er shore  
w h ile  a lan d -b ased  team  reco rd s th e  m id d le  a n d  u p p e r  shore.

Table 2 p ro v id es  a fram ew ork , w h ic h  can  be u se d  as a g u ide  to  p la n n in g  for costs an d  tim e  to co m ­
p le te  a pro jec t. T h is  a ssum es th e  team  in v o lv ed  has th e  n ecessa ry  too ls to  carry  ou t th e  job (see 
‘E q u ip m e n t’ above) to g e th er w ith  one or m ore  co m p u te rs  w ith  GIS softw are.
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Table 2 A suggested  fram ew o rk  to assist th e  p lan n in g  of a m ap p in g  p ro jec t
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Item Cost per unit No. o f units Total Notes

Pre-survey Desk rate for 
experienced staff

Estimate number of 
days to complete task

Obtaining of maps and aerial 
photographs. Scanning and 
ortho-rectification of aerials 
together w ith preparation of the 
PC system for data entry and 
interrogation.

Printing out maps and aerial 
photographs for field use. General 
survey preparation.

Transport Mileage cost Estimate distances Two vehicles desirable, one to 
deposit a team, the other to leave 
at a pick-up point for after the 
survey.

Field team (worker 1) Field day rate for 
experienced biologist

Estimate number of 
days to complete task

A team of two w ould be a 
minimum. Most surveys use two 
pairs of surveyors.

Field team (worker 2) Field day rate for 
person w ith 
mapping/GPS 
experience

Estimate number of 
days to complete task

Boat Hire charge Negotiate daily or 
weekly rate

Does cost include fuel? Always 
try and view boat to ensure it is 
suitable for the job.

Accommodation and 
Food

Rate per day / week Ensure adequate space available 
to spread out maps, photographs, 
etc. and instal PCs and printers. 
Self-catering can be an 
advantage.

Health and safety

Codes of safe conduct for shore and boat work m ust be followed at all times and risk assessments must 
be prepared for the specific locations where the study is being undertaken. The fieldwork often involves 
exploring coastlines not known to the surveyors. A proper risk assessment prior to fieldwork is essen­
tial, especially regarding access and tide times to prevent surveyors being stranded by a rising tide.

Appropriate field survey clothing and safety equipm ent should be carried, along with a VHF radio or 
mobile telephone, first aid kits, tide tables and hats and sunscreen (also immersion suits, life jackets 
and/or hard hats where appropriate).

Surveyors should always work in  pairs and adopt lone-worker policies in  case both surveyors become 
trapped or incapacitated (e.g. adhere to predeterm ined routes and agree details for rendezvous follow­
ing the survey).
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Figure 1 Typical o u tpu ts  from  a b io to p e  m a p p in g  exerc ise  (from Bunker a n d  Bunker, 1997; aerial p h o to g rap h  prin ted  
with perm iss ion  from  the  C oun trys ide  C ouncil  for Wales)

Aerial photograph

Biotope map in 1996



176 Marine Moni tor ing H a n d b o o k

Figure 2. Different m e th o d s  of reco rd ing  a n d  represen t ing  b io to p e  mixes (after Foster-Smith and  Bunker, 1997)

A. Homogeneous areas (polygons) illustrating the format for recording biotope information as codes and 
target notes
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structural differences in the habitat.
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D. Biotopes form a mosaic o f small patches below lm ^. Often, these mosaics are the result o f biological 
interactions leading to changes in patch distribution over time and are not directly related to structur­
al differences in the habitat.
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E. Biotope forming a linear feature with no mappable width
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F. Biotopes forming a zonation pattern where each biotope is a linear feature o f no mappable width
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Procedural Guideline 1-2 
Fixed viewpoint photography

Jon M o o r e 1

Background

V iew p o in t p h o to g ra p h y  invo lv es  tak ing  p h o to g rap h s  of a m o n ito rin g  site , tran sec t, b io to p e  or o ther 
fixed  area at in te rv a ls  over tim e , a t ex ac tly  th e  sam e v iew p o in t, to  sh o w  v isu a l changes. H ow ever, a 
n u m b e r of p o te n tia l p itfa lls  n e e d  to  be av o id ed , an d  th e re  are s im p le  p ro ced u re s  th a t can  h e lp  to  p ro ­
duce  m ore  u se fu l p h o to g rap h s. T h is  g u id e lin e  describes m an y  of th ese  features.

T he su rv e illan ce  m e th o d  has b een  u se d  ex ten s iv e ly  in  an  a d  h o c  an d  u n sy s te m a tic  fa sh io n  for m an y  
in te r tid a l m o n ito rin g  an d  su rv e illan ce  p rog ram m es, b u t it  c an  p ro v id e  co n sid e rab ly  m ore  u se fu l an d  
im p ress iv e  m a te ria l if  it  is c a rried  ou t system atica lly . It is u se d  d u rin g  th e  lon g -te rm  a n n u a l rocky  shore 
tran sec t m o n ito rin g  a ro u n d  th e  S u llo m  Voe oil te rm in a l in  S h e tla n d  (M oore et al. 1995), for w h ic h  it 
p ro v id es  v e ry  u se fu l in fo rm a tio n  to  back -u p  sem i-q u an tita tiv e  d a ta  w h ic h  is a lso  co llec ted .

G eneral adv ice  on  p h o to g ra p h y  as a re sea rch  too l is g iven  b y  G eorge (1980).

Purpose

V iew p o in t p h o to g rap h s  are m o st u se fu l as su p p o rtin g  in fo rm a tio n  for a m ore  q u a n tita tiv e  m o n ito rin g  or 
su rv e illan ce  program m e. In  p a rticu la r, th e y  p ro v id e  v e ry  v a lu ab le  v isu a l in fo rm a tio n  w h ic h  can  be u sed  
to su p p o rt or re fu te  ev id en ce  from  q u an tita tiv e  data; h e lp  to  sh o w  w h e th e r changes id e n tif ie d  from  
m o n ito rin g  in  a sm all area  are rep re sen ta tiv e  of a larger area; an d  p ro v id e  in fo rm a tio n  (in  th e  form  of 
v isu a l c lues) ab o u t o ther fea tu res th a t w ere  n o t reco rd ed  (e ither fo rgo tten  or n o t easily  reco rd ed  q u a n ti­
ta tive ly ) at th e  tim e  of th e  su rv ey  (e.g. th e  m o v em en t of b o u ld e rs  an d  cobbles, th e  p re sen ce  of silt, the  
a m o u n t of space  b e tw een  th e  b a rn ac les , etc.).

T he m e th o d  is also  v e ry  v a lu ab le  for ra p id  in sp e c tio n  su rveys in  b e tw een  m ore  d e ta iled  m o n ito rin g  
su rveys an d  can  p ro v id e  a reco rd  to  ch eck  w h e n  a change s ta rted  to  occur. T he te c h n iq u e  is p a r tic u la r ­
ly  su itab le  for u se  by  non -b io lo g is t or m arin e  b io log ist staff in c lu d in g  s ite  w ard en s.
Som e q u a lita tiv e  an d  sem i-q u an tita tiv e  a ttrib u tes  can  be reco rd ed  from  v ie w p o in t p h o to g rap h s. In  p a r ­
ticu la r:
• ex ten t of a b io to p e , e.g. for an  in te r tid a l eelgrass b ed  or m u sse l b ed
• sem i-q u an tita tiv e  ab u n d a n c e  of h ig h ly  co n sp icu o u s  spec ies, e.g. ep h em era l g reen  algae 

V iew p o in t p h o to g rap h s  are a lso  ex trem ely  v a lu ab le  as an  easily  in te rp re ta b le  m ed iu m , for sh o w in g  to
n o n -sp ec ia lis ts  w h e n  ex p la in in g  fea tu res th a t have  b een  id e n tif ie d  by  o ther data.

A dvantages
• n o n -d es tru c tiv e
• can  p ro v id e  in fo rm a tio n  for large an d  sm all areas
• p ro v id es  p ic tu re s  -  easier to  in te rp re t by  an y b o d y  a n d  can  be m ore  effective th a n  da ta  w h e n  e x p la in ­

ing  fea tu res to  n o n -sp ec ia lis ts
• can  be  ca rried  ou t by  non -b io lo g is ts  (e.g. loca l staff or v o lu n tee rs)
• ch eap  an d  q u ick
• im ages are p e rm a n e n t (if s to red  p ro p erly ) an d  can  be in te rp re te d  at a la te r  date

1 Ti Cara, Point Lane, Cosheston, Pembroke Dock, Pembrokeshire, SA72 4UN, UK.
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D isadvan tages

• does n o t p ro v id e  an y  re liab le  q u an tita tiv e  data
• c an n o t be u se d  re liab ly  for sp ec ies  id e n tif ic a tio n
• of lim ite d  u se  on  b io to p es  th a t are o v erla in  b y  algae
• im age q u a lity  is g rea tly  d e p e n d e n t on  th e  p rev a ilin g  w ea th e r c o n d itio n s  at tim e  of su rv ey
• co m p ariso n s can  p ro v id e  m is lead in g  in fo rm a tio n  if  lig h t c o n d itio n s  or im age q u a lity  is variab le
• w ill n o t rep lace  in  situ  q u an tita tiv e  reco rd in g
• d ifficu lt to a p p ly  su b tid a lly

Logistics

N orm al log istica l p la n n in g  req u ired , as for an y  o ther in te r tid a l survey. In  p a rticu la r, ch eck  tid e s , w e a th ­
er an d  site  access.

E quipm ent 

Key equipment

• SLR cam era  w ith  an  a p p ro p ria te  lens. A  s ta n d a rd  (50m m ) len s  is g en era lly  best, b u t a w id e  angle (e.g. 
35m m  or 28m m ) can  be  m ost u se fu l in  tak ing  w h o le  sho re  p h o to g rap h s. W hatever focal len g th  is u sed , 
it  sh o u ld  be fixed  (i.e. n o t a zoom  lens), so th a t th e  angle of th e  v iew  is th e  sam e every  tim e.

• C olour p r in t or s lid e  film  (400 A SA  u su a lly  m o st u se fu l to  give flex ib ility  w ith  lig h t con d itio n s). 
C olour p r in ts  have  b e e n  fo u n d  m o st u se fu l for co m p ariso n .

Other useful equipm ent

• tr ip o d  -  to get good stab le  im ages from  a k n o w n  fixed  h e ig h t (p a rticu la rly  in  lo w  lig h t co n d itio n s)
• P o la ro id  cam era  an d  film  -  to  take  in s ta n t p h o to g rap h s  w h ic h  can  th e n  be a n n o ta te d  on  site
• w a te rp ro o f p en s  (fine tip )
• p o rtab le  GPS nav ig a to r -  to take  a id  p o s itio n  fixing
• access to  good co lo u r p h o to c o p ie r  (w ith  s lid e  a tta ch m en t if  ap p ro p ria te ); or s lid e  scan n e r an d  co lo u r 

p r in te r
• access to  lam in a to r

T h e  p o la ro id  p r in ts  are m ark ed  w ith  th e  w a te rp ro o f p e n  to sh o w  th e  p rec ise  lo c a tio n  w h ere  th e  p h o ­
to g rap h er is to  s tan d , th e  lo ca tio n  of s ites for c lo se-u p  p h o to g rap h s  an d  an y  co n sp icu o u s  objects or fea­
tu res  to lin e -u p  for p o sitio n in g .

Personnel/t im e 

Personnel required

• one capab le  p h o to g rap h e r -  ex p erien ce  at tak ing  la n d sc a p e  p h o to g rap h s  p re fe rred
• one a ss is ta n t -  p r im a rily  for safety  back -u p  (it’s easy  to  fall over w h e n  you  are w a lk in g  along  w h ile  

lo o k ing  th ro u g h  a cam era  lens!); can  also  be u se fu l for p o in tin g  to  im p o rta n t featu res in  the  
p h o to g ra p h

Best time o f year
P rim ary  c o n s id e ra tio n  is th e  a m o u n t of ligh t, b u t th e re  are n o  p a r tic u la r  seaso n a l req u irem en ts . 
H ow ever, for in te r tid a l v ie w p o in t p h o to g ra p h y  th e  tim e  of lo w  w ate r sp rin g  tid e s  m ay  be a lim ita tio n  
d u rin g  th e  w in te r  m o n th s . S p rin g  m o n th s  are often  b est a v o id ed  b ecau se  of b a rn ac le  sp a t se ttlem en t an d  
o ther ra p id  changes in  sho re  co m m u n itie s . W hatever tim e  of year is ch o sen , rep ea t p h o to g ra p h y  is best 
c a rried  ou t a t th e  sam e tim e.

N ote: T h e  re p e a t p h o to g rap h y  w ill also  be  m u c h  b e tte r  if  it  is c a rried  ou t at th e  sam e tim e  of day  as 
th e  in itia l survey, b ecau se  th e  d ire c tio n  of figh ting  d e te rm in es  th e  p o s itio n  of sh ad o w s an d  th e  genera l 
ap p ea ran ce  of th e  shore.
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In  co n d itio n s  (of tid a l he igh t, w eather, tim e  of day) as s im ila r as possib le  to  tho se  of any  p rev io u s survey,
re tu rn  to  th e  exact lo ca tio n  from  w h ic h  p h o to g rap h s w ere  tak en  p rev io u s ly  and , u s in g  tho se  p h o to g rap h s
for reference, re-take th e  sam e v iew s u sin g  th e  sam e focal len g th  len s  an d  film  sp eed  as p rev iously .

Initial survey
(1) F irs t choose  sub jec ts  an d  a v ie w p o in t acco rd in g  to  th e  objective of th e  study. T h is cho ice  sh o u ld  n o t 

be ru sh ed . M ove a ro u n d  th e  site  look ing  at it  from  d iffe ren t angles before  choosing . O n rocky  sho re  
sites p h o to g rap h s  are ty p ica lly  ta k e n  w ith  a v iew  u p  th e  shore , d o w n  th e  shore , across th e  site  an d  
th e n  of p a r tic u la r  b io to p es or areas of in te rest.

(2) C hoose a len s  of su itab le  focal leng th . If a t a ll p o ssib le , u se  a s ta n d a rd  50m m  lens. If you  are u s in g  
an o th e r len s , n o te  th e  focal len g th  u sed  for each  shot. P u t th e  cam era  on  a tr ip o d  if  you  fin d  it  eas­
ier or if  lig h t c o n d itio n s  req u ire  it.

(3) Try to en su re  th a t im p o rta n t fea tu res w h ic h  h a p p e n  to  be of s im ila r co lour, tex tu re  a n d  sh ad e  w ill 
be d is tin g u ish ab le  in  th e  p h o to , b ecau se  th e  3D p e rsp ec tiv e  y o u  h av e  w h e n  y o u  are s ta n d in g  in  th e  
fie ld  w ill n o t be  so obv ious in  th e  p h o to g ra p h  (for exam ple , a v iew  of an  o v erlap p in g  series of rock  
ridges can  look  like  a sing le  p iece  of rock).

(4) Try to fram e th e  p h o to  in  su c h  a w ay  th a t it  w ill be easy  to  re-fram e th e  sam e v iew  on  a fu tu re  occa­
sion ; for in s tan ce , try  to  have  d is tin g u ish ab le  fea tu res in  th e  fo reground , b ack g ro u n d  an d  at th e  
edges of th e  view . Best of all, try  to lin e  u p  an  object o n  th e  sk y lin e  w ith  a sh a rp  fea tu re  in  th e  fore­
g round . If you  h av e  m ore  th a n  one a id  to  re-fram ing  in  th e  p h o to  it  w ill h e lp  you  to  re -p o s itio n  y o u r­
se lf v e ry  q u ick ly  (and  it  w ill ch eck  th a t y o u  have  th e  co rrec t focal len g th  lens).

(5) If y o u  th in k  th a t it  m ay  be d ifficu lt to  re loca te  th e  v iew p o in t, you  m ay  n e e d  to  take a p h o to g ra p h  of 
th e  p lace  from  w h ic h  you  took  th e  v ie w p o in t p h o to g rap h . T h is is b est d one  w ith  a P o la ro id  cam era, 
b ecau se  you  can  th e n  an n o ta te  th e  P o la ro id  p h o to  on  s ite  (X m arks th e  spot).

(6) Take p h o to g rap h . B racket ex p o su res  if  you  are n o t su re  if  a ll fea tu res w ill com e out.
(7) It m ay  h e lp  to  locate  im p o rta n t fea tu res (site m arkers, b io to p e  b o u n d a rie s , re-fram ing  fea tu res, etc.) 

in  th e  fina l p h o to g ra p h  if  y o u  also  take  a P o la ro id  p h o to g ra p h  of th e  v iew  at th e  sam e tim e  an d  th e n  
an n o ta te  it  w ith  a fine-tip  w a te rp ro o f p en . T hese  can  th e n  be co p ied  to  th e  p ro p e r p h o to g ra p h  after 
th e  film  has b e e n  p ro cessed .

(8) M ake an y  n ecessa ry  n o tes , sketches an d  GPS p o s itio n  fixes to  en su re  th a t you  can  fin d  th e  site  again. 
A  reco rd  of da te  an d  tim e is also  a good id ea  (these w ill be reco rd ed  o n  th e  GPS).

Processing
(1) H ave th e  film  d ev e lo p ed  an d  p r in te d , th e n  labe l a ll o rig inals on  th e  b ack  as so o n  as p o ssib le . T he 

label sh o u ld  in c lu d e  date , lo ca tio n , film  nu m b er, a n d  fram e num ber. Do n o t u se  w a te r so lu b le  pens. 
Label a n d  sto re  negatives.

(2) Get a set o f p r in ts  (s tan d ard  6 ” x  4 ” are n o rm a lly  ad eq u a te , b u t larger sizes can  be u sefu l) of a ll v ie w ­
p o in t p h o to s  th a t w ill be u se d  in  th e  field . Do n o t u se  o rig inals in  th e  field . C olour p h o to co p ie s  are 
often  ch eap est an d  easiest.

(3) A n n o ta te  p rin ts  to  a id  id e n tif ic a tio n  of im p o rta n t fea tu res (as in  p o in t 7 above). T he p r in ts  can  also 
be in c o rp o ra te d  in to  d e ta iled  site  lo c a tio n  sheets  w ith  m ap s, g rid  references, s ite  an d  m e th o d o lo g i­
cal d e ta ils , etc.

(4) H ave th ese  p r in ts  la m in a te d  or o th erw ise  w ate rp ro o fed .

Repeat survey
(1) P lan  th e  su rv ey  for, as n ea r as p o ssib le , th e  sam e tim e  of year (un less in te n tio n a lly  m ore  freq u en t 

th a n  an n u a lly ) ,a n d  th e  sam e tim e  of d ay  an d  tid e  as th e  in itia l survey.
(2) U se cam era  w ith  sam e focal len g th  lens.
(3) Locate g enera l v ie w p o in t p o s itio n  u s in g  a ll c lues.
(4 ) Look th ro u g h  v iew finder and  th e n  check  back an d  forw ards be tw een  v iew finder and  the  an no ta ted  p h o ­

tograph  to line  u p  all features. Take care to  get it right -  a qu ick  snap  from  ‘about the  righ t p lace ’ is no t 
good enough. It can  take som e tim e to  see the  features on  the  rock th a t are sh o w n  in  the  photograph .

(5) R e-take th e  p h o to g ra p h  an d  m ake a n o te  of th e  fram e num ber.

Processing (repeat survey)
A fter th e  film  h as b e e n  d ev e lo p ed  an d  p r in te d , labe l a ll p r in ts  on  th e  b ack  as so o n  as p o ssib le . Label
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sh o u ld  in c lu d e  date  a n d  lo c a tio n  (and  p re fe rab ly  film  nu m b er, an d  fram e num ber). Do n o t u se  w a te r so l­
u b le  p en s. Label a n d  sto re  n egatives an d  p rin ts .

Data analysis

P h o to g rap h s can  be d isp lay ed  (or p ro jec ted ) side  b y  s id e  for easy  co m p ariso n .
T h ere  are v a rio u s  m e th o d s  of m easu rin g  th e  area  of a fea tu re  in  a p h o to g ra p h  (e.g. u s in g  g rids, p o in t 

screens, co m p u te r  im age analysis), d e p e n d in g  on  th e  degree of accu racy  an d  p re c is io n  req u ired . 
P h o to g rap h s can  be u se d  in  p re se n ta tio n s  or rep o rts  for illu s tra tio n .

Accuracy testing

T he on ly  p o te n tia l c o n ce rn  is for p h o to g rap h s  to  be tak en  from  th e  w ro n g  p o s itio n . It is n o rm a lly  obv i­
ous if  th is  occurs an d  accu racy  te s tin g  is n o t c o n s id e re d  necessary . If th e re  is an y  d o u b t, h av e  a su itab ly  
ex p e rien ced  a n d  in d e p e n d e n t p e rso n  v iew  a n d  assess th e  p h o to g rap h s.

QA/QC

It is essential tha t photographs are taken  from  exactly  the  sam e position  each  tim e, using  the sam e focal 
length  lens. Good site location  in form ation  and  instructions for each v iew po in t pho tography  site, w h ich  any­
body  can  u n derstand , are therefore required . Sufficient tim e m ust be allow ed for relocation  of view points.

It is d ifficu lt to  ca ter for th e  w e a th e r co n d itio n s , b u t if  good q u a lity  im ages are an  im p o rta n t featu re  
of th e  survey, it  m ay  be  n ecessa ry  to  w a it for su itab le  c o n d itio n s  before  th e  v ie w p o in t p h o to g ra p h y  is 
c a rried  out. T h e  b est c o n d itio n s  are b rig h t d iffuse lig h t on  a d ry  day. Very b rig h t d irec tio n a l s ide  lig h t­
ing  is o ften  w orse  th a n  lo w  lig h t a n d  w et w eather, b ecau se  th e  co n tra s t b e tw een  sh ad o w s an d  h ig h lig h ts  
can  m ake th e  p h o to g ra p h  a lm o st u se less  for co m p ariso n  w ith  im ages tak en  in  o ther co n d itio n s.

P h o to g rap h s a n d  negatives m u s t be  fu lly  an d  accu ra te ly  lab e lled  as soon  as p o ssib le  after th e  survey.

Data products

T he m e th o d  w ill p ro d u c e  a co llec tio n  of p h o to g rap h s  (p referab ly  p r in ts  an d  negatives) w h ic h  n e e d  to 
be s to red  in  a d ry  p lace , ou t of th e  sun .

Cost and time

C am era h ire  ra tes can  vary, b u t are  often  a ro u n d  £ 5 /d a y  for a s ta n d a rd  la n d  cam era. F ilm  cost, in c lu d ­
ing  p ro cessing , m ay  be a ro u n d  £10 p e r 36 -exposu re  film .

T h is m e th o d  is n o rm a lly  u se d  in  c o n ju n c tio n  w ith  an o th e r m ore  q u an tita tiv e  su rv ey  m eth o d . O n  th is  
basis , a su rv ey  of a ty p ica l ro ck y  sho re  site , w ith  five or six  v ie w p o in t p h o to g rap h s , w o u ld  req u ire  an  
a d d itio n a l 1 5 -2 0  m in u te s  on  site  for th e  p h o to g ra p h y  (for th e  in itia l su rv ey  or a rep ea t survey). 

Labelling the  pho tographs, after th ey  have b een  developed  an d  p rin ted , can  take 30-45  m inu tes p er film. 
C o m p ariso n  of p h o to g rap h s  m ay  on ly  req u ire  a q u ick  scan  an d  a co u p le  of n o tes , or a m ore  d e ta iled  

m e asu rem en t of area.

Health and safety

A ppropria te  safety p rocedures for shore surveys m u st be fo llow ed, especia lly  w ith  regard  to pro tective 
c lo th ing  an d  careful u se  of tide  tables, taking accoun t of local cond itions to avoid  being cu t off by  the  tide. 

P h o to g rap h ic  v ie w p o in ts  m u s t n o t be e s tab lish ed  at dangerous p o sitio n s  su c h  as th e  edges of cliffs.
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Background

A co u stic  g ro u n d  d isc r im in a tio n  system s (AGDS) are b ased  on  sing le  beam  ech o -so u n d ers  an d  are 
d esig n ed  to  d e tec t d iffe ren t su b stra ta  by  th e ir  aco u stic  re flec tan ce  p ro p e rtie s . A n  e c h o -so u n d e r g en er­
ates a sh o rt p u lse  of so u n d  at a sing le  freq u en cy  th a t trav e ls  th ro u g h  th e  w a te r an d  reb o u n d s  off th e  
seabed  (U rick  1983; M itso n  1983).T he echo  is d e tec ted  by  th e  tra n sd u c e r  w h ic h  con v erts  th e  aco u stic  
energy  in to  an  e lec trica l signal th a t is d isp lay ed  on  a screen . T he tra n sd u c e r  sh ap es th e  p u lse  of so u n d  
in to  an  ap p ro x im a te  eone  d irec ted  to w ard s  th e  sea floor. T he area  en so n ified  -  k n o w n  as th e  fo o tp r in t  
-  b y  th e  e c h o -so u n d e r d irec tly  u n d e r  th e  v esse l is a p p ro x im a te ly  c ircu lar, a lth o u g h  in  p rac tice , echo- 
so u n d e rs  p ro d u c e  m a n y  side-lobes th a t m ake th e  fo o tp rin t a m ore  co m p lex  shape . T he area d ep en d s  
u p o n  th e  d iverg ing  beam  angle (angle of th e  apex  of th e  eone of so u n d ) a n d  d e p th  of th e  sea floor.

S o u n d  w aves trav e llin g  in  th e  cen tre  of th is  eone w ill h i t  th e  seabed  first (assum ing  th e  seabed  is level) 
an d  d e p th  is m easu red  from  tim e  tak en  for th is  re tu rn in g  so u n d  energy  to  be d e tec ted  b y  th e  tra n sd u c ­
er. T he s tren g th  of th e  echo  a n d  th e  w ay  it  decays w ith  tim e  p ro d u c e s  a co m p lex  signal w h o se  sh ap e  
d ep en d s  to  a large degree on  th e  n a tu re  of th e  sea floor an d  th is  is th e  basis  u p o n  w h ic h  ech o -so u n d ers  
have  b e e n  u se d  for sea floor c la ss ifica tio n  (O rlow ski 1984; B urns e t al. 1985; Jackson  an d  Briggs 1992; 
K eeton  an d  B urle  1996). T he ex ten t to  w h ic h  so u n d  is abso rbed  or re flec ted  b y  th e  sea floor d ep en d s  
u p o n  th e  h a rd n e ss  of th e  seabed: h a rd  surfaces p ro d u c e  s trong  echoes w h ils t soft su rfaces (and  th is  m ay  
in c lu d e  rock  su b stra ta  th a t are aco u stica lly  so ften ed  b y  overg row th  of b io ta) give a w eak er signal re tu rn . 
T he so u n d  energy  th a t sp read s  aw ay  from  th e  cen tre  of th e  eone p ro d u ces  a w eaker echo. T h is w ave 
energy  takes s lig h tly  longer to  reach  th e  seabed  b ecau se  of th e  ex tra  d is tan ce  trav e lled , an d  th is  tim e  lag 
in c reases  w ith  in c reas in g  an g u la r d is tan ce  aw ay  from  th e  v e rtica l axis of th e  tra n sm iss io n  p u lse . R ough 
surfaces w ill p ro d u c e  an  echo  th a t decays slow ly, s in ce  so u n d  sp read in g  som e d is tan ce  from  th e  v e r ti­
cal m ay  reflec t off in c lin e d  su rfaces ang led  to w ard s  th e  tra n sd u c e r  (a p ro p e rty  te rm ed  ‘b a ck sca tte r’) 
w h ils t fla t su rfaces w ill re flec t so u n d  aw ay  from  th e  tran sd u cer. T he d ecay ing  echo  m ay  also  c o n ta in  an  
e lem en t th a t d ep en d s  on  th e  re flec tan ce  of so u n d  from  su b su rface  features. T h is  is p a rtic u la r ly  th e  case 
for lo w  freq u en cy  ech o -so u n d ers  w h ere  th e re  is g rea ter p e n e tra tio n  th ro u g h  soft surface sed im en t. T he 
sh ap e  of th is  re tu rn in g  p u lse  or firs t re tu rn  form s th e  basis  for AGDS system s th a t m ap  aco u stic  seabed  
p ro p e rtie s  to  p h y s ic a l seabed  p ro p ertie s .

A d d itio n a lly , th e re  m ay  be m u ltip le  echoes as th e  re tu rn in g  so u n d  energy  b o u n ces  off th e  w a te r su r­
face an d  reb o u n d s  from  th e  sea floor a seco n d  (or th ird ) tim e. T h e  sign ificance  of th e  seco n d  echo  (first 
m u ltip le  echo) for g ro u n d  d isc rim in a tio n  is debatab le , b u t it  has b e e n  c o n s id e red  to  be m ore  sen sitiv e  
to h a rd n e ss  th a n  th e  in itia l re flec tan ce  of th e  first echo  (C hivers e t al. 1990; H eald  an d  Pace 1996).

Two p ro p rie ta ry  AGDS have b e e n  u sed  e x ten s iv e ly  for su rv ey in g  b io to p es  -  R o x A n n ™  (M arine M icro 
System s L td, A berdeen) an d  Q TC -View ™  (Q uester T angen t C orpo ra tion , S ydney , C anada). E cho P lus  ™ 
(SEA Ltd, Bath) is a th ird  sy stem  n ew  o n  th e  m ark e t th a t is a d u a l frequency , d ig ita l sy stem  s im ila r in

1 Department of Marine Science and Coastal Management, University of Newcastle-upon-Tyne, Ridley Building, 
Newcastle-upon-Tyne NE1 7RU, UK.

2 CEFAS Burnham Laboratory, Remembrance Avenue, Burnham-on-Crouch, Essex CMO 8HA, UK.
3 Menai Bridge, Anglesey, Gwynedd LL59 5EY, UK.
4 Analogous to the term ‘illum inated’.
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p r in c ip le  to  RoxAnn.
T he RoxAnn system  uses analogue signal p rocessing  hardw are  to select tw o elem ents from  the  echo and  

m easure  signal streng th  (in  m illivolts) in tegrated  over the  tim e (Burns et al. 1985; Chivers et al. 1990). The 
first se lected  segm ent of the  echo is the  decaying echo after the  in itia l peak. T his m easure of tim e/streng th  
of the  decaying echo is te rm ed  ‘Echo 1’ (or ‘E l ’) an d  is taken  to be a m easure  of roughness of the  ground. 
T he beam  w id th  of the  echo-sounder is im p o rtan t for E l since a w ide  beam  w ill give greater scope for m eas­
u ring  signal decay aw ay from  the  p e rp en d icu la r th a n  a narrow  beam . For th is  reason  it is recom m ended  tha t 
AGDS operate w ith  a echo-sounder of m oderate  beam  w id th  (15-25°). T he second  segm ent is the  w hole  of 
the  first m u ltip le  echo an d  is m easu red  by  the  RoxAnn processor as ‘Echo 2’ (or ‘E2’).

T h e  tw o  p a ire d  v ariab les  (E l an d  E2) can  be d isp lay ed  o n  a C artesian  XY p lo t, an d  th is  is th e  basis  of 
th e  RoxAnn rea l-tim e  d isp la y  as u se d  in  th e  da ta  logging a n d  d isp la y  so ftw are  Microplot™ an d  
RoxMap™. R ectangu lar areas on  th e  C artesian  p lo t can  be m ark ed  ou t so th a t reco rd s ly ing  w ith in  th a t 
sec tio n  of th e  p lo t c an  be co lo u r-co d ed  an d  d isp lay ed  on  th e  track  p lo t.

QTC View o pera tes in  a v e ry  d iffe ren t w ay  to  RoxAnn. T he echo  is co n v erted  from  analogue to d ig ita l 
form  an d  is th e n  su b jec ted  to  an a lysis  u s in g  a large n u m b er of a lg o rith m s for w ave-fo rm  analy sis  
(C ollins et al. 1996; C o llins an d  M cC onnaghey  1998). T h e  QTC cho ice  of a lgo rithm s an d  th e  w ay  th ey  
are a p p lie d  to  th e  echo  is c o n s id e red  co m m erc ia lly  sensitive . H ow ever, th e  seco n d  echo  is n o t u sed . T he 
system  can  be  ru n  in  one of tw o  settings: su p e rv ised  or u n su p e rv ise d  m ode.

In  th e  su p e rv ise d  m ode  th e  system  is d esig n ed  to  be ca lib ra ted  (g ro u n d -tru th ed ) by  p o s itio n in g  the  
v esse l over k n o w n  g ro u n d  typ es an d  a sam p le  da tase t co llec ted . T he exerc ise  is re p e a te d  for d ifferen t 
g ro u n d  typ es an d  th e  co m b in ed  d a tase ts  su b jec ted  to  p r in c ip a l co m p o n en ts  ana lysis . T he da ta  are d is ­
p lay ed  on  a th re e -d im e n s io n a l p lo t of th e  first th ree  p r in c ip a l c o m p o n en ts , te rm ed  ‘Q space’. T he Q 
space  is th e n  d iv id e d  u p  in to  reg ions th a t re la te  to  th e  g ro u n d  ty p e  c lasses b y  form ing  a catalogue. T h is 
ca ta logue can  th e n  be a p p lie d  to  su b seq u en t su rv ey  da ta  co llec ted  at th e  site  to c lassify  th e  tracks in  real 
tim e. If n e w  g ro u n d  ty p es are covered  fu rth e r g ro u n d  tru th in g  is necessary .

T h e  u n su p e rv ise d  m o d e  offers g reater flex ib ility  w ith o u t th e  u se  of ca lib ra tio n . T he signal is su b jec t­
ed  to  th e  sam e a lgo rithm s w ith in  th e  QTC View system , b u t a ll v ariab les are logged for la te r  p rin c ip a l 
co m p o n en ts  analy sis  to  be a p p lie d  to  th e  co m p le te  da tase t. T he so ftw are package QTC Impact is th e n  
u se d  to id e n tify  ‘n a tu ra l’ c lu ste rs  w h ic h  are aco u stica lly  d ifferen t, w ith in  th e  datase t, w h ic h  can  th e n  
be a ttr ib u te d  to g ro u n d  ty p es as d ic ta ted  b y  th e  fie ld  sam p le  data. T he c lu s te rs  can  be fu rth e r sp lit  by  
ru n n in g  Impact again. T h is  p ro cess  of fin d in g  ‘n a tu ra l’ c lu ste rs  is te rm ed  ‘u n su p e rv ise d  c la ss if ic a tio n ’ 
an d  is covered  in  d e ta il la te r  u n d e r  th e  sec tio n  on  c la ss ifica tio n  p ro ced u res).

Purpose

Since the purpose of survey based on remote sensing is to extrapolate from direct observations to 
unobserved areas, uncertainty is unavoidable. No remote survey will give detailed, precise and accurate 
information. Uncertainty may be high w ith AGDS surveys, but the adoption of realistic objectives for a 
survey can reduce uncertainty to acceptable levels. AGDS measure acoustic properties of the sea floor 
and do not directly measure sediment or biological characteristics. These m ust be interpreted from the 
acoustic data through the use of field sampling (such as videography, diver observations, physical sam­
pling using grabs etc). As w ith all remote sensing systems, the extent to which AGDS can discriminate 
between biotopes (e.g. physical habitats and their associated benthic communities) is dependant on the 
spatial distribution and degree of disparity between adjacent biotopes. For example, it might be expect­
ed that AGDS will be able to detect the difference between a lim ited number of discrete biotopes w ith 
clearly defined faunistic/habitat boundaries, whereas a but large number of subtly different biotopes 
that merge into each other will be poorly discriminated using these systems.

With this in  m ind suitable objectives for AGDS surveys include:

• Very broad-scale survey of large areas to map the approximate distribution and extent of a lim ited 
range of broadly defined biotope types (no more than 15). This type of survey is useful for gathering 
information in  areas where there is little available data, and broad-scale survey has been the most 
common use of AGDS.

• AGDS maps may stratify the selection of suitable sites for more detailed survey. AGDS surveys can 
identify areas where there is a greater likelihood of finding a particular biotope of interest and thus 
reducing subsequent survey effort and cost.

• Rapid repeat survey of a small number of broadly defined biotope types to assess gross change over 
time. Although uncertainty will underm ine the significance of apparent changes between similar 
biotopes, it m ust be remembered that gross changes can and do occur.
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• T he su rv ey  of a sm all n u m b e r of d is tin c t b io to p es: w h ils t th is  m ig h t be u se fu l for m o n ito rin g  changes 
in  b o u n d ary , th is  specific  a p p lic a tio n  for m o n ito rin g  m ay  be v e ry  lim ited .

AGDS are of lim ite d  u se  w h e re  rep ea t su rveys are re q u ire d  to assess sm all an d  su b tle  changes in  b io to p e
co m p o sitio n .

A p p l i c a b l e  to  t h e  fo l l o w i n g  a t t r i bu te s
G eneric  a ttr ib u tes  th a t co u ld  be a d d re ssed  b y  AGDS su rveys are:
• T he geograph ic  range, ex ten t a n d  n u m b e r of m ajo r h a b ita t typ es su p p o rtin g  fea tu res of in te re s t w ith ­

in  an  SAC;
• T he geograph ic  range, ex ten t an d  n u m b e r of b io to p es or b io to p e  com plexes p re se n t in  an  SAC; an d
• T he geograph ic  range an d  ex ten t of th e  im p o rta n t b io to p es (su ch  as rare , fragile or r ic h  b io topes) w ith ­

in  an  SAC.

A p p l i c a b l e  to  t h e  fo l l o w i n g  s u rv e y  o b je c t i v e s
• M ap a n d  re-m ap  th e  ex ten t of m ajo r su b s tra tu m  fea tu res in c lu d in g  m ajor b io to p e  com plexes.
• C om pile  an  in v e n to ry  of b io to p es or b io to p e  com plexes p re se n t in  an  SAC (in c lu d in g  th e  ex ten t of 

organ ism s w ith  a d is tin c tiv e  aco u stic  signal su c h  as ke lp , sea grass, m u sse l bed s a n d  m aerl).
• M ap or re-m ap  th e  area o ccu p ied  b y  a ll or se lec ted  b io to p es  or b io to p e  com plexes in  an  SAC.

A d v a n ta g e s

• AGDS are re la tiv e ly  in ex p en siv e  co m p ared  to  o ther aco u stic  system s.
• T he q u a n tity  of d a ta  p ro d u c e d  is less th a n  for m a n y  o ther aco u stic  system s an d  th is  fac ilita tes da ta  

h a n d lin g  an d  analysis .
• T he analy sis  of a sing le  v e rtic a l b eam  for m easu rin g  sed im en t p ro p e rtie s  is m ore  stra ig h tfo rw ard  th a n  

for sw a th  system s.
• AGDS can  be d ep lo y ed  from  a v a rie ty  of vesse ls  of oppo rtu n ity .
• Large areas can  be su rv ey ed  (a lth o u g h  at lo w  re so lu tio n  -  see below ) q u ite  rap id ly .

D i s a d v a n ta g e s

• AGDS do n o t give a co m p le te  coverage of th e  sea floor s in ce  th e  da ta  are e sse n tia lly  p o in ts  d irec tly  
u n d e r  th e  su rv ey  v esse l as it  tracks over th e  su rv ey  area.

• T he w id e  b eam  w id th  re su lts  in  large aco u stic  fo o tp rin ts  in  deep  w ater.
• T he q u a lity  of th e  da ta  is p ro n e  to  th e  effects of po o r w ea th e r co n d itio n s , an d  changes in  aco u stic  

p ro p e rtie s  su c h  as tid e  an d  su sp e n d e d  load , p e rh a p s  m ore  so th a n  o ther aco u stic  system s.

T hese  first tw o  issu es  m e a n  th a t th e  re so lu tio n  of AGDS is p o o r as co m p ared  to  sw a th  system s. A lth o u g h
close track  sp ac in g  can  in c rease  re so lu tio n , it  is u n lik e ly  th a t a su rv ey  w ill re su lt in  a re so lu tio n  g reater
th a n  ab o u t 25m .

Equipment

T he fo llow ing  lis t in d ic a te s  th e  e q u ip m e n t req u ired  for AGDS da ta  co llec tion .

(1) A  vessel su itab le  for w o rk  in  th e  lo ca lity  w ith  ad eq u a te  cab in  space  for e lec tro n ic  e q u ip m en t. (Som e 
su rv ey  a n d  fish eries  p a tro l v esse ls  have  th e  re lev an t e q u ip m e n t p e rm a n e n tly  fitted .) S m all vesse ls  
are ad eq u a te  for sh e lte red  in sh o re  w aters , b u t a s tab le  w o rk in g  p la tfo rm  is e ssen tia l.

(2) Power supply. T h e p o w er su p p ly  o n  boats c a n n o t a lw ays be re lied  u p o n  w h ere , for exam ple , th e  
p e c u lia ritie s  of w irin g  system s can  affect e lec tro n ic  eq u ip m en t. U n less ab so lu te ly  co n fid en t of th e  
re lia b ility  of th e  v e sse l’s pow er, it  is p ru d e n t to  re ly  on  y o u r ow n  p o w er su p p ly  (generator a n d /o r  
ba tte rie s , p lu s  an  in v e rte r  for h ig h er voltage). A ll opera to rs sh o u ld  be aw are  of th e  e lec trica l safety  
im p lic a tio n s  of u s in g  m ain s p o w e re d  e q u ip m e n t in  m arin e  co n d itio n s .

(3) A n  AGDS signal processor (RoxAnn, QTC or sim ilar).
(4) A  computer w ith  a p p ro p ria te  data logging software.
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(5) A  differential GPS.5 A lth o u g h  th e  v e sse l’s sy stem  m ay  p ro v id e  su itab le  n av ig a tio n  data , it  is often 
b e tte r  to  be se lf-re lian t for tw o reasons. F irs tly  it  w ill avo id  p ro b lem s in te rfac in g  u n fam ilia r  system s, 
an d  second ly , it  is th e n  p o ss ib le  to  p o s itio n  th e  an ten n ae  above th e  tra n sd u c e r  as far as is possib le  
to  m in im ise  h e ad in g  errors.

(6) Echo-sounder. It is lik e ly  th a t e ach  AGDS w ill have  its  ow n  echo-sounder, a lth o u g h  th e y  can  be 
a d a p te d  to d iffe ren t system s. If AGDS are to  be d ep lo y ed  from  vesse ls  of o p p o rtu n ity  th e n  po rtab le  
system s w ith  d e d ica ted  ech o -so u n d e rs  are req u ired . T he cho ice  of freq u en cy  an d  p o w er w ill d e p e n d  
u p o n  th e  w o rk in g  d ep th s  expec ted . S ystem s set for deep  w a te r (genera lly  lo w  frequency) w ill no t 
w o rk  w e ll in  w a te r less th a n  ab o u t 3 -5 m  deep  a n d  system s set for sh a llo w  w a te r (generally  h ig h  fre­
quency) m ay  re tu rn  in v a lid  read in g s m u c h  b e lo w  30m .

(7) A  means of deploying the transducer from the boat. T he u su a l m e th o d  is to  m o u n t th e  tra n sd u c e r  
on  a p o le  s tra p p e d  to  th e  s id e  or th e  b o w  of th e  b o a t (scaffo ld ing  po les  are id ea l, b e in g  cheap , re a d ­
ily  ava ilab le  an d  v e ry  rig id .) T h is  often  lim its  th e  v e sse l’s sp eed  a lth o u g h  fairings m ay  red u ce  ae ra ­
tio n  an d  drag. Care sh o u ld  be  tak en  to  stop  a ir b u b b les  b e ing  d ra w n  th ro u g h  th e  p ip e -e n d  w h ils t 
u n d e rw a y  an d  in te rfe rin g  w ith  th e  signal. A  range of ra tc h e t s traps to  p u ll  th e  p o le  in to  th e  s id e  of 
th e  b o a t an d  b race  th e  to p  an d  lo w er en d  of th e  p o le  fore an d  aft is u su a lly  su ffic ien t to  keep  the  
po le  s tab le  at w o rk in g  sp eed  (ty p ica lly  7 -8  knots). T he tra n sd u c e r  sh o u ld  be at leas t lm  b e lo w  the  
w a te r leve l an d  tw ice  th is  in  o p en  seas to  red u ce  aera tion . It sh o u ld  also  be lo w er th a n  th e  v e sse l’s 
d eep est h u ll  s tru c tu re  to  avo id  m u ltip a th  in te rfe ren ce .

(8) Field sampling equipment (see la te r section).

Personnel/time

S k illed  an d  ex p e rien ced  opera to rs are n e e d e d  to  ru n  th e  AGDS a n d  fie ld  sam p lin g  e q u ip m en t. T h is  is 
n ecessa ry  to  cope w ith  an y  m a lfu n c tio n s , to  en su re  th a t th e  co rrec t se ttings are u sed , an d  to  in c rease  the  
l ik e lih o o d  of d e tec tin g  an y  sp u rio u s  da ta  b e ing  reco rd ed . N um bers of opera to rs w ill v a ry  acco rd in g  to 
su rv ey  c ircu m stan ces  a n d  w h e th e r 24 -hour w o rk in g  is p la n n e d . O n  ch a rte red  boats w h ere  fie ld  sam ­
p lin g  w ill also  be u n d e rta k e n , at least tw o  e x p e rie n c ed  p e rso n s  are adv ised .

S taff w ith  good IT sk ills  are n e e d e d  for p o s t-p ro cess in g  of data. T h ey  sh o u ld  also  h av e  su ffic ien t 
u n d e rs ta n d in g  of sed im en to lo g y  a n d  m arin e  ecosystem s to  u se  th e  m ost a p p ro p ria te  se ttings to  derive 
th e  m o st su itab le  d isp lay s of th e  data.

Method

These guidelines are based on more extensive technical reports than can be found on the SeaMap inter­
net site.

P l a n n i n g  t h e  su rv e y
AGDS coverage is determined by track spacing and the way in  which complex coastlines are surveyed. 
The intensity of tracking will depend upon the heterogeneity of the ground. W hilst this cannot be deter­
m ined prior to a survey, inspection of hydrographic charts will give some indication of the nature of the 
ground likely to be encountered. Although a series of regularly spaced parallel tracks may be desirable 
for consistency in  analysis, the need to concentrate survey effort where most needed in  the lim ited time 
available may dictate that some sectors of the survey area will be more intensively tracked than others. 
The decision about tracking intensity may need to be made on survey, especially if poor weather reduces 
available survey time.

Real-time visualisation available through Microplot™, RoxMap™ or other proprietary logging soft­
ware can be used to keep a check on ground variability, consistency between tracks and discrimination 
(with reference to field sampling). QTC operated in  unsupervised mode cannot display this information. 
Surveyors can plan their tracking in  such a way as to reduce problems for data analysis (ideally, one of 
the surveyors should also be involved w ith subsequent data analysis). Planned track pattern should take 
account of the following:

5 At the time of writing, selective availability has been switched off and an acceptable accuracy to w ithin 5m is 
possible w ithout the use of a differential system.

6 See: http://www.ncl.ac.uk/seamap

http://www.ncl.ac.uk/seamap
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• Track spacing  sh o u ld  be re la ted  to  along-track variability . T he aim  sh o u ld  be to  see p a tte rn s  em erging 
b e tw een  ad jacen t tracks. W here track  variab ility  is h igh , close tracks w ill be needed . Track spacing  m igh t 
vary  over very  large areas w ith  d ifferen t p a tte rn s  of variability . Track o rien ta tion  sh o u ld  a llow  for the  
p o ssib ility  of m issing  lin ear track  features form ed b y  u n d erly in g  geology or tid a l tran sp o rt m echan ism s.

• G eograph ic  coverage sh o u ld  be  co m p reh en siv e  a t th e  m ax im u m  track  spacing .
• T rack sp ac in g  w id e r th a n  500m  is lik e ly  to  p re se n t p ro b lem s w h e n  genera tin g  a coverage from  th e  

AGDS da ta  a n d  sh o u ld  be a v o id ed  if  in te rp o la tio n  is re q u ire d  for da ta  an a ly sis  (see la te r section).
• Tracks sh o u ld  ex ten d  b ey o n d  th e  m a in  area of in te re s t s ince  in te rp o la tio n  is o ften  p o o r a ro u n d  th e  o u t­

s id e  of a da ta  set.
• G round  is u su a lly  v e ry  va riab le  close in sh o re , p a rtic u la r ly  w h ere  th e  sh o re lin e  is com plex . Id ea lly  th e  

sh o re lin e  sh o u ld  be track ed  as far in sh o re  as th e  safety  of th e  v esse l p e rm its . T h is is p a rtic u la rly  
im p o rta n t to  avo id  sp u rio u s  in te rp o la tio n  of da ta  a ro u n d  is la n d s  an d  h e a d la n d s . M in im u m  opera ting  
d ep th s  do a p p ly  to  AGDS system s esp ec ia lly  QTC

M a i n t a i n i n g  d a t a  q u a l i t y  d u r i n g  f ie ld  su rv e y
M ain ta in in g  th e  q u a lity  of th e  da ta  is v ita l. AGDS can  give va riab le  da ta  b ecau se  of chang ing  sea c o n ­
d itio n s or in te rn a l v a ria b ility  in  th e  AGDS itself. T he effects on  th e  da ta  m ay  n o t be obv ious u n le ss  a 
carefu l ch eck  is k e p t d u rin g  th e  survey. U n less th is  is done, d u b io u s da ta  m ay  o n ly  com e to lig h t in  su b ­
seq u en t p o s t-su rv ey  an a ly sis  w h e n  th e re  is no  p o ss ib ility  of co llec tin g  n ew  data. T he fo llow ing  sh o u ld  
be c o n tin u a lly  m o n ito red :

• T he e c h o -so u n d e r sc reen  itse lf  p ro v id es  v a lu ab le  in fo rm a tio n  on  g ro u n d  ty p e  th a t c an n o t be easily  
seen  on  th e  AGDS p lo t. A  good  log w ill h e lp  in te rp re ta tio n  an d  reassu re  analy sts  th a t th e  AGDS da ta  
acco rds w ith  th e  su rv ey o r’s im p ress io n s  of g ro u n d  type.

• T he e c h o -so u n d e r sc reen  m ay  also  in d ic a te  if  th e re  is in te rfe ren ce  w ith  o th e r aco u stic  system s (no r­
m a lly  sh o w n  as in te rfe ren ce  o n  th e  screen). A n y  p o te n tia l in te rfe ren ce  sh o u ld  be  e lim in a te d  a n d  all 
p e rso n n e l a le rted  to  th e  p ro b lem s cau sed  b y  sw itch in g  on  o ther ech o -so u n d ers  d u rin g  a survey.

• D eterio rating  sea co n d itio n s m ay  create aera tion  u n d e r the  transducer, in te rru p tin g  the  signals from  the  
echo-sounder; erratic  d ep th s reco rded  b y  th e  AGDS are a clear sym ptom . Too m an y  erratic  d ep th  re a d ­
ings w ill u su a lly  lead  to all the  data for th a t w h o le  track  being  co n sid ered  invalid . H ow ever, AGDS can  
w ork  in  qu ite  rough  sea co n d itions an d  th is  a lone sh o u ld  n o t p rev en t the  su rvey  from  con tinu ing .

• C ross-tracks a n d /o r  som e close  p a ra lle l tracks sh o u ld  be ru n  at tim es th ro u g h o u t a su rv ey  to ch eck  for 
co n sis ten cy  in  th e  o p e ra tio n  of th e  system .

If the  surveyor has reason  to su spect th a t the  track  data are in co n sis ten t th e n  a ttem pts sh o u ld  be m ade to 
trace the  cause. T his m ay  be due  to  aera tion  an d  low ering  or altering  the  p o sitio n  of the tran sd u cer po le  m ay 
help . E lectrical connections b e tw een  the  tran sd u cer an d  the  AGDS are p articu la rly  p ro n e  to  stress an d  in te r­
m itten t faults can  give m islead ing  data -  all electrical connections th a t are regularly  m ade during  eq u ip ­
m en t set-up sh o u ld  be checked. If sea cond itions have deterio rated , the  survey  sh o u ld  be suspended .

H ow ever, som e v a riab ility  is o n ly  tem p o ra ry  an d  m ay  be  d u e  to  v e ry  slow  v esse l sp eed  (su ch  as w h e n  
th e  v esse l s tops for sam pling ) or ra p id  changes in  d irec tio n . It is n o t ad v isab le  to  s top  reco rd in g  th e  
AGDS da ta  s ince  th ese  reco rd s can  easily  be id e n tif ie d  p o st-su rv ey  an d  rem o v ed  from  th e  da ta  set. T here  
is a lw ays th e  r isk  th a t th e  o p era to r m ay  forget to  re s ta rt th e  reco rd in g  re su ltin g  in  a loss of data.

V ariab ility  b e tw e e n  days is a m ore  d ifficu lt issu e  to  add ress. It is good p rac tice  to  track  over a p a tc h  
of h o m o g en eo u s g ro u n d  at th e  s ta rt an d  f in ish  of each  day. T h is is on ly  p o ss ib le  w h e n  th e  v esse l uses 
th e  sam e p o rt th ro u g h o u t th e  survey. If d iffe ren t sec tio n s of a large su rv ey  area  are covered  each  day, 
th e n  th e  sec tio n s sh o u ld  overlap  an d  a ttem p ts  sh o u ld  be m ad e  to  en su re  tracks co in c id e . T hese  over­
la p p in g  da ta  can  be co m p ared  for consistency .

C h o i c e  of  f ield s a m p l i n g  t e c h n i q u e
T he ch o ice  of sam p lin g  tech n iq u es  m u s t m a tc h  th e  ex p ec ted  n a tu re  of th e  sea floor a n d  th e  p u rp o se  of 
th e  survey. For exam ple , if  th e  m a in  objective is to  su rv ey  b ed ro ck  reefs it  m ay  be su ffic ien t s im p ly  to 
reco rd  w h ere  san d y  h ab ita ts  occur from  v id eo g rap h y  w ith o u t th e  n e e d  to  take se d im e n t sam ples.

D rop-dow n or passively  tow ed  v ideo  system s are ideal for rap id  sam pling. R apid  sam pling  is im p o rtan t 
since successful analysis of the  AGDS data d ep en d s u p o n  the  co llection  of a large n um ber of field  sam ples, 
accurately  located  on the  acoustic  m ap. Video perm its the  observation  of consp icuous sea floor character­
istics at a scale app rop ria te  to  the  echo-sounder footprint. The p o sitio n  of the  v ideo  system  m u st be e sti­
m ated. Therefore, it is best dep loyed  for a sho rt d u ra tio n  ra ther th a n  for long tow s. T his w ill reduce  the  p o si­
tional error (layback) caused  by  the  relative m ovem ent of the  sledge to the  sh ip ’s p o sitio n  in  tid a l stream s 
as m ore um bilica l is p a id  out. T he use  of non-con tac t ‘d u n k in g ’ v ideo  system s drifting  w ith  the  prevailing
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cu rren t can  m in im ise  these  layback errors. N um erous short d rops (point data) on  hom ogeneous ground  are 
far easier to post-process th a n  few er long tow s covering a w ide  varie ty  of habitats. H ow ever, sho rt an d  care­
fu lly  po sitio n ed  tow s can  be usefu l to  explore sharp  transitions in  acoustic  g round  types.

A lth o u g h  v id eo g rap h y  is id ea l for b io to p es  th a t are p rim a rily  ch a rac te rised  by  th e ir  ep ifau n a  an d  flora, 
it  is also  u se fu l for d e te rm in in g  surface fea tu res of se d im e n t (sand  w aves, sh e ll fragm ents an d  ev id en ce  
of b io tu rb a tio n  or b iogen ic  sa n d  reefs). T h u s, v id eo  is a lm o st u n iv e rsa lly  ap p licab le  to  su rveys excep t 
w h ere  v is ib ility  is lik e ly  to be ex trem ely  poor. H ow ever, se d im e n t sam p lin g  m e th o d s  m u s t be u se d  to 
v a lid a te  sed im en ta ry  areas, p a r tic u la r ly  w h e n  th e  b io to p es  p re se n t are ch a rac te rised  b y  in fau n a . For 
exam ple , a s ta n d a rd  grab sam p lin g  p rog ram m e can  be ru n  in  c o n ju n c tio n  w ith  a rem ote  survey.

Side scan sonar can also be used as a tool for ground validation and areas of habitat type recognised 
from the traces can be used to interpret AGDS data.

S e lec t in g  f ield s a m p l e  s ta t ion s
AGDS are d e sig n ed  to  give rea l-tim e  d isc r im in a tio n  b e tw een  h ab ita ts . W h ils t it is s tro n g ly  ad v ised  to 
u se  p o st-p ro cess in g  of th e  da ta  for in te rp re ta tio n  (see below ), th e  rea l-tim e  fac ility  is v e ry  u se fu l for 
ga in ing  know led g e  of th e  d is tr ib u tio n  of aco u stic  g ro u n d  typ es d u rin g  th e  survey. S u ch  k n o w led g e  is 
e ssen tia l for d esign ing  an  effic ien t, s tra tified  fie ld  sam p lin g  p rog ram m e to v a lid a te  th e  aco u stic  data. 
S u rveyors sh o u ld  e d it th e  rea l-tim e  d isp la y  (e.g. th e  a rran g em en t of th e  boxes in  E l/E 2 -sp ace ) to  id e n ­
tify  aco u stic  g ro u n d  typ es w h ic h  m ay  be re la ted  to  p a r tic u la r  h ab ita ts  or b io to p es. In  th is  w ay  fie ld  sam ­
p lin g  w ill have  an  e lem en t of p re d ic tio n  as th e  su rv ey  p rogresses. T he fo llow ing  p o in ts  sh o u ld  be co n ­
s id e re d  w h e n  se lec tin g  sam p lin g  sta tions:

(1) T he fu ll range  of aco u stic  g ro u n d  typ es sh o u ld  be sam p led  (E l/E 2 -sp ace  for RoxAnn or Q -space for 
QTC-View).

(2) T he sam p les  sh o u ld  cover th e  geograph ic  range of th e  survey.
(3) T here  sh o u ld  be at leas t 5 sam p les  for each  of th e  m a in  h a b ita t or b io to p es  (for each  geograph ic  

region). E ven  w h ere  a su rv ey o r m ay  feei th a t a p a r tic u la r  g ro u n d  ty p e  can  be v e ry  co n fid en tly  p re ­
d ic ted  (e.g. k e lp  fo rest in  sh a llo w  w a te r on  h a rd  g round), th e se  h ab ita ts  sh o u ld  s till be sam p led  a 
m in im u m  n u m b e r of tim es. F a ilu re  to  do th is  w ill co m p ro m ise  su b se q u e n t analysis .

(4) If necessary , th e  su rv ey  effort m ay  be  focused  on  p a r tic u la r  b io to p es  if  rea l-tim e  p re d ic tio n  of these  
b io to p es  is low.

(5) Stations should be located in  areas where the acoustic data are consistent along tracks rather than in 
areas where the along track data are changeable. This will alleviate problems of wrongly attributing 
acoustic values to particular biotopes due to positional uncertainty.

(6) Field samples should lie on AGDS tracks so that they can be closely associated w ith real data rather 
than interpolated acoustic values.

D a t a  an a ly s i s
E d iting  track  da ta  in  rea l-tim e  e ith e r  w ith in  th e  logging so ftw are (RoxAnn logged on  Microplot or 
RoxMap) or in  n ea r rea l-tim e  w ith  th e  p ro cess in g  so ftw are p ro v id e d  w ith  th e  AGDS (QTC-View) m ay  be 
th e  lim it to  w h ic h  da ta  analy sis  n eed s  to  be taken . O ne ex am p le  is w h ere  AGDS da ta  are u se d  p r im a ri­
ly  to  stra tify  a fie ld  sam p lin g  p rog ram m e. H ow ever, d e ta iled  p o s t-su rv ey  an a ly sis  of th e  da ta  is req u ired  
w h ere  b io to p e  m ap s m u s t be d e riv ed  from  an  in te rp re ta tio n  of AGDS da ta  lin k e d  w ith  g ro u n d  sam ples.

D ata analy sis  is a v as t sub jec t a n d  m an y  ro u tes  can  be tak en  th ro u g h  th e  p ro cess  of da ta  in te rp re ta ­
tion . T h e  fo llow ing  acco u n t is b y  n o  m ean s ex h au stiv e  an d  is in te n d e d  to ra ise  aw aren ess  of im p o rta n t 
issu es  th a t m u s t be ad d ressed . D ata analy sis  h as  b een  d iv id e d  in to  th ree  sub -sec tions: (1) p re lim in a ry  
da ta  tre a tm e n t an d  da ta  ex p lo ra tio n ; (2) in te rp o la tio n , and ; (3) c lassifica tion .

Software requirements for data analysis and interpretation
Specific software will be required to carry out the following recommended analytical techniques 

(apart from the usual statistical packages):

• data filtering and exploration: s ta n d a rd  sp re a d sh e e t so ftw are (or database)
• interpolation and statistical spatial analysis: Surfer™ an d  VerticalMapper™ w ill p e rfo rm  in te rp o la ­

tio n  a n d  variog ram  analysis
• classification: im age p ro cess in g  so ftw are  su c h  as ERDAS Imagine™ an d  IDRISI™ are su itab le  for c la s­

s ifica tio n
• spatial analysis and map production: geograph ic  in fo rm a tio n  system s su c h  as Arclnfo™, ArcView™ 

a n d  Maplnfo™ p ro v id e  th e  m o st a p p ro p ria te  so ftw are too ls

7 See PG 3-9 ‘Grab sampling’
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Preliminary data treatment and data exploration
T he p u rp o se s  of th is  stage are:

• ch eck  th a t th e  da ta  are of su ffic ien t q u a lity  for fu rth e r an a lysis  an d  rem ove d a ta  th a t are co n sid e red  
d u b io u s  (know n  as filtering)

• ex p lo re  th e  n a tu re  of th e  da ta  a n d  ch eck  for d ep e n d e n c ies  b e tw een  v ariab les th a t m ig h t co m p ro m ise  
an a ly sis , tran sfo rm in g  d a ta  if  req u ired

• ch eck  for p a tte rn s  of sp a tia l co rre la tio n  in  th e  da ta  th a t n e e d  to  be c o n s id e red  w h e n  d ec id in g  th e  m ost 
a p p ro p ria te  ro u te  for fu rth e r analysis

• standard ise  data p rio r to  am algam ation  of d ifferent data sets or to facilitate com parison  b e tw een  data sets
• co rrec t d e p th  d a ta  to  ch a rt d a tu m  (to acco u n t for tid a l v aria tion )
• d erive  o ther a ttr ib u tes  th a t m ig h t be u se fu l for in te rp re ta tio n  (e.g. a long -track  v a riab ility , slope)

T he raw  AGDS da ta  m u s t firs t be ex p o rted  from  th e  d a ta  logging so ftw are  in  a fo rm at su itab le  for 
im p o rt in to  a sp re a d sh e e t (e.g. as co m m a-d e lim ited  text). T h ese  da ta  w ill n o rm a lly  in c lu d e  geograph ic  
p o s itio n  (e ither as ea s tin g /n o rth in g  or lo n g itu d e /la titu d e ), tim e , date , d e p th  an d  AGDS param ete rs  
(E la n d  E2 for RoxAnn or th e  Q  v a lu es  (e igenvalues) for QTC-View).

T h ereafter th e  fo llow ing  p ro ced u re s  are reco m m en d ed :

(1) Correcting depths to vertical chart datum, referenced to an appropriate local port: reco rd ed  d e p th  is 
tid a lly  ad ju sted  to  chart d a tum  b y  app ly ing  a co rrection , w h ic h  is ca lcu la ted  from  the  tid a l p red ic tio n  
program  using  the  s im p lified  h a rm o n ic  m eth o d  p ro d u ced  b y  the  UK H ydrograph ic  Office (A non 1991). 
C orrections are ap p lied  at tim e in te rva ls  be tw een  1 0 -3 0  m inu tes. H ow ever, u sing  10-m inu te  in tervals 
e lim inates steps in  the  d e p th  track  records th a t can  be ap p a ren t if  longer tim e  in tervals  are used . T his 
is p a rticu la rly  im p o rtan t for the  co n stru c tio n  of dig ital e levation  m odels. It sh o u ld  be stressed  th a t the 
resu ltin g  d ep ths m ay  no t be very  accurate  an d  m ay  conflic t w ith  the  sound ings on  A dm ira lty  hydro- 
g raph ic  charts, w h ic h  are n a tu ra lly  cau tious in  defin ing  m in im u m  dep ths. T h is m u st be expec ted  since 
a tm ospheric  con d itio n s affect tides and , add itionally , th e  nearest reference p o rt m ay  be som e d istance  
away. If accura te  ba thym etric  data  are requ ired , it  w ill be n ecessary  to in s ta l a local tide  guage or use  
the  e leva tion  data  p ro v id ed  by  real-tim e k inem atic  GPS.

(2) Filtering data associated with low boat speed or erratic positions. A n estim ate  of boat sp eed  can  be ca l­
cu la ted  from  th e  p o sitio n  data in  seq uen tia l records (eastings an d  no rth ings are m ost su itable). Sections 
of track  sh o u ld  be h igh lig h ted  w here  e ither th ere  are large sk ips in  ap p a ren t p o s itio n  due  to GPS error, 
a n d /o r th ere  is little  change in  the  p o s itio n  of the  su rvey  vessel. T he d istance  b e tw een  tw o consecu tive 
p o in ts  also show s w here  the  vessel slow s to a sp eed  below  the  accep tab le  m in im u m  for reco rd ing  
AGDS (about 1 m etre  p e r second). T hese ca lcu la tions an d  the  h igh ligh ting  p rocess can  be au tom ated  
v ia  a m acro. H igh ligh ted  records can  th e n  be checked  to see if  th ey  sh o u ld  be deleted .

(3) Filtering erratic depths. E ach d ep th  reco rd  is com pared  to th e  average v alue  of th e  tw o p rev ious track  
p o in ts  together w ith  the  tw o fo llow ing  po in ts . Track po in ts  w h ere  a large difference (norm ally  >5m) 
occurs are h igh lig h ted  an d  in sp ec ted . If a p o in t appears to be ou t of step  w ith  its ne ighbours, th e n  it is 
deleted .

(4) Scatterplots. Scatterp lo ts of E l/E 2 /d e p th  or Q 1 /Q 2 /Q 3 /d ep th  are useful:

To check  for d ep en d en c ies  b e tw een  variab les. W eak re la tio n sh ip s , g iven  the  overall variance  in  the  data, 
m igh t n o t be too serious for fu tu re  analysis. But strong re la tio n sh ip s  (e.g. d e p th  an d  an o th er param eter) 
w ill dom inate  c lassifica tion  an d  careful se lec tio n  of variab les w ill be requ ired . N ote th a t E l an d  E2 can  be 
transfo rm ed  to  e lim ina te  d ep en d en c ies , b u t QTC data  are a lready  transfo rm ed  th ro u g h  PCA.

To check  for ou tliers th a t m igh t be spu rious. A n  espec ia lly  u sefu l p ro ced u re  is to  create sca tterp lo ts in  a 
GIS (e.g. Maplnfo) usin g  n o n -ea rth  co-ord inates, se lect ou tliers an d  th e n  d isp lay  these  geographically. 
O utliers m ay  occur on  a p a rticu la r track  th a t is in co n sis ten t w ith  ne ighbouring  or cross-tracks, or m ay  be 
associa ted  w ith  sh ip  m anoeuvres.

Scatterp lo ts are also usefu l for in d ica tin g  if  tw o data  sets ap p ear to  be com patib le  p rio r to  am algam ation.

(5) Variogram. T his is a g raph ica l tech n iq u e  for show ing  the  degree of spatia l co rre la tion  w ith in  the  data. 
It show s h o w  the  s im ila rity  b e tw een  values decreases as d istance  b e tw een  po in ts  increases. A  variogram  
illu stra tes th e  overall p a tte rn  of spa tia l co rre la tion  for th e  w h o le  datase t an d  n o t local v a ria tio n  (Figure 1). 
It does n o t show  very  b road-scale  spatia l tren d s or local v aria tions in  spa tia l correlation . T he variogram  
show s:

Noise (the v a rian ce  w ith in  th e  m in im u m  sam p lin g  d istance): th is  sh o u ld  n o t be too  large in  re la tio n

8 See PG 6-1 ‘dGPS’.
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to  th e  m ax im u m  v a rian ce  of th e  d a ta  set. If it  is, th e n  th e  v a ria b ility  w ith in  th e  m in im u m  p o in t- to -p o in t 
d is tan ce  is so h ig h  th a t one p o in t is in d e p e n d e n t of its  n ea r n e ig h b o u rs  -  in  o ther w o rd s, n o  loca l p a t­
te rn s  w ill be seen  an d  in te rp o la tio n  is im po ssib le .

T h e  range  (the lag d is tan ce  to  th e  sill): th e  range gives th e  m ax im u m  d is tan ce  w h ere  som e sp a tia l co r­
re la tio n  m ig h t be ex p ec ted  to be p resen t. W h ils t in te rp o la tio n  is p o ss ib le  over d is tan ces  re p re se n te d  by  
th e  range, th e  in te rp o la te d  da ta  are n o t lik e ly  to  be m u c h  b e tte r  th a n  th e  local average. If in te rp o la tio n  
is req u ired , th e  search  ra d iu s  (see below ) sh o u ld  be th e  range eq u iv a len t to  h a lf  th e  s ill variance .

inu kl

ri-FH'i'u  _
. I»gi

W l  iJI

Figure 1 A general  form  of the  var iogram  tha t  illustrates th e  po in ts  referred to In the  text. The sh a p e  of th e  re la tionship  
b e tw e e n  va r ia n ce  an d  lag d is tan ce  illustrated is on ly  o n e  of m an y  m ode ls  tha t  might  b e  fo u n d  in p rac t ice  (see Burroughs 
an d  D onnell  1998), b u t  is the  genera l  sh a p e  fo u n d  with AGDS data .  The graph  starts at a m in im u m  d is tan ce  represen ting  
the  m ax im u m  spatial resolu tion  of the  AGDS (1) an d  the  va r ian ce  b e lo w  this d is tan ce  is n o ise  (also cal led  the  nu g g et 
effect). Variance  m ay then  rise q u i te  steeply, initially over  the  range  of spatial corre la t ion ,  ind ica ting  tha t  the  s trongest  links 
b e tw e e n  da ta  a re  over  short  d is tances  and  corre la t ion  d w in d les  rapidly as d is tan ce  increases.  The p o in t  w h e re  th e  graph 
levels off (the sill) marks the  m ax im u m  d is tan ce  (2) over  w h ich  spatial  corre la t ion  can  b e  d e tec ted  a n d  is cal led  the  range. 
However,  th e  corre la t ion  is very  w e a k  at d is tances  a p p ro a c h in g  the  m ax im u m  range  and  a sm a lle r  w ork ing  range  for inter­
po la t ion  m ay  b e  chosen .  At d is tan ce  g rea ter  than  th e  range  (3) no  in te rpolat ion  is possible.

Interpolation: point-to-area conversion

W hilst it is possib le  to  in te rp re t track  p o in t data an d  show  the  resu lts on  a m ap, it is far easier to  see sp a ­
tial p a tte rns in  data if  these  are d isp layed  as a con tin u o u s p ic tu re . In te rpo la tion  is a process of converting 
p o in t data to areal coverage in  w h ich  n ew  values are estim ated  for locations w here  there  are no track  records 
on the  basis of spatia l p a tte rns w ith in  the real data. T he reader is referred  to B urroughs an d  M cD onnell 
(1998) for a de ta iled  d iscussion  of th is subject. In te rpo la tion  m igh t be considered  for the  fo llow ing reasons:

• for cosm etic  p u rp o ses : th e  m ap s look  better. T h is is p e rfec tly  v a lid  if  it  m akes th e  m ap s m ore  p e rsu a ­
sive for m an ag em en t (as long  as th e  m ap s do n o t m is re p re se n t th e  data).

• to  sh o w  b ro ad  p a tte rn s  (i.e. p o ss ib le  erro r in  th e  d e ta il is accep tab le  if  th e  in te rp o la tio n  c lea rly  show s 
g enera l pa tte rn s).

• sp a tia l m o d elling : th e  in te rp o la tio n  p ro cess  is u sed  to  g enera te  k n o w led g e  abou t sp a tia l p a tte rn s  to 
genera te  tes tab le  h y p o th eses .

If n o n e  of th ese  reaso n s ap p lie s , it is p ro b ab ly  b es t to  w o rk  w ith  track  da ta  ra th e r  th a n  an  in te rp o la t­
ed  c o n tin u o u s  coverage. If a c o n tin u o u s  coverage is req u ired , th e n  th e  n ex t step  is to  ap p ra ise  th e  n a tu re  
of th e  data. N ote th a t in te rp o la tio n  u s in g  an y  form  of d is tan ce  w e ig h ted  averag ing  c an n o t w o rk  for ca t­
egorical data. T h is w o u ld  a p p ly  to  QTC V iew  da ta  w h ic h  h a d  b e e n  c lassified  u s in g  QTC Im pact. 
H ow ever, if  th e  Q  v a lu es  (e igenvalues) are u se d  for Q l ,  Q2 a n d  Q3 th e n  in te rp o la tio n  u s in g  th ese  m e th ­
ods m ay  be ap p ro p ria te . T here  are o ther form s of in te rp o la tio n  b ased  on  n ea re s t n e ig h b o u r or V oroni 
po lygons th a t m ay  be m ore  su itab le  for categorical data.

A ssu m in g  th e  da ta  can  be in te rp o la te d  u s in g  som e form  of d is tan ce  w e ig h ted  averaging, is in te rp o la ­
tio n  lik e ly  to  be p ro b lem atic?  If th e re  are m an y  p o in t data , in te rp o la tio n  w ill be su ccessfu l no  m atte r
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which interpolation model is used. If data are sparse, careful selection of interpolation methods (mod­
els and parameters) will be needed since the outcome will be sensitive to the choices made. The em pha­
sis changes from filling in missing values with obvious estimated values to one of spatial modelling. In 
most AGDS surveys the situation is somewhere between the two extremes. It is im portant to have some 
idea of the problems interpolation might cause:

• Interpolation is robust when there is low variability along the track relative to track spacing, and there 
is a similarity between adjacent tracks. Normally:

-  th e  track  sp ac in g  is w e ll w ith in  h a lf  th e  range of th e  s ill (see variogram ); generally , track  sp ac ing  
sh o u ld  be  less th a n  0.5km ;

-  the nugget effect is small relative to the variance at the sill.
• Interpolation is likely to be problematic when there is high along-track variability relative to track 

spacing, or there are few obvious patterns that are consistently reflected in  parallel tracks. Normally:
-  track spacing greater than the half-range distance;
-  the nugget effect is large relative to the sill;
-  in  general, track spacing is greater than 1km.

Additional problems will arise if the data are not truly continuous and two or more data sets need to be 
amalgamated where it is uncertain if they are directly comparable.

Interpolation method If data can be interpolated, what sort of distance weighting should be used? 
Kriging is considered to give the m athematically optimal weighting, but is dependent upon choosing the 
correct model. Inverse distance gives acceptable results and allows greater choice of parameter settings 
that can suit particular situations and requirements.
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Figure 2 A small  sec tion  of t rack  with  grid su p e r im p o sed ,  Illustrating the  m ain  p a ram ete rs  to b e  set for Interpolation. 
Interpolation rep laces  real da ta  with  va lues es t im a ted  at regular  grid nodes .  The grid sp ac in g  c an  b e  se t  by the  analyst ,  
w h ich  sets th e  m in im u m  resolu tion  (pixel size) for all Images thereafter.  The grid n o d e s  a re  Indica ted  by the  crosses.  Grid 
sp ac in g  Is set  so  tha t  th e  Im age  files a re  not too  large for p rocess ing  nor  so  w id e ly  sp a c ed  tha t  v a lu ab le  local varia tion In 
the  da ta  Is lost th rough  averaging. The bo ld  cross Indicates the  grid n o d e  for w h ich  an  es t im ated  va lue  Is to b e  ca lcu la ted .  
A search  ra d iu s  Is se t  to e n c o m p a s s  da ta  from  different tracks (unless the  radius Is larger than  th e  range  justified by the  var­
iogram). The d is tance  w e igh ting  used  d e p e n d s  u p o n  the  In terpolation  a lgori thm  chosen ;  Inverse d is tan ce  sq u a re  w e igh ting  
Is sh o w n  In th e  box  b e lo w  the  track  data .  However,  not all da ta  with in  tha t  search  radius need  b e  Inc luded  If the  m ax im u m  
n u m b e r  of da ta  points  Is se t  at a small  num ber .  The search  c an  also st ipula te  tha t  da ta  from different q u ad ran ts  m ust  be  
Inc luded  so tha t  the  ca lcu la t ion  Is fo rced  to take  a c c o u n t  of da ta  from  different tracks.
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D istance  w eig h tin g  can  be c o n s id e red  as rang ing  from  h eav ily  w e ig h ted  to w ard s th e  n ea re s t d a ta  to  no  
w e ig h tin g  (local average w ith in  sea rch  d istance). In  th e  ex trem e, w e ig h tin g  can  be so h eav ily  b ia se d  to 
th e  n ea re s t p o in t th a t it  is e ffectively  p e rfo rm in g  a n ea re s t n e ig h b o u r in te rp o la tio n . H ere are som e c h o ic ­
es a long  th e  w eig h tin g  spec tru m :

(1.) Nearest neighbour
A dvantages: no  v a lu es  ‘m ad e  u p ’ so th a t c la ss ifica tio n  w ill n o t be affected  by  u n re a l data; en su res  th a t 
fie ld  sam p les  th a t lie  a sh o rt d is tan ce  aw ay  from  track  da ta  w ill be a sso c ia ted  w ith  rea l AGDS da ta  for 
s ig n a tu re  deve lo p m en t.

D isadvan tage: if  in te rp o la te d  over som e d is tan ce  aw ay  from  data , gives a v e ry  b lo ck y  an d  c ry sta llin e  
look  th a t is v isu a lly  u n accep tab le .

(2.) Inverse distance squared (or p o w er above 2 to  give strong  w e ig h tin g  to  n ea re s t data)
A dvan tages: in te rp o la te d  v a lu es  are fa ith fu l to  n ea re s t da ta  an d  th e  averag ing  effect b e tw een  tracks 

asso c ia ted  w ith  w eaker d is tan ce  w e ig h tin g  is red u ced : th is  is su itab le  if  th e re  are d o u b ts  abo u t w h e th e r 
th e  da ta  are tru ly  c o n tin u o u s  v ariab les.

D isadvan tage: c an  create  n o ticeab le  d is to rtio n  a ro u n d  da ta  h o t spo ts (iso la ted  v a lu es  su b s ta n tia lly  at 
v a rian ce  w ith  n e ig h b o u rin g  values).

(3) Inverse distance to a power between 1 and 2 (w eak d is tan ce  w eighting)
A dvan tages: gives v e ry  sm o o th  re su lt w h ere  h o t spo ts are averaged  out; su itab le  for sh o w in g  genera l 

tre n d s  e sp ec ia lly  w h ere  track  sp ac in g  is w id e  an d  th e re  is a reaso n ab le  e x p ec ta tio n  th a t th e  g ro u n d  
b e tw een  is lik e ly  to  be h o m o g en eo u s or w ith  g rad u a l tre n d s  in  va lues.

D isadvan tage: sm o o th in g  m ay  be at th e  ex p en se  of loca l v a riab ility  (w h ich  m ig h t be sign ifican t); 
su p e rim p o s in g  o th e r v a riab ility  m easu res  m ig h t red ress  th e  sm o o th in g  effects som ew hat.

Interpolation to produce digital images P erh ap s one of th e  m o st co m p e llin g  reaso n s for in te rp o la tio n  
is th a t it  opens u p  th e  u se  of p ro p rie ta ry  im age p ro cessin g  so ftw are  for fu rth e r analy sis  (S o th eran  et al. 
1997). A  g rid  of in te rp o la te d  v a lu es can  be tre a te d  as a d ig ita l im age w h ere  each  g rid  n o d e  becom es a 
cen tro id  of a p ixe l. N ote  th a t th e  sam e p ix e l a rran g em en t is req u ired  for a ll im ages th a t are to  be 
an a ly sed  together. T h a t is, geograph ic  b o u n d a rie s , sea rch  an d  d isp la y  ra d iu s  an d  g rid  sp ac in g  n e e d  to 
be s tan d a rd ised . If th e  im ages are to  be tr im m ed , th is  p ro cess  m u s t also  be s tan d a rd ised .

Class i f i ca t ion
T here  are m a n y  w ays in  w h ic h  AGDS da ta  m ig h t be c lassified  u s in g  th e  g ro u n d  tru th  da ta  rang ing  from  
u n iv a ria te  or b iv a ria te  an a ly sis  of c o n tin u o u s  v ariab les  (e.g. s ilt co n te n t of sed im en ts) to  m u ltiv a ria te  
c la ss ifica tio n  tech n iq u es .

Calibration
T he sim p lest form  of c lassifica tion  is an  ex ten sio n  of th e  real-tim e ca lib ra tion  as u sed  in  M icroplo t. E1/E2 
space is d iv id ed  u p  in to  rec tangu lar (or o ther shaped) areas w hose  d im ensions can  be m od ified  b y  expe­
rience. A ltho u g h  usefu l for real-tim e data  exp lo ra tion , it  is n o t reco m m en d ed  for p ro d u c in g  b io tope  m aps.

Univariate/bivariate plots
V ariables, su c h  as s ilt co n ten t, spec ies co u n ts , etc., c an  be p lo tte d  against E l or E2 an d  th e  aco u stic  v a r i­
ab les u se d  to  p re d ic t th e  variab le . T h is can  be e x ten d ed  to  E1/E2 p lo ts  b y  p lo ttin g  co n to u rs  of s ilt co n ­
te n t (for exam ple) an d  th e n  classify ing  track  da ta  b y  th e  co n to u r p lo t. T h is a p p ro ach  can  be a p p lie d  to 
categorical da ta  (e.g. b io topes) if  th e  freq u en cy  of th e ir  occu rren ce  is p lo tte d  in  E l/E 2 -sp ace  an d  the  
re su lts  c o n to u red  as above.

Unsupervised classification
D etecting  ‘n a tu ra l’ c lu s te rs  in  da ta  a n d  th e n  assign ing  b io to p es to  th e se  c lu s te rs  is th e  basis  b e h in d  
u n su p e rv ise d  c lassifica tion .
RoxAnn D ata can  be c lu s te red , b u t th e re  are  n o t m an y  v a riab les ava ilab le  for m u ltid im e n s io n a l c lu s ­
tering . C lusters m ay  a p p ea r in  sm all da ta  sets, b u t as th e  range of b io to p es  in c reases , th e  da ta  resem bles 
a ‘c lo u d ’ w ith o u t c lear n o d es  an d  th e  d iv is io n  of th e  d a ta  c lo u d  in to  c lasses therefo re  becom es so m e­
w h a t arbitrary . U n su p e rv ise d  c la ss ifica tio n  is m o st u se fu l as a g u ide  to  th e  co llec tio n  of g ro u n d  sam ples.



Procedural Guideline 1-3 Seabed mapping using acoustic ground discrimination Interpreted with ground truthlng 193 

O nce th is  in fo rm a tio n  is availab le , su p e rv ise d  c la ss ifica tio n  is p referab le .

QTC QTC View and  QTC Impact do use  clustering  a lthough the raw  param etric  data is h id d e n  from  the 
analysts due to com m ercial confidentiality . The three Q  values are p lo tted  in  Q  space, and  natu ra l clusters of 
po in ts w ith in  the 3-d im ensional p lo t are iden tified  an d  classified statistically  u n d e r d irection  of the  analyst 
(Figure 3). The decision  to sp lit an d  m erge clusters is assisted  by  p rov ision  of statistical in form ation  of each 
cluster.

Figure 3 An e x a m p le  of the  th ree -d im en s io n a l  disp lay  of Q T C  da ta  classified Into 5 clusters.

Supervised classification
S u p e rv ised  c la ssifica tio n  of th e  im ages is q u ite  stra ig h tfo rw ard  for RoxAnn data , a ssu m in g  th a t th e  v a r i­
ables (w h ich  are s ta n d a rd ise d  from  0 -2 5 5 ) are in d e p e n d e n t. S u p e rv ised  c lassifica tio n  u s in g  maximum  
likelihood is a v e ry  c o n v e n ie n t ro u te  for analy sis  s in ce  it  is w ell su p p o rte d  by  p ro p rie ta ry  softw are, an d  
g en era lly  gives good resu lts . T h is m e th o d  of c la ss ifica tio n  can  also  be a p p lie d  to  QTC data , u s in g  th e  
th ree  Q  v a lu es  an d  d e p th  in  th e  c la ss ifica tio n  p ro ced u re .
T he m a in  step s  in  su p e rv ise d  c la ss ifica tio n  are:

(1) Selecting training sites for the biotopes. T rain ing  sites are u su a lly  d ig itised  a ro u n d  areas of an  im age 
th a t are k n o w n  to re p re se n t a p a r tic u la r  b io to p e  from  d irec t observation . H ow ever, fie ld  sam p les  in  
th e  su b litto ra l are m o stly  p o in t da ta  an d  th e  tra in in g  sites are c rea ted  b y  d raw in g  a (c ircu lar) buffer 
zone a ro u n d  th e  p o in ts  (or lin e s  if  th e  sam p le  is a v id eo  tow , d redge, etc.). T he buffer m u s t be large 
en o u g h  to  cap tu re  su ffic ien t aco u stic  d a ta  to  co m p le te  th e  n ex t stage successfu lly , b u t n o t so large 
th a t da ta  are w ro n g ly  a ttr ib u te d  to  th e  b io tope .

(2) Developing acoustic signatures for the biotope classes. S u p e rv ised  c la ss ifica tio n  ca lcu la tes , for each  
b io to p e  class, an  ‘n ’ d im en sio n a l p ro b ab ility  d is tr ib u tio n  b ased  on  th e  m ean  an d  s ta n d a rd  d ev ia tio n  
of each  va riab le  (E l, E2, d ep th , etc) from  all th e  da ta  in c lu d e d  in  th e  tra in in g  sites. T h e  p ro b ab ility  
d is tr ib u tio n  is c a lcu la ted  th ro u g h  a p ro cess  of m ax im u m  lik e lih o o d .

(3) Classifying the whole survey area. E ach  p ix e l in  th e  w h o le  im age is m a tc h e d  to  th e  b io to p e  s ig n a­
tu res  in  tu rn  an d  c lassified  acco rd in g  to  w h ic h  b io to p e  has th e  h ig h es t p ro b ab ility  v a lue . H ow ever, 
th e  ac tu a l p ro b ab ility  v a lu es  for each  b io to p e  are also  accessib le  an d  can  be u se d  in  th e ir  o w n  rig h t 
(if th e se  are s ig n ifican tly  above or b e lo w  w h a t m ig h t be ex p ec ted  b y  chance).

Classification of track data
A  d is tin c tio n  n eed s to  be d raw n  b e tw een  th e  u se  of in te rp o la tio n  for genera tin g  (1) c o n tin u o u s  cover­
ages a n d  (2) d ig ita l ra s te r im ages. If a d ec is io n  is tak en  n o t to  crea te  a c o n tin u o u s  coverage, d ig ita l 
im ages can  s till be c rea ted  th ro u g h  in te rp o la tio n  so th a t im age p ro cess in g  so ftw are can  be a p p lie d  to 
track  data. T he m o st s tra ig h tfo rw ard  w ay  is to  in te rp o la te  an d  c lassify  in  th e  u su a l m anner, b u t to  b la n k  
ou t an d  e lim in a te  th o se  p a rts  of th e  im age aw ay  from  th e  tracks. A lte rna tive ly , if  n ea re s t n e ig h b o u r or a 
large w eig h tin g  to  n ea re s t rea l d a ta  is u se d  c o m b in ed  w ith  a v e ry  sm all sea rch  rad iu s , th e n  in te rp o la ­
tio n  w ill s im p ly  re p ro d u c e  th e  tracks as ra s te r im ages w ith  th e  p ix e ls  in  th e  in te r-track  spaces h av in g  
zero v alues. T he la tte r m e th o d  w ill c reate  v e ry  large files b ecau se  of th e  sm all g rid  size u se d  ev en  th o u g h  
th e  g reat m a jo rity  of th e  p ix e ls  w ill co n ta in  zero  v a lu es . T he c la ss ifica tio n  a lgo rithm s (u n su p e rv ised  or 
su p e rv ised ) are a p p lie d  to th e se  ‘track  im ag es’ to  create  a c la ssified  track  im age.
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Bathymetric models
In  a d d itio n  to  th e  above p ro d u c ts , th e  c o n s tru c tio n  of 3-D b a th y m e tric  m o d els  is v e ry  u se fu l for v isu a l­
is in g  th e  to p o g rap h y  of th e  su rv ey  area  an d , if  b io to p e  m ap s are d ra p e d  over th e  m o d el, th e  re la tio n sh ip  
b e tw een  bathym etry , to p o g rap h ic  fea tu res an d  b io to p e  d is tr ib u tio n . T hese  m o d els  can  be c rea ted  in  the  
im age p ro cess in g  packages a n d  also  in  Surfer™  a n d  V ertical M apper™ . Som e ex tra  p re c a u tio n s  n e e d  to 
be tak en  w ith  th e  b a th y m e tric  da ta  for su ccessfu l m odellin g . T he m o d e l is v e ry  su scep tib le  to  sp u rio u s  
d e p th  reco rd s an d  th e  raw  da ta  m u s t be rig o ro u sly  filte red . P o in ts  a long  th e  h ig h  a n d  lo w  w ate r iso b a th s  
sh o u ld  also  be d ig itised , g iven  a n o m in a l h e ig h t v a lu e  an d  in c o rp o ra te d  in to  th e  m odel. In te rp o la tio n  
p ro ced u re s  m ay  n e e d  to  be sp ec ifica lly  ta ilo re d  to  th e  c rea tio n  of th e  m o d e l in  th a t m ore  averag ing  of 
th e  da ta  m ay  be req u ired  to  sm o o th  th e  m o d e l th a n  is th e  case for im age p ro cess in g  (i.e. w eaker d is tan ce  
w e ig h tin g  c o u p le d  w ith  a la rger sea rch  rad ius).

Accuracy testing

Field log
A log m u s t be m a in ta in e d  w ith  de ta ils  of th e  e q u ip m e n t se t-up , th e  p a ram ete rs  w h ic h  are u sed , any  
changes m ad e  d u rin g  th e  survey, an d  th e  p erfo rm an ce  of th e  su rv ey  e q u ip m en t. A lth o u g h  da ta  logging 
system s a llo w  n o tes  to  be en te red  e lec tro n ica lly  as w ay p o in ts , it  is s tro n g ly  ad v ised  th a t a sep a ra te  w rit­
te n  log be kep t. A  log is v ita l for trac in g  p o ssib le  causes of va riab le  p e rfo rm an ce  d isco v ered  d u rin g  su b ­
seq u en t da ta  an a ly sis  an d  to  en su re  th a t rep ea t su rveys can  fo llow  th e  orig inal su rv ey  w ith  con fidence . 
T he log sh o u ld  record :

(1) D etails of e q u ip m e n t an d  p o w er sou rces u se d  an d  th e ir  p o s itio n  on  th e  su rv ey  boat. D raft of the  
tra n sd u c e r  a n d  h e ig h t of th e  GPS an ten n ae .

(2) Settings se lec ted  on  th e  e c h o -so u n d e r (pow er a n d  d e p th  settings).
(3) G eodetic  pa ram ete rs , n am e ly  th e  co -o rd in a te  system , its  u n its  a n d  th e  d a tu m  se t in  th e  GPS (e.g. 

OSGB36; U TM  zone 30; la ti tu d e /lo n g itu d e  in  d ec im al degrees w ith  W GS84).
(4) P o s itio n  an d  tim e  of an y  changes to  th e  e q u ip m e n t se ttings, in te rru p tio n s  of p o w er su p p ly  or GPS 

signal, p ro b lem s e n c o u n te re d  w ith  e q u ip m e n t an d  re m ed ia l ac tio n  taken .
(5) Sea co n d itio n s.
(6) D escrip tion , position , tim e an d  d ep th  of an y  even t (field sam ple, g ro u n d  as observed  on  th e  echo- 

sounder, shoals of fish  or o ther m id -w ater echoes on the  echo -sounder screen). D escrip tion  of field  
sam ples sh o u ld  detail sed im en t characteristics, to pography  an d  consp icu o u s species observed w ith  an  
app rox im ate  assessm en t of abundance/cover. A ltho u g h  th is  in fo rm atio n  w ill be availab le from  p o s t­
su rvey  analysis of sam ples, th is  analysis m ay  take p lace  som e tim e after a su rvey  an d  a p re lim in ary  
in te rp re ta tio n  m ay  be n eed ed  before th e  co m p le tio n  of th e  project. T he w ritten  log also p rov ides a 
v a luab le  a lternative  acco u n t of fie ld  sam pling  th a t can  be com pared  w ith  the  e lec tron ic  log in  the  case 
of con fused  or lost data. W here possib le  m etad a ta  s tan d ard s for data co llec tion  m eth o d s sh o u ld  be 
used.

An a ly s i s  o f  f ield s a m p l e s
M isc lassifica tio n  of th e  fie ld  d a ta  can  u n d e rm in e  da ta  in te rp re ta tio n  an d  is a m ajor so u rce  of u n c e rta in ty  
in  in te rp re ta tio n . T h is  is p a r tic u la r ly  im p o rta n t for in te rp re ta tio n  of aco u stic  da ta  s in ce  it  is lik e ly  th a t 
th e  fie ld  reco rd s w ill be su m m arised  as b io to p e  c lasses for th e  p u rp o se s  of da ta  analy sis  (see above d is ­
cu ss io n  on  c lassifica tion ). T he read e r sh o u ld  refer to  th e  re lev an t p ro c e d u ra l g u id e lin e  to en su re  th a t 
th e  a p p ro p ria te  m easu res  are tak en  to  m in im ise  m isc lassifica tio n .

D a t a  an a ly s i s
T here  are m a n y  w ays th a t p erfo rm an ce  of th e  b io to p e  m a p p in g  p ro cess  can  be assessed  a n d  th e  fo llo w ­
ing  q u estio n s form  u se fu l p o in ts  for co n sid e ra tio n :

• H ow  in te rn a lly  c o n s is te n t are th e  b io to p e  m ap s w ith  th e  g ro u n d  sam ples u se d  for c lassifica tion?
• H ow  w ell do m ap s p re d ic t b io to p es  as a ssessed  against an  ex te rn a l g ro u n d  sam p le  da ta  set?
• H ow  d e p e n d e n t is p erfo rm an ce  on  su rv ey  design , p a rtic u la r ly  su rv ey  in ten s ity ?  W here (in  te rm s of 

co n fu s io n  b e tw e e n  b io to p es a n d  lo c a tio n  w ith in  su rv ey  area) is u n c e r ta in ty  m ost acute?
• H ow  c o n s is te n t is th e  in te rp re ta tio n  of d iffe ren t AGDS da ta  sets for th e  sam e area?
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An error matrix (from cross-tabulation between the classified biotope map and the field sample data) 
is a standard tool for assessing the performance of a map. Cross-tabulation is straightforward for digital 
images using GIS/image processing software (e.g. IDRISI™ or ERDAS™). Pixels in  the buffer zone 
around the field samples are coded by biotope class and this image is overlain on the acoustic map (clas­
sified to the same codes). The pixels from each image are compared in  a matrix and accuracy can be 
expressed as percent match, or other indices can be used (e.g. Kappa and Tau) that give probability of a 
match over and above chance. A similar cross-tabulation process can also be used to measure the sim i­
larity between two interpreted maps of the same area for comparing the results from repeat surveys.

Internal accuracy is a measure of the internal consistency between the field samples used in classifica­
tion and the resulting biotope map. Thus it uses the same field sample data set for classification and 
accuracy assessment. External accuracy assessment uses a different set of field records from that used for 
classification and measures the predictive performance of a biotope map. Benthic samples for large sur­
vey areas are ‘hard-won’ and it is often difficult to avoid using all the data for classification of the acoustic 
images. This is, admittedly, unsatisfactory since it would be expected that internal accuracy would be 
higher than predictive accuracy. Dividing the field data set into two subgroups used for (a) classification 
and (b) external accuracy assessment is unsatisfactory since the subgroups will probably have too few 
samples per class and will not represent the whole survey area evenly (as intended by the surveyors). 
Thus, unless a separate field sampling exercise is planned specifically to test a map, it is probably advis­
able to use internal accuracy and regard the values as a measure of the relative performance of the sur­
vey. However, the accuracy measures can be surprising. Quite high internal accuracies can be achieved 
with only a small number of field samples if these have been selected from homogeneous acoustic ground 
since the signatures generated will not have the spread of values from a more extensive field data set.

Error matrices are also useful in pointing out the extent of confusion between biotopes with similar 
acoustic signatures, which are also often very similar in  terms of their habitat and biota.

Quality Control procedures

AGDS surveys are complex and involve a range of other sampling systems covered by other procedural 
guidelines. No universal approach can be adopted since the methodology will depend upon survey 
aims, the nature and extent of the survey area and the funds and time available. A well thought out proj­
ect brief given to surveyors is essential.

Nevertheless, for any one area the adherence to the guidelines set out in  the above sections will ensure 
that the data gathered will be of a high standard given the survey conditions. It is im portant to keep a 
record of the progress of the survey through planning, fieldwork (see ‘Field log’ above) and data analy­
sis. This includes:

• the steps taken to ensure consistency of AGDS data during the survey
• all details of set-up conditions (equipment, GPS reference system);
• a record of data editing procedures adopted and proportion of data rejected. (NB: all raw data files 

m ust be archived in  an unm odified format);
• data exploration and, in  particular, justification for interpolation (e.g. variogram analysis);
• track plots and field sample locations for accurate re-location;
• the parameters used for interpolation;
• the parameters used to create digital images (e.g. m in/m ax co-ordinates, value used for a contrast

stretch);
• all measures adopted for classification accuracy assessment;
• all cartographic conventions: include details of source of coastline, projection and datum used, scale, 

date of survey, surveyors and data analysts.

If repeat surveys are to be compared, then they should follow the previous survey as closely as possi­
ble. Although the outcome of interpretation should be similar for different AGDS since analyses are 
independent and should stand alone, in practice the powers of discrim ination will vary between sys­
tems and this will influence the final biotope map. It is desirable, therefore, that the same system (ide­
ally the same instrument) should be used for repeat surveys.
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Data products

T he fina l p ro d u c ts  of th e  AGDS su rv ey  are m ap s of th e  m ost lik e ly  d is tr ib u tio n  of b io to p es  (an d /o r h a b i­
tats). T he raste r o u tp u t from  c lassifica tio n  p ro ced u re s  sh o u ld  be co n v erted  in to  v ec to r m ap s for ca rto ­
g rap h ic  p re se n ta tio n  an d  ex p o rt to  th e  req u ired  GIS form at. M aps can  give th e  im p re ss io n  of be ing  
d e fin itiv e  w h e n  in  fact th e y  are o n ly  p re d ic tio n s  b ased  on  th e  b est ava ilab le  in fo rm a tio n  an d  u s in g  ju s ­
tifiab le  an a ly tica l p ro ced u res . T he fina l m ap s sh o u ld  be u n d e rp in n e d  b y  o th e r in fo rm a tio n  (g raph ical 
an d  tabu lar) w h ic h  gives c lear in d ic a tio n s  as to  th e ir  accu racy  a n d  th e  co n fid en ce  w ith  w h ic h  th e  m aps 
can  be u sed . T hese  su p p le m e n ta ry  p ro d u c ts  sh o u ld  be:

(1) T rack p lo ts  of th e  e d ite d  data. T he in d iv id u a l da ta  p o in ts  can  be co lo u r co d ed  acco rd in g  to  se lec ted  
aco u stic  ch a rac te ris tic s  (e.g., E l or E2, E1/E2 boxes, c lu s te red  d iv is io n  of Q -space). T rack p lo ts  of 
b a th y m e try  are also  usefu l.

(2) C o n to u red  b a th y m e tric  m aps.
(3) R aster m ap s of E l a n d  E2, Q l,2  an d  3.
(4) P o sitio n s of a ll f ie ld  sam p les  co d ed  to  b io tope .
(5) E rror m atrices.

E lec tro n ic  cop ies of th ese  m ap s sh o u ld  be availab le  in  a GIS lin k e d  to  th e  u n d e rly in g  da ta  in  sp re a d ­
sh ee t or da tabase.

Cost and time

T he sp eed  w ith  w h ic h  a g iven  area  is su rv ey ed  w ill d e p e n d  u p o n  track in g  in ten sity , its e lf  d e p e n d e n t 
u p o n  b io to p e  h e te ro g en e ity  a n d  co m p lex ity  of th e  sh o re lin e . T im e m u st be a llo w ed  for se ttin g  u p  
e q u ip m e n t an d  p ro b lem s aris in g  as w ell as p o o r w eather. It is u n lik e ly  th a t an y  su rv ey  w ill req u ire  less 
th a n  5 w o rk in g  days. T he fo llow ing  are e s tim a ted  costs for a w e e k ’s fie ld  survey:

Stage Time Cost

Project management

Personnel (incl. travel) 2 days £700

Field survey

Equipment hire 7 days £600

Vessel hire* 5 days £2500

Travel/vehicle hire 7 days £250

T & S for 2 surveyors 7 days £500

Personnel 7 days £3500

Field consumables £200

Analysis

Preparation of AGDS data 5 days £1250

Analysis of field samples** 3 days £750

Classification (interpretation) 5 days £1250

Preparation of maps 3 days £750

Preparation of report 5 days £1250

Total £12,800

* For hire of a small craft. Costs will be m uch higher for larger survey vessels.
** Based on video samples. Other sampling involving specialist identification and sediment granuolometric 

analysis will incur supplementary costs.
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Health and safety

A p p ro p ria te  safety  e q u ip m e n t for b o a t w o rk  m u s t be  u sed , p a rtic u la r ly  life jackets a n d /o r  life lin es  d u r­
ing  sam p lin g  o p era tio n s w h ere  th e  risk  of fa lling  overboard  is h igher. C o n sid e ra tio n  m u s t be g iven  to 
an y  risks p o sed  by  th e  u se  of e lec trica l e q u ip m e n t in  w e t en v iro n m en ts .

References/further reading

Anon, (1991) The Adm iralty simplified harmonic m ethod o f tidal prediction. Taunton, UK., Hydrographer of the 
Navy.

Burns, D, Queen, C B and Chivers, R C (1985) An ultrasonic signal processor for use in underwater acoustics. 
Ultrasonics, 23, 189-191.

Burroughs, P A and McDonnell, R A (1998) Principles o f Geographical Information Systems. Oxford University 
Press, Oxford.

Chivers, R C, Emerson, N, and Burns, D R (1990) New acoustic processing for underway surveying.Hydrographic 
Journal, 56, 9-17.

Collins, W T and McConnaughey, R A (1998) Acoustic classification of the sea floor to address essential fish habitat 
and marine protected area requirements. Proceedings o f the 1998 Canadian Hydrographic Conference, pp. 
361-368. Victoria, Canada.

Collins, W, Gregory, R and Anderson, J (1996) A digital approach to seabed classification. Sea Technology, 37, 
83-87.

Heald, G J and Pace, N G (1996) Implications of a bi-static treatment for the second echo from a normal incidence 
sonar. Proceedings 3rd European Conference on Underwater Acoustics, pp. 649-654.

Jackson, J R and Briggs, K B (1992) High frequency bottom scattering: roughness versus volume scattering. Journal 
o f the Acoustical Society o f America, 92, 962-977.

Keeton, J A and Bearle, R C (1996) Analysis of Simrad E M I2 multibeam bathymetry and acoustic backscatter for 
seafloor mapping. Marine Geophysics Researches, 18, 63-68.

Mitson, R B (1983) Fisheries Sonar. Fishing News Books Ltd., Farnham.
Orlowski, A O (1984) Application of m ultiple echoes energy measurement for evaluation of seabottom type. 

Oceanlogica, 19, 61-78.
Southeran, I S, Foster-Smith, R L and Davies, J (1997) Mapping of marine benthic habitats using image processing 

techniques w ithin a raster-based geographic information system. Estuarine, Coastal and Shelf Science, 44 
(Supplement A), 25-31.

Urick, R J (1983) Principles o f Underwater Sound, McGraw-Hill, New York.



198



Procedural Guideline No. 1-4 
The application of sidescan sonar 

for seabed habitat mapping
A n d r e w  J. Kenny/  Brian J .T o d d 2 a n d  Richard C o o k e 3 

Background

T he a im  of th is  g u id e lin e  is to  h ig h lig h t th o se  aspec ts  of s id e sc a n  so n ar co n fig u ra tio n  a n d  o p e ra tio n  th a t 
m u s t be c o n s id e red  to en su re  good q u a lity  da ta  are  o b ta in ed  in  th e  field . T he p ro c e d u re  assum es th e  
su rv ey o r h as  som e ex p erien ce  of u s in g  s id e scan  sonar, p a rtic u la r ly  in  re sp ec t of m a in te n a n c e , te s tin g  
an d  o p e ra tio n  an d  th a t th e  term s u se d  in  th is  g u id an ce  n o te  w ill be fam iliar. H ow ever, in  th e  first 
in s tan ce , th e  au th o rs  w ish  to h ig h lig h t an  im p o rta n t d is tin c tio n  b e tw een  th e  p r in c ip a l a co u stic  m ap p in g  
system s, at a n o n -te c h n ic a l level.

Principal  a c o u s t i c  sy s t em s
In  general, acoustic  rem ote seabed  m ap p in g  or sensing  in s tru m en ts  m ay  be c lassified  in to  one of tw o types:

• b ro ad  beam  sw a th  system s (s id escan  sonars); an d

• n a rro w  b eam  ech o -so u n d e rs  (AGDS).

T he d is tin c tio n  b e tw een  th e  tw o  is v e ry  im p o rta n t as th e y  look  at th e  seabed  in  v e ry  d iffe ren t w ays, 
an d  there fo re  th e  o u tp u t req u ires  v e ry  d iffe ren t in te rp re ta tio n . T h e  b ro ad  b eam  sw a th  system s m ay  have 
sing le  or m u ltip le  beam s th a t ex h ib it th e  sam e beam  geom etry  ch a rac te ris tic s , i.e. th e  b eam  in so n ifie s  a 
w id e  sw a th  of seab ed  d u e  to  its  lo w  grazing  angle, b u t th e  beam  is n a rro w  in  a z im u th  as sh o w n  in  F igure 
1. In  o rd er to  ach ieve  th e  lo w  grazing  angle th e  so n ar has to  be to w ed  at a fixed  a ltitu d e  above th e  seabed  
an d  h en ce  th e  so n ar is n o t h u ll m o u n ted . T he advan tage  of th is  is th a t re la tiv e ly  large aco u stic  sh ad o w s 
are cast b y  re la tiv e ly  sm all objects p ro tru d in g  from  th e  seabed  (in c lu d in g  changes in  se d im e n t co m p o ­
s itio n  su c h  as gravel substra ta). T he aco u stic  geom etry  of th e  so n ar fo o tp rin t therefo re  m akes th e  s id e s ­
can  system  m o st su itab le  for de tec tin g  sm all objects on  th e  seabed  an d  changes in  b ed  roug h n ess .

r**1 .If—r ■
kJ» H*

Figure 1 S ch em a t ic  of  s id e scan  sona r
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The echo-sounder system may again be a single or multi-beam unit which, by definition, will be hull 
mounted in  order to measure changes in  bed level. To achieve good object detection capability the beam 
geometry m ust be narrow (which is the opposite of the sidescan system) w ith the sonar having a high 
sample rate. A schematic showing the beam geometry of a typical echo-sounder such as an AGDS is 
shown in Figure 2. It should be noted that the actual sonar lobes have very complex shapes which are 
seldom exactly the same between soundings owing to the subtle changes in  the properties of the water 
from one location to the next. The technical attributes of AGDS are provided elsewhere in  this hand­
book. The remaining sections will focus on the use of sidescan sonar.
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Figure 2 S ch e m a t ic  of  an e ch o - so u n d e r

Theory of sidescan sonar operation and purpose

S id escan  so n ar h as  b een  d e fin ed  as an  aco u stic  im ag ing  dev ice  u se d  to  p ro v id e  w ide-area , h ig h  re so lu ­
t io n  p ic tu re s  of th e  seabed . T he system  ty p ic a lly  co n sis ts  of an  u n d e rw a te r  tra n sd u c e r  c o n n e c te d  v ia  a 
cab le  to  a sh ip b o a rd  reco rd in g  device. In  b asic  o p era tio n , th e  s id e sc a n  so n ar reco rd e r charges capacito rs  
in  th e  to w fish  th ro u g h  th e  cable. O n co m m an d  from  th e  reco rd e r th e  s to red  p o w er is d isch arg ed  th ro u g h  
th e  tra n sd u c e rs  w h ic h  in  tu rn  em it th e  aco u stic  signal. T he em ittin g  lobe of so n ar energy  (narrow  in  
az im u th ) has a beam  geom etry  th a t in so n ifie s  a w id e  sw a th  of th e  seabed  p a rtic u la r ly  w h e n  o p era ted  at 
re la tiv e ly  lo w  freq u en c ies , e.g. <100kH z. T h e n  over a v e ry  sh o rt p e rio d  of tim e  (from  a few  m illiseco n d s  
u p  to  one second) th e  re tu rn in g  echoes from  th e  seafloor are rece iv ed  b y  th e  tra n sd u c e rs , am p lified  on  
a tim e-v aried  gain  cu rve  a n d  th e n  tra n sm itte d  u p  to  th e  reco rd in g  u n it. M ost of th e  tech n o lo g ica l 
adv an ces in  s id e sc a n  so n ar re la te  to  th e  co n tro l of th e  p h a se  a n d  a m p litu d e  of th e  em ittin g  so n ar signal 
an d  in  th e  p rec ise  con tro l of th e  tim e-v aried  g a in  a p p lie d  to  th e  re tu rn  signals. T h e  reco rd e r fu rth e r 
p ro cesses  th e se  signals (in  th e  case of a n o n -d ig ita l tra n sd u c e r  co n v ertin g  th e  analogue signal in  to d ig ­
ita l form at), ca lcu la tes  th e  p ro p e r p o s itio n  for each  signal in  th e  fina l reco rd  (p ixel b y  p ixel) an d  th e n  
p r in ts  th e se  echoes on  e lec tro -sen sitiv e  or th e rm a l p a p e r  one scan , or lin e  at a tim e.

M o d ern  h ig h  (genera lly  dual) freq u en cy  d ig ita l s id e sc a n  so n ar dev ices offer v e ry  h ig h  re so lu tio n  
im ages of th e  seab ed  th a t can  d e tec t objects in  th e  o rd er of ten s  of cen tim e tres  at a range of u p  to  100m  
e ith e r  s id e  of th e  to w fish  (total sw a th  w id th  200m ), a lth o u g h  th e  p rec ise  accu racy  w ill d e p e n d  on  a 
n u m b e r of factors. For exam ple , th e  h o riz o n ta l range b e tw een  th e  tra n sd u c e r  a n d  th e  seabed  is affected  
b y  th e  freq u en cy  of th e  signal an d  th e  grazing-angle  of th e  signal to th e  b ed  w h ic h  is itse lf  d e te rm in ed  
b y  th e  a ltitu d e  of th e  tra n sd u c e r  above th e  sea floor. Som e ty p ica l lim its  a sso c ia ted  w ith  s id e scan  sonar 
are as follow s: o p era tin g  at 117kH z u n d e r  o p tim a l seabed  c o n d itio n s  an d  a ltitu d e  above th e  b ed , a range 
of 300m  (600m  sw ath ) can  be  o b ta in ed  an d  ty p ic a lly  150m  at a freq u en cy  of 234kH z. A ccu racy  in c re a s­
es w ith  decreasin g  range, for exam ple , 0 .1m  accu racy  is ty p ica lly  o b ta in ed  w ith  a range of 50m  (100m  
sw ath ) w h ereas  ‘o n ly ’ 0 .3m  accu racy  is o b ta in ed  at a range of 150m . T he s id e sc a n  so n ar p ro v id es  in fo r­
m a tio n  on  sed im en t tex tu re , to p o g rap h y  am d  bed fo rm s, an d  th e  lo w  grazing  angle of th e  s id e sc a n  sonar 
beam  over th e  seabed  m akes it  id ea l for object de tec tion .

In  genera l, th e re  is a trade-o ff b e tw een  th e  area  w h ic h  can  be m a p p e d  in  a g iv en  tim e  an d  th e  re so lu ­
tio n  or d e tec tab ility  of seabed  featu res w ith in  th e  m a p p e d  area. For exam ple , a s id e sc a n  system  o p e ra t­
ing  at 500kH z can  p o te n tia lly  d e tec t fea tu res m easu red  in  dec im etres , b u t th is  can  o n ly  be ach iev ed  
along  a n a rro w  sw a th  of abou t 75m  p e r ch a n n e l an d  there fo re  th e  ty p ica l a rea w h ic h  can  be m a p p e d  in  
an  h o u r  is re la tiv e ly  sm all. By co n trast, th e  system s w h ic h  o pera te  a lo w er freq u en c ies  of a ro u n d  50kH z 
h ave m u c h  g reater range an d  can  be to w ed  at faster sp eed s w h ic h  a llow s a g reater area of seabed  to be 
m a p p e d  in  a g iven  tim e  (Table 1).
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Table 1 O b je c t  reso lu tion  versus ran g e  for tw o  sid e scan  so n a r system s

Range (m) Spacing betweem  
soundings (m)
@ 4knts

120kHz 
Sidescan 75° 
beam width

330kHz 
Sidescan 0.3° 
beam width

25 0.07 0.33m 0.13m

50 0.13 0.65m 0.26m

100 0.26 1.30m 0.52m

200 0.52 2.60m 1.00m

500 1.30 6.50m n/a

A dvantages

• D ue to  th e  re la tiv e ly  large sw a th  p ro d u c e d  b y  s id e scan  at lo w er freq u en c ies  it is p o ssib le  to  cover re l­
a tiv e ly  large areas of th e  seabed  in  a re la tiv e ly  sh o rt p e rio d  of tim e. For exam ple , a system  opera tin g  
at 100kH z to w ed  at a sp eed  of 5 k n o ts  w o u ld  a llow  ab o u t 3 .5km 2/h " l  of seabed  to  be m a p p e d  at a re s ­
o lu tio n  of abou t lm  (K enny et al., 2000).

• An almost photorealistic picture of the seabed can be generated as individual survey tracks are mosaiced 
together and like a photograph the raw acoustic data ‘speaks for itself, which is why sidescan sonars 
are sometimes referred to as self-calibrating. For example, certain bedform features are instantly recog­
nisable, such as sand ripples and rocky outcrops, before any ground truth samples are taken.

• The morphology of the features can be interpreted to reveal information on sediment transport path­
ways and the stability of the bed.

• The quality of the data are not affected by changes in  the depth of water since the sonar fish is towed 
at a fixed height above the seabed at all times.

D isadvan tages
• The grey-scale (or signal amplitude) between swaths covering the same area of seabed is often notice­

ably different, particularly w hen the orientation of the sonar to the target feature varies. The variation 
in  signal amplitude for the same area or type of seabed causes problems when trying to classify the 
sonograph, since ground truth samples (grabs and underwater cameras) may reveal the seabed to be 
composed of different sediments such as muds or m uddy sands, but the difference between these is 
not easily identifiable on the sonograph.

• Target location using sidescan is complicated by the need to know where the fish is relative to the 
navigation system antennae. This has been solved by using a transmitter on the sonar which allows 
its position to be fixed exactly; however, this is not at present common practice. The more common 
approach is to calculate a layback of the towfish w hen using short cables and an equation for this is 
provided in  the QA/QC section below.

• Large am o u n ts  of da ta  are ty p ic a lly  gen era ted , for ex am p le  a 19km 2 su rv ey  genera tes ab o u t 500 
m egaby tes of da ta  in  th e  form  of g e o tif  files (g rid d ed  at 0.2m ), an d  at least 1 gigabyte of storage space  
sh o u ld  be availab le  for each  d ay  of survey.

• The size of the data files also necessitates powerful computers. These have traditionally been (Unix) 
workstations, but increasingly dual-processor PCs are being used.

Equipment

Like an y  so n ar system  u se d  from  a v esse l at sea, th e  m ore  d e d ica ted  th e  system  is (i.e. it is con figu red  
for u se  on  a sing le  su rv ey  v esse l an d  is u se d  for th e  sam e ty p e  of o p e ra tio n  b e tw een  surveys) th e n  th e  
b e tte r q u a lity  of data. S ystem s w h ic h  are ‘off-the-shelf’ for u se  on  an y  su rv ey  v esse l w ill n o t p ro v id e  th e  
sam e q u a lity  of data. T he tw o  co n fig u ra tio n s have  b e e n  d esc rib ed  below :

N o n - d e d i c a t e d  (off-the-shel f)  c o n f ig u r a t io n
T he co n fig u ra tio n  of a ty p ica l s id escan  so n ar system  is sh o w n  in  F igure 3. It sh o u ld  be n o te d  th a t w ith  
th e  a d v e n t of d ig ita l tech n o lo g y  m o st s id e sc a n  so n ar system s are n o w  fu lly  su p p o rte d  b y  p ro p rie ta ry
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softw are w h ic h  a llow s th e  u se r  to fin e -tu n e  p a ram ete rs  su c h  as th e  tim e-v aried  g a in  w h ils t at sea. T he 
in c lu s io n  of a co m p u te r to  ru n  b o th  th e  system  se t-u p  an d  da ta  p o s t-p ro cess in g  so ftw are is n o w  co m ­
m o np lace .

T h e  la s t few  years have  seen  a m ove b y  m an u fac tu re rs  from  ana logue  to d ig ita l to w fish  for b e tte r  q u a l­
ity  data. In  s im p le  te rm s, in  an  analogue to w fish , th e  energy  re tu rn in g  to th e  to w fish  is co n v e rted  in  to 
m illiv o lts , w h ic h  is tran sfe rred  along  th e  to w  cable  to  th e  reco rd in g  dev ice  th a t converts  th e  m illiv o lts  
in  to  a d ig ita l va lue . T he to w  cable  has severa l w ires  ru n n in g  th ro u g h  it  (m ulti-core) an d  th e  da ta  can  
suffer from  s lig h t d eg rada tion . A  d ig ita l to w fish  how ever, con v erts  th e  m illiv o lt read in g s to  d ig ita l v a l­
u es, w h ic h  are tran sfe rred  a long  a sing le  coax ial cab le  to  th e  reco rd in g  device. T h is re su lts  in  less da ta  
d eg rad a tio n  as th e  d a ta  are tran sfe rred  along  th e  cable from  th e  to w fish  to  th e  reco rd in g  device.

A  v esse l sh o u ld  be u se d  th a t is of su itab le  size  for th e  su rv ey  area. For sh a llo w  w a te r su rveys, a v e s ­
sel w ith  sh a llo w  draft, ad eq u a te  cover for e lec tro n ic  e q u ip m e n t an d  a su itab le  p o w er sou rce  sh o u ld  be 
u sed . It sh o u ld  also  be b ig  en o u g h  to d ep lo y  a s id e sc a n  sonar safely. For d eep er w a te r su rveys th e  draft 
of th e  v esse l is n o t an  issu e , b u t th e re  sh o u ld  be en o u g h  deck  space  to  acco m m o d ate  a s id e scan  sonar 
cab le  w in ch .

It is o ften  good p rac tice  to  h av e  a th e rm a l reco rd e r an d  d ig ita l a c q u is itio n  an d  p ro cess in g  system  in te r ­
faced  to g e th er d u rin g  da ta  co llec tio n  as th is  p ro v id es  da ta  b ack u p  an d  a id s  o n lin e  q u a lity  a ssu ran ce  an d  
con tro l. For lo w  b u d g e t su rveys w h ere  o n ly  an  overv iew  of th e  seabed  is req u ired , a su rv ey  u n d e rta k e n  
w ith  o n ly  a th e rm a l reco rd e r w ill be su ffic ien t. H ow ever, if  m ore  d e ta iled  e x am in a tio n  of in d iv id u a l ta r ­
gets or m o sa ic in g  of th e  da ta  are req u ired , for ex am p le  for seabed  c lassifica tio n , a d ig ita l a c q u is itio n  an d  
p ro cess in g  system  sh o u ld  be  u sed . P a rticu la rly  in  sh a llo w  w ater, s id e sc a n  so n ar da ta  are ad v erse ly  
affected  by  p o o r sea co n d itio n s . To o b ta in  good q u a lity  da ta  it  is re c o m m en d ed  th a t da ta  are n o t co l­
lec ted  w h e n  th e  sea c o n d itio n s  are w orse  th a n  sea sta te  4.

A p art from  th e  v esse l crew , a s id e sc a n  so n ar system  can  be  o p era ted  b y  one p e rso n  tra in e d  to opera te  
th e  system s in v o lv ed . It is e ssen tia l th a t th e  o p era to r can  d e te rm in e  th e  q u a lity  of th e  s id e sc a n  sonar 
da ta  b e ing  co llec ted  on  b o a rd  th e  v esse l a n d  can  d e te rm in e  th a t th e  co rrec t a m o u n t of da ta  has b e e n  co l­
lec ted  from  th e  co rrec t p lace  a n d  th a t th e  n av ig a tio n  system  is fu n c tio n in g  correctly .
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Specific items of a typical system are:

• Digital dual frequency sidescan sonar fish: the most commonly used are manufactured by Simrad, 
Kline, GeoAcoustics, EG & G and DataSonics (Figure 4).

• D epresso r for th e  sonar; th is  is m ost u se fu l for soft to w  cables w h ic h  te n d  to  be n e u tra lly  b u o y an t 
(F igure 4).

• For in sh o re  su rv ey  w o rk  (w ater d ep th s  <50m ) a soft to w  cable  is su itab le ; th is  avo ids th e  n e e d  for 
so p h is tic a te d  w in c h  system s w ith  h ig h  slip  rin g  spec ifica tio n s.

• Sonar firing control unit which may be integral w ith the sonograph plotter/printer and data storage 
system.

• Configuration and testing software installed on an appropriate computer.
• Data viewing and mosaicing software also installed on the computer.
• Survey vessel w ith dGPS and navigation software (e.g. Sexton, Hypack) to accurately follow planned 

survey lines.
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Figure 4  Typical (off-the-shelf) s idescan  so n a r

D e d i c a t e d  c o n f ig u r a t i o n
T here  are a v a rie ty  of s id e scan  so n ar d ep lo y m en t geom etries; th e  geom etry  d esc rib ed  h e re  is th e  neu - 
tra lly -b u o y an t a rran g em en t d e sig n ed  a n d  u se d  b y  th e  G eological S u rv ey  of C anada  (A tlantic) for su rveys 
on  th e  co n tin e n ta l shelf. As sh o w n  in  F igure  5, a S im rad  M S 992 d u a l-freq u en cy  s id e sc a n  so n ar to w fish  
is a tta ch ed  b e n e a th  a h y d ro d y n a m ic  b u o y an cy  h o u s in g  c o n ta in in g  v in y l floats ra ted  to  a d e p th  of 200m . 
A  b eaco n  m o u n te d  at th e  fron t of th e  p la s tic  h o u s in g  is th e  s id e sc a n  assem bly  co m p o n e n t of th e  
T rack p o in t a co u stic  p o s itio n in g  system  w h ic h  p ro v id es  range an d  bearin g  to th e  assem b ly  from  a tra n s ­
d u cer m o u n te d  b e n e a th  th e  s h ip ’s h u ll. T h is in fo rm a tio n  is co m b in ed  w ith  d e p th  da ta  from  th e  to w fish  
b y  th e  sh ip b o a rd  n a v ig a tio n  system , g iv ing  th e  la titu d e  an d  lo n g itu d e  of th e  tow fish . T he s id e sc a n  to w ­
fish  also  tran sm its  p itc h  a n d  ro ll in fo rm atio n . A ccu racy  in  to w fish  p o s itio n  an d  a ttitu d e  is n ecessa ry  for 
co rrec ting  s id e sc a n  reco rd  d is to rtio n .

As illu s tra te d  in  F igure 5, th e  n e u tra lly -b u o y a n t s id e sc a n  assem bly  is to w ed  b y  an  u m b ilica l cable 
from  th e  s te rn  of th e  su rv ey  vesse l. T he u m b ilica l cab le  is co m p o sed  of tw o or m ore  c o n d u c to rs  a n d  a 
K evlar s tren g th  m em ber, b o th  h o u se d  in  a do u b le  u re th a n e  w a te rp ro o f sh ea th . F rom  1 0 -2 0 m  from  th e  
s id e scan  assem bly, a 120kg d ep resso r to w fish  is a tta ch ed  to  th e  a rm o u red  to w  cable. T h is  d ep resso r tow -
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fish acts to isolate the sidescan system from the surface m otion of the survey vessel, thus reducing sides­
can assembly instability. The buoyancy package is weighted to be slightly buoyant and bow up. This 
results in the sidescan assembly tracking above (and behind) the depressor towfish, which is the opti­
mum position to avoid sidescan collision w ith the seabed and to negate ship heave transmitted along the 
tow cable. A large-diameter cable block suspended from the A-frame on the stern of the survey vessel 
guides the tow cable to the 20 hp winch. Usually, about 600-800m of cable is available for deployment.

Two options are available for recording the sidescan system output. As illustrated in Figure 6, both a 
hard copy and digital version of the data are recorded by the Geological Survey of Canada. Commonly, 
two 11” grey scale thermal recorders are utilized, one for the 120kHz record and one for the 330kHz 
record. Simultaneously, the four channels of the digitised sidescan signal (port and starboard 120kHz 
and 330kHz) are logged in SEGY format, along with time, on digital Exabyte tape w ith a capacity of 
approximately 4 gigabytes. During post-cruise sidescan processing, the dGPS navigation data are 
merged w ith the sidescan data, based on time. Thus it is critical to synchronise the sidescan datalogger 
clock with the dGPS time and this is true of both dedicated and non-dedicated systems.

Sgrwxry
vessa)

Cable Crane-
ölacK.^

Armoured tow ratfe

Figure 5 D e p lo y m e n t  of  a neu tra l ly -buoyan t  d e d ic a te d  s id e scan  so n a r  system

Operations at sea

Testing
Before sidescan deployment, a rub test is done to determine the integrity of the system. The sidescan 
system is turned on w ith the gain set to maximum. The transducers are lightly rubbed by hand until a 
dark line appears on the paper record and/or on the monitor screen. In this manner, the system circuit­
ry is checked and confirms that the port and starboard sidescan transducers are functioning properly. 
Detergent is brushed on the transducer faces to improve acoustic coupling to the water. To test that sys­
tem seals are watertight and that the mechanical deployment systems are functioning properly, the tow­
fish assembly is lowered into the water while the survey vessel is secured at the dock. The system is 
turned on and the record is inspected.

In addition a series of tests should be undertaken to calibrate instruments and to check equipm ent set­
tings and interfacing -  this is particularly relevant for non-dedicated systems. These checks may include 
the following:

• compass calibration
• acoustic underwater positioning system calibration
• navigation system check and calibration
• sidescan sonar navigation check (survey a known point in  opposite directions)
• trial runs over the survey area to adjust gain settings; when data are recorded on thermal paper gain 

changes should be kept to a m inimum
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System d e p lo y m e n t
The dedicated systems tend to be more bulky than soft tow systems. In the case of the Canadian neu- 
trally-buoyant sidescan the unit weighs about 85 kg in  air, and deployment of this system from the stern 
of the survey vessel is a two-stage operation. A crane is used to swing the assembly over the stern (Figure 
6). Once in  the water, the Kevlar umbilical cable is paid out from the depressor towfish. The armoured 
tow cable passes from the sidescan w inch through a large-diameter cable block suspended from the A- 
frame on the vessel’s stern (Figure 6). This cable is used to hoist the depressor towfish from the deck, 
with the umbilical trailing over the rail, and deploy over the stern using the swinging A-frame. The sys­
tem sinks slowly through the water column, so deployment is done at least a nautical mile from the start 
of the survey line. Retrieval of the sidescan system is the reverse of this process. Lifting loops attached 
to the umbilical enable the crane to hoist the system from the water.

For the soft tow system the towfish is gently lowered into the water by hand and the umbilical is paid 
out sufficiently to ensure that any drive-train noise is minimised and the altitude above the bed is suitable.

System tun ing  (fish stability, height, position)
Fish stability is of param ount importance in reducing or eliminating artefacts in  sidescan sonar records 
(see QA/QC section). Each of the four forms of towfish instability (heave, roll, pitch and yaw) produces 
characteristic artefacts, or distortions, on the sidescan record which can sometimes be m isinterpreted as 
real data. Stability of the neutrally-buoyant sidescan system is m aintained even when the sea state is 
unsafe for the survey vessel. Sidescan systems which do not decouple fish and ship motion to the same 
extent as the neutrally-buoyant system will be adversely affected even at relatively low sea states and 
this tends to be a problem of the non-dedicated systems.

Survey design
The standard survey speed on most multiparam eter surveys (i.e. sidescan, seismic, and other geophys­
ical survey tools) is about 4 knots (7.4 km hr"-*-). Note that 2.5 knots is the optimum survey speed for 
many high-resolution sidescan systems, providing an along-track horizontal resolution of 7cm. 
However, at this speed many survey vessels cannot m aintain an accurate heading, and seabed coverage 
is slow, whereas the horizontal resolution at 4 knots is about 15cm. Enough cable is paid out to allow 
the sidescan towfish to fly at a height of between 10 and 20m off the seabed (generally 25% of the hor­
izontal range setting). For benthic habitat mapping, short ranges are used (100m or less) which allow 
relatively small objects to be detected. For seabed reconnaissance, individual survey lines are collected 
over a broad area. In mosaic mode, a pattern of survey tracks is run at a specific line spacing. The line 
spacing is less than the swath w idth (i.e. twice the range) of the sonar so that range overlap occurs. This 
design ensures that the area of seabed being surveyed is completely insonified and that the loss of res­
olution at the outer lim it of the range is compensated for. As a rule of thumb, in  areas of relatively 
smooth seabed, a line spacing of between 75% and 50% of the swath w idth will provide the necessary 
overlap.

Record interpretation

A basic understanding of how the sidescan record is generated is essential in  order to understand how 
to interpret the record.

Figure 6 summarises how the intensity of the returning echoes is influenced by the shape and densi­
ty of the seabed (or objects). The returning echoes from one pulse are displayed on the recorder as one 
single line, w ith light and dark portions of that line representing strong or weak echoes relative to time. 
There are many variables which will affect the sonar data, such as waves, currents, temperature and 
salinity gradients, and some examples of how specific sonar interference is manifested in  the record are 
given in  the QA/QC section.

W hilst there are efforts to make sidescan sonar interpretation an objective semi-automated process, the 
interpretation remains very m uch a qualitative analysis. As indicated in  Figure 4 there are two im por­
tant attributes of the seabed that will affect the intensity of grey-scale in  the sonograph:



206 Marine Moni tor ing H a n d b o o k

(1) The material properties of the substrata. This will determine the acoustic reflectivity of the seabed. 
For example, rock, cobbles and gravel are better reflectors than sand or m ud and will therefore show 
up darker on the sonograph.

(2) The shape of the seafloor (or topography). Up slopes facing the towfish are better reflectors than 
down slopes.

O rlen l& liun  n i ' v . i  Bud m  in u  I ish

(.ihnJ III hcktelKi- 
hkh IcrcU o fam jj
I lJ E I l l  I ' . ’ . I  h . i k  I m  II  ' - -  I n u
l i - J  L

P i if hnuk I I I  Im iiM iw :  
Mimul .nih-i.'ii ul LDtruj 
ruíKrvtt-iJ h.n-k. U Lkd |mu
Trill
111 ■ r Xciulo *iMrh .Iiüiil 
L .O -1»  j i u m i i L  m |  t ;  i .  
it f ln h il hart 1. 1  [bitfTVi

le íe

Figure 6 S ch e m a t ic  of  s idescan  return e ch o e s

Since material reflectors and topographical reflectors often produce the same result on the sonograph 
it is up to the operator to interpret the image carefully in order to determine the actual composition of 
the seabed. Shadows are the single most im portant feature of sidescan sonographs since they provide 
the three-dimensional quality to the two-dimensional image. Shadows are therefore of extreme im por­
tance and the interpreter relies on their position, shape and intensity to accurately interpret most sonar 
records.

The height of objects on the bed can also be determined from the record. For example, using the fol­
lowing equation the height of a target can be calculated:

( k  * - )
* • = -  —

Where Hf is the height of the target (m), Lg is the length of shadow cast by the target (m), is the 
height of the fish above the seabed (m) and R is the distance (m) along the hypotenuse between the tow­
fish and the end of the shadow cast by the object.

In general, for data collected w ith an analogue thermal recorder only, features of interest should be 
plotted on a trackplot for the survey. The same features identified from data collected on adjacent sur­
vey lines should be compared to check that position calculations are correct. Any other data that may 
enhance the interpretation, such as field notes, bathymetry data, seismic data, sediment distribution 
information and Admiralty Charts should also be collated and compared with the sidescan sonar infor­
mation. From this a plan of seabed features and/or sediment distribution can be drawn.

Data collected digitally should be played back several times until the optimum settings for gain and 
bottom track threshold have been determined to create a good sidescan sonar mosaic. The data should 
then be mosaiced, ensuring that correct slant-range correction and layback calculations are applied. Any 
features of particular interest identified can be magnified and further enhanced if required. Most sides­
can sonar processing software will allow other information to be overlaid to enhance the sidescan sonar 
images and mosaics. It should also allow for annotation of the processed data so that objects and sedi­
ment types can be labelled and m apped out.
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QA/QC

Like any other type of acoustic system sidescan sonar is susceptible to interference from a number of 
sources, but w ith experience most of these can be recognised in  the data. The sources of error to watch 
out for areas follows:

• Survey vessel drive train noise. This is less obvious than direct propeller noise and appears as faint 
regularly spaced dark lines in  the record (Figure 7). The most common cause of this is when the sonar 
is too close to the vessel (typically <50m), and simply increasing the horizontal distance between the 
towfish and the vessel will often eliminate the noise.
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Figure 7 Surface  vessel drive-noise

• Navigation drop-out of signal will give rise to errors in  the speed correction of the record causing dis­
tortions. Depending on the system this may be evidenced by areas of no data in  the record or as inter­
polated bands as shown in  Figure 8.

Figure 8 Navigation  d ro p -o u t
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• Interference may also be caused by schools of fish or a porpoise, as illustrated in  Figure 9, which 
shows the body undulations travelling in  the direction of the sonar.

Figure 9  In terference c au sed  by a po rpo ise

Other significant effects are caused by changes in  seawater temperature and waves. In Figure 10, wave 
effects are evident as dark banding across the sonograph; note how the effect is more apparent towards 
the centre line of the record. Banding due to acoustic interference tends to be more evident towards the 
edge of the sonograph.

Figure 10  In terference c au sed  by heave  on  the  towfish as a result of  waves
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For soft tow systems an estimate of towfish layback should also be calculated using the following 
equation:

L -1 ^ ¡ (C 2-  O  ')

This does not take account of the catenary effect which lessens the lay back, but this becomes more of 
a problem for long cable deployments. In the equation, L is the layback, C is the amount of in-water cable 
and Df the depth of the towfish.

Good quality survey and data processing logs should be m aintained throughout a sidescan sonar sur­
vey. All equipm ent settings and offsets used on the survey vessel should be logged. The survey logs 
should also include information such as the time of start and finish of each survey line and the vessel 
heading, even though these data are normally logged in  the navigation software. These logs will allow 
the navigation data to be cross-checked and enable the data processor to correctly process the data and 
quickly find any faults.

Data products

From thermal records a seabed feature and/or sediment distribution plan is typically produced. These 
should be annotated w ith information on the dimensions of targets such as sand waves. This may be 
augmented by images showing features of interest that have been scanned in  to a computer and added 
to the plan(s).

Typical output from digitally collected data may include the following:

• mosaic of data annotated w ith features of interest, supplied as both a paper chart and in digital format 
correct for insertion into a GIS system {GeoTiff files)

• magnified and enhanced images of particular features of interest supplied both in  paper and GIS com­
patible format

• plan of sediment type distribution supplied as a hard copy chart and in  GIS compatible digital format.

Health and safety

The survey vessel m ust be seaworthy and suitable for the type of survey work to be undertaken. The 
crew should be suitably qualified and familiar w ith sidescan sonar survey operations.

All personnel on the vessel should be made aware of the vessel safety procedures and should be aware 
of the dangers involved in  sidescan sonar surveys in  particular. Apart from normal dangers involved in 
being at sea on a vessel the personnel should be aware of the following:

• The towfish may become snagged on underwater structures, endangering any person near the tow 
cable and perhaps endangering the vessel itself.

• Most sidescan sonar systems use 110 or 240 volts mains systems, which can be dangerous if misused, 
particularly when in  close proximity to water.

• Care m ust be taken when deploying and recovering a towfish from the water and personnel involved 
in  this procedure should wear the correct safety gear.

• Some parts of a sidescan sonar system are heavy.

References

Kenny, A et al. (2000) An overview of seabed mapping technologies in the context of marine habitat 
classification. ICES A nnual Science Conference September 2000: Theme session on classification and 
mapping of marine habitats. Paper CM 2000/T:10.
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Sources  of further inform ation
Open Seas Instrum entation Incorporated: www.openseas.com  
Theory of interferometric sonar: www.submetrix.so.uk
Handbook of seafloor sonar imagery: www.soc.soton.ac.uk/chd/bridge/research/interp.html
M ultiparameter approach to nearshore seabed mapping: www.pgc.nrcan.gc.ca/marine/intro.htm
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Procedural Guideline No. 2-2 
Sediment profile imagery

Brendan  O ' C o n n o r 1

Background

Sediment Profile Imagery, or SPI, is an innovative and cost-efficient method of surveying and/or monitor­
ing marine aquatic environments with a view to establishing the environmental status of these habitats or 
as part of a site inventory study. The traditional method of sediment sample collection and subsequent lab­
oratory analysis is time-consuming and expensive and the time taken to return the data is slow.

SPI is based on single lens reflex (SLR) camera photography and computer-based image analysis 
which greatly accelerates the data acquisition. The camera system consists of a wedge-shaped prism 
with a plexiglas face plate; light is provided by an internal strobe (Figure 1). The back of the prism  has 
a mirror m ounted at a 45 degree angle to reflect the profile of the sediment-water interface up to the 
camera, which is m ounted horizontally on the top of the prism. The prism  is filled with distilled water, 
and because the object to be photographed is directly against the face plate, turbidity of the ambient sea­
water is never a limiting factor.
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Figure 1 A rem o te  o p e ra ted  SPI system

The camera prism  is m ounted on an assembly that can be moved up and down by producing tension or 
slack on the w inch wire. As the camera is lowered, tension on the w inch wire keeps the prism  in the 
‘u p ’ position until the support frame hits the bottom. At this point the tension on the w inch wire is 
reduced causing the inner frame to move to the ‘down’ position, penetrating the undisturbed sediment 
water interface. The upper 25cm of the seafloor, as seen in  profile, is then photographed in  high reso­
lution with a film camera. To this basic system, it is possible to add an additional camera which also 
photographs the sediment surface before the prism  penetrates the sediment.

After each image is taken, the camera is raised two or three metres off the bottom and redeployed for 
taking another image (‘sample’). Typically, a number of replicate images are taken at each station w ithin 
a period of about five minutes. An array of other measurement devices may also be attached to the frame 
to efficiently obtain information about water column properties (e.g. salinity, temperature, oxygen).

Purpose

• to identify different seabed types and redox status (in relation to organic enrichment gradients)
• to identify sediment type and bed forms
• to identify habitat quality (in relation to physical disturbance and deoxygention)

1 Aqua-Fact International Services Limited, 12 Kilkerrin Park, Liosbaun Road, Galway, Ireland.
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A dvantages

• rapid deployment whether by diver or boat
• perm anent images of the sea bed profile
• no physical sample analysis required
• turn-around to report very rapid

D isadvan tages

• only works on m ud or m uddy sand sediments w ithout subsurface obstructions
• samples not available for identification of fauna or sediment particle size (ground truthing or quanti­

tative analysis)
• sediment may smear on faceplate and make interpretation difficult
• equipm ent may flood

Logistics

E quipm en t requ ired
Sediment profile camera: This can be diver held or remotely operated on a frame lowered from a boat. 
Ideally, the surface of the sediment should also be photographed using a separate camera (by the diver) 
or a camera m ounted on the remotely-operated frame before it touches the seabed.
Survey vessel: A vessel with lifting equipm ent is required, preferably an A-frame at the stern, w ith suit­
able w inch gear.

Personnel
• full diving team if diver operated
• appropriate boat and crew

Method

Survey brief
Deploy the SPI camera to penetrate the sediment, ideally to a m inim um  of two-thirds the height of the 
face plate but not above the top of the face plate (Figure 2). Take three separate (replicate) images at the 
required stations (stations along a transect, locations in  an area). If over- or under-penetration is noted 
from the first deployment, the weights should be adjusted accordingly.
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Figure 2 D raw ing  of SPI. Left: a lead first hits the  b o t tom  an d  triggers a c a m e ra  w h ich  takes a p h o to  of the  u nd is tu rbed  s e d ­
im en t  surface.  Right: t h e  prism penetra tes  the  s e d im e n t  a n d  a profile  im age  of th e  s e d im e n t  is b e in g  t a k e n .“

Field
Usually three penetrations are used per sample station to obtain a mean depth for the redox disconti­
nuity layer. This also makes it possible to obtain information on heterogeneity so that simple 
statistics can be performed (mean and standard deviation for depth of penetration, number of gas vesi­
cles present, mean redox discontinuity depth).

Laboratory
SPI technology can readily quantify over 20 physical, chemical and biological parameters, including: 
sediment grain size; prism  penetration; surface pelletai layer; sediment surface relief; m ud clasts; redox 
area; redox contrast; current apparent redox boundary; relict redox boundaries; methane gas vesicles; 
apparent faunal dominants; voids; burrows; surface features (e.g. worm tubes, epifauna, shell); dredged 
material; microbial aggregations; and successional stage.

2 Image and caption taken from http://www.marecol.gu.se/projengl/hansnilssonpen.html -  Hans Nilsson, 
Gothenburg University.

http://www.marecol.gu.se/projengl/hansnilssonpen.html
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Data analysis

Figure 3 In this im age  th e re  is a high a b u n d a n c e  of b u rro w in g  m ar in e  w orm s,  m ost  likely Capite ll id  Polychaetes  like 
Capitella capitata or M alacoceros fuliginosus. These  o p p o r tu n is t ic  w o rm s  thrive in high o rg an ic  load ing  c o nd it ions  and  their 
bu rro w in g  act ion  c an  often re in tro d u ce  oxygen  into d e p le ted  sed im ents .

Photographs are analysed to extract the depth of penetration, redox discontinuity level and voids 
(number and size of vesicles, presence and absences). Improved interpretation of photographs can be 
obtained by using computerised image analysis (digitisation and enhancement). The exact analyses will 
depend on the type of inform ation required. More detailed descriptions are presented  at 
http://www.aquafact.ie/SPI2.html and http://www.courses.vcu.edu/ENG-esh/diaz/diaz_services.htm.

Accuracy

Depends on number of replicates, qualitative assessment to phi value possible. Species identification, 
however, is very limited.

Time required

Field
About 30 stations a day from a boat. A diver could sample 10 stations with 3 images at each, along a 
transect.

Laboratory
Each enhanced image takes approximately 5 m inutes to analyse.

Health and safety

All appropriate requirements for diving or boat-based remote sampling. No additional safety require­
ments are necessary.

http://www.aquafact.ie/SPI2.html
http://www.courses.vcu.edu/ENG-esh/diaz/diaz_services.htm
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A ddress  for further inform ation
Aqua-Fact In ternational Services Lim ited, 12 K ilkerrin Park, Liosbaun Road, Galway, Ireland.
Tel: +353 91 756812/756813; Fax: +353 91 756888; e-mail: aquafact@iol.ie
For a descrip tion  of the equipm ent and its deploym ent, see http://www.courses.vcu.edu/ENG-
esh/diaz/diaz_services.htm

mailto:aquafact@iol.ie
http://www.courses.vcu.edu/ENG-
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Procedural Guideline No. 2-3 
Undertaking a physical survey of 
littoral and sublittoral sea caves

C aro l ine  Turnbul l,  Joint  N a tu re  C o nse rva t ion  C o m m i t t e e 1 

Background

Sea caves are listed on Annex I of the Habitats Directive and SACs have been designated around the 
British Isles citing them as features. Both intertidal and subtidal habitats need to be monitored and 
assessed in  order to report to the European Commission on the condition of the feature. Assessment and 
monitoring of the dimensions of the feature are a key attribute in achieving this and provide a structure 
by which to arrange biological survey data.

Purpose

(1) To provide detailed sketch maps which can be used to relocate the features in  subsequent years for 
monitoring biological attributes.

(2) To provide an accurate scale diagram of each individual cave to provide a backdrop for the mapping 
of biological attributes.

Logistics

Equipm ent 

General
• pitons
• two fibreglass or metal measuring tapes
• calibrated compass (not a sighting compass)
• waterproof paper
• day-glow tags
• white paint
• hard hats w ith chin strap
• head lamp + two extra reliable light sources
• sturdy clothes and shoes 
•G PS unit
• clinometer
• levelling equipment, e.g. theodolite or cross staff
• elbow- and knee-pads -  recommended

Specific to sublittoral caves:
• standard SCUBA equipment
• line and reel
• surface marker buoys

1 Monkstone House, City Road, Peterborough. PEI 1UA
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Personnel
M inimum of two people for surveying of whom at least one m ust be able to use a compass confidently. 
Caves m ust never be entered alone. The drafting of diagrams needs only one person.

Method

The following methods are taken from Environmental and Resource Technology Ltd (2000).

M arking  th e  location
Draw a clear sketch of the location of the cave in  relation to its surroundings. Take two bearings from 
the cave to two separate fixed positions to help w ith relocation. Take a GPS reading if possible and 
record the co-ordinates and the projection they are given in. Note the position of the cave on an 
Ordnance Survey map and take a note of the grid reference. If appropriate, mark the entrance to the cave 
w ith a small dash of white or fluorescent paint. A submerged cave once located may be marked w ith a 
buoy but this should only be left unattended w hen it is judged safe to do so and you are returning w ith­
in  the same day. It is not recommended that buoys are left for long periods since they can be a hazard 
to maritime traffic.

Establishing refe rence  lines
Cave walls are referred to side 1 (left side when looking into the cave) and side 2 (right side w hen look­
ing into the cave).

Each reference line should be fixed in  the side wall of the cave as close to the floor as possible. 
Hammer pitons into crevices, or drill a hole and then fix a piton using a rawlplug. Start the first refer­
ence line as close to the cave entrance as is convenient on side 1. Attach a measuring tape to the first 
piton and unw ind it towards the rear of the cave keeping it close to the wall and taut. Where the wall 
changes direction (known as a node) attach pitons and affix the tape to them to aid it in  keeping close 
to the wall. To minimise the impact on the environment, only place pitons at nodes w hen they are need­
ed to hold the tape in. Place the reference line down the length of side 2 in  the same way and join both 
tapes at a common node at the back of the cave if the cavity terminates. Mark the pitons with day-glow 
tags to aid relocation -  these m ust be removable at the end of the survey. The pitons should rem ain if 
possible to aid w ith subsequent surveying work.

Recording cave dimensions
• Along both sides, starting at node 1, take and record a compass bearing from each node to the next. 

Also record the distance in  metres of each node along the marker tape. Take bearings to the nearest 
degree.

• Measure cave widths from side 1 only. From each node on side 1, measure and note the distance and 
bearing across the floor to a recorded point on side 2 (either a node or a noted distance along the tape).

• At each node on both sides, measure and record the height from the floor to the reference line.
• At each node, measure (if possible) or estimate the vertical distance from the floor to the maximum 

ceiling height.
• Draw a plan view of the floor indicating the position of the reference line tapes, nodes and pitons. 

Also note major substratum types and discontinuities along the floor on the same plan view.
• On both sides describe the wall profile from floor to maximum height in  terms of inclination, i.e. ver­

tical, sloping or overhanging, w ith estimated heights and clinometer measurements.
• At intertidal sites, determine the height of the cave on the shore (to side 1, piton 1, or to the surface 

of a rock pool in  the entrance) by levelling. Also draw a profile of the cave floor by levelling inside 
the cave.

For further information please refer to Environmental and Resource Technology Ltd (2000) or Ellis 
(1988).
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Data analysis
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A plan view and side 1 and side 2 elevations of caves can be drawn from the dimensions and compass 
bearings taken during fieldwork (Figures 1 and 2 for examples). In addition, the length to w idth and 
length to height ratios can be calculated, which give an indication of the overall form or proportions of 
the cave.
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Figure 1 Plan v iew  o f a  sa m p le  cav e  sh o w in g  th e  lab e llin g  o f n o d es  an d  su b s tra te  ty p es
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Figure 2 S am p le  d iagram  of a cave  wall sh o w in g  c h an g es  in e leva t ion  a n d  p l a c e m e n t  of  nodes

Accuracy testing

When possible, drawings should be validated by a co-worker with an understanding of the methodology.

QA/QC

Check before leaving for survey work that there are sufficient pitons and length of measuring tape for a 
range of cave sizes and complexities. Also ensure that all other relevant equipm ent is present and in 
working order.

Use local guides or detailed maps to find the correct location of a cave before commencing surveying. 
This is especially im portant for sublittoral caves which can be hard to find without specialist local 
knowledge

The location of the cave should be recorded along with the projection or geographical coordinates 
used, e.g. OS grid or latitude and longitude. All locational information should be stored in  a safe place 
with shared access so as to aid returning surveyors in subsequent years.

W hen laying the reference line ensure that the measuring tape is kept taught and does not stretch, so 
as to maximise the accuracy of the measurements.

It is worth noting that the m inim um  survey standards required by the British Cave Research 
Association and the Australian Speleological Federation are a survey using a compass and tape traverse, 
direction recording w ith a calibrated compass, vertical angles recorded w ith a calibrated Abney level or 
similar clinometer, and distances m easured using metallic or fibreglass tape or tacheometry. This is 
especially im portant if details of the survey are to be disseminated for wider use than purely m onitor­
ing work.

Always specify which units the cave will be m easured in  -  they should be SI units, i.e. length in 
metres or centimetres and plane angles in  degrees. A suitable scale should be used and noted on the dia­
gram. The ratio of 1:200 is regarded as the common standard scale by speleological groups.

Ensure that drawings and measurements are correctly transposed from field notes and that the posi­
tions of the nodes are accurately recorded.

Data products

• plan and elevation views of caves
• records of substrates present
• cave length to height and length to w idth ratios
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Cave dimensions can be entered into cave surveying software which can generate 3D images of 
caves. For further information please refer to the following websites: 
http://members.aol.com/caverdave/CPHome.html -  Cave Plot homepage 
http://therion.homepage.com/ -  Therion homepage 
http://www.survex.com/ -  the Survex Project

Cost and time

Individual surveys should only take half a day to execute and require teams of at least two people for 
both littoral and sublittoral caves. Equipment for surveys may require some investment to provide the 
more technical pieces such as a clinometer or theodolite. There are also boat costs and diving equip­
ment to be considered when surveying sublittoral caves.

The checking, verifying and drafting of cave plans should only take a few hours so long as the ind i­
vidual is familiar with interpreting compass bearings and able to scale the measurements correctly. The 
task should not require specialist staff unless there is a substantial cave complex with many changes in 
inclination, etc.

Health and safety

Personnel working in  caves m ust never work alone and m ust wear appropriate safety equipm ent as out­
lined in  the equipm ent section. Caves are dangerous, and those surveyed for monitoring purposes are 
unlikely to have been made safe by local authorities. Therefore, care m ust be taken when entering a cave 
for the first time and note taken of overhead hazards and the possibility of falling rock.

In addition to this, littoral sea caves are likely to have slippery rock surfaces due to the presence of 
algae, and extra care m ust be taken when moving around. Considerable care m ust particularly be taken 
in remote areas where tidal immersion could occur before emergency assistance arrives. Field staff 
should carry a radio/mobile telephone to ensure the emergency services are notified promptly.

Surveying of sublittoral sea caves will involve SCUBA diving techniques. All diving operations are 
subject to the procedures described in  the Diving at Work Regulations 1997 and m ust follow the 
Scientific and Archaeological Approved Code of Practice. Divers may require specific training in  cave- 
diving procedures to ensure their safety when surveying caves.

References

Environmental and Resource Technology Ltd (2000) Establishing a monitoring programme on caves in Berwickshire 
and north Northumberland cSAC. Unpublished report to the UK Marine SACs project. English Nature, 
Peterborough.

Further read ing
Ellis, B (1988) A n introduction to cave surveying. British Cave Research Association.

Related w ebsi te s
http://www.bcra.org.uk -  British Cave Research Association
http://www.bcra.org.uk/csg -  British Cave Research Association cave surveying group
http://rubens.its.unimelb.edu.au/~pgm/asf7stdsurv.html -  Australian Speleological Federation Cave Survey and 
Map Standards
http ://www.sat.dundee.ac.uk/~arb/speleo/spfseminar96/survey.html -  Expedition surveying guide

2 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997. ISBN 0 11 065170 7 
See: http://www.hse.gov.uk/spd/spddivex.htm

3 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997.Approved Code of 
Practice and Guidance - L107. HSE Books 1998. ISBN 0 7176 1498 0.
See: http://www.hse.gov.uk/spd/spdacop.htm - a

http://members.aol.com/caverdave/CPHome.html
http://therion.homepage.com/
http://www.survex.com/
http://www.bcra.org.uk
http://www.bcra.org.uk/csg
http://rubens.its.unimelb.edu.au/~pgm/asf7stdsurv.html
http://www.sat.dundee.ac.uk/~arb/speleo/spfseminar96/survey.html
http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm
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Procedural Guideline No. 3-1 
In situ intertidal biotope recording

Gabrie l  le W y n  a n d  Paul Brazier, C o u n t ry s id e  Counci l  for W a l e s 1 

Background

CCW has been engaged in  a programme of survey and m apping of biotopes in the intertidal zone around 
Wales since 1996. This programme was initially stim ulated by the EC Habitats Directive SAC designa­
tion requirements , since im plem entation of the directive in  the UK requires that appropriate adjacent 
intertidal land m ust be notified as a Site of Special Scientific Interest (SSSI) before it can be included 
as part of an SAC.

Monitoring and surveillance using intertidal m apping techniques on rocky shores was trialed in 
Pembrokeshire following the Sea Empress oil spill (Bunker and Bunker 1997). In this work, biotopes 
were described spatially and boundaries determined. Bunker (1998) concluded that although intertidal 
Phase 1 m apping was not originally designed for surveillance or monitoring, the m apping and record­
ing of observations on biotopes can have a useful role in  surveillance and, additionally, in  the planning 
of monitoring strategies.

The resolution of intertidal m apping (on which this procedural guideline is based) lies between Phase 
1 terrestrial m apping (JNCC 1993) and Marine Nature Conservation Review (MNCR) Phase 2 marine sur­
vey methodologies (Hiscock 1996). During intertidal mapping, surveyors walk along the shore in  order 
to identify and map the extent and distribution of biotopes. Biotope identification is carried out in  the 
field and, in addition, species lists are taken where necessary. The technique has been developed to 
enable rapid survey of the coastline (average 0.17km2/hr for a pair of surveyors).

The survey technique outlined below was developed as part of the UK Marine SACS Project and test­
ed in  the M awddach Estuary, west Wales. Biotopes were identified at designated sampling points laid 
out in  a 200m grid over the site because of the inherent problems associated w ith repeatable boundary 
determination in those communities. The scale of the grid was set so that all the major biotopes in  the 
estuary (those biotopes that make up a substantial proportion of the site and are important to the fea­
ture) would be visited five times, and all the m inor biotopes (those biotopes that are locally rare or, 
though otherwise important, are not adequately covered by the grid) were visited twice.

Purpose

The strategy outlined here has been designed to provide a means of measuring certain attributes, with 
consideration of the scale and resolution at which Phase 1 survey can be achieved. The grid sampling 
strategy provides sufficient distributional information on biotopes to be able to draw conclusions about 
the following:

• distribution of selected biotopes/biotope types throughout a site
• relative proportion of selected biotopes/biotope types throughout a site
• presence/absence of selected biotopes/biotope types throughout a site

A dvantages

• a rapid m ethod for monitoring certain attributes of a site
• no expensive or specialist survey equipm ent required

1 Plas Penrhos, Ffordd Penrhos, Bangor LL57 2LQ, UK
2 A fuller description of this methodology can be found in the CCW Handbook for Marine Intertidal Phase 1 

Survey and M apping  (Wyn et al. 2000), and summarised in Procedural guideline 1-1.
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• an inexpensive and straightforward m ethod for monitoring certain attributes of a site representing a 
fraction of the costs of more detailed Phase 2 survey

• no expensive post-survey species identification and data analysis required
• no assumptions made about the accuracy w ith which biotope boundaries are marked or about the sta­

bility of biotope boundaries over time

D isadvan tages

• resolution of in situ recording may be inadequate for some monitoring objectives
• no quantitative samples taken that can be re-examined at a later date
• depending on the monitoring objectives and survey strategy, some habitats or biotopes may be over­

looked without initial, more detailed baseline survey of the monitoring area
• no map with accurate boundaries can be drawn from the data

Equipment

The following are required in  the field:

• clipboard
• map of site with grid points and their co-ordinates marked
• waterproof survey forms, rubber and sharpener
• Ordnance Survey map
• lam inated MNOR biotope manual
• collecting equipm ent for voucher specimens (small pots and labels)
• camera (weather-proof)
• safety equipm ent including mobile phone, PPE (including a dry suit), first aid kit, and flares
• tide tables
• spade and 0.5mm m esh sieve for sediment shores
• differential/non-differential GPS

Further equipm ent required for post-survey analysis includes simple word-processing and spreadsheet 
software packages.

Personnel/t im e
The minimum survey team requirements are for:

• two staff (for safety reasons); of whom
• both need to be experienced intertidal surveyors familiar with the application of the biotope classifi­

cation to the intended survey locality.

Method

An evenly spaced grid of sampling stations is set up across the site from high water springs down to low 
water springs; this process is a simple operation for a Geographical Information System. If an existing 
biotope map is a available, the grid can be scaled to allow for at least five sampling stations on each of 
the major intertidal biotopes (from Connor et al. 1997).

Prior to the survey a risk assessment is completed, information is gathered on times and height of 
tides, and a map and table of the locations of the grid sample stations on the site are prepared. Access 
points, land ownership and local knowledge of the conditions on the site m ust also be collated.

The survey should begin at least two hours before spring tide low water (daylight permitting). This 
provides a sufficiently long time in  which to work. The actual route taken across a site depends upon 
the topography and the tidal regime that exists at that site. Each intended grid sample station is located

3 See Procedural guideline 6-1.
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using a differential Geographic Positioning System (GPS) accurate to w ithin 1 metre.3 The sample sta­
tion number, GPS position, habitat and biotope details are recorded on a standard pro forma for each 
sample station. Different habitat types are surveyed as follows:

• Sediment biotopes. These are sampled w ithin lm 2 of the grid station and sieved in situ. This involves 
collecting two spade loads (approximately 0.02m2) of sediment, dug to a depth of 20-25cm and sieved 
through a 0.5mm m esh sieve. At some sample stations it may be necessary to repeat where infauna are 
scarce. Species present and their abundance are recorded. Specimens are taken of species that are con­
sidered im portant to identify the biotope and not identified in  the field. These are subsequently iden­
tified in  the laboratory. For conspicuous species such as bivalves and Arenicola marina, it is straight­
forward to count the number of individuals per m 2. For bivalves such as Macoma balthica this will 
involve digging over lm 2 (or 0.1m2 if there are high densities). The presence of Cerastoderma edule 
can be gauged by dragging the tip of a spade through the surface of the sand and ‘feeling’ the shells 
immediately below the surface. For Mya arenaria and Scrobicularia plana surface siphon holes per 
m 2 are counted. For A. marina surface casts per m 2 are counted.

• Rock and mixed biotopes. The species found and their abundance are recorded w ithin lm 2 of the 
sample station and a biotope code assigned using the Marine Biotope Classification for Britain and 
Ireland.

• Saltmarsh grid points. Grid points falling w ithin higher and pioneer saltmarsh communities are sam­
pled in  one of two ways. If the lm 2 around the sample station contains more than 5% cover of salt­
marsh plants then it is classed as saltmarsh and the epifauna/floral species, their abundance and per­
centage cover are recorded but the sediment infauna are not sampled. If, however, the lm 2 contains 
less than 5% cover of saltmarsh plants the infauna and surface species are recorded as for other sedi­
ment biotopes. In all cases, the abundance and % cover of saltmarsh species is recorded. The distinc­
tion above is necessary in  order to ensure consistency of recording in  a time series, i.e. ‘saltm arsh’ is 
still the same entity from one monitoring episode to another. There does not appear to be clear guid­
ance on this w ithin the NVC classification for coastal vegetation communities (Rodwell 2000).

• Submerged sample stations. Due to the dynamic nature of a site, the channel position w ithin it may 
change over time. This means that some sampling stations from a previous year may be submerged or 
visa versa. Grid sample stations falling w ithin the river channel are not sampled and account m ust be 
made for this during subsequent analysis of the data.

Additional information of the more widely dispersed species and habitat details are recorded from a 
5m radius around each sample station. Some sample stations may initially be located in  areas of small- 
scale heterogeneity. On such occasions, biotope features are recorded as usual, from w ithin a 5m radius 
of the sample station, but are restricted to the specific biotope present at the exact centre of the sample 
station. For example, a grid sample station located on a lm  wide strip of sheltered littoral rock with 
Pelvetia canaliculata (SLR.Pel) would involve a search 5m either side of the station for additional 
species but not above in  the lichen zone and not below in the Fucus vesiculosus zone. Similarly, this 
system of recording was applied to areas of sediment w ith steep profiles, where biotopes were arranged 
linearly and changed w ithin small spatial scales (e.g. saltmarsh channel banks).

The following points should be taken into account during survey:
• Monitoring of sediment sample stations should not be carried out in  or immediately after heavy rain 

due to the loss of surface features.
• A sufficiently large volume of sediment should be sieved to adequately characterise the biotope. This 

is im portant to account for the more dispersed but diagnostic infauna.
• The survey should be carried out between April and October and during periods of spring low tides.
• Surveyors should familiarise themselves w ith all intertidal and sublittoral fringe biotopes and espe­

cially w ith those previously recorded from the site.
• Estuary sediments are prone to disturbance by erosion and deposition, sometimes in  direct response 

to hum an activities. If a sample station is too disturbed or unstable then it will be unsuitable for 
biotope identification and should be recorded as such.

• Further sample stations may have to be added to ensure that there are sufficient numbers of both the
major and minor biotopes chosen for a site in  order to achieve monitoring objectives. Sampling may
need to be stratified to adequately represent the biotopes to be monitored.

• For monitoring sediment biotopes, infaunal species collected in  the sieve should be recorded as 
actual or estimated numbers, not as abundances which are less precise.

4 Using the most recent version: Connor et al. (1997) at the time of printing
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• The impact of sampling should be considered in  the sampling strategy. Good practice is to fill in  holes 
at sediment sample stations to minimise the impact from monitoring. Additional considerations must 
be made for sensitive or lim ited habitats such as saline lagoons.

• For inter-survey consistency, the same version of the national biotope classification m ust be used to 
avoid ‘translational’ difficulties between Phase 1 datasets in a monitoring time series.

• For more precise identification of biotopes at a particular site, it is advisable that the survey team clar­
ify the key habitat and species characteristics of each biotope w ithin the specific site in  order to 
improve the differentiation of biotopes. This can be done by writing an additional (location specific) 
paragraph in  the biotope description that explains local variation of the character of the biotope from 
the national character.

Data analysis

The analyses that are completed will be specific to the objectives of the monitoring programme, but 
would be expected to include a measure of the different proportions of biotopes or biotope types and an 
account of changes found across a time series.

Accuracy

Survey results should always be produced with as m uch accuracy and consistency as time and 
resources will allow. If there is a detailed and accurate baseline map of the site, then the accuracy of an 
intertidal biotope survey can be validated against this at the time of preparation of the baseline data. 
Inaccuracies during surveys should be presented and discussed in  full in  the survey report and the 
validity of the results assessed in  view of them.

QA/QC

W hen planning any survey, it is vital to include provision for quality control (QC). QC depends upon 
ensuring good survey technique and standards through training and quality assurance procedures. Good 
survey technique relies on accurate identification of species and biotopes, precise orientation skills, 
attention to detail and thorough survey preparation.

Verification of species identification w ith the specimen collection and biotopes identified on the shore 
must be carried out to ensure the quality of the data.

To ensure consistency, surveys (in whole or part) should be repeated periodically. This procedure can 
be used to identify aspects for improvement as well as providing an understanding of the limits of the 
methodology. Initially, repeat surveys should be done frequently to ensure consistency and accuracy 
between surveyors and to remove any problems associated w ith a new survey method. Once survey 
teams are fully experienced, a proportion of their work should be checked: about 5% of sites in-house 
and 2% by experienced external surveyors.

Data products

Data products are likely to be datasets held on database or GIS, according to the monitoring objectives.

Cost and time

The survey of the M awddach estuary in 1999 required a mean effort of 7.5 person-minutes per station 
in  contrast to 48.9 person-minutes per station for a quantitative survey using cores. The following cost­
ing/timing was incurred during the survey of 141 sample grid points in  the M awddach estuary.

5 Wyn et al. (2000)
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Initial Phase 1 survey: 30 person days
Methodology and specification development: 5 person days
Survey on foot: 32 person days (2 persons x 16 days)
Additional boathandler: 1 person day 
Survey preparation: 1 person day 
Survey write up: 10 person days
Total 44 person days (excluding the development and initial phase 1)

Health and safety

Due to the dangers of working in  the marine environment and the amount of data to be gathered, sur­
veyors should always work in pairs. The Ione worker policy should be adhered to in  order to provide 
additional backup should both surveyors become trapped or incapacitated. Risk assessments should be 
prepared for each location to be surveyed in  order to account for local conditions.

In addition, safety m anuals issued by the UK government conservation agencies provide advice and 
recommendations for shore survey work, as well as for dealing w ith w ild and domestic animals; infor­
mation is also provided about first aid for sunburn, heat exhaustion and hypothermia.
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Procedural Guideline No. 3-2 
In situ survey of intertidal 

biotopes using abundance scales 
and checklists at exact locations

(ACE surveys)
Keith Hiscock,  MarLIN1

Background

This m ethod is adapted from standard Marine Nature Conservation Review procedures (Connor and 
Hiscock 1996).

Purpose

To provide as accurate an estimate as possible of the abundance and species richness of intertidal 
biotopes at exact locations. It is applicable to the following attributes.

Surveys that record the abundance of species at particular locations will be appropriate to assessing 
quality in  terms of species richness and the abundance of species. A generic attribute is the maintenance 
or increase in species richness in  the biotope and/or abundance of key (rare, fragile, declining or repre­
sentative) species in  biotopes, subject to natural change.

This m ethod can also establish or re-establish the species that are present in  biotopes at a site, includ­
ing their abundance.

A dvantages
Records are obtained rapidly and, if significant change is suggested, a check can be undertaken imm e­
diately for possible reasons. More species can be discerned in situ than by video or photographs. The 
records are sufficiently detailed to analyse against other biotope records in  order to assess species rich­
ness or the presence of unusual features or rare/scarce species using the MNCR database.

D isadvan tages
Abundance scale results are not amenable to statistical analysis. Worker variability can be high using 
this technique. There is no video film (but there may be still photographs) to check back to if change is 
suggested and results need validation.

Logistics

Equipm ent

• appropriate transport and safety equipm ent
• checklist of species to be searched for and recorded with indication of abundance scale to be used for each

1 Marine Biological Association of the UK, Citadel Hill, Plymouth, PLI 2PB, UK.
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• ‘crib notes’ or sketches to assist identification of ‘difficult’ species
• abundance scale.
• writing boards
• spade and fork (for sediment shores)
• collection equipm ent (reference specimens)
• camera (for site location pictures, illustrative recording or checking of records)
• digital camera (if features are to be identified on photographs for relocation but not perm anently 

marked)
• hand-held GPS for location of site 

Personnel
Experienced marine biologists able to identify the conspicuous species likely to be present (separate 
botanist and zoologist advisable where plants and animals are present).

Method

Baseline survey or rep ea t  m onito ring
Locate survey stations according to the key site attributes which have been identified and/or to repre­
sent the m ain biotopes present. At the precisely located survey station(s) record the type of shore sub­
stratum present and the abundance of all conspicuous species but ensure that especial attention is paid 
to those on the check list including recording estimates of density or percentage cover where possible.

Inspection survey
Inspection surveys are a rapid check allowing several sites to be assessed in  the course of one low tide 
period. Locate the survey station precisely. Check the species present and their abundance against the 
results of the baseline or previous monitoring survey. If any species appear to be present in  greater or 
lesser abundance or are not previously recorded, carefully estimate their percentage cover or density 
and abundance.

Field te c h n iq u es
The site m ust be marked or capable of easy identification (for instance, a particular overhang or boul­
der can be identified from a photograph). Marking can be temporary and included in  location photo­
graphs (chalk marks, tape measure laid on a transect, etc.) or perm anent (for instance, drill holes in  the 
rock, metal studs embedded in  plastic plugs or resin -  but not protruding bolts which may be danger­
ous to walkers). If the field recorder cannot identify a species, discretion can be used in collecting a 
small sample or photographs can be taken. The field recorder should estimate density or percentage 
cover of taxa in  the field rather than try to remember the abundance scale. The abundance scale to be 
used for each species m ust be indicated on the checklist. Repeat photographs m ust be taken from the 
same angle of the same area as the first survey.

2 This will be an Ordnance Survey six-figure grid reference for the site supported by photographs and sketches of 
the shore as required to show exact location of each survey station. On rock, the survey site must be located 
exactly and this might require marking (see below). The area of rock to be included must be stated (for instance, 
‘in a rectangular area 5m either side and lm  below the marker hole on the shore’). On sediment shores, a dGPS 
might be required or transit marks on shore features (not usable in misty conditions). A survey brief might be, for 
instance: ‘Record the abundance of epifauna over lOm^ (3.16 x 3.16m) and infauna by digging over at least lm ^ 
from the m uddy sand avoiding areas of standing water. Use a riddle to sieve sediments from digging-over.’

3 These will be key or characteristic species or species of particular conservation importance. For instance, in the 
littoral fringe on a rocky shore, Pelvetia canaliculata, Lichina confinis, Verrucaria maura, Chthamalus stellatus, 
Elminius modestus, Lasaea rubra, Patella vulgata, Melarhaphe neritoides, Littorina neglecta and Littorina sax­
atilis might be checklist species -  none are rare or unusual or of particular marine natural heritage importance 
although increased abundance of Chthamalus stellatus might suggest warmer conditions. Including Lasaea rubra, 
which is <2mm in size, ensures that it is properly searched for. On a lower shore sandflat, there might be a spe­
cial requirement to search for rare or unusual species such as the sea urchin Spatangus purpureus, and so on.
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Laboratory te c h n iq u es
Identify specimens and transcribe notes to record abundance of conspicuous species on MNCR record­
ing forms. Note actual records of density or percentage cover if taken. Process photographs to check 
species identification and abundance against completed forms if necessary.

Data analysis

Enter data, including digital photographs, into an appropriate database, e.g. Recorder 2000. Compare the 
data w ith that from previous visits. Consider if differences suggested are likely to be real. All differences 
of more than one abundance grade should be significant if care has been taken to exclude worker inac­
curacies. If data are entered during the field survey directly into the database, comparison w ith previ­
ous records and w ith other locations can be undertaken immediately. The abundance scale m ust include 
specific reference to each species included in  ACE survey at a location.

Accuracy testing

Trials have shown that, if the field worker does not concentrate hard to estimate density or percentage 
cover, considerable differences (± two abundance categories) can result. Some differences of interpreta­
tion also occur, particularly w ith regard to percentage cover, and careful reading of the abundance scale 
instructions are required. Species may not be spotted or recorded unless the field worker is aided by a 
checklist (produced from previous survey of the same site). Rare species are often observed by chance 
and comparison of records may suggest spurious differences in  presence between visits.

QA/QC

• At the start of a survey, comparative exercises to calibrate worker variability in  both identification and 
estimating abundance are to be undertaken.

• All of the species to be recorded m ust be indicated on the abundance scale.
• Re-survey to be undertaken at the same time of year as the initial survey.
• Quadrats are to be used to aid accuracy of estimating density.
• Recording is to be backed up w ith photographs.

Data products

• Database records of abundance scale ratings for conspicuous species and those of conservation im por­
tance.

• Photographs of survey locations.
• Records of survey points w ith co-ordinates4 and associated notes.

Cost and time

Fieldwork
About 15 m inutes per station. Surveys might record from one site on the falling tide and one on the ris­
ing tide so that workers might be at sites for four hours per tide.

4 Recorded using dGPS -  see Procedural Guideline 6-1.
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Laboratory
Depends on how many specimens require identification but results should be written-up on the same 
day as the survey.

Health and safety

• Particular care is to be taken to avoid being cut off by the tide.
• Work should not be undertaken alone.
• Risk assessments m ust be addressed for the specific locations where survey is being undertaken.
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In situ survey of subtidal 

(epibiota) biotopes and species 
using diving techniques

Rohan  Holt  a n d  Bill Sanderson ,  C o u n t ry s id e  Counci l  for W a le s 1 

Background

These methods are adapted from standard Marine Nature Conservation Review procedures (Connor and 
Hiscock 1996) and methods developed during monitoring trials in  1998-1999 (Sanderson et al. 2000).

In order for data to be analysed over a time series and to m onitor biotope/species richness, it is con­
sidered necessary to account for or standardise recording effort because the number of biotopes/species 
recorded will be linked to effort (see species-effort curves, e.g. Hawkins and Hartnoll 1980). Similar 
rules apply to counting individuals of one species. Effort recording through, for example, tim ed swims 
is too inexact because divers would see more or less depending on the visibility, and swim at different 
speeds and travel differing distances depending on fitness and any prevailing current at the time.

Effort lim itation has previously been utilised by divers for benthic survey for recording species (e.g. 
see Wilson 1994). Here, a modified version of a technique used by Wilson (1994) is described (Figure 1) 
that has a number of applications relevant to biotope and species monitoring and/or surveillance.

Purpose

• identification of biotopes
• gathering data to describe biotopes/biotope composition
• determination of an index of biotope richness w ithin a defined area
• determination of an index of species richness from w ithin a defined area
• describing the extent and distribution of biotopes
• describing the extent and distribution of species
• describing the extent and distribution of other seabed features (e.g. burrows)

Note that a combination of the above can be nested w ithin one survey. For example, the prim ary aim 
may be to gauge biotope richness w ithin an area, but with suitable adjustments to the methodology, the 
data can also provide biotope descriptions, species richness and biotope distribution.

Logistics

Equipm ent
• Appropriate transport -  inflatable boats or RIBs (Rigid-hulled Inflatable Boats) are adequate for most 

diving operations.
• Diving equipm ent and safety equipm ent (e.g. full diving kit, surface marker buoys, nitrox breathing 

gas if appropriate).

1 Plas Penrhos, Ffordd Penrhos, Bangor, Gwynedd, LL57 2LQ, Wales.
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• Position locating equipm ent and/or notes (e.g. dGPS co-ordinates and transit marks).
• Checklist of species (e.g. MNCR form") and abundance scales.
• Writing boards (perhaps w ith waterproofed checklist, abundance scales and guidance notes attached).
• Collecting equipm ent for reference specimens (plastic bags, lidded buckets, fine net).
• Stills camera/video camera to supplem ent written records.
• Seabed guide ropes, ‘roll-out transect’ equipm ent or similar for effort-limited survey technique (Figure 

1). The pole is designed to measure a fixed transect w idth and therefore, in combination with the fixed 
distance travelled, lim it the area surveyed. In field trials in  North Wales the guide pole length was 
chosen to be 3m because the visibility was unlikely ever to be worse than 1.5m (each diver would 
need to be able to survey the area on one side of the pole). Visibility could therefore be eliminated as 
a major source of variance over a time-series of data. The actual length of the transect should be based 
on previous experience and survey at the site. In Pen Llyn cSAC, for example, previous studies 
(Brazier et al. 1999a; Bunker 1999) suggested the total intended survey area of 150m2 (50 x 3m) would 
be sufficient to record adequately at least one biotope (probably two).
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Figure 1 An effort-limited diver survey t e c h n iq u e  -  th e  b o x  e n c lo se d  by th e  do tted  lines represen ts  the  a rea  surveyed.

Personnel
All divers to be fully qualified (see ‘Health and safety’) w ith appropriate experience in  biological record­
ing. M inimum team size three in  benign conditions; normally four for most survey situations.

2 A copy may be downloaded from: http://www.jncc.gov.uk/

http://www.jncc.gov.uk/
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Best t im e  of yea r  for sam p ling
Calm conditions, reasonably clear water (suggest 1.5-2m  minimum  underwater visibility), and little or 
no current are ideal, although not always practicable or attainable at all locations. The best times of year 
for suitable conditions tend to be spring, summer and autum n on open coasts (although consider the 
impact of springtime plankton blooms in  some locations). Strongly tide-swept areas should be surveyed 
at the time of slack water -  the duration of which is normally (but not always) longest during neap tides.

The timing of a survey should also consider seasonal changes in  the benthos. For example, hydroids 
and bryozoans may be heavily grazed late in  the summer and red algae may be obscured by growth of 
epiphytes. Repeat surveys as part of a time-series data set should be collected at the same time of year.

Method

Site location
This depends on the m ain purpose of the monitoring exercise. Sites may be chosen to target particular 
habitat types (e.g. by referring to charts or AGDS or sidescan survey maps) or chosen via a random /sem i - 
random (stratified random) technique, for example, as part of a sampling strategy to investigate biotope 
richness.

GPS/DGPS co-ordinates are normally used to locate previously unm arked sites at sea. A buoy attached 
to a weighted shotline, supplem ented w ith a small anchor, should be used in order to deliver the divers 
as close as possible to an unm arked seabed location, particularly where currents and/or deep water are 
anticipated. Exact location/relocation of a subtidal site far away from surface features (e.g. the shoreline) 
is not possible w ithout deploying perm anent markers and guidelines (see site marking PG) and there­
fore is not normally considered practicable for this type of survey.

Diving survey
See Figure 1.

A pair of divers descend the shotline down which the tape and guide pole have already been deployed 
(see also Figure 4).

The divers then begin surveying as they reel out the tape from a pole travelling in  a straight line. A 
compass fixed to the centre of one side of the transect pole can be used to assist in  ‘hands-free’ naviga­
tion (Figure 1).

Species and abundances are recorded in situ using standard recording protocols (see Hiscock 1996). 
The level of detail to be recorded by the divers m ust be decided before they start the survey. For exam­
ple, they can lim it recording to the most conspicuous and characterising features of a biotope, or even 
count single species w ithin the boundary of the transect. This may be particularly im portant for saving 
time, to ensure that even the deep sites are surveyed completely. It may be appropriate to develop a 
checklist of species to assist recording.

If recording biotope richness the divers will have to make judgements on where one biotope ends and 
the next one begins (and w hen they are in  ‘transition zones’) and also make decisions on whether they 
are surveying from w ithin a definable biotope. This decision is aided by applying a simple rule: only 
record biotopes that exceed a m inim um  area (e.g. biotopes that cover less than 5m2 are disregarded). 
This avoids creating ‘new ’ biotope records for small features such as the epifauna found on a few scat­
tered boulders (although their presence can be noted) or when a transition occurs in  the last metre of a 
transect.

On completion of the transect the pole and line are sent to the surface using a 25 kg lifting bag/mark­
er inflated by the divers. The divers are then free to make their ascent utilising their own surface 
marker buoy (Figure 2).
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Figure 2 R ecovery  of the  transec t  e q u ip m e n t
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Figure 3 The effort limited transec t  m odified  for t id e sw ep t  c o nd it ions

A variation of this m ethod could be used in  moderate tidal streams, whereby the divers hold on to the 
ends of the pole and face each other. Providing the current is not too strong to prevent the divers m ain­
taining station on the seabed when required, records can by made as the current carries the divers over 
the seabed (Figure 3). A small anchor is used to supplem ent the shot weight and therefore prevent the 
divers dislodging the shot from its intended position (Figure 4).



Procedural Guideline No. 3-3 In  s itu  survey of subtidal (epibiota) biotopes and species using diving techniques 237

SurltKL!

U l A  Hlfc.ll

/
í k  t u  u n i t i n g

/
ƒ
i

A lu D im u n L  lo o p  I m i n u i  g i-n
— ——— t  /  A

* 3 r I
/  Ohm

. ^ V . ^ T T T l '  . . . i .  + L.  . , +  + . . .  M .J r 111 ! i .

Figure 4  Modified  d e p lo y m e n t  of  the  effort-limited survey tec h n iq u e

Data analysis

Data can be transferred to standard recording forms (e.g. the MNCR forms -  Connor and Hiscock 1996) and 
later entered into a database (e.g. the MNCR database -  MacDonald and Mills 1996, or Recorder 2000).

Accuracy testing

Biotopes assigned in the field should be carefully re-examined by an experienced operator to ensure that 
all biotopes have been correctly assigned to the national classification (Connor et al. 1997) and/or a 
regional classification. It may be necessary to adapt the national biotope descriptions to fully reflect 
their representation w ithin an SAC to overcome any ambiguities between biotopes, and thereby improve 
the accuracy of sample assignments.

QA/QC

The subjective element of abundance scale data can lead to inter-recorder variability and therefore are 
not appropriate for species monitoring/surveillance, even if the survey m ethod has been effort lim ited 
in some way (Hiscock 1988).

Where the objective of a transect survey is to record sufficient information to identify' biotopes pres­
ent (and not necessarily describe or create biotope descriptions), specimen collection and recording of 
minor components of the fauna and flora will not be necessary (but can be conducted if time allows). 
However, specimen collections will be necessary when detailed records are required and w hen ‘new ’ 
species or species difficult to identify in situ are encountered.

Expert knowledge is required (see Connor and Hiscock 1996) if the aim of the survey is to identify all 
conspicuous macrofauna. However, surveillance and monitoring surveys, depending on their aim, do 
not necessarily require every species to be identified. Less taxonomic expertise is required if the aims 
are simplified so that the surveyor needs only to record a few species. For example, a relatively inex­
perienced surveyor (although nonetheless an experienced diver) can be quickly trained to identify a few 
key species of sponge, alga or ascidian (e.g. using the checklist idea described by Hiscock 1998).

3 A regional classification must have explicit links to the National Biotope Classification.
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Photography and video techniques can be used as a back-up to the data recorded in  situ. However, tak­
ing pictures can distract a diver from the aim of the survey unless time limits are not an issue (rarely 
the case).

It is necessary to minimise inter-worker variation in  recording techniques and taxonomic identifica­
tion to improve the quality control of records. Methods for reducing such variation include bespoke 
training/fam iliarisation sessions prior to the field recording, clearly defining the recording procedures 
(via a Standard Operating Procedure) and/or using standardised biotope descriptions or species check­
lists.

Data products

Biotope survey data will be in  the form of MNCR Phase 2 recording forms compatible w ith the MNCR 
database. Abundance is expressed as semi-quantitative abundance scales.

Data collected in  other formats, such as counts of individual organisms, can be expressed as counts per 
m 2, actual counts, percentage cover or frequency (see Section 5 in the Monitoring Handbook for the pros 
and cons of each). Such data are more amenable to statistical analysis and tests than abundance scale data.

Cost and time

Cost
The costs of a dive team can vary depending on expertise and whether in-house or contract staff are 
used. The m inim um  team size required for most diving operations is four. The current daily rate 
(Autumn 2000) for an experienced diving marine biologist contractor is approximately £150-300 per 
day. Other costs to be taken into account are transport (vehicle and boat fuel, boat hire/charter or pur­
chase), equipm ent (diving equipm ent and breathing gas) and time taken to train staff to carry out the 
proposed task (whether the training is in  diving techniques or identification skills).

Time
A four-person diving team can normally complete four to six transect surveys in  one day depending on 
depth, duration of slack water, if required, and the time taken to make adequate records on the seabed. 
A 50m X 3m transect over a simple uniform seabed w ith only a few species to record may take around 
20-40 minutes, whereas it may take over 90 m inutes to search for an inconspicuous alga. Ideally the 
objectives and methodology should be adjusted to allow the full transect to be completed w ithin the no­
stop time of the maximum depth likely to be encountered.

Health and safety

Diving survey is lim ited by physiological demands on the diver’s body (a function of time and depth) 
and the risks associated w ith contracting decompression illness (the ‘bends’). Current working practices 
w ithin the country agencies lim it divers to three dives per day (unless working in  exceptionally shal­
low water ~ <6 m -  see Holt 1998). All diving operations are subject to the procedures described in  the 
Diving at Work Regulations 1997 and m ust follow the Scientific and Archaeological Approved Code of 
Practice.

All small boat use should comply w ith existing codes of practice and each diving operation or proj­
ect will require a site-specific risk assessment.

4 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997. ISBN 0 11 065170 7 
See: http://www.hse.gov.uk/spd/spddivex.htm

5 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997.Approved Code of 
Practice and Guidance - L107. HSE Books 1998. ISBN 0 7176 1498 0.
See: http://www.hse.gov.uk/spd/spdacop.htm - a

http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm
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Procedural Guideline No. 3-5 
Identifying biotopes using 

video recordings
Rohan  Holt  a n d  Bill Sanderson ,  C o u n t ry s id e  Counci l  for W a le s 1 

Background

Drop-down video recording techniques have been used in  a variety of applications (Sanderson et. al. 
2000) and are appropriate for the identification of seabed habitats/biotopes when m ultiple deployment 
has priority over the requirement for fine detail. The technique could be described as ‘semi-remote’; the 
operator of the video camera and recording equipm ent does have a lim ited amount of choice over where 
the camera is directed and what footage is recorded compared to a ‘b lind’ remote technique such as grab 
sampling or towed video. As the operator has considerable influence over what is recorded he or she 
m ust have an appropriate knowledge of benthic communities and a sound understanding of the aims of 
the survey. The deployment protocol should take into account the variable nature of the seabed but at 
the same time set m inim um  requirements for obtaining footage with a combination of images using the 
camera held both close to the seabed and suspended a few metres above it for each habitat/biotope. It 
is also advisable, when establishing a programme of monitoring using drop-down video, to ground-truth 
the video records by either incorporating information from existing in situ survey data (through refer­
ence to regional or local biotopes) or conducting targeted in situ surveys at a similar time of year.

Purpose

To deploy video equipm ent to record sequences of video to identify biotopes or populations of con­
spicuous species.

A dvantages
• Records are obtained rapidly and are stored in a perm anent format that can be reviewed whenever 

required.
• Video images have a wide variety of uses outside the prim ary aim of the survey, e.g. selected still 

images for illustrative purposes or for producing educational and training material.

D isadvan tages
Certain groups of species, such as hydroids, bryozoans and fine algae, are particularly difficult to identify 
from video records (hence the need for ground truthing or prior in situ survey and local biotope descrip­
tions). Similarly other cryptic species, such as Sabellaria spinulosa and species that are best identified in 
situ by their touch (e.g. some of the sand-coated ascidians) are also missed by video unless good close-up 
images are obtained. This can lead to misidentification of biotopes unless appropriate measures are taken, 
such as using experienced surveyors who are familiar with the local area to score video footage.

Applicable to the monitoring of the fo llow ing attributes

• evaluating biotope richness (i.e. number of biotopes)

1 Plas Penrhos, Ffordd Penrhos, Bangor, Gwynedd, LL57 2LQ.
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• detecting the presence of certain biotopes
• estimation of the extent of certain biotopes (as represented along a transect, for example)
• presence of conspicuous (key) species

A pp licab le  to  the  fo llow ing  survey ob jec tives

• inventory of seabed biotopes w ithin a near-shore area
• reconnaissance survey prior to deployment of other methodologies
• ground tru th  AGDS information
• estimating the distribution and extent of habitats
• estimating the distribution and extent of biotopes (primarily epifauna)
• supplem ent in situ diving surveys by targeting specific habitats or biotopes
• making observations beyond the depth limits of normal scuba diving
• estimating biotope richness w ithin a specified area

Logistics

E quipm ent
An overview of a typical drop-down video system is shown in Figure 1.

L i n k i U i |  i p o t f t ,  A upnJotit«
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Figure 1 The m ain  c o m p o n e n ts  of  a d ro p -d o w n  v id eo  sys tem  (not d raw n  to sca le  -  th e  c a m e ra  and  sled a re  sh o w n  at ~6x 
relative size)
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Video format
The choice of recording m edium  is as im portant as the choice of video camera equipment, since this has 
most bearing over post-processing capabilities. There are many different formats of video recording 
media available at present. The more recently developed digital video systems designed for the 
domestic market (e.g. mini-DV or digital 8) or professional Digital S far out-perform older systems, such 
as Hi8, video 8, VHS and SVHS when considering the functions that are required to carefully review 
biological information on video. The higher cost and larger physical size of professional broadcast qual­
ity analogue and digital systems make them less suited for drop-down underwater use. The ‘best’ sys­
tems (in terms of value for money and image clarity and utility) available at present record digital infor­
mation onto a variety of media including tape, laser disc (writeable digital video discs -  DVD) or inte­
grated hard drive. With magnetic tape recording media some degradation of the information on the tape 
can occur over time and therefore it would be unwise to plan archiving digital images on tape alone. 
Information stored on laser disc, providing the discs are protected from physical damage, should last 
indefinitely.

Digital images, in  whatever medium, allow the viewer to freeze-frame, play in reverse, slow motion or a 
frame at a time backwards and forwards, and ‘grab’ video-stills without most of the distortion, flickering 
and ‘noise’ commonly experienced with analogue systems. The rate of image capture will cope with mov­
ing images at low light levels, although blurring will occur if the subject or camera moves too quickly.

Video footage can be played from a videotape recorder/player or camera. Whatever system is used the 
person reviewing the video recording requires as m uch control over the speed and direction of play of 
the tape as possible. Digital images can be viewed on a domestic TV (with an SVHS-in socket if possi­
ble) or run through a computer or editing suite for simultaneous image-grabbing or editing. Simple and 
relatively low-cost editing suites are now available that can cope w ith extracting video clips and stills 
or making back-up copies of tape sequences.

Video camera
Digital video camcorder and professional broadcast quality video camera technology is moving ahead 
so quickly that the prim ary limiting factor for deployment of a drop-down system is obtaining an ‘off- 
the-shelf’ underwater housing that will fit a ‘state-of-the-art’ camera. There are ready made complete 
drop-down systems available, for example the ‘Fishman’ series of drop-down cameras and mini-ROVs 
(remote operated vehicles) made by Q.I. Inc. in  Japan (http://www.qi-inc.com). Providing these are suf­
ficiently rugged for the conditions likely to be encountered, such systems feature camera pan and tilt 
options that provide the user with greater control over where the camera is aimed.

The features found on the Sony VX1000 digital colour camcorder (DCC) used by CCW are shown in 
Table 1. Such features worked well in trials around the North Wales coast (Sanderson et. al.2000) and 
are considered the m inim um  requirement for a system.

Table 1 Video c am era  requ irem en ts

Features

Tape format mini-DV

CCD 800 pixel

Min. illum ination 4 lux

Optical zoom X 15

Digital zoom X 60

Weight 770g

Power consum ption 5W

Operating time 325 min

Audio recording 12/16 bit

DV output IEEE 1394 (Firewire)

A camera with an infra-red (IR) remote control facility can be utilised for surface control of the main cam­
era functions via an umbilical. By building an infra-red sensor into the surface console the control signals 
can be converted into RS485 data format, thus allowing control signals to be passed via data wires in the 
umbilical. Electronics at the camera end of the umbilical convert the electrical signals back to IR pulses.

http://www.qi-inc.com
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Lighting
Even in brightly lit, clear, shallow water, colour at the red end of the spectrum is filtered out leaving all 
images w ith a blue or green-blue cast. Small inconspicuous species such as fine filamentous algae or 
well-camouflaged species blend with their background unless artificial lighting is employed.

Colour-balanced quartz halogen lamps or high-intensity dispersion lights provide the principal illum i­
nation source for the camera. Two or more lights should be attached to the camera housing or its sup­
porting frame in  such a way as to provide even lighting in  the majority of the field of view. Most lighting 
systems can be run from batteries mounted on the video camera housing or frame but far better ‘burn­
tim e’ is obtained by using a low voltage direct current supply from the surface via the main umbilical.

Underwater housing
For drop-down use the ability to control the camera via signals sent down the umbilical is very im por­
tant. Indeed, a simple drop-down system need consist of little more than a fixed-focus housed camera 
tube (i.e. lens and image capturing electronics) on the end of a cable with the power supply and record­
ing facility on the surface. Therefore the specification for a housing can be fairly simple if it is to be 
‘made-to-measure’. A simple housing could comprise a hollow cylinder w ith mounting brackets to hold 
the camcorder, a lens system in addition to that of the camera (normally to w iden the angle of view) and 
control rods/switches to operate the prim ary camera functions (on/off, record, pause, etc.). There is no 
requirement for being able to clearly see the viewfinder in situ (if using a camcorder) and therefore the 
back of the housing can simply act as an attachment point for the umbilical.

There are also many makes of underwater video housing on the market, many of which are reasonably 
easily adapted to working as a drop-down system. Some of the popular models already incorporate con­
nectors for external umbilical cables. Please refer to the end of this guideline for websites where these 
products are available.

Sled design
The housing and lights should be securely m ounted in  a framework that both protects them from dam­
age and orientates them to view the seabed when supported by the umbilical. The frame m ust afford the 
camera an uninterrupted view but at the same time protect the housing and absorb shock if in  collision 
w ith underwater obstructions. The video housing and lighting brackets should allow positioning at a 
variety of angles so that the camera is pitched nose-down to get a close-up view when the frame is rest­
ing on the seabed. The frame should have sled-like runners to allow the frame to be dragged smoothly 
across the seabed, and also a tail fin to orientate the camera to the direction of travel and reduce yaw 
when suspended in  mid-water. Unlike towed camera equipm ent the frame m ust also be light enough to 
deploy by hand, because the ability to react to features underwater as they appear on screen at the sur­
face is fundamental to successful filming. Ideally the frame needs to be constructed from corrosion- 
resistant stainless steel. The attitude that the frame adopts underwater may require trimming with buoy­
ancy cells (e.g. solid foam or small solid buoys) or small bolt-on lead weights to optimise the field of 
view.

The umbilical
Any system that requires images to be viewed in  real time requires an umbilical. An umbilical is essen­
tially a waterproof multi-core cable for transmitting power to the lights and camera, and passing control 
signals to the camera and video signals from the camera back to the surface. Waterproof connectors are 
required at both ends and at junctions in  the cable.

The length and weight of the cable are the main factors lim iting the maximum depth of deployment. 
Video housings can be made to w ithstand the pressure at a depth of hundreds of metres but manually 
hauling more than 80m of umbilical can create difficulties, although more expensive lightweight fibre- 
optic cables are more easily handled than conventional cables. The longer the cable the more drag is 
exerted on it and the greater the signal strength required to and from the camera (see m anufacturers’ 
specifications). For a system that is deployed m anually the cable m ust also bear the combined weight 
of the camera and sled, although a strong point w ith a reinforced section of cable should form the attach­
m ent to the sled so that no strain is placed on the electrical connections. Most sea conditions will pre­
vent a perfectly perpendicular deployment and therefore more cable is required than the depth of water 
below the boat. The system used in  the CCW’s surveys had an umbilical of 100m length, but this was 
difficult to use at depths greater than 60-70m. As a ‘rule of thum b’ allow 1.5-2 times the cable length 
to water depth in  calm conditions and up to three times more in  tidal conditions.
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Peripherals
Real-time viewing is necessary for most drop-down applications. A m onitor should be positioned so 
that both the helm sman and the person handling the umbilical have an adequate view, although in some 
cases an auxiliary output might be necessary for a secondary viewing monitor if the working positions 
of the members of the team are separated. Monitors tend to be difficult to view in strong daylight and 
will require some form of shading (and waterproofing) if used in  an open boat.

Equipment used on the boat should be mounted in  a splash-proof console if the boat is open to the 
weather. All electrical power m ust be suitably fused and protected. High voltage supplies m ust have 
earth leakage circuit breakers and a sea earth m ust be used. Power to the whole system can come from 
m ultiple twelve-volt DC portable batteries (lead-acid rechargeable batteries), a small portable generator 
or from the boat’s own 12 volt supply (via an inverter for any equipment, such as a PC or video recorder, 
requiring voltages higher than the boat’s supply).

Geo-reference capability
The utility of the video record can be greatly enhanced if the exact location (depth, time and position) 
of the camera is known. Geographic co-ordinates (from dGPS data) can be recorded sim ultaneously with 
depth readings from an echo-sounder and logged by a PC. If this information can be superimposed onto 
VHS videotape via an external interface the viewer can effectively geo-reference each frame, although 
attempts to superimpose positional information onto digital video during monitoring trials have so far 
been unsuccessful (Sanderson et al. 2000).

In order for data to be analysed over a time series and to m onitor biotope richness, for example, it is 
necessary to be able to account for or standardise recording effort because the number of biotopes 
recorded will be linked to effort (see species-effort curves, e.g. Hawkins and Hartnoll 1980). Continuous 
tracking of the camera’s whereabouts on the seabed using dGPS allows the user to restrict recording to 
a pre-determined distance. Based on previous experience of diving, effort-limited survey (e.g. Brazier et 
al. 1999a; Bunker 1999, Sanderson et al. 2000), a total survey area of 150m2 (50 x 3m) was found to be 
sufficient for divers to adequately record at least one biotope (probably two) in the tide-swept reefs of 
Pen Llyn a’r Sarnau. This method, adapted to suit the deployment of a drop-down system, required the 
deployment of the drop-down camera over a distance of 100m steered in  a straight line. This suited the 
scale of heterogeneity present on this particular site.

In practice this can be achieved by setting a waypoint on the dGPS (which can be a pre-determined 
buoyed position, for example, chosen at random from w ithin a desired survey area) when the seabed 
comes into view on the video screen. The boat can then be steered or allowed to drift in  a straight line 
away from the waypoint until 100m has been covered as shown on the DGPS (‘distance to w aypoint’). 
If distance over the seabed can in  some way be superimposed on the video tape or synchronised with 
logged positions over time, effort lim itation can also be achieved by random ly selecting sections of 
seabed footage from longer runs.

Alternative measures for recording depth should be considered, particularly if working in  shallow 
water and/or over rugged terrain where the boat’s echo-sounder transducer might not be perpendicu­
larly above the camera. A digital time and depth recorder (e.g. an electronic dive timer) m ounted in one 
corner of the camera’s view could be a simple but effective way of overcoming this problem, although 
this will partially obscure the field of view. Alternatively, the camera and the data logged by a dive 
tim er/tim e-depth recorder (with a computer download facility) attached to the camera frame can be syn­
chronised post-deployment.

Boat requirements
Drop-down video equipm ent can be adapted for deployment from a wide variety of vessels. The fol­
lowing should be considered when choosing an appropriate boat:

• Is it capable of manoeuvring in shallow restricted waters or wherever the equipment is to be deployed?
• Does the boat have a power supply for running the drop-down equipment? If not, can batteries or a 

generator be adequately housed on board?
• Is there suitable dry cabin space or is the boat open to the elements?
• Is there a position on board where the sled and video can be easily deployed without long drops to 

the sea surface or danger from entangling the umbilical w ith other equipm ent/propellers etc?
• Can the helmsman and video operator both see the video image in  real-time?
• Does the vessel carry sufficient safety equipment and comply w ith current workboat codes of practice?
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Personnel
A drop-down video survey ‘team ’ should comprise three people: a helmsman, someone to deploy the 
video and a third to aid w ith navigation, take field notes, control the video recorder and assist with 
deployment and retrieval of the umbilical, sled and camera. It is distinctly advantageous (if not essen­
tial) that the person deploying the video is reasonably familiar w ith the benthic communities in  the area 
so that he/she can react to the presence of inconspicuous, unusual or diagnostic features.

Method

D e p lo y m e n t  of th e  d ro p -d o w n  e q u ip m e n t
(1) Plan to deploy the drop-down video equipm ent at or near to slack water if in  a tide-swept area and 

consider carefully how the prevailing w ind and tidal flow might influence the direction of travel 
during deployment. M anoeuvrability of the support vessel will be dictated by its size, engine type, 
etc., and trying to hold station or move in  a straight line might be impractical at certain stages of the 
tide or if the wind direction is, for example, blowing onshore.

(2) The video recorder, camcorder, GPS/dGPS and data logger/PC all have internal clocks. It necessary 
to synchronise all time-keeping devices to real time (= GPS time) so that any records made w ith a 
time reference attached (whether hand-w ritten or automatically logged) can be easily cross-refer­
enced without having to add or subtract confusing correction factors.

(3) Prior to each deployment the video camera, lights and videotape recorder should all be tested and 
working to ensure all electrical connections are sound and the recording facility is functioning. 
Note that some video lights cannot be switched on for more than a m inute or so as they overheat 
when out of water. This is also the best time to label the leader section of each video run w ith spe­
cific information about the site, date, time and operator. A simple ‘clapperboard’ w ith the relevant 
information written in black on a white background held in front of the camera for about five to ten 
seconds should suffice.

(4) Once the boat is on site (and perhaps anchored if only a small area of seabed is to be investigated) 
the video is set to record and the camera frame lowered overboard by hand and the cable paid out 
until the seabed comes into view. If the boat is moving, perhaps drifting w ith the tide or w ind or 
under power, the operator m ust then respond to sometimes sudden changes in  the seabed profile 
and raise or lower the equipm ent to keep the seabed in  sight.

(5) To record sufficient detail to characterise epibenthic biotopes a combination of wide-angle and 
close-up views of the seabed are required, preferably w ith sufficient pauses to gain good ‘still’ pic­
tures. This can be achieved by devising a flexible protocol to suit the prevailing conditions. For 
example, the camera can be ‘flown’ at half a metre or so above the seabed for ten seconds then low­
ered to touch bottom where, if stationary, it can focus on objects immediately in  front of the lens for 
five seconds. Repeated cycles of ‘hops’ along the seabed should record sufficient detail of both the 
smaller inconspicuous species as well as more widely distributed larger species. An experienced 
operator in  co-ordination w ith the helmsman may also be able to target and home in, to a lim ited 
degree, on new or unusual species. The tem ptation to repeatedly home in on large, bright and 
colourful species, such as dahlia anemones Urticina felina, should be avoided (Figure 2). Such 
species are usually readily identified from a quick glance, whereas less conspicuous species can 
easily be overlooked.

(6) Kelp forest biotopes can be surveyed by slight modification of the above technique (Figure 2). There 
is an obvious danger of entangling the equipment, but careful deployment in calm conditions should 
provide adequate views of the canopy, kelp stipes and understory substratum. To penetrate the 
canopy the camera system m ust be dropped vertically into the kelp, allowed to record images for a 
few seconds then extracted vertically again without dragging the camera sideways.

(7) Once the required distance or time sequence has been completed the camera is retrieved. The dura­
tion of each deployment can either be pre-determined (see effort-limitation paragraph) or can be 
dependent on the length of videotape or duration of the battery, particularly if the recording occurs 
in  a housed video camera rather than at the surface.

(8) A handw ritten field log should be kept of times and positions of deployment. Even if GPS positions 
and depths are being logged automatically, basic details of the start and finish of each particular run 
and how these data correspond to the videotape sequence m ust be recorded. This guards against 
loss of electronic data; a very real possibility when dealing w ith delicate electronic instrum entation 
on board a constantly moving vessel in  a hum id salt water environment.
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Figure 2 Video stills taken from  Pen Llyn m on ito r ing  trials. (A) C o n sp ic u o u s  spec ie s  such  as Urticina felina  an d  britt lestars 
O phiothrix fragilis a re  eas ily  recognised  at a g lance ,  a l though  the  v iew er  is t em p ted  to c o n ce n tra te  on  them . (B) The c a m ­
era c an  b e  low ered  b e lo w  the  kelp  c a n o p y  (in this c ase  the  c a m e ra  has landed  o n  its side). (C) W ith  the  c a m e ra  held ab o v e  
the  seab ed ,  the  ex ten t  of  this mussel M usculus discors b io to p e  c an  b e  seen .  (D) A c loser  v iew  of the  mussel 's  s ip h o n s  in the  
M usculus discors b io to p e  is reco rd ed  by land ing  the  c a m e ra  on  th e  seab ed .  (E) M any  of the  turf-forming b ry o z o an  spec ies  
can  b e  identified from this im age  with  pract ice .  (F) Blurred im ages of th ese  co lon ia l  asc id ians  m ak e  th em  difficult to id e n ­
tify -  th e  c am era  w a s  travell ing qu ick ly  with the  tide.
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Data analysis
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Post p rocess ing  of v ideo

(1) Tapes are scored using freeze-frame, slow m otion or standard play speed as required to identify as 
many species as possible and estimate their abundance (using MNCR SACFOR abundance scales; 
Hiscock 1996). Each video clip should be viewed by a biologist, preferably w ith prior experience of 
identifying species both in situ and off video recordings. Estimates of abundance are made by eye 
using the relative sizes of known features/species to gauge the size of the field of view. Notes should 
be made on standardised recording sheets (e.g. SNH’s video log sheets or Nature Conservation 
Review (MNCR) recording forms).

(2) Once a complete run has been scored, the data are organised into biotopes (or habitat types if the 
characterising epifauna/flora could not be identified). For the purposes of an effort-limited drop­
down survey methodology a biotope can be defined as having a total lower size limit: 5m2 was 
found to be a workable lim it (Sanderson et al. 2000) below which the data were not distinguished 
from the surrounding larger biotope. Sparse or scattered features, such as boulders on sediment 
plains, were only counted as separate biotopes if their total cumulative area exceeded 5m2 although 
their presence should be noted.

(3) Biotopes recorded from the video are then compared and matched, if possible, w ith descriptions in 
the national classification (Connor et al. 1997). In many cases a ‘perfect fit’ w ith the national 
biotope descriptions will not be found. It will therefore be necessary, particularly for monitoring 
purposes, to refer to local or regional biotope descriptions that emphasise the key species and habi­
tat features. It may be necessary to review the footage again to search for ‘clues’ of characterising 
species that are particularly inconspicuous on video images. This applies particularly to encrusting 
species such as ascidians and small mussels (e.g. Musculus discors) and fine species such as 
hydroids, bryozoans and small algae (Figure 2).

A ccu racy  testing
Field trials (both diving and drop-down video recording) have shown that in  a lim ited number of cases
there are difficulties encountered in  appropriately attributing records to biotopes in the national classi­
fication (Connor et al. 1997). It was concluded that there were three principal reasons for these dis­
crepancies that the recorder should be aware of:

(1) The workers did not examine all of the possible biotope options in  the manual.
(2) Difficulties arise in  the accurate and repeatable allocation of records to national biotope descriptions. 

National biotopes are, by their nature, nationally ‘normalised’ in order to account for biogeographic 
variations in the component species over their range. For this reason it would be highly desirable to 
match survey descriptions to more tightly described regional descriptions of national biotopes.

(3) The presence of mosaics of biotopes (e.g. vertical and horizontal surfaces that support two biotopes).

QA/QC

M in im um  sa m p ling  a n d  d a ta  analysis  requ irem en ts  

Effort limitation
Drop-down video surveys can be adapted to effort-limit deployments to a distance of, for example, 100m 
steered in  a straight-line over the seabed. This distance was chosen to suite the scale of heterogeneity 
present on a particular area in North Wales (Sanderson et al. 2000) and can be adjusted as required to 
suite different locations. The greatest accuracy in  deploying the equipm ent in  straight lines over a 
known distance is achieved by allowing the boat to drift w ith w ind and/or tide -  perhaps from a pre­
determined start point, although not aiming for a pre-determined end point. Attempts to power the boat 
between two chosen points (starting at one buoy and aiming for another) often resulted in  curved runs 
covering more than 100m of seabed.

The number of drop-down samples required for an area and the pattern of deployment will have to be 
considered as part of the overall monitoring strategy.
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Best time o f year to undertake sampling
The best time for collecting video footage is usually related to ensuring the best likelihood of calm con­
ditions and clear water. Although summer is usually the best time for calm seas, the best water clarity 
may be more specifically late summer or early spring (either side of spring and summer plankton 
blooms) and during neap tides. Comparative/time series studies should consider how different com­
munities might appear at different times of year as turfs of plants and animals mature -  some biotopes 
may be more easily identified during certain seasons.

Quality assurance measures
• Guidance and training in  the recognition of critical components of a biotope is necessary for anyone 

involved in  conducting drop-down surveys or the post-processing phase. Footage from earlier surveys 
in  the same area can be utilised for such purposes to improve familiarity w ith ‘local biotopes’.

• Regional descriptions of national biotopes created through analysis of data from w ithin the survey 
area (if available) will significantly contribute to the quality assurance of identifying biotopes from 
video records.

• A second opinion should be sought on the identification of a selection of biotopes (suggest 10% of 
the records should be double-checked), particularly those outside the specialisation of the person 
responsible for reviewing the tapes. Significant and consistent discrepancies between two workers 
m ust be resolved, perhaps through re-working of local biotope descriptions.

• A reference library of video clips and stills showing variations of confirmed biotopes should be 
included as part of a regional classification and added to as more information is collected during 
future survey programmes.

Data products

• video recordings plus written record of content of each videotape
• still images (taken from video) to illustrate biotope descriptions
• position co-ordinates from dGPS related to time code on video and depth readings from echo-sounder 

or tim e-depth recording device (electronic files)
• field notes
• list of biotopes at given positions

Cost and time

Time required  

Field
Between 10 and 25 deployments can be achieved in  a single day, although this is highly variable 
depending on depth, travel distance between sites, complexity of the sites, duration of slack water if 
required and duration of the power supply. Effort-limited 100m deployments can take approximately 
10-20 m inutes (to include the time taken to deploy and retrieve the video equipment), although more 
time is required to deploy and retrieve buoys if they are used to mark a site.

Post-processing
As a rule of thumb, the time taken to score tapes is usually about two to three times the real-time length 
of the video footage.

Data analysis
Habitat records can be matched by eye w ith existing biotope records, ‘local’ biotope descriptions from 
the same area or descriptions in  the sublittoral biotope manual (Connor et al. 1997). Further viewing of 
video clips may be required to confirm the identification of a selection of biotopes.
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E quipm en t a n d  survey costs
There are two m ain ways of calculating the cost of carrying out drop-down video surveys:

Option 1: where the survey is carried out using ‘in-house’ staff and equipment 
Option 2: where the survey is contracted out to a ready-equipped survey company

The following table lists the items of equipm ent required for carrying out a drop-down video survey. 
The cost values given are estimates based on the cheaper end of the market -  more sophisticated sys­
tems are available at higher costs.
Table 2 Items required  and  ap p ro x im a te  costs (in A utum n 2000)  for a d ro p -d o w n  v ideo  survey

Extent Items Approxim ate cost

Option 1# Video camera* >£1.5K

Underwater video housing + umbilical* >£2.5K

Video lights* >£1.5K

Frame or sled* >£500

Surface monitor* £300 (x 2?)

Video tape recorder (backup or instead 
of in-camera recording)

>£500

dGPS* >£500

Echo-sounder (usually part of boat) >£300

Time-depth logger ~£250

Laptop PC (data logging) >£1K

Boat* hire or... ~£250 per day

Boat purchase ~>£30K

Power source -  batteries ~£200

Power source -  generator ~>£1.5K

Playback facility -  e.g. TV and high-end 
video player (can link camcorder 
directly to TV)

~>£2K

Ready-made drop-down systems 
(submersible camera, cable and surface 
monitor)

Start at ~£3K for basic system

Option 2 External contract for survey company 
(including reporting, videotapes and 
field survey)

~£220 per 100m transect (based on CCW 
information -  Sanderson et al. 2000)**

* Many of the Option 1 items can be hired.
* Essential items.
**For an organisation committed to regular drop-down video surveys it is substantially cheaper, in terms of cost 

per site surveyed (just over £120 per transect), to carry out the survey using in-house staff and equipment. The 
calculation takes into account estimates of staff time, overheads and equipm ent based on a comparative study 
carried out by CCW (Sanderson et al. 2000) although costs per site surveyed will vary considerably at different 
locations around the country.

Health and safety

• Seagoing scientific work should comply w ith all rules and safety recommendations in  force regard­
ing safety at sea and boat use.

• High voltage equipment should be treated with great care in  a seawater environment. Circuit breakers
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earth connections (to seawater in this case) and measures to protect electrical equipm ent from com­
ing into contact with seawater and the operators should be used where appropriate.

• Electrical equipm ent should not be handled w ith wet hands.
• The weight of the drop-down equipm ent should be considered w ith regard to safe manual handling 

practices.
• There is a risk of falling overboard when handling the drop-down camera -  life jackets to be worn!
• There is a risk of snagging the umbilical and trapping the camera on underwater obstructions such as 

rocks, wreckage and lines. A buoy should be fitted to the surface end of the umbilical should the need 
arise to ditch it overboard.

• Avoid operating the gear in  strong tides or rough weather, or whenever total control of the boat and 
camera is not possible at all times.
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Useful w ebsi te s

http://www.cameratech.com/Products/Light-Motion-Housing2.html
http://www.videoquip.co.uk/underwat.html
http ://www.amphibico .com
http://www.sli.unimelb.edu.au/research/mer/Irene_AMSA/index.html

http://www.cameratech.com/Products/Light-Motion-Housing2.html
http://www.videoquip.co.uk/underwat.html
http://www.amphibico
http://www.sli.unimelb.edu.au/research/mer/Irene_AMSA/index.html
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Procedural Guideline No. 3-6 
Quantitative sampling of intertidal 

sediment species using cores
Matt  D alk i rTand  Brian Barnett2

Background

Core sampling of sediments is a well-established technique for obtaining quantitative data on infauna for 
analysis. The technique has been well used in the past, particularly on estuarine intertidal sediments, 
and a large amount of historical data is available for many of these areas in  the UK. The advantages of 
using cores are that they provide quantitative results of a given precision and may provide a common 
standard for comparison between a number of data sets. The major disadvantage to the technique is that 
the collection and subsequent analysis of the samples can be very time-consuming and therefore costly.

This protocol has been adapted from those outlined in an Environment Agency internal report 
(Barnett 1993) and the MNCR Rationale and Methods (Hiscock 1996) in  addition to the texts of Baker 
and Wolff (1987) and Holme and McIntyre (1984).

Purpose

A pplicab le  to  th e  fo llow ing  a ttr ibutes
Core sampling will be appropriate for attributes concerning quality in  terms of species richness and the 
abundance of species. Generic attributes are:

• M aintain or increase the species richness in  the biotope and/or abundance of key species in  biotopes.
• M aintain or increase the quantity of particular species of conservation importance.

A pp licab le  to  th e  fo llow ing  survey objec tives

• Establish/re-establish the species which are present in  biotopes at a site including their abun­
dance/biomass to w ithin quantified limits of precision.

• Establish/re-establish the abundance/biomass of a particular species to w ithin quantified limits of 
precision.

Logistics

Equipm ent 

Site location
Maps and charts to an appropriate scale (1:10,000 or better) and a Geographical Positioning System/dif- 
ferential Geographical Positioning System (dGPS). On a large site it may be advisable to use rapid trans­
port such as an All Terrain Vehicle (ATV) or hovercraft.

1 Scottish Natural Heritage, 2 Anderson Place, Edinburgh EH6 5NP, UK.
2 Environment Agency, Waterside House, Waterside North, Lincoln LN2 5AH, UK.
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Sampling
0.01m2 cylindrical corer, 0.1m2 box corer, 5cm diameter corer, plungers, spade/trowel/fork, 0.5mm 
mesh sieve, 1mm mesh sieve, buckets/strong plastic bags, specimen jars, wash bottles, weatherproof 
camera (with flash), waterproof notepad and pencils, waterproof marker, plastic/waterproof labels, fold­
ing quadrat lm  x lm . Also appropriate protective clothing and health and safety equipment.

Storage and preservation
10% buffered saline formalin solution (4% formaldehyde), 70% IMS, suitable buckets/containers. Also 
appropriate health and safety equipm ent for handling chemicals.

Personnel
M inimum two field workers with knowledge of marine invertebrate taxonomy. Three field workers are 
optimum; two for wet work and one for dry (recording and photography).

Time of year
There is no clearly identifiable time of year to survey littoral sediment communities. Summer months, 
which provide long periods of daylight and amenable weather conditions, involve the inclusion of large 
ephemeral populations of invertebrates and the recruitm ent of juveniles into adult populations. These 
factors m ust be accounted for in  any data interpretation. More established w inter populations are still 
prone to large fluctuations in  structure through events such as heavy rainfall and freezing conditions. 
During winter, there are the logistical disadvantages of short daylight hours and potentially disruptive 
weather conditions.

Of prim ary importance is that any survey, if the results are to be compared over time, m ust take place 
at the same time of year to previous studies. Even then, major weather events between survey dates 
should be taken note of and included in  any interpretation.

Method

Locate site and collect specified number of core samples and supporting information.

Survey objec tives
To collect data on the abundance of a named species to a specified level of precision requires prior infor­
mation on the density and aggregation of the species at the site. In general, the more abundant and less 
aggregated the species the less replicates will be needed. The procedure for establishing these criteria is 
described in  Holme and McIntyre (1984). W hen the number of replicates required has been established 
the sampling procedure can be followed.

To collect standard information which will be applicable across the nature conservation agencies and 
the Environment Agency and Scottish Environment Protection Agency, the following CORE (Common 
Operation Required Element) and SSR (Supplementary Sampling Requirement) methods have been 
adapted from Barnett (1993).

Field

Common Operation Required Element (CORE) methods 
The CORE methods are the m inim um  to be applied at each site.

(1) Five replicate samples should be taken to a depth of 15cm using a 0.01m2 cylindrical corer. The sam­
ples may be collected from up to a maximum of 5m either side of the site centre but not up or down 
the shore.

(2) Each replicate sample (1 core) should be placed in a suitable container (resealable plastic bucket or 
strong plastic bag) and returned to the laboratory for processing. The outer surface of the container 
(not the lid) should be labelled w ith a waterproof marker and a waterproof label should be added to 
the sample to stay with it through processing. The label will show survey name, site number, sur­
vey station and date (for instance: ‘Taw 15.2 on 12.9.98’).
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(3) The replicate samples are to be washed over a 0.5mm mesh sieve not more than 24 hours after col­
lection (up to 2 days if refrigerated) and then fixed in  10% buffered saline formalin solution. (The 
reliability of field sieving is regarded as unproven and, therefore, only laboratory sieving can be 
confidently recommended.) Samples m ust not be fixed (or frozen) prior to sieving.

The samples will then be ready for processing in  the laboratory.

Additional sampling
In addition to the Environment Agency CORE methods the following is taken from the MNCR Rationale 
and Methods (Hiscock 1996) and deemed to be a minimum  which m ust be applied at each site.

(1) A lm  area is marked out using a quadrat w ithin an undisturbed section of the site and a record 
taken of the abundance of obvious m ounds and casts and any algal cover. The area is then excavat­
ed to a depth of approximately 20-30cm and examined in  the field for larger macrofaunal species 
which may not be recorded in  the core samples. Sample inspection can be aided by the use of a rid ­
dle (c. 5mm mesh) if practical.

(2) A sample for particle size analysis should be taken to a depth of 15cm using the 5cm diameter corer, 
with the sample frozen (within 24 hours) prior to analysis if information is required on organic com­
ponents.

(3) Photographs should be taken of the site to show main features and also, where necessary, specific 
details.

(4) For the site as a whole the following site features m ust be recorded:

Score 1-5:

• surface relief (even-uneven)
• firmness (firm-soft)
• stability (stable-mobile)
• sorting (well-poor)
• black layer (1 = not visib., 2 = >20cm, 3 = 5-20cm, 4 = l-5cm , 5 = <lcm )

Note i f  present:

• mounds/casts
• burrows/holes
• tubes
• algal mat
• waves/dunes (>10cm high)
• ripples (<10cm high)
• drainage channels/creeks
• standing water
• subsurface coarse layer
• subsurface clay/mud
• surface silt/flocculent

Supplementary Sampling Requirement (SSR) methods
The SSR methods are to be applied at sites (in addition to CORE methods) where coarser sediments pre­
vail. Coarser sediments are defined as <50% material passing through 0.5mm mesh sieve. Wherever pos­
sible it should be determined before the survey if SSR methods will be required, to economise on time 
and effort. SSR methods comprise two additional protocols dependent upon sediment type:
(1) Coarse sediment w ith silt/clay (substantial amount of <63pm diameter material). An additional 5 x 

0.01m2 cores, supplem entary to the CORE method, are taken and processed through a 0.5mm mesh 
sieve.

(2) Coarse sediment and others (sands and gravels, etc.). An additional 3 x 0.1m2 box cores, supple­
mentary to the CORE method, are taken and processed through a 1.0mm mesh sieve.

Subsequent fixing and laboratory processing is then standard as for the CORE methods.
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Data analysis
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Information collected on identification and enumeration of species present w ithin samples (in addition 
to biomass/age where appropriate) plus ancillary information will require a computer with suitable 
database or spreadsheet software.

Accuracy testing

The technique will produce quantitative results with precision and accuracy dependent upon the het­
erogeneity of the environm ent and the number of samples taken. M ultiple sampling by different field 
workers can be used to test the accuracy of the field procedures. The guidelines of the NMBAQC should 
be followed for all laboratory work.

QA/QC

• Samples m ust not be taken any appreciable vertical distance up or down the shore from the site.
• Samples should not be taken from previously disturbed sediment (footprints, etc.).
• Care should be taken that the corers are inserted to the correct depth of 15cm and removed intact from 

the sediment, w ith excess material removed from the outside of the corer before placement into its 
container.

• Samples should be labelled correctly, on the outside of the container and with a waterproof label 
inserted into the sample to track it through processing.

• Any deviation to the CORE or SSR sampling methods should be clearly reported.
• Samples should be washed over a 0.5mm sieve not more than 24 hours after collection (up to 2 days 

if refrigerated) and then fixed in  formalin solution. (The reliability of field sieving is regarded as 
unproven, and therefore only laboratory sieving can be confidently recommended.)

• Samples should not be fixed or frozen prior to sieving.
• Samples should be fixed in 10% buffered saline formalin solution (4% formaldehyde). The volume 

of residual sediment in  a container should not exceed one-third to one-half the volume of formalin 
solution. For samples containing a high volume of clay/water a higher concentration of formalin may 
be required.

• The guidelines of the NMBAQC should be followed.

Data products

Data products from core sampling traditionally take the form of species abundance per sample matrices 
or spreadsheets. Care m ust be taken when storing or exchanging information that all ancillary data is 
kept w ith the species records. Information on the physical habitat, juvenile counts, etc. will prove 
invaluable during analysis.

Cost and time

Costs
Costs involved w ith core sampling are as for other intertidal-based field work in  terms of day rates for 
contractors, travel and subsistence. Day rates for contractors at the time of writing are in  the order of 
£200-300 per person per day plus expenses. The added cost associated with core sampling is the labo­
ratory analysis of the samples obtained. Contractors can charge either by volume or by sample basis w ith

3 National Marine Biological Analytical Quality Control programme -  see 
http://www.sepa.org.uk/research/NMBAQC/aq_main.html

http://www.sepa.org.uk/research/NMBAQC/aq_main.html
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charges varying from £50-150 per 0.01m2 core depending upon sediment characteristics and species 
richness -  species-rich samples or those with a large proportion of clay and organic detritus can be very 
time-consuming to process. Particle size analysis is in  the order of £40-80 per sample.

Time 

Field
Two to three people will be capable of recording and taking five core samples and one quadrat dig w ith­
in 30-40 minutes, longer if box cores are to be taken. Overall time will largely be dependent upon the 
spacing of sites and the number of replicates required. With large areas to be covered the possibility of 
using rapid transport such as quadbikes, other ATVs and hovercraft should be considered. Working two 
low tides a day will cut down on the time and hence the cost of field work.

Laboratory
A long time is usually required to process samples, though this depends upon a number of variables. It 
can vary between <1 hour to >1 working day for each core depending upon sediment type and richness 
of the sample.

Health and safety

Particular care is to be taken to avoid being cut off by the incoming tide. Very soft shores should not be 
accessed on foot. Lone working should not be undertaken. Risk assessments m ust be addressed for spe­
cific locations where field work is being undertaken. Laboratory safety codes of practice (COSHH 
approved methods) m ust be followed.
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Procedural Guideline No. 3-7 
in situ quantitative survey of 

subtidal epibiota using quadrat 
sampling techniques

Eleanor Murray, English N a tu re 1

Background

Quadrats provide a quantifiable technique for measuring changes in diversity and abundance of con­
spicuous species. They provide quantitative data that can be analysed statistically, which helps us 
understand changes in  communities in  a monitoring context.

Quadrats facilitate accurate abundance measurements of numbers of species, thus reducing the errors 
incurred by inter-worker variability and achieving more consistent results, in  both a spatial and tem po­
ral context.

Quadrats are traditionally used for monitoring the distribution of plant species. They are generally 
large in  area, made of string, and laid out using pegs. Such a quadrat is impractical to use for subtidal 
quantitative sampling, where frame quadrats of lm 2 or smaller are used.

Purpose

Quadrats are generally used for the quantitative assessment of biodiversity for a particular feature occur­
ring w ithin a site. The objective generally relates to the quality of a particular feature or biotope, where 
species richness may be an im portant or valued attribute of that feature.

Quantitative counts using quadrats provide a structured way to estimate abundance of species to esti­
mate their population size, and/or to assess species richness and diversity of a biotope. The quadrat pro­
vides a simple, repeatable method, which is also suitable for a whole series of statistical tests; this makes 
it ideal for use in a long-term monitoring strategy. Quadrats are very versatile in  terms of shape and size, 
and can be easily tailored to provide the best application for a whole range of different community types.

Quantitative counts in quadrats can also be used to determine biotopes, but it is generally easier and 
less labour intensive to use semi-quantitative methods to assign biotopes to particular areas.

It is im portant to recognise when communities and habitats are not appropriate for monitoring using 
quantitative quadrat methods. Ephemeral communities may change annually and could not be reliably 
monitored at the species level on a long-term basis. Similarly, mobile substrata are subject to consider­
able seasonal disturbance and would be inappropriate to m onitor using quantitative methods.

A dvantages
Quantitative sampling by quadrat is advantageous as it:

• is generally non destructive;
• can be applied to a wide range of habitats, is easily repeated, and thus provides consistency to sampling;
• can provide very accurate and precise estimates of abundance;
• does not require any specialist equipment;
• provides a robust dataset for statistical analysis.

1 Northminster House, Peterborough, PEI 1UA, UK.
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D isadvan tages
The disadvantages include:

• one quadrat size will generally not encompass all of the species being monitored;
• it is time-consuming compared to semi-quantitative or qualitative methods;
• it only samples very discrete areas w ithin a larger feature.

Logistics

A pilot survey of the area should be undertaken to identify representative examples of species or 
biotope, depending on the monitoring objective. For the assessment of species richness w ithin a 
biotope, areas representative of a biotope encompassing most of the characterising species should be 
chosen. Where key species are being recorded, a transect or individual quadrat locations encompassing 
the majority of those species in  reasonable numbers should be established.

It is essential that the following steps be undertaken:

(1) Define the area in  which the quantitative sampling will take place. Moore (2000) recommended an 
area of uniform habitat, e.g. w ith consistent characteristics of substratum, inclination, water move­
m ent and depth.

(2) Determine community composition of the chosen area by undertaking a broad-scale baseline sur­
vey, using MNCR methods or ‘by eye’ percentage cover estimates.

(3) Decide which species will be monitored w ithin the quadrat and create a ‘pro-forma’ to aid quadrat 
counting.

(4) Determine what is the most appropriate quadrat size to use, depending on the size of species and 
community you wish to monitor.

E quipm ent
The appropriate transport, navigation and safety equipm ent is required for undertaking all types of sub­
tidal survey work. The appropriate diving equipm ent and underwater recording equipment, such as 
writing boards, underwater comm unication equipm ent and cameras (if required) are also necessary to 
undertake subtidal surveys.

The following additional equipm ent would also be necessary for quantitative recording work.

Species 'pro-forma'
A list of species should be compiled from the pilot study, including the commonly occurring and char­

acterising species of the community. Moore (2000) recommended that unreliably recorded species not 
be included, such as cryptic species, very small species, very infrequently encountered species, or 
ephemeral species that are not characteristic of the chosen community. Mobile species such as crustacea 
and fish should not be recorded due to their transient nature. There are dangers in  adopting this 
approach, as you are already limiting the assessment of species richness and community information 
(de Kluijver 1993), and particularly sensitive species groups may be missed: e.g. am phipod species are 
known to be sensitive to dispersed oil (SEEEC 1998).

Pro-formas should also have space for adding species that perhaps were not recorded during the pilot 
exercise. They should also provide identification notes for the species which are more difficult to iden­
tify in  order to aid consistency of recording.

Transects
A  transect can be used to help place the quadrats. The transect can be located either random ly or fixed 
in  space; the quadrats can be located random ly the length of the transect, or at fixed positions along its 
length. Belt transects can be used for the quantitative counts of larger, more widely dispersed species 
(see Munro 1998; Howson et al.). 2000. A transect should be constructed w ith reasonably thick rope to 
avoid excessive tangling or knotting and should be weighted or negatively buoyant to prevent it mov­
ing in  any water current.

2 See Procedural Guideline No. 3-3.
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Fixing materials
If fixed stations are to be used, suitable fixing materials such as ring bolts are needed. The m ethod of 
fixing to the rock depends on the geology and accessibility of the site.

Quadrats
The design of quadrat will vary depending on the species or biotope to be surveyed. Quadrats are of a 
known area and may be round or rectangular, but are generally square, as these are easiest to construct, 
easily subdivided into grid-squares and are most amenable to percentage cover estimates (Kingsford and 
Battershill 1998). Quadrats can be made of any corrosion-resistant material, but should be neutrally or 
slightly negatively buoyant. W hen working in areas of kelp where it is difficult to place a full quadrat 
on seabed, a quadrat w ith an ‘open’ end may be used, where the open end can be ‘closed’ by a line to 
make a full quadrat; alternatively a two-sided quadrat may be used, with the position of the other two 
sides judged by eye.

The size of quadrat will vary depending on the survey objective, and the following conditions:

(1) The size range and distribution of organisms to be surveyed. This m ust take into account the fact 
that the larger, widely spaced organisms may need to be sampled by a different sized quadrat/tran­
sect approach. If there is a high species richness, then smaller quadrats should be considered in 
order to cut down the time of recording w ithin a single quadrat.

(2) The heterogeneity of the community in  terms of species patchiness or variability of substrata. The 
quadrat should aim to cover a representative range of species/substrata in  order to obtain a repre­
sentative sample of the community.

(3) The diving conditions: e.g. currents and lim ited visibility make recording by quadrat difficult, so it 
may be easier to take smaller quadrats to ease the diver’s movement through the water. Depth is also 
a limiting factor in  terms if survey time, and the appropriate size quadrat and counting method 
should be used in  order to enable sufficient replicate samples to be taken in  a single dive.

The table below provides guidance on the appropriate size of quadrat for the particular community 
sampled.

Quadrat size Comm unity to sample

lm 2 Areas w ith w idely spaced, larger species and colonies, e.g. seafans

0.25m2 Areas w ith cover of folióse and filamentous algae, e.g. kelp forests

0.1m2 Areas of densely packed small, e.g. circalittoral faunal turfs

Personnel
Divers should posses the required diving qualifications to undertake underwater survey work (for the 
specified requirements, see Holt 1998).

Experienced marine surveyors, who possess the appropriate identification skills, should undertake 
this work. The workers should be familiar w ith the community and the species present: it is recom­
m ended that they are shown the checklist in advance of the survey so they can familiarise themselves 
with the species to be recorded. Pre-survey training in  estimating percentage cover in  quadrats would 
also be advantageous to ensure consistent records.

Method

Divers should be fully briefed on how to deploy the quadrat before commencing the survey work. 
Instructions include the positioning of the quadrat to the relevant marker or transect line, and the rules 
of what species to count m ust be established.

In areas where the topography does not vary too greatly, belt transects may be used instead of placing 
quadrats along a single transect line. These are generally a fixed w idth and marked into intervals; 
counts/cover estimates are made in  the marked area w ithin the transect.

3 See Procedural Guideline No. 6-2 for site fixing methods.
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Sampling strategy: how  many samples to take?
To ach ieve  an  e ffic ien t an d  cost-effective m o n ito rin g  p rog ram m e, a m in im a l sam p lin g  s tra tegy  m u s t be 
d esig n ed  in  o rd er to  ga in  th e  co rrec t am o u n t of in fo rm a tio n  w ith  th e  least effort. T h is  w ill v a ry  d e p e n d ­
ing  on  th e  b io to p e /sp e c ie s  b e in g  su rveyed .

To d e te rm in e  th e  n u m b e r of sam p les  to  be taken , a b a se lin e  su rv ey  has to  be  u n d e rta k e n  to p re ferab ly  
over-sam ple th e  area to  g a in  en o u g h  reco rd s to  u n d e rta k e  ana lysis . T he n u m b e r of q u ad ra ts  to re liab ly  
m o n ito r  change can  be assessed  u s in g  p o w er ana lysis . P o w er an a ly sis  is a s ta tis tica l te c h n iq u e  w h ic h  
enab les e stim ates to  be m ad e  of th e  n u m b e r of sam p les  re q u ire d  to d e tec t a g iven  leve l o f change 
(S nedecker an d  C ochran  1980).

C u m u la tiv e  sp ec ies  cu rves can  also  be  u se d  to  assess w h e n  a p o p u la tio n  has b e e n  su ffic ien tly  sam ­
p le d  b y  a n u m b e r of q u ad ra ts . T he cu m u la tiv e  n u m b e r of spec ies is reco rd ed  w ith  each  in c rea se  in  
q u ad ra t n u m b e r u n til  a p o in t is reach ed  w h e n  all of th e  co m m o n  spec ies have  b e e n  id e n tif ie d  an d  a fu r­
th e r  in c rease  in  q u ad ra t n u m b e r w ill n o t lead  to  an y  fu rth e r s ig n ifican t in c rease  in  spec ies num ber. 
G am ble (1984) gave a ro u g h  g u id e  to th e  m in im u m  n u m b e r of sam p les  as ‘th a t w h ic h , if  d o u b led , w o u ld  
y ie ld  o n ly  a 10%  in c rease  in  in fo rm a tio n ’.

K ingsford  an d  B atte rsh ill (1998) an d  M oore (2000) re co m m en d ed  th a t 10 q u ad ra ts  sam p led  w ith in  a 
d isc re te  area  w o u ld  give ad eq u a te  p re c is io n  to  d e tec t n o tab le  changes in  th e  w h o le  com m unity . H o w son  
et al. (2000) c o n c lu d e d  th a t b e tw e e n  8 a n d  12 q u ad ra ts  w o u ld  be ad eq u a te  to  de tec t a change in  co m ­
m u n ity  of b e tw e e n  15 an d  20% .

Sampling strategy: fixed or random quadrats?
In  areas w h ere  it  is d ifficu lt to  e s tab lish  fixed  lo ca tio n s, ra n d o m  sam p lin g  b y  q u ad ra t m ay  be th e  m ost 
a p p ro p ria te  te c h n iq u e  to  assess sp ec ies  r ic h n e ss /p re se n c e  in  a m o n ito rin g  con tex t. R andom  quad ra ts  
h ave  also  b e e n  u se d  w h e re  d es tru c tiv e  sam p lin g  tec h n iq u e s  have  b e e n  u n d e rta k e n , e.g. p o p u la tio n  an d  
c o n d itio n  of seagrass b ed s  (Fow ler an d  P illey  1992).

T h e  d is tr ib u tio n  of ra n d o m  q u ad ra ts  is sub jec t to  b ias by  th e  w orker. It is e ssen tia l th a t th e  p lac in g  of 
a q u ad ra t is n o t in flu e n c e d  by  a d iver try in g  to in c lu d e  a p a r tic u la r  spec ies, an d  it  is im p o rta n t to s tip ­
u la te  th is  p rio r  to  sam pling . In  o rd er to  ach ieve  even  coverage of an  area it  m ay  be a p p ro p ria te  to  d iv id e  
th e  area in to  co m p artm en ts , an d  take  ran d o m  sam p les  w ith in  each  co m p artm en t, or u se  a ran d o m ly  
p la c e d  tra n se c t an d  take ran d o m  sam p les  a long  its leng th . H o w so n  et al. (2000) u se d  a ‘la d d e r ’ tran sec t 
to  a id  w ith  ran d o m is in g  q u ad ra ts  on  su b litto ra l ree f c o m m u n itie s  (see F igure  1). For a fu ll ex p la n a tio n  
of d iffe ren t m e th o d s  of ran d o m isa tio n , see K ingsford  an d  B atte rsh ill (1998).
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Figure 1 C onstruc t ion  of ladder  transect.  Each sq u a re  o n  ladder  m easu re s  1 m x 1 m (draw ing no t  to scale).
To aid o r ien ta t ion  by  bo th  th e  divers,  th e  ladder  w a s  d iv ided into four  blocks,  A -D ,  of  five squares ,  1 -5 .  Each q uar te r  of  a 
sq u a re  w as  a potential  posi t ion  for a quadra t .  This e n a b le d  ra n d o m  posi t ions to b e  se lec ted  for th e  q u a d ra t  sam pling .

4 A comprehensive review of software for power analysis is available at: 
http://sustain.forestry.ubc.ca/cacb/power/review/review.html

http://sustain.forestry.ubc.ca/cacb/power/review/review.html
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Sites for sing le  q u ad ra ts  m ay  be e s tab lish ed  an d  m ark ed  for re lo ca tio n . A  p e rm a n e n t m ark er for th e  site  
sh o u ld  be  e s tab lish ed  (possib ly  a rin g  b o lt in  th e  rock  face) an d  in s tru c tio n s  or p h o to g rap h s  for re lo ca ­
tio n  co n stru c ted . R elo ca tio n  tim e  w ill v a ry  w ith  th e  q u a lity  of th is  in fo rm atio n , an d  th e  fam ilia rity  of 
w orkers w ith  th e  site. O ne or a n u m b e r of th e  co rners of th e  q u ad ra t sh o u ld  be m ark ed  for exact re p o ­
sition ing . M oore (2000) u se d  a p e rm a n e n tly  fixed  tran sec t to  lo ca te  a n u m b e r of p e rm a n e n t q u ad ra ts .

Counting in quadrats
T he q u a n tity  of a sp ec ies  w ith in  a q u ad ra t can  be  assessed  e ith e r  b y  n u m b ers  of in d iv id u a ls , p ercen tage  
cover or freq u en cy  of occu rrence . U sually , for m o st reco rd in g  schem es, th e re  w ill be e ith e r a m ix tu re  of 
co u n ts  or % cover, d e p e n d in g  on  th e  spec ies b e in g  assessed . T he ru les  for d ec id in g  w h ic h  is th e  m ost 
a p p ro p ria te  te c h n iq u e  are g iven  below :

Counts % Cover

Mobile fauna Flora and fauna forming crusts, mats or turfs

Sessile animals in  low abundance, e.g. 
cup corals

Other ground-covering sessile fauna in high 
abundance, e.g. barnacles

Sessile erect animals, e.g. hydroids Canopy cover of folióse algae

Tail algae, e.g. kelp

T here  are ex cep tio n s  to  th ese  ru les , w h ic h  w ill h av e  to  be ju d g ed  on  a spec ies-by -spec ies basis, e.g. 
sm all p a tch es  of h y d ro id s  m ay  be easier to  assess u s in g  % cover, a n d  u n ifo rm ly  s ized  sponge co lon ies 
m ay  be  easie r to  coun t.

For sm alle r q u ad ra ts  (< 50cm  x  50cm ), it  is easy  to  assess percen tag e  cover by  eye (de K lu ijver 1993), 
a lth o u g h  th e  accu racy  of v isu a l a ssessm en t is in c rea sed  if  th e  q u a d ra t is su b d iv id e d  in to  sm alle r grid- 
squares (D ethier e t al. 1993). T hese  sm alle r squares re p re se n t a p e rcen tag e  of th e  w h o le  q u ad ra t, an d  th e  
n u m b e r of squares filled  b y  a sing le  sp ec ies  can  be easily  c o u n te d  w h ic h  w ill give a p e rcen tag e  for th e  
w h o le  q u ad ra t, w ith  p a rt reco rd s from  th e  sm alle r squares also  co n trib u tin g  to  percen tag e  cover. T h is 
m e th o d  in c reases  accu racy  a n d  m ay  be a p p ro p ria te  w h ere  th e re  is a co m p lica ted  m osaic  of sp ec ies, su c h  
as algal tu rfs , b u t is m u c h  m ore  tim e-co n su m in g  th a n  u n a id e d  v isu a l assessm en t.

U sing  th e  g rid d ed  q u a d ra t a lso  allow s sp ec ies  to  be reco rd ed  u s in g  freq u en cy  of occu rren ce  scores. 
T h is is w h e re  th e  occu rren ce  of a spec ies w ith in  each  of th e  g rid  squares is c o u n ted , g iv ing  a ‘sco re ’ for 
each  spec ies b e tw een  zero  a n d  th e  m ax im u m  n u m b e r of g rid  squares. T here  are advan tages in  th is  
a p p ro ach  in  th a t it  g ives a sing le , s im p le  m easu re  for all sp ec ies, a n d  is p o te n tia lly  q u ick er to assess,

a lth o u g h  M oore (2000) fo u n d  th a t th e  la tte r w as n o t th e  case 
for sm all 0 .2 5 m 2 q u ad ra ts . F req u en c ies  are u se d  as an  in d i ­
cato r of ab u n d an ce , an d  sh o u ld  n o t be d irec tly  re la te d  to 
ac tu a l co u n ts  or ab u n d a n c e  of a p a r tic u la r  species.

A  d iagram  rep re sen tin g  spec ies c o u n ted  in  a g rid d ed  q u ad ra t 
is g iven  in  F igure 2 below .

Species Count % Freq.
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Figure 2 Represen tat ion  of a q u a d ra t  with c o r re sp o n d in g  a b u n d a n c e  est im ates
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It is e ssen tia l th a t p rio r  to  da ta  ana ly sis , th e  spec ies reco rd s are c lo se ly  sc ru tin ise d  to  e lim in a te  any  
‘n o ise ’ w h ic h  m ay  affect th e  analyses. T h is m ay  in v o lv e  rem ov ing  spec ies th a t are u n re lia b ly  reco rd ed , 
e.g. th o se  w h ic h  are in c o n sp ic u o u s  or d ifficu lt to iden tify . S pecies m ay  be ‘g ro u p e d ’ to  genus level or 
h ig h er w h e re  th e re  is d o u b t or som e d isc re p a n c y  b e tw e e n  w orkers as to  th e  id e n tific a tio n .

M u ltiv a ria te  a n d  u n iv a ria te  s ta tis tic s  can  be u se d  for da ta  analyses. C luste ring  an d  o rd in a tio n  m e th ­
ods can  lo o k  at th e  v a ria tio n  of rep lica te  sam p les  w ith in  a sing le  sam p lin g  area, to  assess w h e th e r sam ­
p lin g  h a d  b e e n  re s tr ic te d  to  a sing le  b io to p e , an d  also  to assess th e  v a ria b ility  of th e  b io to p e . Packages 
su c h  as DECORANA a n d  M VSP are  v e ry  effective at u n d e rta k in g  th ese  analyses. O rd in a tio n  an d  c lu s ­
te rin g  m e th o d s  for c o m m u n ity  a ssessm en t are ad eq u a te ly  d esc rib ed  in  M ills (1994) an d  C larke an d  
W arw ick  (1994).

M u ltiv a ria te  m e th o d s  can  be u sed  to  ca lcu la te  th e  s ta tis tic a l s ign ificance  to changes in  th e  w h o le  co m ­
m u n ity  (ANOSIM  ) an d  h ig h lig h t th e  spec ies or su ite  of spec ies re sp o n sib le  for th e  changes in  co m m u ­
n ity  co m p o sitio n  (SIM PER5). M u ltiv a ria te  te ch n iq u es  are re la tiv e ly  stra ig h tfo rw ard  to  in te rp re t as th ey  
can  p re se n t th e  ex ten t of c o m m u n ity  change in  a sing le  v isu a l g raph .

U n iv a ria te  ana lyses sh o u ld  be u se d  to  assess th e  sig n ifican ce  of an y  change in  th e  a b u n d an ce  of an  
in d iv id u a l spec ies, or an y  changes in  th e  d iv e rs ity  of a b io to p e . A  s tu d e n t’s t-tes t c an  be u se d  to assess 
th e  change in  a b u n d an ce  of in d iv id u a l spec ies over tim e. T h ere  are n u m ero u s  d iv e rs ity  in d ice s  th a t can  
be u se d  to  assess changes in  sp ec ies  d iv e rs ity  over tim e, e.g. th e  S h an n o n -W eav e r d iv e rs ity  in d ex .

For fu lly  w o rk ed  th ro u g h  exam ples of a ll th e  s ta tis tic s  m e n tio n e d  above, refer to  M oore (2000) or 
H o w so n  e t al. (2000).

Accuracy testing

T he assessm en t of a b u n d an ce  w ith in  a q u ad ra t m ay  v a ry  b e tw een  w orkers; h en ce  reco rd e rs  m u s t co n ­
cen tra te  on  g iv ing  an  accu ra te  assessm en t of ab u n d a n c e  for each  organism . R ecord ing  p ro to co ls  m u s t be 
p re sc rip tiv e  an d  ca re fu lly  a d h e re d  to  by  th e  su rv ey  team . It sh o u ld  be w ritte n  on  th e  su rv ey  p ro-form as 
w h e th e r an  assessm en t b y  ac tu a l co u n ts , % cover or freq u en c ies  sh o u ld  be u n d e rta k e n  for each  species. 
P re -su rvey  tra in in g  ou t of th e  w a te r m ay  be u se fu l to  fam ilia rise  th e  d ivers w ith  th e  reco rd in g  p ro toco ls .

For spec ies co u n ts , k n o w led g e  of a ll spec ies to  be c o u n te d  is e ssen tia l, e sp ec ia lly  w ith  th e  m ore  d if­
ficu lt tax o n o m ic  g roups w h ere  th e re  m ay  be s im ila r spec ies w ith in  one q u ad ra t. T h is  sh o u ld  be 
ach iev ed  by  u s in g  ex p e rien ced  su rveyo rs w h o  have b een  sh o w n  th e  spec ies ch eck lis t in  ad v an ce  so th a t 
th e y  can  fam ilia rise  th em se lv es  w ith  th e  sp ec ies  co n cern ed .

A n  ex am p le  of a su rv ey  p ro to co l for P ly m o u th  S o u n d  is g iven  in  Box 1 (from  M oore e t al. 1999).

5 Both SIMPER and ANOSIM are available as part of the ‘Prim er’ software 
(see: http://wwwl.npm.ac.uk/primer/).

http://wwwl.npm.ac.uk/primer/
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Box 1 Recording rules established for Plymouth sound monitoring study 
(from M oore et al. 1 999)

T he p rim a ry  ru le  is to  en su re  th a t all reco rd s are o b ta in ed  from  th e  sam e p rec ise ly  d e fin ed  h a b i­
tat. T he h a b ita t sh o u ld  be  as u n ifo rm  as p o ssib le , i.e. sh o u ld  n o t in c lu d e  an y  sig n ifican t p ro p o r­
tio n  of su b -hab ita ts . T h is m ay  req u ire  th e  su rv ey o r to  ex c lu d e  or ignore  ce rta in  su b -h ab ita ts  (e.g. 
e p ip h y te s  on  ke lp  s tip es  or th e  u n d e rs id e s  of b o u ld e rs). T he c o m m u n itie s  p re se n t in  th e se  su b ­
h ab ita ts  m ay  n e e d  to  be m o n ito re d  separa te ly ; p o ss ib ly  w ith  a d iffe ren t m eth o d o lo g y  from  th a t 
u sed  on  th e  m a in  h ab ita t.

A  su rv ey  d u ra tio n  sh o u ld  be defined . T he len g th  of th e  su rv ey  tim e  w ill d e p e n d  on  th e  size of 
th e  q u a d ra t/tra n se c t an d  on  th e  b io to p e  type. T h e  tim e  sp e n t sh o u ld  be w ith in  10%  of the  
d e fin ed  tim e, b u t th e  a p p lic a tio n  of th is  ru le  w ill n e e d  to  take acco u n t of th e  d iv in g  co n d itio n s . 
[Note: it  sh o u ld  be p o ssib le  for th e  d iver to  set a w a tc h  to b eep  at th e  en d  of th e  d efin ed  tim e.] 

A lth o u g h  n o t p ro v e n  b y  th e  ava ilab le  data , it is c o n s id e red  lik e ly  th a t th e  q u a lity  of th e  d iv ing  
c o n d itio n s  w ill affect th e  q u a lity  of th e  reco rd ed  data. W hile  som e e n v iro n m en ta l factors can n o t 
be c o n tro lled , o p era tin g  ru les  sh o u ld  spec ify  th e  th re sh o ld  c o n d itio n s  for co n d u c tin g  th e  su r­
vey. T h ese  sh o u ld  in c lu d e : availab le  lig h t a n d  c la rity  of w ater, w a te r cu rren ts , sea state. A t the  
least, a reco rd  of th e  c o n d itio n s  sh o u ld  be  m a in ta in e d . It m ay  also  be  a p p ro p ria te  to  define  the  
req u ired  to rc h  beam  ch a rac te ris tic s  (e.g. b righ t, m e d iu m  or b ro ad  b eam  to rc h  w ith  fu lly  charged  
batteries).

A  series of ru le s  sh o u ld  also  be d ev e lo p ed  to  d efine  th e  ty p es an d  form s of an im als  a n d  p lan ts  
th a t n e e d  to  be  su rv ey ed . T he a b u n d an ce  of som e taxa  is v e ry  d ifficu lt to  reco rd  w ith  an y  re lia ­
b ility  b ecau se  of th e ir  g ro w th  form , m o b ility  or o th e r ch a rac te ris tic . T he p re sen ce  of th e se  taxa  
in  da ta  th a t are to  be an a ly sed  q u a n tita tiv e ly  co u ld  red u ce  th e  p o w er of th e  an a ly sis , by  in tro ­
d u c in g  a m u c h  g reater level of reco rd in g  variab ility . It sh o u ld  be  p o ss ib le  to  re d u c e  th is  v a r i­
ab ility  b y  e lim in a tin g  th ese  spec ies from  th e  ana lysis . It m ay  also  sp eed  u p  th e  su rv ey  if  th ey  
are n o t ev en  reco rd ed . T h u s, reco rd in g  ch eck lis ts  sh o u ld  ex c lu d e  su c h  spec ies an d  o n ly  in c lu d e  
spec ies w h ic h  can  be reco rd ed  m ost reliably .

T he fo llow ing  sp ec ies  se lec tio n  g u id e lin e s  are c o n s id e red  to be a p p ro p ria te  for m o st s itu a ­
tio n s w h ere  th e  co n se rv a tio n  objectives are  b ased  on  th e  co m p o s itio n  an d  sp ec ies  r ich n ess  of 
seabed  c o m m u n itie s  of c o n sp ic u o u s  species.
Q u a n tita tive  m o n ito rin g  sh o u ld  focus on  sp ec ie s /tax a  th a t are:

• sessile ; i.e. n o t m ob ile  like  fish , crabs an d  gastropods. T h is  is m a in ly  b ecau se  th e  p re sen ce  of 
m ob ile  spec ies in  fu ll v iew  (i.e. n o t h id d e n  in  crev ices) can  d e p e n d  on  factors su c h  as tim e  of 
day  an d  o ther v e ry  sh o rt-te rm  e n v iro n m en ta l f lu c tu a tio n s.

• a tta ch ed  to  or liv in g  on  th e  h a rd  su b s tra tu m  surface  (i.e. n o t e p ip h y tic , ex cep t on  en c ru s tin g  
c o ra llin e  algae). T h is is p a r tly  to  do w ith  d e fin in g  th e  su b -h ab ita t, b u t also  b ecau se  it  is o ften  
v e ry  d ifficu lt to  estim ate  ab u n d a n c e  of ep ip h y tes .

• a d u lt or n ea r a d u lt (i.e. n o t ju v en ile s , spat, spo re lin g s or eggs). T h is is b ecau se  th e  p resen ce  
of large n u m b ers  of ju v en ile s  etc. are u su a lly  tem p o ra ry  an d  can  b ias m u ltiv a ria te  analyses. 
F u rth e rm o re , th e  ju v en ile s  of som e spec ies (e.g. M e trid iu m  senile) are p ro d u c e d  in  large n u m ­
bers an d  often  se ttle  in  h ab ita ts  for w h ic h  th e y  are n o t su ited ; th u s  th e y  m ay  n o t su rv iv e  th ere  
an d  c a n n o t be c o n s id e red  tru e  m em b ers  of th e  com m unity .

• easily  reco rd ed  w ith  th e  ch o sen  u n its  (i.e. e ith e r  p e rcen tag e  cover or coun ts). T h u s, if  the  
c h o sen  u n its  are p e rcen tag e  cover (w h ich  w ill n o rm a lly  be th e  m ost ap p ro p ria te ) th is  ru le  
w ill p ro b ab ly  ex c lu d e  m a n y  so lita ry  e rec t sp ec ies  (in  p a rticu la r, m an y  h y d ro id s). T h is ru le  
w o u ld  n e e d  to  be d efin ed  in  g rea ter d e ta il for th e  specific  b io tope .

N ote: it  is e m p h as ised  th a t th e  a p p lic a tio n  of th ese  g u id e lin e s  sh o u ld  n o t p re v e n t th e  su rveyor 
reco rd in g  o th e r sp ec ies  or taxa, e ith e r  q u a lita tiv e ly  or quan tita tiv e ly . O n th e  con trary , a d d itio n a l 
in fo rm a tio n  w ill o ften  be u se fu l for m ore  sub jec tive  a n d  q u a lita tiv e  a ssessm en t of th e  data. 
H ow ever, objective an a ly sis  of th e  q u a n tita tiv e  da ta  sh o u ld  be re s tr ic te d  to th o se  tax a  th a t can  
be reco rd ed  m o st re liab ly  an d  w h ic h  are tru e  m em bers of th e  com m unity .
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For m o n ito rin g  p u rp o se s , it  is e ssen tia l th a t s ites are re lo ca ted  accu ra te ly  to  give a c o n tin u o u s  accu ra te  
da tase t. A  good m ap  of th e  site  is req u ired , an d  each  q u ad ra t sh o u ld  be g iven  a u n iq u e  reference , so th a t 
tim e  series da ta  for a sing le  s ta tio n  can  be easily  accessed . In  te rm s of sam p lin g  th e  fo llow ing  ru les  m u st 
be ap p lied :

(1) R e-survey  of a site  sh o u ld  take  p lace  at th e  sam e tim e  of year (if ap p ro p ria te ).
(2) T he sam e size  an d  sh ap e  of q u ad ra t m u s t be u se d  each  tim e.
(3) T he sam e m e th o d  of co u n tin g  sp ec ies  (coun ts or % cover) sh o u ld  be u se d  each  tim e.
(4) For ra n d o m  sam p les , th e  sam e n u m b e r of q u ad ra ts  across a b ro a d ly  s im ila r area are to  be  c o u n ted  

e ach  tim e.

S u rv ey  p e rso n n e l m u s t fam ilia rise  th em se lv es  w ith  th e  fau n a  an d  flora or th e  area, an d  sh o u ld  u n d e r ­
take an  in te r-w o rk er ca lib ra tio n  exerc ise  befo re  s ta rtin g  th e  m o n ito ring .

Cost and time

A fu ll rev iew  of th e  costs an d  tim es in v o lv ed  in  su b tid a l q u an tita tiv e  sam p lin g  is g iven  in  M oore (2000).
T h e  p re p a ra tio n  of a ch eck lis t of spec ies a n d  th e  e s tab lish m en t of reco rd in g  ru le s  m ay  re su lt in  

re d u c e d  su rv ey  tim e  or a llo w  m ore  q u ad ra ts  to  be su rv ey ed  in  th e  sam e n u m b e r of d ives. T hese  b e n e ­
fits m u s t be offset aga in st an y  a d d itio n a l tim e  for u n d e rta k in g  a p ilo t s tu d y  to  define  ap p ro p ria te  
reco rd in g  ru les.

If fixed  q u ad ra t lo ca tio n s are u sed , th e y  red u ce  th e  sp a tia l v a ria b ility  e lem en t in  th e  da ta  an d  th e re ­
fore red u ce  th e  n u m b e r of q u ad ra t reco rd s n e e d e d  to  d e tec t an y  tem p o ra l changes. H ow ever, th is  sav ing  
m u s t be set aga in st th e  ex tra  tim e , an d  therefo re  cost, re q u ire d  to e s tab lish  an d  m a in ta in  th e  fixed  lo ca ­
tio n s. In  m a n y  lo ca tio n s th ese  costs m ay  be v e ry  lim ited , p a rtic u la r ly  if  it  is n ecessa ry  to  m ark  th e  site  
for re lo ca tio n  p u rp o se s  anyw ay. H ow ever, if  th e re  are p o te n tia l p ro b lem s w ith  m ark in g  th e  site  -  e.g. on 
v e ry  m ob ile  m ix ed  su b stra ta  or at v e ry  p o p u la r  d iv ing  sites -  th e se  costs m ay  b ecom e excessive.

Health and safety

A ll fie ld  staff m u s t fo llow  ap p ro v ed  safety  p ro ced u re s  p u b lish e d  by  th e ir  h o s t in s titu tio n , or th a t of the  
co n trac tin g  agency, w h ich ev e r are th e  m ore  stringen t.
A ll d iv in g  o p era tio n s are sub jec t to  th e  p ro ced u re s  d esc rib ed  in  th e  D iving at W ork R egu la tions 19976 
an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical A p p ro v ed  Code of P ractice .
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Procedural Guideline No. 3-8 
Quantitative sampling of subtidal 

sediment biotopes and species 
using driver-operated cores

Paul Brazier, C o u n t ry s id e  Counc i l  for W a le s 1

Background

T his p ro to co l has b e e n  ad a p te d  from  th e  M arine  N atu re  C onserv a tio n  R eview  R ationa le  a n d  M ethods 
(C onnor a n d  H iscock  1996).

Purpose

Applicable to the fo llowing attributes
Core sam p lin g  in  th e  su b litto ra l is a p p ro p ria te  for a ttrib u tes  co n cern in g  id e n tif ic a tio n  of b io to p es an d  
th e ir  q u a lity  in  te rm s of spec ies r ich n ess  a n d  th e  a b u n d an ce  of species. G eneric  a ttrib u tes  are:

• M easu re  th e  spec ies r ic h n e ss  in  th e  b io to p e  a n d /o r  ab u n d a n c e  of target spec ies (rare, fragile, d e c lin ­
ing , rep resen ta tiv e) in  b io topes.

• M easu re  th e  q u a n tity  of p a r tic u la r  sp ec ies  of co n se rv a tio n  im p o rtan ce  (rare, fragile, d ec lin in g  species 
-  th o se  for w h ic h  th e  site  is ‘sp e c ia l’).

It is also  ap p licab le  to  th e  fo llow ing  genera l su rv ey  objectives

• E stab lish /re -e s tab lish  th e  spec ies w h ic h  are p re se n t in  b io to p es a t a site  in c lu d in g  th e ir  a b u n d an ce  
a n d /o r  b io m ass w ith in  s ta tis tica l lim its .

• E s tab lish /re -e s tab lish  th e  spec ies w h ic h  are  p re se n t a long  a g rad ien t of change aw ay  from  a p o in t 
so u rce  of d is tu rb an ce  in c lu d in g  th e ir  a b u n d an ce  an d  b io m ass w ith in  s ta tis tic a l lim its .

Advantages
T his m e th o d  p ro v id es  q u an tita tiv e  re su lts  w h ic h  m ay  be a p p ro p ria te  for s ta tis tica l analy sis  a n d  in te r ­
p re ta tio n  an d  p ro v id e  a co m m o n  s ta n d a rd  b e tw een  a p o te n tia lly  large n u m b e r of da tase ts. A d d itio n a l 
in fo rm a tio n  is p ro v id e d  by  d iver observa tions of se d im e n t type , se d im e n t fea tu res an d  ep ifauna .

Disadvantages
T he co llec tio n  a n d  su b seq u en t analy sis  of se d im e n t sam p les  can  be v e ry  tim e-co n su m in g  an d  there fo re  
costly. T h e  use  of a sing le  p o o le d  sam p le  of cores m ay  n o t p ro v id e  an  ad eq u a te  sam p le  for rigo rous s ta ­
tis tic a l analyses.

Logistics

Equipment required

1 Plas Penrhos, Ffordd Penrhos, Bangor LL57 2LQ, UK.
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• A p p ro p ria te  v esse l from  w h ic h  to  o pera te  SCUBA d ivers, n a v ig a tio n  a n d  safety  e q u ip m e n t in c lu d in g  
D ifferen tia l G lobal P o sitio n in g  S ystem  (dGPS).

• C om plete  SCUBA e q u ip m e n t as re q u ire d  u n d e r  th e  JNCC d iv e r g u id e lin e s  (H olt 1998).
• E ight 11cm  d iam ete r (approx . O.Olm^) cy lin d ric a l corers an d  a 5cm  d iam ete r corer, w ith  m ean s to 

seal th e  corers w h ils t u n d e rw a te r  (caps or bungs); all item s to  be secu red  in  a carry ing  b ask e t w h ic h  
is secu red  to  a liftin g  ro p e  an d  buoy.

• P referab ly  a w ash in g  system  in c lu d in g  a p u d d lin g  h o p p er, ru n n in g  w a te r ho se  an d  sieve s tan d  to 
en su re  effective, g en tle  siev ing  of th e  sam ples.

• S p ec im en  bu ck e ts  an d  po ts , n o tep ad , re liab le  labe ls  for p lac in g  in to  th e  sam p le  co n ta in e rs  (Dymo™  
tap e  p ro v es v e ry  effective) a n d  also  in d e lib le  p e n  for m ark ing  th e  o u ts id e  (no t th e  lid ) of th e  sam p le  
co n ta in er; s trong  p la s tic  bags a n d  labels  for p a rtic le  size sam ples.

• 10%  bu ffe red  form al sa lin e  (4%  fo rm aldehyde) e ith e r  on  th e  v esse l or im m ed ia te ly  availab le  after a 
d ay ’s sam pling ; 70%  IMS (in d u s tr ia l m e th y la ted  sp irits) for su b seq u en t storage of sam p les  after in i­
tia l fix ing w ith  fo rm alin .

Staff required
M in im u m  HSE d iv in g  team  (four d ivers w ith  a p p ro p ria te  q u a lifica tio n s, see H olt 1998) p lu s  p o ssib le  
a d d itio n a l b o a t h a n d lin g  staff w ith  a p p ro p ria te  sk ills  to  m a tc h  th e  en v iro n m en ta l c o n d itio n s  expected .

Best time of year
T here  is no  c learly  id en tifiab le  tim e  of year to  su rv ey  su b litto ra l sed im en t co m m u n ities . S u m m er m o n th s, 
w h ic h  p ro v id e  long p e rio d s  of d ay ligh t an d  favourab le  w ea th e r co n d itio n s, are sub jec t to  th e  in c lu s io n  
of large ep h em era l p o p u la tio n s  of in v erteb ra tes an d  th e  rec ru itm en t of ju v en iles  in to  a d u lt p o p u la tio n s . 
T hese  factors m u s t be acco u n ted  for in  an y  data  in te rp re ta tio n . Longer e s tab lish ed  w in te r p o p u la tio n s  are 
less p ro n e  to th ese  seasonal in fluences. D uring w in ter, th ere  are th e  log istica l d isadvan tages of sh o rt d ay ­
lig h t h o u rs , p o ten tia lly  d isru p tiv e  w ea th e r co n d itio n s  an d  im p rac ticab le  w ork ing  cond itio n s.

O f p rim a ry  im p o rtan ce  is th a t an y  survey, if  th e  re su lts  are to be  c o m p ared  over tim e , m u s t take p lace  
at th e  sam e tim e  of year to  p rev io u s  s tu d ies . E ven  th e n , m ajo r w ea th e r even ts  b e tw een  su rv ey  dates 
sh o u ld  be tak en  n o te  of an d  in c lu d e d  in  an y  in te rp re ta tio n  (e.g. d ram atic  changes in  fre sh w ate r in p u t 
in  es tu a rie s , storm s).

Survey brief
Locate sites an d  co llec t th e  sp ec ified  n u m b er of core sam p les  a long  w ith  su p p o rtin g  in fo rm atio n .

Methods

Field
S ite  loca tion . L atitude  an d  lo n g itu d e  for sam p le  sites sh o u ld  be d e te rm in ed  p rio r to beg in n in g  fie ld  w ork  
(or sh o u ld  be th e  sam e as for sites su rv ey ed  in  th e  first m o n ito rin g  survey). In  u sin g  th e  G eographical 
P ositio n in g  System  m ake su re  th a t the  co rrect d a tu m  is em ployed , e.g. W GS84 or OSGB, etc. P o sition ing  
sh o u ld  be by  dGPS w ith  b e tte r th a n  5m  accu racy  (offset on  th e  vesse l sh o u ld  a lw ays be no ted ) w ith  q u a l­
ity  con tro l checks tak en  from  k n o w n  p o sitio n s  an d  reco rds of signal q u a lity  d u rin g  th e  survey.
S a m p le  co llec tion . T he  corers an d  corer caps m u s t be c lean  an d  secu red  in  th e ir  co n ta in e r an d  a rope  
a tta ch ed  before  th e  SCUBA d ivers leave th e  su rface  an d  take  th e  co m p le te  a ssem bly  to  th e  seabed. 
D ep en d in g  u p o n  th e  se d im e n t type , c o m p le tio n  of th e  co ring  m ay  take  from  5 to  30 m in u te s . O nce a 
core has b e e n  fo rced  in to  th e  se d im e n t by  a ro ta tin g  an d  p u sh in g  ac tion , a cap  is p la c e d  on  th e  to p  of 
th e  corer, th e  se d im e n t a ro u n d  th e  co rer is m a n u a lly  w afted  aw ay  an d  a cap  p la c e d  on  th e  lo w er end. 
T h is en su res  th a t n o  m a te ria l is lo st from  th e  co rer w h e n  it  is p u lle d  from  th e  sed im en t. T he w h o le  
p ro cess  sh o u ld  be co m p le ted  as q u ick ly  as p o ssib le  to  avo id  loss of an im als  th a t w o u ld  o th erw ise  b u r ­
ro w  d o w n  an d  ou t of th e  core. A  larger scale  sea rch  of th e  su rro u n d in g  seab ed  is d one  to  look  for m ore 
w id e ly  d isp e rsed , ty p ic a lly  larger fauna  su c h  as large b iv a lves, u rc h in s  an d  fish  w h ic h  w o u ld  n o t o th ­
erw ise  be  reco rd ed  u s in g  th e  corers. N otes are m ad e  by  th e  d ivers of se d im e n t fea tu res an d  ep ifau n a . A n  
a d d itio n a l, sm a lle r sam p le  of se d im e n t is a lso  co llec ted  for p a rtic le  size ana ly sis . A d d itio n a l no tes  are 
m ad e  by  th e  d ivers of ep ifau n a l sp ec ies, se d im e n t fea tu res, trace  ev id en ce  of ep ifau n a  (tracks, b u rro w s,
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etc.) w a te r d e p th  an d  tim e  (GMT 24 h r clock). T he su rface  cover lifts th e  co m p le te  a ssem bly  w ith  fu ll 
corers to  th e  su rface to  b eg in  sieving.

A  sing le  sam p le  co n sis ts  o f 8 cores w h ic h  are p o o le d  a n d  siev ed  over a 0 .5m m  m esh  an d  p re se rv ed  as 
a sing le  entity .

For th e  s ite  as a w h o le  th e  fo llow ing  site  fea tu res m u s t be reco rd ed :

Score 1 -5  S urface re lie f  (ev en -u n ev en )
F irm n ess  (firm -soft)
S tab ility  (s tab le -m o b ile )
S o rting  (w e ll-p o o r)

N ote if  p resen t: M o u n d s/ca s ts
B u rro w s/h o les  
Tubes 
A lgal m at
W av es/d u n es  (>10cm  high)
R ip p les  (<10cm  high)
S ubsu rface  b lack  layer 
S ubsu rface  coarse  layer 
S ubsu rface  c la y /m u d  
S urface s ilt/f lo c c u le n t

O n-board  processing . T he  sam p le  sh o u ld  be ch eck ed  for adequacy . In  g enera l a d e p th  of g reater th a n  
15cm  of se d im e n t in  th e  co rer is id ea l, a lth o u g h  in  coarse  sed im en ts  th is  m ay  be d ifficu lt to  ach ieve  on 
occasions. S am p les  th a t are less th a n  15cm  deep  are no ted .

A d d itio n a l no tes  are m ad e  on  th e  su rface  colour, surface tex tu re , change w ith  d ep th , sm ell an d  p re s ­
ence  of H 2S -b lackened  sed im en ts , d o m in a n t fauna, p re sen ce  of d ead  sh e lls  or sing le  large sto n es, etc. 
T hese  a d d itio n a l no tes  can  often  p ro v e  in v a lu ab le  in  th e  in te rp re ta tio n  of data.

T he sed im en t sam ples sh o u ld  be h an d led  as gen tly  as possib le  to avoid  dam age to the  in fauna. This 
requires p lac ing  the  core con ten ts in to  a receiv ing hopper. W ater is ad d ed  gently  to the  receiv ing  h o p p er to 
p roduce  a w ater sed im en t suspension . The sam ple is transferred  in  sm all quan tities to a sieve in  a separate 
w ater-filled hopper. S ieving sh o u ld  be by  p u d d lin g  (no d irect jetting  of w ater on  the  sieve). T he residue  on 
the  sieve sh o u ld  be back w ash ed  in to  a p re-labelled  spec im en  container. Back w ash ing  sh o u ld  be u n d e r­
taken  over a tray  or fish  box to avoid  acciden tal loss of the  sam ple. W ith  coarser m ateria l (gravel an d  p eb ­
bles) it  is advisable to  rem ove m ateria l as it  bu ild s  u p  in  the  sieve an d  p lace it in to  the  sam ple po t at regu­
lar in tervals to avoid  dam aging the  b io ta  in  the  sieve. T he sieve sh o u ld  be checked  and  cleared  of trap p ed  
fauna or any  sed im en t im ped ing  its efficiency. A  w aterp roo f label w ith  site details sh o u ld  be ad d ed  to the  
sam ple con ta iner (adhere to NMBAQC requirem ents). Fix the  sam ple in  10%  form al saline: th is  m ay be 
u n d ertak en  on  re tu rn  to  the  shore, b u t in  all cases it m u st be done w ith in  24 hou rs  of collection.

A d d itio n a l sa m p lin g . To co llec t da ta  on  th e  a b u n d an ce  of a n am ed  spec ies to  a sp ec ified  leve l of p re c i­
s io n  req u ires  p rio r  in fo rm a tio n  on  th e  d e n s ity  an d  aggregation  of th e  spec ies at th e  site. In  genera l, th e  
m ore  a b u n d a n t an d  less aggregated  th e  sp ec ies  th e  less rep lica te s  w ill be n eed ed . T he p ro ced u re  for 
e s tab lish in g  th e se  c rite ria  is d esc rib ed  in  H olm e an d  M cIn ty re  (1984). W h en  th e  n u m b e r of rep lica tes  
req u ired  h as b e e n  e s tab lish ed  th e  sam p lin g  p ro c e d u re  can  be fo llo w ed  as above. T h is m ay  req u ire  th e  
u se  of d iffe ren t size  corers, n u m b e r of p o o le d  cores an d  d iffe ren t sieve m esh  sizes d e p e n d in g  u p o n  th e  
ob jectives of th e  m o n ito rin g  survey. C learly, if  a ta rg e ted  spec ies is g reater th a n  5cm  d iam ete r b u t lives 
fu rth e r th a n  15cm  d o w n  in  th e  sed im en t, a d eep er core w ill be req u ired , b u t a m esh  size of 2cm  w o u ld  
be ad eq u a te  to  co llec t th e  sp ec im ens.

Laboratory
A d eq u a te  w e t fac ilities  in c lu d in g  a fum e cu p b o a rd  for p ro cess in g  sam p les  are req u ired . B ench  sp ace  for 
b in o c u la r  a n d  c o m p o u n d  m ic ro sco p es an d  all a p p ro p ria te  tax o n o m ic  keys an d  gu ides. T he re q u ire ­
m en ts  are:

• Id en tify  th e  in fa u n a  to  th e  h ig h es t tax o n o m ic  level p rac ticab le  (u su a lly  to  spec ies level).
• S u p p ly  a l is t of taxa, w ith  n u m b ers  of in d iv id u a ls  for each  sam p le  on  a s ta n d a rd  se d im e n t sam p le  or 

in  a sp re a d sh e e t fo rm at su p p lie d  on  co m p u te r d isc /tap e . Taxa sh o u ld  be lis te d  acco rd in g  to H o w son  
a n d  P ic to n  (1997). S pecies n o t lis te d  in  H o w so n  a n d  P ic to n  sh o u ld  be n a m e d  acco rd in g  to  a recog­
n ise d  au tho rity , w h ic h  sh o u ld  be c ited  to g e th er w ith  th e  tax o n o m ic  p u b lic a tio n  u se d  to  id e n tify  th e  
sp ec im en .
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• P ro v id e  a v o u c h e r co llec tio n  of sp ec im en s. E xam ples (p referab ly  several) of each  tax o n  id en tif ied  
from  th e  series of sam p les  (each  tax o n  s to red  sep ara te ly  in  IM S in  su itab le  v ia ls  or jars, if  possib le  
glass) or exam p les  of p re d e te rm in ed  target species. T hese  sh o u ld  be p ro p e rly  lab e lled  u s in g  sp ec im en  
labels.

P artic le  size an a ly sis  sh o u ld  be  u n d e rta k e n  acco rd in g  to th e  m e th o d s  d esc rib ed  in  H olm e an d  
M cIn ty re  (1984) or by  m ore  recen tly  d ev e lo p ed  tec h n iq u e s  u s in g  laser tech n o lo g y  th a t are su p p o rte d  by  
re sea rch  p ap e rs  as v a lid  a n d  reliab le .

Data analysis

A range of da ta  analysis  p ro ced u res  are availab le  an d  tho se  u sed  w ill w h o lly  d e p e n d  on  th e  objectives of 
th e  su rv ey  w ork. D ata an a ly tica l te ch n iq u es  are describ ed  in  C larke an d  W arw ick (1994). T he tech n iq u es 
m ost w id e ly  accep ted  in  the  UK for th e  d e fin itio n  of fauna l assem blages, a lth o u g h  b y  no  m eans the  on ly  
ones (see C larke an d  W arw ick  1994), are Bray an d  C urtis s im ila rity  analy sis  in  co m b in a tio n  w ith  a h ie r­
arch ica l c lu ste rin g  p ro ced u re  an d  o rd in a tio n  b y  M u ltid im en sio n a l S caling  (MDS). T hese tech n iq u es  are 
availab le  in  th e  P rim er package (see C larke an d  W arw ick 1994). T he m u ltiv a ria te  analyses TW INSPAN 
an d  DECORANA are also u sefu l p rogram s to  a id  in  th e  id en tif ic a tio n  of b io to p es (H ill 1979a, b).

In  te rm s of m o n ito rin g  it  m ay  be n ecessa ry  to  p ro v id e  a q u an tita tiv e  co m p ariso n  b ased  on  o n ly  p a r t of 
th e  fau n a l assem blage (e.g. in fa u n a  only). T h e  p r in c ip a l reaso n  for th is  co n s tra in t is f in d in g  c o m p a ti­
b ility  b e tw een  co u n ts  of in d iv id u a ls  of each  spec ies for th e  in fa u n a  an d  p e rcen tag e  cover or a b u n d an ce  
scale  da ta  for co lo n ia l ep ifau n a . T he degree to  w h ic h  m a n ip u la tio n  w ill be n ecessa ry  is c lea rly  re la ted  
to  th e  su b stra tu m  type. M ost fine p a rtic u la te  sed im en ts  w ill be  co m p rised  a lm o st ex c lu s iv e ly  of in fa u ­
na, w h ereas  sed im en ts  w ith  a sig n ifican t g ravel co n ten t an d  in  re la tiv e ly  sh e lte re d  c o n d itio n s  have  a 
d iverse  an d  a b u n d a n t ep ifauna .

H aving  defin ed  th e  faunal assem blage to be ex am ined , th e  m in im u m  data  analysis  sh o u ld  com prise  a 
co n sid e ra tio n  of n u m b er of species, to ta l a b u n d an ce  an d  b iom ass. T hese  th ree  ‘p rim ary  v a riab le s’ m ay  be 
u sed  to  test year-to-year v a ria tio n  (in  te rm s of p ercen tage  difference) an d  can  in  tu rn  be u sed  to  u n d e r­
take co m p lian ce  m o n ito rin g  acco rd ing  to  th e  m e th o d s describ ed  in  th e  GCSDM (1993). T hese  m eth o d s 
w ere  o rig inally  d ev ised  for co m p lian ce  testin g  at sea d isp o sa l sites an d  have  b een  ex p an d ed  to  in c lu d e  
w astew ater d ischarges. T hey  can , therefo re , be em p lo y ed  to p ro v id e  a coarse  m easu re  of d ev ia tio n  from  
th e  s ta tu s  quo  w ith  lim its  ap p lied  on  a site-by-site  basis an d  m ay  be co n sid e red  as ‘A ctio n  P o in ts ’.

W here possib le  th e  analysis  of p rim ary  variab les sh o u ld  be su p p o rte d  by  o ther u n iv a ria te  (d iversity  
in d ice s  an d  g rap h ica l m ethods) an d  m u ltiv a ria te  analysis  tech n iq u es  (MDS an d  su p p o rtin g  analyses su ch  
as ANOSIM ), p a rtic u la rly  w h ere  an y  id en tif ic a tio n  from  n o rm ality  is no ted . In  a ll cases a b ro ad  ap p ro ach  
to  data  analysis sh o u ld  be ad o p ted , w ith o u t losing  site  of th e  species th a t co n trib u te  to  th e  da ta  sets.

Accuracy

T he da ta  p ro d u c e d  w ill be q u an tita tiv e  a lth o u g h  th e  h e te ro g en e ity  of th e  e n v iro n m e n t an d  th e  n u m b er 
of rep lica tes  co llec ted  w ill affect th e  v a riab ility  w ith in  th e  data. In accu rac ies  can  arise  d u e  to  a range of 
factors, in c lu d in g  th e  p o ss ib le  lack  of ex p erien ce  an d  c o n sc ien tio u sn ess  of w orkers an d  th e ir  sam p le  
id e n tif ic a tio n  sk ills. T h e  a m o u n t of erro r or v a ria b ility  lik e ly  has b e e n  estab lish ed  b y  tests  u n d e rta k e n  
u n d e r  th e  au sp ices  of th e  NM BAQC an d  adv ice  has b e e n  g iven  on  m in im is in g  su c h  v a ria b ility  .

In fo rm atio n  co llec ted  on  id e n tif ic a tio n  an d  e n u m e ra tio n  of spec ies p re se n t w ith in  sam p les  (in  a d d i­
tio n  to  b io m ass w h e re  ap p ro p ria te ) p lu s  an c illa ry  in fo rm a tio n  w ill req u ire  su itab le  co m p u tin g  softw are.

Time required 

Field
T he tim e  co n stra in ts  for u s in g  d iv e r-o p era ted  corers are th e  p rac tica l lim ita tio n s  p la c e d  on  th e  d iv e r for 
rep ea t d ives. U n d e r th e  JNCC d iv ing  reg u la tio n s  (H olt 1998), d ivers are re q u ire d  to rem a in  w ith in  n o ­
stop  tim es an d  to  have  a su rface in te rv a l of a t least 2 h o u rs  for re p e a t d ives. T herefo re , rea lis tica lly , a

2 See National Marine Monitoring Programme Green Book: http://www.marlab.ac.uk/greenbook/GREEN.htm

http://www.marlab.ac.uk/greenbook/GREEN.htm
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team  of 4 d ivers can  co m p le te  4 to  6 sites in  a day  p ro v id e d  th a t trav e l tim e  b e tw een  s ites  is n o t great. 
In  a d d itio n  to  th is  is th e  tim e  tak en  to  la u n c h  an d  recover (or m oor) th e  cover boat.

Laboratory
Tim e req u ired  to  p ro cess  sam ples is u su a lly  h ig h  d ep e n d in g  u p o n  a n u m b e r of v ariab les  an d  can  vary  
b e tw een  <1 h o u r  to  >1 w o rk ing  day  for each  sam p le  d ep e n d in g  u p o n  sed im en t ty p e  an d  spec ies r ic h ­
ness of th e  sam ple .

Data analysis
T he in p u t  of d a ta  in to  a su itab le  fo rm at sh o u ld  be ap p ro x im a te ly  s ta n d a rd  for spec ies, a b u n d an ce  an d  
rep lica tes . T he fo llow ing  is co p ied  from  th e  p ro c e d u ra l g u id e lin e s  for su b litto ra l grab sam p lin g  (T hom as 
1998): T im e tak en  for da ta  an a ly sis  w ill d e p e n d  on  th e  ex ten t of th e  ana lyses em p lo y ed . S im p le  c o m p i­
la tio n  of a sp re a d sh e e t in c lu d in g  c la ss ifica tio n  u s in g  th e  M C S /U lster M u seu m  S pecies D irec to ry  codes 
an d  fu ll QC checks m ay  take u p  to  tw o days for a 50 -sam p le /4 0 0 -sp ec ies  da ta  set. E m ploy ing  a m u lti- 
s ta tis tica l package is v e ry  ra p id  (<1 day) once th e  da ta  h as  b e e n  a d e q u a te ly  fo rm atted , b u t a tim e  scale 
for th e  in te rp re ta tio n  of th e  o u tp u ts  is d e p e n d e n t o n  th e  co m p lex ity  of th e  re su lts  a n d  m ay  in v o lv e  sev ­
eral re ru n s  of th e  data.

QA/QC

• S am ples sh o u ld  n o t be  tak en  from  se d im e n t th a t h as  b e e n  d is tu rb e d  b y  th e  d iv e rs ’ p resen ce .
• Cores m u s t be tak en  ra n d o m ly  w ith in  a d e fin ed  area  (e.g. 25m 2 ).
• Care sh o u ld  be tak en  th a t th e  corers are in se rte d  to  th e  co rrec t d e p th  (up to  20cm ) an d  rem o v ed  in ta c t 

from  th e  sed im en t, w ith  excess m a te ria l rem o v ed  from  th e  o u ts id e  of th e  corer before  bein g  tip p e d  
in to  th e  rece iv in g  hopper.

• T h e  c o n te n t of th e  co rer m u s t be  ch eck ed  p rio r  to  be in g  tip p e d  in to  th e  rece iv in g  h o p p e r  to  en su re  
th a t th e re  has b een  no  w ash -o u t of sam p le  th ro u g h  p o o rly  fitted  caps to  th e  corers.

• S am p les  sh o u ld  be w a sh e d  over a 0 .5m m  m e sh  sieve  n o t m ore  th a n  24 h o u rs  after co llec tio n  an d  th e n  
fixed  in  fo rm alin  so lu tio n .

• S am p les  sh o u ld  be fixed  in  10%  bu ffered  sa lin e  fo rm alin  so lu tio n  (4%  fo rm aldehyde). T he v o lu m e  
of re s id u a l se d im e n t in  a co n ta in e r sh o u ld  n o t exceed  o n e -th ird  to  o n e-h a lf th e  v o lu m e  of fo rm alin  
so lu tio n . For sam p les  co n ta in in g  a h ig h  v o lu m e  of c lay /w a te r a h ig h e r c o n c e n tra tio n  of fo rm alin  m ay 
be  req u ired .

• T he g u id e lin es  of th e  NM BAQC sh o u ld  be fo llo w ed  w h ere  availab le .

Health and safety

Q u alifica tio n s in  bo a t h a n d lin g  m u s t con fo rm  to th e  req u irem en ts  of co n trac to rs  for th e  p u rp o se s  of safe­
ty  an d  in su ran ce . A ll d iv in g  o p era tio n s are su b jec t to  th e  p ro ced u re s  d esc rib ed  in  th e  D iving at W ork 
R egu la tions 1997 an d  m u st fo llow  th e  S c ien tific  a n d  A rchaeo log ical A p p ro v ed  C ode of P ractice . T he 
JNCC g u id an ce  no tes  m u s t be m et b y  a ll d ivers (H olt 1998). R isk  assessm en ts  m u s t be m ad e  to  p ro v id e  
an  analy sis  of th e  lik e ly  e n v iro n m en ta l co n d itio n s . P oor w ea th e r c o n d itio n s  in  th e  sh ap e  of h ig h  w in d s  
or lo w  v is ib ility  are p a r tic u la r  risk s d u rin g  b o a tin g  ac tiv ities . H igh  tid a l s tream s an d  lo w  u n d e rw a te r  
v is ib ility  h av e  p a r tic u la r  h e a lth  an d  safety  im p lic a tio n s  to d ivers. L aborato ry  safety  codes of p rac tice  
(COSHH ap p ro v ed  m eth o d s) m u s t be  fo llow ed.

3 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997. ISBN 0 11 065170 7 
See: http://www.hse.gov.uk/spd/spddivex.htm

4 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997.Approved Code of 
Practice and Guidance - L107. HSE Books 1998. ISBN 0 7176 1498 0.
See: http://www.hse.gov.uk/spd/spdacop.htm - a

http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm


274

References/further reading

Marine Moni tor ing H a n d b o o k

Baker, J M and Wolff, W J (eds) (1987) Biological surveys o f estuaries and coasts. Estuarine and Brackish-Water 
Sciences Association Handbook No.3. Cambridge University Press, Cambridge.

Clarke, K R and Warwick, R M (1994) Change in marine communities: an approach to statistical analysis and  
interpretation. Natural Environment Research Council, UK.

Connor, D and Hiscock, K (1996) Data collection methods. In: Marine Nature Conservation Review: Rationale and  
Methods (ed. K. Hiscock), 51-65 and Appendices 5-10, 126-158. Joint Nature Conservation Committee, 
Peterborough.

Elliott, M (1997) Benthic techniques, best practice review. Workshop at Hull University 18/9/97.
GCSDM (1993) Analysis and interpretation of benthic community data at sewage-sludge disposal sites. Aquatic 

Environment Monitoring Report No. 37. Ministry of Agriculture Fisheries and Food, Lowestoft.
Hill, M O (1979). DECORANA -  a FORTRAN program for detrended correspondence analysis and reciprocal aver 

aging. Cornell University, Ithaca, New York.
Hill, M O (1979) TWINSPAN -  a FORTRAN program for arranging multivariate data in an ordered two-way table 

by classification o f the individuals and attributes. Cornell University, Ithaca, New York.
Hiscock, K (ed.) (1996) Marine Nature Conservation Review: rationale and methods. Coasts and seas of the United 

Kingdom. MNCR series. Joint Nature Conservation Committee, Peterborough.
Holme, N A and McIntyre, A D (eds) (1984) Methods for the study o f marine benthos, 2nd ed. IBP Handbook No.16. 

Blackwell Scientific Publications, Oxford, for International Biological Programme.
Holt, R H F (1998) Rules and regulations covering diving at work for the statutory Nature Conservation Agencies 

(JNCC, EN, SNH, CCW).
Howson, C M and Picton, B E (eds) (1997) The species directory o f the marine fauna and flora o f the British isles 

and the surrounding sea. Ulster Museum and the Marine Conservation Society, Belfast and Ross-on-Wye.



Procedural Guideline No. 3-9 
Quantitative sampling of 

sublittortal sediment biotopes and 
species using remote-operated grabs

Nigel S. Thom as ,  Emu Environmental  Ltd1

Background

S ystem atic  b e n th ic  sam p lin g  a n d  analy sis  o rig in a ted  from  in v es tig a tio n s  of fish eries  re so u rces  (for 
ex am p le  P e te rso n  1911). B en th ic  grab sam p lin g  tech n iq u es  h av e  re m a in e d  e sse n tia lly  th e  sam e since  
th a t tim e , a lth o u g h  sig n ifican t d ev e lo p m en ts  w ith  re sp ec t to  p o s itio n in g  e q u ip m e n t an d  da ta  analysis  
te ch n iq u es  have  occu rred . S u rv ey  te c h n iq u e s  h av e  b e e n  d ev e lo p ed  an d  a d a p te d  to  su it a v a rie ty  of 
n eed s , p a rtic u la r ly  in  th e  oil a n d  gas in d u s try  (e.g. rig  de-co m m issio n in g , p ip e lin e  rou tes), th e  w ater 
in d u s try  (ou tfall d ischarges), cap ita l an d  m a in te n a n c e  d redg ing  (spo il d isp o sa l), th e  aggregate in d u s try  
(licence ap p lica tio n ) as w e ll as p u re  re sea rch  s tu d ie s  a n d  m o st recen tly  s tu d ie s  d esig n ed  for th e  assess­
m en t of co n se rv a tio n  s ta tu s  w ith in  SACs.

T h is g u id e lin e  h as  b e e n  ad a p te d  from  es tab lish ed  b e n th ic  grab sam p lin g  m e th o d s  d esc rib ed  in  H olm e 
an d  M cIn tyre  (1984), Baker an d  W olff (1987) an d  Rees e t al. (1990). F u rth e r  c o n s id e ra tio n  has b een  
g iven  to  sam p lin g  stra teg ies an d  d a ta  an a ly ses  from  o ther tex ts  in c lu d in g  M A FF (1993), C larke an d  
W arw ick  (1994), F erraro  e t al. (1994), GCSDM (1997), R u m o h r (1999), N ik itik  (2000) an d  w o rk sh o p s 
(E llio tt 1997, W orsfold  a n d  D yer 1997).

Purpose

T he p re sen t gu id e lin e  has b een  designed  to p ro v id e  in fo rm atio n  su ffic ien t to fulfil m arine  SAC conserva­
tio n  objectives tak ing  in to  co n sid e ra tio n  th e  possib le  p ressu res th a t m ay  exist w ith in  or in  th e  v ic in ity  of 
the  SAC. Specific  conserva tion  objectives for m arine  SACs are in  p rep a ra tio n  an d  have therefore n o t been  
p rec ise ly  defined . H ow ever, th e  fo llow ing  generic  a ttribu tes m ay  be m et b y  using  b en th ic  grab sam pling:

• D ete rm ine  th e  d is tr ib u tio n  of th e  d iffe ren t b io to p es or b io to p e  com plexes w ith in  a SAC.
• Id en tify  rare , fragile, rep re sen ta tiv e  or r ic h  b io to p es at th e  site.
• M easu re  th e  spec ies r ic h n e ss  in  th e  b io to p e  a n d /o r  a b u n d an ce  of key  sp ec ies  (rare, fragile, d ec lin ing , 

rep resen ta tiv e) in  b io topes.
• Id en tify  an d  en u m era te  th e  q u a n tity  of p a r tic u la r  spec ies of co n se rv a tio n  im p o rtan ce  (rare, fragile, 

d ec lin in g  spec ies -  th o se  for w h ic h  th e  s ite  is ‘sp e c ia l’).

Specific survey objectives

• E stab lish in g  th e  b e n th ic  c o m m u n ity  co m p o s itio n  w ith in  an d  b e tw e e n  b io topes.

• G ro u n d -tru th  m a p p e d  areas (es tab lish ed  b y  v id eo  or aco u stic  g ro u n d  d isc r im in a tio n  tech n iq u es , e.g. 
s id e sc a n  sonar) o ccu p ied  b y  b io to p es an d  b io to p e  com plexes).

• E stab lish in g  th e  spec ies w h ic h  are p re se n t in  b io to p es at a site , in c lu d in g  th e ir  ab u n d a n c e  an d  b io ­
m ass w ith in  s ta tis tica l lim its .

1 The Marine Laboratory, Ferry Road, Hayling Island, Hampshire, PO U  ODG, UK.
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• E stab lish in g  th e  spec ies w h ic h  are p re se n t a long  a g rad ien t of change aw ay  from  a sou rce  of d is tu r ­
ban ce  in c lu d in g  th e ir  ab u n d a n c e  a n d  b io m ass w ith in  s ta tis tic a l lim its .

Advantages

T he m eth o d s:

• are easily  e m p lo y ed  from  a range of bo a t sizes;
• p ro v id e  q u an tita tiv e  da ta  on  se d en ta ry  in fa u n a l an d  s lo w  m ov ing  or sed en ta ry  ep ifau n a l sp ec ies  from  

p a rtic u la te  h ab ita ts , w h ic h  accu ra te ly  re flec t e n v iro n m en ta l changes;
• p ro v id e  q u an tifiab le  re su lts  w h ic h  are o p en  to  s ta tis tica l analy sis  an d  in te rp re ta tio n ;
• p ro d u c e  rep licab le  d a ta  to  a co m m o n  s ta n d a rd  (if u s in g  th e  sam e sam p lin g  gear);
• p ro v id e  da ta  to  w h ic h  s ta tis tica l lim its  m ay  be ap p lied , th u s  a llow ing  d e te rm in a tio n  of m easu rab le  

change;
• p ro v id e  da ta  for ce rta in  h ab ita ts  for w h ic h  co n sid e rab le  co m p ara tiv e  in fo rm a tio n  is availab le;
• p rov ide  data from  w h ich  b io topes m ay  be quan tita tive ly  de te rm ined  using  m ultivaria te  analysis ou tpu ts.

Disadvantages

• Large v a ria tio n s  in  c o m m u n ity  a n d  b io to p e  m ay  occur over a sm all sp a tia l scale  d u e  to  n a tu ra l p a tc h ­
in ess , w h ic h  c o n seq u en tly  req u ire  in te n se  sam p lin g  to acco u n t for th e  v a ria tio n , d u e  to  th e  ‘b l in d ’ 
n a tu re  of sam p le  co llec tion .

• D ifferen t seabed  typ es req u ire  d iffe ren t grab or dredge sam p lin g  gear w ith  co n seq u en tia l v a ria tio n  in  
efficiency.

• T he choice of w h ic h  gear to  u se  relies on  p re lim in ary  in fo rm ation  e ith er in  term s of h isto ric  data about 
sed im en t type, seabed  v ideo  or rem ote g ro u n d  d isc rim in a tio n  surveys (e.g. R oxann or s id escan  sonar).

• A naly sis  of se d im e n t sam ples for fauna  can  be co stly  a n d  tim e  co nsum ing .
• Larger a n d  m ore  m ob ile  ep ifau n a  ten d s  to be  u n d e rsa m p le d .
• D ata p ro d u c e d  for ep ifau n a  a n d  in fa u n a  m ay  be in  d iffe ren t form ats.
• B io tope c lassifica tio n s are a t p re se n t lim ite d  for m an y  se d im e n t en v iro n m en ts .

Logistics

Equipment 

Site location
M aps an d  ch arts  to  th e  a p p ro p ria te  scale  sh o u ld  be o b ta ined , a long  w ith  as m u c h  in fo rm atio n , in  the  
form  of h is to ric  data , as p o ss ib le  (p a rticu la rly  im p o rta n t is se d im e n t ch a rac te ris tic s , from  w h ic h  th e  co r­
rec t sam p lin g  e q u ip m e n t can  be de te rm in ed ). Id ea lly  s ite -spec ific  v id eo  sh o u ld  be  ob ta ined .

Sampling equipm ent
N u m ero u s typ es of sam p lin g  grab are availab le  (see H olm e an d  M cIn ty re  1984). For th e  req u irem en ts  of 
th e  p re se n t g u id e lin e  th e  fo llow ing  are reco m m en d ed :

• v a n  Veen (ligh tw eig h t v ersion ), a p p ro p ria te  to  soft sed im en ts  an d  sh a llo w  w aters
• D ay Grab, a p p ro p ria te  to  a range of sed im en ts , from  m u d s  th ro u g h  san d s to  m ix ed  san d y  gravel
• H am o n  Grab, a p p ro p ria te  to  m ix tu res  of sed im en t, p a rtic u la r ly  c o n so lid a te d  coarse  gravels an d  

cobbles

C o n sid e ra tio n  m ay  be g iven  to  a lte rn a tiv e  sam p lin g  gear, p a r tic u la r ly  sp rin g -lo ad ed  grabs in c lu d in g  the  
S m ith -M cln ty re  or S h ip ek , w h ic h  are ab le to  sam p le  coarse  su b s tra ta  an d  m ay  be d ep lo y ed  from  a sm all 
vesse l. In  genera l th ese  sam p le rs  te n d  to  be less easy  to  h a n d le  a n d  take  a sm alle r v o lu m e  sam ple . As

2 See Procedural Guidelines 3-5 and 3-14.
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an  a lte rn a tiv e  to  th e  grab sam p lers , a d redge (e.g. box  dredge) m ay  be  em p lo y ed , p a rtic u la r ly  if  g ro u n d  
tru th  d a ta  o n ly  is req u ired . D redges p ro d u c e , at best, sem i-q u an tita tiv e  da ta  an d  are n o t su itab le  for 
d e te rm in in g  changes in  c o m m u n ity  s tru c tu re . H ow ever, d redges g en era lly  sam p le  lo w er d e n s ity  e p i­
fau n a  m ore  su ccessfu lly  th a n  grab sam plers.

S am p lin g  gear a n d  sam p le  storage e q u ip m e n t sh o u ld  be reco rd ed  on  a check list. A n  ex am p le  ch eck ­
lis t is p ro v id e d  in  A p p e n d ix  1, w h ic h  co n ta in s  a ll e q u ip m e n t lik e ly  to  be req u ired . R o u tin e  c lean in g  of 
eq u ip m en t, u s in g  fresh  w ater, w ill be re q u ire d  after each  survey. M a in ten an ce  of shack les an d  an y  load- 
bearin g  cables sh o u ld  be reg u la rly  checked .

Vessel and positioning equipm ent
T he size  of v esse l re q u ire d  sh o u ld  be ch o sen  as a p p ro p ria te  to th e  c o n d itio n s  in  th e  sam p lin g  area an d  
th e  ty p e  of sam p lin g  gear to  be em p lo y ed . For ex am p le  a lig h tw e ig h t, h a n d -h a u le d  v a n  Veen Grab can  
be o p era ted  from  a sm all o p en  su rv ey  v esse l (<6m) in  sh e lte red  e s tu a rin e  w aters , w h ile  th e  m ore  ro b u st 
H am on  Grab a p p ro p ria te  to  ex p o sed  o p en  coasta l w ate rs w ill n e e d  to  be  o p e ra ted  from  a su b stan tia l v e s ­
sel (>15m ). In  a ll cases w h ere  h eav y  sam p lin g  gear is d ep lo y ed  th e  v esse l m u s t be fitted  w ith  a su itab le  
p o w er w in c h  an d  an  ‘A’ fram e or g an try  (see also  A p p e n d ix  2).

A  d iffe ren tia l G eograph ica l P o s itio n in g  S ystem  is essen tia l, w ith  b e tte r  th a n  5m  accuracy.

Personnel
B oth th e  D ay Grab an d  v a n  Veen Grab can  be o p era ted  by  tw o  su rv ey  staff in  a d d itio n  to  a w in c h  o p e r­
ator an d  sk ipper. In  ce rta in  c ircu m stan ces  th e  v a n  V een Grab does n o t n e e d  to  be  w in c h e d . T h e  o p ti­
m u m  n u m b e r of su rv ey  staff is th ree  to in c lu d e  tw o  for grab d ep lo y m en t an d  recovery  w ith  th ird  for 
reco rd in g  an d  sam p le  p ro cessing . T he th ird  p e rso n  m ay  also  o pera te  th e  w in c h  if  su ffic ien tly  e x p e ri­
enced . T he H am on  Grab is less easy  to  h a n d le  an d  req u ires  a th ird  p e rso n  to  ass is t w ith  d ep lo y m en t an d  
recovery  in  a d d itio n  to  th e  sk ip p e r an d  w in c h  operator. A t leas t tw o  of th e  su rv ey  team  sh o u ld  be ex p e ­
rie n c e d  w ith  h a n d lin g  grabs an d  h av e  ex p erien ce  of sam p lin g  an d  s iev ing  m arin e  in v erteb ra tes .

Time of year
T he op tim u m  tim e for fie ld  w ork  in  in sh o re  w aters is M ay to  Septem ber. In  term s of avo id ing  rec ru itm en t 
p e riods the  best sam pling  tim e  is February  to  May. M ay is, therefore, the  op tim u m  sam pling  period . 
P ractical constra in ts  m ay  p rec lu d e  th is  p e rio d  so th e  m ost im p o rtan t co n sid e ra tio n  is th a t rep ea t surveys 
sh o u ld  be co m p le ted  at the  sam e tim e  of year, tak ing  in to  acco u n t p red ic tab ility  of w ea th er cond itions.

Method

Field methods  

Sampling arrays
A  varie ty  of sam pling  arrays m ay be em ployed  d epend ing  on  the  objective of the  study. A n im p o rtan t co n ­
sidera tion  is the  ap p licab ility  of certa in  of the  sta tistical p rocedu res th a t m ay  be requ ired  subsequently . The 
follow ing are exam ples th a t are re levan t to m onito ring  SACs, b u t th ey  do no t in c lu d e  all types available:

R a n d o m . A  ran d o m  array  is p lo tte d  u s in g  a g rid  over a m ap  of th e  su rv ey  area, w ith  n u m b e re d  x  an d  
y  axes. T he lo c a tio n  of each  of th e  sites sh o u ld  be d e te rm in e d  u s in g  p a irs  of n u m b ers  from  ran d o m  
n u m b e r tab les. T he first n u m b e r co rre sp o n d s  to  th e  x  axis an d  th e  seco n d  to  th e  y  axis. R andom  su r­
veys are freq u en tly  em p lo y ed  if  no  o ther da ta  is availab le  at th e  p ilo t su rv ey  stage. T he p ro b lem  w ith  
ra n d o m  arrays is th a t som e areas m ay  be u n d e rsa m p le d . To av o id  th is  p o ss ib ility  stra tified  ran d o m  
se lec tio n  m ay  be u sed , w h ic h  req u ires  som e kno w led g e  of th e  p ro p o se d  su rv ey  area.
S tra tifie d  ra n d o m . T h is  m e th o d  in v o lv es  d iv id in g  th e  su rv ey  area  in to  d isc re te  sec tio n s w h ic h  are 
a llo ca ted  a p ro p o rtio n a l or w e ig h ted  n u m b e r of ra n d o m ly  se lec ted  sites. T he s tra tific a tio n  m ay  be 
se lec ted  on  th e  b asis  o f en v iro n m en ta l c o n d itio n s , su c h  as k n o w n  b io to p e  or o ther variab les , in c lu d ­
in g  w a te r d ep th , d is tan ce  from  shore , etc. S ite  se lec tio n  w ith  s tra tific a tio n  is th e  sam e as for th e  ra n ­
dom  array. T he n u m b e r of sites p e r s tra tific a tio n  sh o u ld  be  p ro p o rtio n a lly  re la te d  to th e  to ta l n u m ­
ber, g en era lly  in  te rm s of area. W eightings m ay  be a p p lie d  w h ic h  a llow  greater n u m b ers  of s ites to  be

3 See Procedural Guideline 6-1.
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a llo ca ted  to  m ore  im p o rta n t areas as req u ired .
S y s te m a tic  grid. A  g rid  m ay  be p lo tte d  over a c h a rt or d ig ita l copy  of th e  area to  be su rveyed . T h is 
a rray  is g en era lly  em p lo y ed  to co n sid e r im p ac ts  d u e  to k n o w n  b u t d iffuse p o llu tio n  sources. T he 
a rray  sh o u ld  cover th e  fu ll area  w ith in  w h ic h  an  ex p ec ted  change m ay  occur, w ith  s im ila r b u t rem ote  
areas in c lu d e d  as co n tro l sites. S ites sh o u ld  be lo ca ted  at th e  in te rse c tio n  of lin e s  on  th e  grid . T he 
g rid  n e e d  n o t be  square.

Site location
L atitu d e  a n d  lo n g itu d e  (or grid) for sam p le  sites  sh o u ld  be  d e te rm in e d  p rio r  to  b eg in n in g  fie ld  w o rk  (or 
sh o u ld  be th e  sam e as for s ites su rv ey ed  in  th e  p ilo t or p rev io u s  m o n ito rin g  survey). W h en  u s in g  the  
GPS m ake su re  th a t th e  co rrec t d a tu m  is em p lo y ed , e.g. W GS84 or OSGB, etc. P o sitio n in g  sh o u ld  be  by  
dGPS w ith  b e tte r  th a n  5m  accu racy  (offset on  th e  v esse l sh o u ld  a lw ays be no ted ), w ith  q u a lity  con tro l 
checks ta k e n  from  k n o w n  p o sitio n s  a n d  reco rd s of signal q u a lity  d u rin g  th e  survey. See n o te  above

Sample numbers
T he n u m b e r of sam p les  a n d  rep lica te s  req u ired  is sub jec t to  th e  n ecess ity  for ach iev in g  an  accu ra te  
d e sc rip tio n  of th e  fauna, w h ile  tak in g  in to  acco u n t n a tu ra l v a ria tio n , w h ic h  is d e p e n d e n t on  th e  se d i­
m en t ty p e  an d  e n v iro n m en ta l co n d itio n s . Id ea lly  for p ilo t su rveys a large n u m b e r of rep lica te s  sh o u ld  
be co llec ted  (6 -10 ), w ith  th e  o p tim u m  n u m b e r re q u ire d  for rep ea t su rveys ca lcu la ted  after analy sis  has 
b e e n  co m p le ted . In  all cases it  is b e tte r  to  co llec t m ore  sam p les  th a n  req u ired , if  tim e  allow s. H ow ever, 
w h ere  costs are an  im p o rta n t c o n s id e ra tio n  it  is re c o m m en d ed  th a t, a t each  site , a m in im u m  of 5 re p li­
cate sam p les  sh o u ld  be co llec ted  in  th e  case of th e  D ay Grab or v a n  Veen. A  m in im u m  of four rep lica tes  
o n ly  m ay  be u se d  for th e  larger H am o n  Grab sam p les  (each  of w h ic h  m ay  be u p  to  201 in  vo lum e).

Grab deploym ent
F u ll d ep lo y m en t p ro ced u res  are lis ted  in  A p p en d ix  3. T he fo llow ing  b riefly  describes fie ld  p rocedu res. 
A t each  site  th e  grab sh o u ld  be set d o w n  gently, w ith  the  w in c h  w ire  rem ain in g  vertica l. In  th e  case of 
deep  or fast-m oving  w ater th is  m ay  req u ire  a d d itio n a l w eigh ts on  th e  grab an d  m a in ta in in g  p o s itio n  by  
m o to ring  in to  th e  c u rren t or, in  ex cep tio n a l c ircu m stan ces , anchoring . S ite  p o s itio n  sh o u ld  be n o ted  at 
th e  tim e  th e  grab sam p le  is taken . A d d itio n a l no tes  sh o u ld  be m ad e  of the  w a te r d ep th , tim e  (24 h r clock), 
w ea th e r an d  sea sta te  (see A p p en d ix  4). O n re trieva l th e  grab sh o u ld  be p laced  on  the  lan d in g  table.

On-board processing
T he sam p le  sh o u ld  be ch eck ed  for adequacy . In  th e  case of th e  D ay Grab an d  v a n  Veen th e  d e p th  of the  
se d im e n t a t th e  cen tre  of th e  grab sh o u ld  be  m easu red . In  g enera l a d e p th  of g reater th a n  7cm  is req u ired  
in  m u d s  an d  5cm  in  h a rd  san d s. A n y th in g  less m ay  be  re ta in e d , b u t sh o u ld  n o t be u sed  u n le ss  no  o ther 
sam p le  is availab le . T he H am on  Grab sam p le  sh o u ld  be e m p tie d  d irec tly  in to  a box  m ark ed  w ith  v o l­
u m e g rad a tio n s. A n y th in g  less th a n  7.01 sh o u ld  be d isca rd ed , u n le ss  n o  o ther sam p le  is availab le . 
R ecords of sam p le  size  m u s t be no ted .

W here  p rac ticab le , p h o to g rap h ic  reco rd s sh o u ld  be m ad e  of w h o le  sam p les  (on ly  p o ssib le  w h e n  
d ecan ted  in to  h o p p e rs  in  m an y  cases), a long  w ith  in fo rm a tio n  on  su rface colour, su rface  tex tu re  (e.g. 
co n cre tio n s, p re sen ce  of m u d sto n e ), co lo u r change w ith  d ep th , sm ell a n d  p re sen ce  of H 2S b lack en ed  
sed im en ts . C o n sid e ra tio n  sh o u ld  be  g iven  to  m easu rin g  R edox p o ten tia l, Eh (mV) w ith  a p la tin u m  p in  
e lec tro d e , b earin g  in  m in d  th a t in  coarse  sed im en ts  it  is n o t p o ssib le  to  ach ieve  stab le  v a lu es . A d d itio n a l 
no tes  covering  an y  asp ec t o f th e  sam p le  sh o u ld  be  m ade , in c lu d in g  d o m in a n t fauna, p re sen ce  of d ead  
sh e ll or sing le  large sto n es, etc. T hese  a d d itio n a l no tes  can  often  p ro v e  in v a lu ab le  in  th e  in te rp re ta tio n  
of data. Id ea lly  a p ro -fo rm a sh o u ld  be p re p a re d  to  reco rd  th ese  d e ta ils  (see A p p e n d ix  4 for an  exam ple); 
a lte rn a tiv e ly  in fo rm a tio n  sh o u ld  be  n o te d  in  a log book.

If su b -sam p lin g  is re q u ire d  for m eta ls , organic m atte r/C H N  or o ther ch em ica ls , th e se  sh o u ld  be co l­
lec ted  d irec tly  from  th e  u n d is tu rb e d  grab b u c k e t before  th e  sam p le  is d ecan ted  in to  th e  rece iv in g  h o p ­
per. S ed im en t p a rtic le  size sam p les  m ay  be co llec ted  from  w ell-m ix ed  sed im en ts  once d ecan ted . 
A p p ro p ria te  scoops sh o u ld  be em p lo y ed  d e p e n d in g  on  th e  an a ly sis  req u ired  (m etals n e e d  p las tic  
scoops, o thers n e e d  s ta in less  steel). In  g enera l once sam p les  have  b een  su b sam p led  for g ran u lo m etric  
an d  o th e r ana lyses, th e y  sh o u ld  n o t be u sed  for fauna l analyses.

T h e  fauna l sam p les  sh o u ld  be g en tly  d ecan ted  in to  a rece iv in g  h o p p e r  (large bu ck e ts  in  th e  case of 
Day a n d  v a n  Veen, a fish  box  for th e  H am on). T he grab is to  be r in se d  th o ro u g h ly  before  red ep lo y m en t. 
W ater sh o u ld  be a d d e d  g en tly  to  th e  rece iv in g  h o p p e r  to p ro d u c e  a w a te r se d im e n t su sp en sio n . T he 
sam p le  is tran sfe rred  in  sm all q u an titie s  to  a sieve in  a sep ara te  w ate r-filled  hopper.

S iev ing  sh o u ld  be b y  p u d d lin g , w ith  no  d irec t je ttin g  of w a te r on  th e  sieve  a n d  en su rin g  no  w a te r over­
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tops th e  sieve. C o n sid e ra tio n  sh o u ld  be g iven  to  tw o-stage s iev ing  for coarse  sed im en ts , to  avo id  sp e c i­
m en  dam age, i.e. 5m m  in itia l sieve over a 1m m  sieve.

T he re s id u e  on  th e  sieve  sh o u ld  be  b ack  w a sh e d  in to  p re -lab e lled  sp ec im en  co n ta in e rs  (m ark on  m a in  
b o d y  of p o t an d  in d ic a te  job n am e /n u m b er, date  a n d  location ). O nce sam p les  are  co llec ted  co n ta in e rs  
sh o u ld  be m ark ed  th ree  or four tim es w ith  site  a n d  rep lica te  num ber. Back w ash in g  sh o u ld  be u n d e r ­
tak en  over a tray  or fish  box  to  avo id  acc id en ta l loss of th e  sam ple . T h e  sieve sh o u ld  be ch eck ed  an d  
c leared  of tra p p e d  fauna  an d  an y  se d im e n t im p e d in g  th e  effic iency  of th e  sieve. A  w a te rp ro o f labe l w ith  
site  de ta ils  sh o u ld  also  be ad d e d  to th e  sam p le  con ta iner.

F ix sam p les  in  10%  form al sa line : th is  m ay  be u n d e r ta k e n  on  re tu rn  to  th e  shore , b u t in  a ll cases it 
m u s t be d one  w ith in  24 h o u rs  of co llec tion . T he sam p le  co n ta in e rs  m u s t be  filled  w ith  su ffic ien t fixa­
tive  to  co m p le te ly  cover th e  se d im e n t re ta in ed .

Laboratory methods  

Preservation and storage of faunal samples
F o rm alin  is a d d e d  to  th e  fau n a l sam p les  o b ta in ed  as so o n  as p o ssib le . F o rm alin  at 40%  w /v  is ad d e d  to 
th e  seaw ate r a lread y  covering  th e  sam p les  u n til  an  ap p ro x im a te  d ilu tio n  to  4%  w /v  is o b ta ined . If 
u n b u ffe red  fo rm alin  is u sed , d i-so d iu m  te trab o ra te  (Borax) sh o u ld  be a d d e d  to  th e  sam p le  at a ra tio  of 
1 .5g/l to  p re v e n t th e  leach in g  of ca lc iu m  from  sh e ll m a te ria l w ith in  th e  sam ple .

T he above sh o u ld  be taken  in to  accoun t p articu la rly  if  sam ples are to be transferred  once trea ted  w ith  for­
m alin . O nly  veh icles w ith  separate  driv ing  com partm ents, or preferab ly  open-backed trucks, are acceptable.

T he sam ples co llected  shou ld  be reg istered  on  re tu rn  to the  laboratory  in  a central record  book. Each site 
is a llocated  a u n iq u e  reg istra tion  num ber (w hich  sh o u ld  be w ritten  on  the  bucket) and  notes on  the n u m ­
ber of rep licates, su rvey  an d  job n u m b er together w ith  date taken, sam pler, an d  w ho  reg istered  the  sam ples, 
analyses requ ired  an d  other notes are reco rded  in  the  book. Grab sam ples (and dredge sam ples conta in ing  
fine m aterial) can  be sta ined  w ith  Rose Bengal, w h ich  tu rn s  an im al p ro te in  red  an d  aids the  sorting  process. 
Very little  s ta in  is requ ired  for m ost sam ples (<0.2g), an d  over-staining w ill h in d e r iden tifica tion  of the  sam ­
ples. O nce sta in  an d  form alin  have been  added , sam ples sh o u ld  be stored  in  a cool, w ell-ven tila ted  and  
secure area. Finally, a check  on  the labelling  of all po ts sh o u ld  be m ade to avoid  la ter confusion.

Sorting, identification and biomass analysis
A  n a tio n a l s ta n d a rd  m e th o d , su c h  as th a t p re p a re d  b y  th e  EA (W hite 1993), w ith  re sp ec t to  lab o ra to ry  
tre a tm e n t of b io log ica l sam p les , sh o u ld  be a d h e re d  to , a lth o u g h  c o n s id e ra tio n  sh o u ld  be  g iven  to  o n ­
going d ev e lo p m en ts  as p a r t of th e  b est p rac tice  rev iew  (IECS 1998). In  m o st cases a p ro c e d u re  sh o u ld  
be a d o p te d  an d  m o d ified  in -h o u se  b y  th e  o rg an isa tio n  u n d e rta k in g  th e  analy sis  a n d  sh o u ld  in c lu d e  a 
c lear QA elem en t.

Special note
A n im p o rta n t c o n s id e ra tio n  w ith  re sp ec t to  th e  ob jectives of th e  SAC m o n ito rin g  req u irem en ts  is th e  
analy sis  of ep ifauna . M any  of th e  ex is tin g  b io to p es  id e n tif ie d  by  th e  JNCC are b a sed  on  v isu a lly  
observed  ep ifau n a l co m p o n en ts . H is to rica lly  th e  analy sis  of p a r tic u la te  en v iro n m en ts  has b e e n  b ased  
on  in fau n a , w ith  lim ite d  regard  for th e  a ssessm en t of th e  ep ifauna . W here  ep ifau n a  h as  b een  assessed  it 
ten d s  to  be g iven  a p re se n c e /ab sen c e  a ttrib u te . C learly  w h ere  th e  da ta  acq u ired  from  b e n th ic  g rabbing  
su rveys are to  be  u se d  in  th e  co n tex t of ex isting  an d  fu tu re  b io to p es, a n u m e ric a lly  accu ra te  a ssessm en t 
of ep ifau n a  m u s t be ad o p ted . To overcom e th is  it  is p o ss ib le  to  em p lo y  a n u m erica l a b u n d an ce  e s tim a­
tio n  b ased  on  th e  SACFOR scale  (Jarvis, S in  p rep .). To a llo w  in c lu s io n  of da ta  in  fu rth e r ana ly sis , a 
n u m erica l eq u iv a len ce , b ased  on  an  in v erse  Log6 tran sfo rm atio n , m ay  be a p p lied .

Physico-chemical analysis
C hem ical m e th o d s  are n o t d e fin ed  in  th is  series of g u id e lin es  b u t re fe rences to n u m e ro u s  tech n iq u es  
can  be fo u n d  in  CEFAS (1997). P artic le  size analy sis  sh o u ld  be u n d e rta k e n  acco rd in g  to  th e  m e th o d s  
desc rib ed  b y  B u ch an an  (1984) for sed im en ts  w ith  a su b s tan tia l p ro p o rtio n  g rea ter th a n  63m m  in  d iam ­
eter. S ed im en ts  w ith  su b s ta n tia l p ro p o rtio n s  less th a n  63m m  in  d iam ete r m ay  be  m ore  effectively  
an a ly sed  by  laser d iffrac tio n  m eth o d s . D ata sh o u ld  be p re se n te d  acco rd in g  to  JNCC s ta n d a rd  form at.
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O bjectives
R eference back  to  th e  co n se rv a tio n  objectives m u s t be m ad e  at th is  tim e. T he ex ten t to  w h ic h  da ta  a n a ly ­
sis is p u rsu e d , or ev en  th e  level o f in v e rteb ra te  id e n tif ic a tio n , is re la te d  to  th e  objective. For v e rifica tio n  
of m an y  of th e  ex isting  JNCC b io to p es (su rveyed  b y  v id eo  an d  AGD g ro u n d  tru th in g ) it  is n o t n ecessa ry  
to  u n d e rta k e  in -d e p th  id e n tif ic a tio n  an d  en u m era tio n , as m ost of th e  ex is tin g  b io to p es  are b ased  on  a 
re la tiv e ly  lim ite d  n u m b e r of d o m in a n t species, freq u en tly  in c lu d in g  ev id en t ep ifauna . F u rth e r  pa rticu - 
la te -b ased  b io to p es, w h ic h  w ill be d e fin ed  in  th e  fu tu re , w ill be b ased  on  a w id e r range of in fau n a l 
spec ies a n d  w ill p ro b ab ly  re ly  on  th e  u se  of th e  m u ltiv a ria te  an a ly sis  d esc rib ed  below .

O ther objectives requ ire  th a t a m easu re  of ev id en t change in  b io topes is m ade. To achieve th is , an a ly ti­
cal m eth o d s are req u ired , to  w h ic h  sta tistica l lim its  m ay  be ap p lied  to  de te rm ine  acceptab le  varia tion .

Procedures
A range of da ta  ana ly ses  p ro c e d u re s  is availab le . T h ey  are ex ten s iv e ly  d esc rib ed  in  C larke an d  W arw ick  
(1994), an d  GCSDM (1993).

A n  in itia l c o n s id e ra tio n  w ill be to  verify  th e  b io to p es  p re se n t in  th e  su rv ey  area. As in d ic a te d  above 
th is  m ay  be ach iev ed  re la tiv e ly  easily  b y  id e n tif ic a tio n  of th e  m o st ch a rac te ris tic  sp ec ies  only. T hese 
m ay  th e n  be fitted  to k n o w n  b io to p es  u s in g  C onner (1997). H ow ever, g rea ter d e fin itio n  of ex isting  
b io to p es, d ev e lo p m en t of n e w  b io to p es an d  re fin em en t of ex is tin g  b io to p es w ill be p o ss ib le  b y  u tilis in g  
m ore  ad v an ced  an a ly tica l p ro ced u res . T he in itia l stage to  ach ieve  th is  w ill be  an  in itia l g ro u p in g  of sites 
sam p led  acco rd in g  to  fauna l sim ilarity . O nce site  g roups h av e  b e e n  d e fin ed  th e  p h y s ica l co n d itio n s  
p re se n t at th e  sites m ay  be su m m arised  to p ro v id e  a h a b ita t d esc rip tio n . If su ffic ien t fauna l d e fin itio n  
is p o ss ib le  a fu ll a sso c ia ted  spec ies lis t m ay  be d e te rm in ed . T he te c h n iq u e s  m o st w id e ly  accep ted  in  the  
UK for th e  d e fin itio n  of fauna l assem blages are B ray a n d  C urtis s im ila rity  an a ly sis  in  co m b in a tio n  w ith  
a h ie ra rc h ica l c lu s te rin g  p ro c e d u re  a n d  o rd in a tio n  by  n o n -p a ram e tric  M u ltid im e n s io n a l S caling  (MDS). 
T hese  are  b y  no  m ean s th e  on ly  m eth o d s; o ther freq u en tly  em p lo y ed  a lte rn a tiv es  in c lu d e  TW INSPAN 
an d  CANOCO (see C larke an d  W arw ick  1994). V arious so ftw are  packages are ava ilab le  for th e se  a n a ly ­
ses in c lu d in g  P rim er an d  MVSP.

In  term s of m o n ito rin g  it m ay  be n ecessary  to  p ro v id e  a q u an tita tiv e  co m p ariso n  b ased  on  th e  faunal 
assem blage. H aving  defin ed  th e  faunal assem blage to be ex am ined , th e  m in im u m  da ta  analy sis  sh o u ld  
com prise  a co n sid e ra tio n  of n u m b er of species, to ta l a b u n d an ce  an d  b iom ass. T hese th ree  ‘p rim ary  v a ri­
ab les’ m ay  be u sed  to  te s t year-to-year v aria tio n , in  te rm s of p ercen tage  d ifference b e tw een  years for each  
variab le . In  tu rn  these  d ifferences can  be u sed  to u n d e rtak e  co m p lian ce  testin g  against accep tab le  levels 
of change. A  fu ll ex p lan a tio n  an d  d esc rip tio n  of these  m e th o d s is g iven  in  M A FF (1993). T hese m eth o d s 
w ere  o rig inally  d ev ised  for co m p lian ce  testin g  at sea d isp o sa l sites, an d  have b een  ex p an d ed  to in c lu d e  
w astew ater d ischarges. T hey  can , therefo re , be em p lo y ed  to p ro v id e  a coarse m easu re  of d ev ia tio n  from  
th e  s ta tu s  quo  w ith  lim its  ap p lied  on  a site-by-site  basis, w h ic h  m ay  be co n sid e red  as ‘A ctio n  P o in ts ’.

W here  p o ssib le  th e  an a ly sis  of p rim ary  v ariab les  sh o u ld  be su p p o rte d  b y  o th e r u n iv a ria te  (d iv ers ity  
in d ice s  an d  g rap h ica l m eth o d s) an d  m u ltiv a ria te  an a ly sis  te c h n iq u e s  (MDS su p p o rtin g  ana ly ses  su c h  as 
AN O SIM  a n d  BIOENV), p a rtic u la r ly  w h ere  an y  d ev ia tio n  from  n o rm a lity  is n o te d  (see M A FF 1993). In  
a ll cases a b ro ad  ap p ro a c h  to  da ta  an a ly sis  sh o u ld  be a d o p ted , w ith o u t lo sin g  site  of th e  sp ec ies  th a t 
co n tr ib u te  to  th e  da ta  sets.

Accuracy testing

T he da ta  p ro d u c e d  w ill accu ra te ly  re p re se n t th e  tru e  c o m m u n itie s  an d  b io to p es, d e p e n d in g  on  th e  h e t­
erog en e ity  of th e  e n v iro n m e n t an d  th e  n u m b e r of rep lica tes  co llec ted . In accu rac ies  can  arise  d u e  to  a 
range of factors in c lu d in g  th e  p o ssib le  lack  of ex p erien ce  a n d  c o n sc ien tio u sn ess  of w orkers, b o th  fie ld  
an d  laboratory , a n d  th e ir  sp ec ies  id e n tif ic a tio n  sk ills. T h e  a m o u n t of erro r or v a riab ility  lik e ly  has b een  
e s tab lish ed  b y  tests  u n d e rta k e n  u n d e r  th e  au sp ices  of th e  NM BAQC. P a rtic ip a tio n  in  th e  NM BAQC or 
a s im ila r QC p rog ram m e w ill ass is t in  m easu rin g  a n d  rem o v in g  sou rces of error.
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QA/QC

Q u ality  assu ran ce  m easu res  sh o u ld  focus on  th e  fo llow ing  areas:

• re p ea tab ility  of site  p o sitio n in g
• q u a lity  an d  q u a n tity  of th e  sam p le
• accu racy  an d  traceab ility  of th e  sam p le  n u m b erin g
• accu racy  an d  traceab ility  of sam p le  reg is tra tio n
• accu racy  of sam p le  so rting  an d  spec ies id e n tif ic a tio n  (p a rtic ip a tio n  in  NM BAQC)
• re p ea tab ility  of p h y s ica l an d  ch em ica l an a ly ses  (UKAS preferab ly )
• accu racy  of da ta  co m p ila tio n
To assu re  q u a lity  it  is re c o m m en d ed  th a t o rgan isa tio n s sh o u ld  p re p a re  th e ir  o w n  in -h o u se  p ro ced u re s  
an d  tra in in g  reco rd s, in c lu d in g , b u t n o t lim ite d  to , th e  fo llow ing  aspec ts  of th e  w ork:

• reco rd s of tra in in g  an d  ex p erien ce  of su rv ey  p e rso n n e l
• p ro ced u res  for h a n d lin g  a n d  u se  of ch em ica ls
• p ro ced u res  for h a n d lin g  su rv ey  e q u ip m e n t
• p ro ced u res  for co llec tio n  of b io log ica l m ateria l
• reco rd s of tra in in g  an d  ex p erien ce  of lab o ra to ry  staff
• p ro ced u res  for so rtin g  of b io log ica l m a te ria l
• p ro ced u res  for id en tify in g  b io log ica l m ateria l
• p ro ced u res  for reco rd in g  b io log ica l a n d  en v iro n m en ta l da ta
• p ro ced u res  for an a ly sis  of b io log ica l an d  e n v iro n m en ta l da ta
• reco rd s an d  tra in in g  (CVs) of da ta  analysts

Data products

O u tp u ts  m ay  co n sis t of th e  fo llow ing:

• G ro u n d -tru th  c o n firm a tio n  of b io to p e  in  ta b u la te d  form at. D ifferent levels  of d e fin itio n  are possib le  
re la te d  to  th e  req u irem en ts  of th e  su rv ey  for w h ic h  th e  g ro u n d -tru th in g  h as  b e e n  p ro v id ed . For ex am ­
p le , d e ta iled  b io to p e  leve l o u tp u ts  in  su p p o rt of v id eo  s tu d ie s , or b io to p e  co m p lex  level o u tp u ts  for 
s id e sc a n  surveys.

• M NCR s ta n d a rd  fau n a l sp re a d sh e e t of spec ies a t a ll s ites sam p led  (Excel).
• S u m m arised  e n v iro n m en ta l co n d itio n s .
• S u m m arised  u n iv a ria te  s ta tis tics.
• M u ltiv a ria te  o u tp u ts  in c lu d in g  den d ro g ram s of sites a n d  MDS (or sim ilar) o rd in a tio n s.
• B io topes d eriv ed  from  g roup ings of s ites b ased  on  th e  m u ltiv a ria te  o u tp u ts  w ith  in c lu s io n  of p h y s i­

cal data.
• R esu lts  of h y p o th e s is  testing , u s in g  u n iv a ria te  sta tis tics , p a rtic u la r ly  th e  p rim a ry  v ariab les  species, 

ab u n d a n c e  a n d  b iom ass.
• M ap p ed  o u tp u ts  (in  GIS co m p a tib le  form at) of sites, sp ec ies  an d  b io to p es, as req u ired .

Cost and time

Field . M o b ilisa tio n  a n d  d em o b ilisa tio n  w ill be s ite -d e p e n d e n t b u t w ill be  at least one d ay  each. O n  site  
it is p o ssib le  to  sam p le  u p  to  40 tim es p e r  day  u s in g  th e  D ay Grab or v a n  Veen. T he H am o n  Grab is less 
easy  to h a n d le  an d  a m ax im u m  of 30 p e r day  is p o ssib le . In  a ll cases sam p lin g  sp eed  is sub jec t to  v a r i­
a tio n  due  to  w a te r d ep th , c u rre n t sp eed , size of su rv ey  area, w ea th e r c o n d itio n s , d ay ligh t, etc. 
Laboratory. T he  lab o ra to ry  tim e  is u su a lly  v e ry  h igh , ex cep t w h ere  s im p le  b io to p e  c o n firm a tio n  is 
req u ired , w h ic h  m ay  ev en  be  u n d e rta k e n  in  th e  field . S o rting  of sam p les  is d e p e n d e n t on  th e  n a tu re  of 
th e  sed im en t. G enera lly  san d s  are v e ry  ra p id ly  so rted  (15 m in u tes); m u d s  often  take longer d u e  to  th e  
large n u m b ers  of sm all sp ec im en s  (several h o u rs), w h ereas large c o n so lid a te d  gravel sam p les , w ith  con
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sid e rab le  am o u n ts  of re ta in e d  m ateria l, m ay  take m ore  th a n  a day. U se of é lu tr ia tio n  m eth o d s  sh o u ld  be 
c o n s id e red  to  sp eed  u p  th e  so rting  stage. S im ilarly , th e  id e n tif ic a tio n  stage w ill vary. Low  d iv e rs ity  sam ­
p les  d o m in a ted  by  in fa u n a  can  be id e n tif ie d  in  less th a n  one hour, w ith  h ig h  d iv e rs ity  m u d d y  gravels, 
co n ta in in g  m an y  ep ifau n a , tak ing  severa l days. C o n sid e ra tio n  sh o u ld  a lw ays be g iven  to  th e  a d d itio n a l 
tim e  tak en  to  co m p le te  QC checks an d  re fe rence  co llec tions.
D ata ana lysis. T im e tak en  for d a ta  analy sis  w ill d e p e n d  on  th e  ex ten t of th e  analyses em p lo y ed . S im p le  
co m p ila tio n  of an  Excel sp re a d sh e e t in c lu d in g  c la ss ifica tio n  u s in g  th e  M C S /U lster M u seu m  S pecies 
D irec to ry  codes an d  fu ll QC checks m ay  take  u p  to  tw o days for a 50 -sam p le /4 0 0 -sp ec ies  da ta  set. 
E m ploy ing  an  M DS package is v e ry  ra p id  (<1 day) once th e  da ta  has b e e n  ad eq u a te ly  fo rm atted , b u t a 
tim e  scale  for th e  in te rp re ta tio n  of th e  o u tp u ts  is d e p e n d e n t on  th e  co m p lex ity  of th e  re su lts  an d  m ay  
in v o lv e  severa l re ru n s  of th e  data. A n a lysis  of b io m ass d a ta  is d e p e n d a n t on  th e  in fo rm a tio n  req u ired , 
w h ic h  m ay  range from  s im p le  year-to-year co m m u n ity  b io m ass change (<1 day) to  re la tiv e ly  com plex  
an d  tim e-co n su m in g  c a lc u la tio n  of th e  p ro d u c tiv ity  of in d iv id u a l p o p u la tio n s .

Health and safety

A co m p reh en siv e  code of safe o p era tin g  p ro ced u res  for fie ld  w o rk  sh o u ld  be d raw n  u p , w ith  p a rtic u la r  
re fe rence  to  p ro tec tiv e  c lo th in g  to  be w o rn  d u rin g  sam p lin g  an d  c o n ta in in g  o p era tin g  p ro ced u res  for 
p o te n tia lly  dangerous e q u ip m en t. R isk  assessm en ts  m u s t be p re p a re d  for sp ec ific  lo ca tio n s w h ere  fie ld  
w o rk  is b e ing  u n d e rta k e n . L aborato ry  safety  codes of p rac tice  ( in c lu d in g  COSHH ap p ro v e d  m ethods) 
m u s t be fo llow ed  an d  w o u ld  be  ex p ec ted  to  form  an  in teg ra l p a r t of th e  p ro ced u re s  in d ic a te d  in  the  
Q A /Q C sec tio n  above.

FORMALIN IS EXTREMELY DANGEROUS. IT IS HIGHLY TOXIC AND A CARCINOGEN. IT WILL 
BURN SKIN ON CONTACT. EXTREME CARE IS NEEDED IN ITS USE ALWAYS.

• W ear p ro tec tiv e  c lo th in g  (su ch  as a fas ten ed  lab  coat or b o ile r suit)
• W ear safety  sp ec tac les  or a fu ll face m ask
• W ear p ro tec tiv e  gloves
• Take great care to  avo id  in h a la tio n  of fum es
• If co n tac t w ith  sk in  occurs w a sh  th o ro u g h ly  w ith  w ater. If sp ills  occur, d ilu te  w ith  p le n ty  of w ater
• A lw ays w a sh  h a n d s  th o ro u g h ly  after use

Always use formalin in a well-ventilated area, preferably a fume cupboard or outside away from 
buildings and people.

E xam ples of safe v esse l o p era tin g  p ro ced u res  have  b e e n  in c lu d e d  in  A p p e n d ix  2, a long  w ith  v esse l 
cho ice  co n sid e ra tio n s .
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Appendix 1
Example equipm ent list 
Infaunal and epifaunal sampling m ethods and procedures  
Equipment checklist

A ctivity Equipm ent required

Navigation dGPS (Sercel NR103; NR51; Leica MX412 Professional Differential GPS )

Infaunal sampling Hamon Grab (either 0.19m^ or O.lm^ sampling area)

Hamon Grab Table

Optional extra Hamon grab bucket -  1 of stainless steel, 1 of galvanised steel 

vanVeen (light weight version O.lm^)

Day Grab w ith stainless steel buckets (O.lmQ

Day Grab weights and bolts

Day Grab safety pin

Day Grab landing table and bolts

Shipek Grab and stainless steel buckets (0.04m^)

Shipek Grab landing tables

Shipek Grab loading arms and safety handle

2 Shipek Grab weights

Epifaunal
sampling

Armoured 1 metre naturalists dredge

2 metre Lowestoft beam trawl 

Scallop dredge 

Box Anchor Dredge

A dditional Toolbox containing adjustable w rench and spanners to fit grab bolts and
equipm ent landing table bolts

2 X 200mm diam eter brass sieves o f  1mm or 0.5mm sieve aperture w ith raised 
plastic surrounds. An optional 5mm sieve may be used in  coarse sediments to 
remove larger material

Sample hoppers for catching sample from grabs -  may be boxes or waste bins of 
suitable waterproof construction and adequate volume. Purpose-built 
hoppers w ith spouts to decant samples through the sieves may also be employed

Deck wash, preferably w ith a ‘shower head’

Wash bottles

Forceps

Scoops (plastic for metals samples, stainless for pesticides and hydrocarbons)

Empty plastic boxes for sample storage
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A ctivity Equipm ent required

Safety equipm ent Life jackets 

Hard hats

Safety footwear (preferably waterproof)

Waterproof clothing

Thermal clothing

First aid kits

Antiseptic wipes

Thick, protective gloves

Sun tan lotion (where applicable)

Consumables Paper towelling

30cm X 45cm plastic bags w ith w hite panel for labelling for PSA samples and 
organic content samples

Plastic cable ties for securing bags

Faunal containers: a range of plastic containers (buckets or pots of volume suit­
able for the size of sample to be taken). Normally an assortment of sizes 
between l l  and 101 are suitable

Other jars as appropriate for chemical analysis, e.g. pentane w ashed glass jars 
w ith foil lids for pesticides

Chemicals Buffered (Borax) 40% w /v Formalin for preservation of faunal samples 

Rose bengal for staining (as appropriate)

Other Non-water-based perm anent marker pens (black ink)

Admiralty chart of the area

List of sampling station positions in OSGB Grid or OSGB lat/long

Bound survey log book

Sample and record sheets

Weather sheets

Anemometer

Mobile phone

Camera

Log book

Food and drink
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Appendix 2
Safe working practices on boats 
General rules to be observed when working on boats

A  w ea th e r fo recast sh o u ld  be o b ta in ed  b y  th e  p e rso n  in  charge of th e  w o rk  before  em bark ing . T h is 
sh o u ld  be  o b ta in ed  from  a rep u tab le  sou rce  (e.g. M eteoro log ica l O ffice or M etfax) w ith  as m u c h  d e ta il 
abo u t w in d  an d  sea c o n d itio n s  as possib le .

• A ccess to  th e  v esse l m u s t be lim ite d  to  th e  crew , su rv ey  an d  an y o n e  su b -co n trac ted  to  them .
• If th e  v esse l is h ire d  w ith  crew , th e  re sp o n s ib ility  for safety  u ltim a te ly  rests  w ith  th e  operato rs. 

H ow ever, th e  team  lead e r sh o u ld  sa tisfy  h im /h e rse lf  th a t th e  safety  s ta n d a rd s  are ad eq u a te . A  risk  
assessm en t sh o u ld  be c o n d u c ted .

• Life jackets m u s t be tak en  on  to  th e  v esse l an d  w o rn  at all tim es w h e n  w orking .
• Safety  foo tw ear m u s t be w o rn  w h e n  o p era ting  grabs or h eav y  eq u ip m en t.
• Safety  h ead g ear m u s t be  w o rn  w h e n  o p era tin g  grabs or w o rk in g  on  a deck  w ith  o v erh ead  e q u ip m e n t 

p u lley s /b lo ck s , etc.
• P ro tec tive  gloves (th ick  rubber) m u s t be w o rn  w h e n  h a n d lin g  grabs or cables.
• F oo tw ear m u s t h av e  a p p ro p ria te  so les w ith  good grip.
• Care m u s t be tak en  w h e n  b o ard in g  th e  vesse l. If th e re  is a r isk  of fa lling  in to  th e  w a te r (e.g. c lim b ing  

d o w n  a lad d er) p u t  life  jack e t on  first. M ove a ro u n d  v esse l w ith  cau tion .
• Before h a n d lin g  an d  o p era tin g  e q u ip m e n t m ake su re  you  are  fam ilia r w ith  th e  a p p ro p ria te  safety  

g u id e lin es .
• F am ilia rise  y o u rse lf  w ith  th e  lo c a tio n  of th e  safety  e q u ip m e n t on  th e  vesse l, e.g. VHF rad io , 

lifeb o a t/ra ft an d  fire ex tin g u ish ers .
• A n y  acc id en ts  or in c id e n ts  m u s t be rep o rted  to  th e  p e rso n  in  charge a n d  reco rd ed  in  th e  a p p ro p ria te  

a c c id e n t book.
• W h en  sam p lin g , an y  cu ts or grazes on  ex p o sed  p a rts  of th e  b o d y  sh o u ld  be covered  w ith  w a te rp ro o f 

p la s te rs /d re ss in g s .
• Long h a ir  m u s t be tie d  back  w h e n  opera tin g  eq u ip m en t.
• S m oking  is fo rb id d en  w h e n  co llec tin g  sam p les  (can also  cause  co n tam in a tio n ).
• A n tisep tic  w ip es  w ill be  availab le  an d  sh o u ld  be u se d  for c lean in g  h a n d s  before  ea ting  a n d  d rink ing .
• T h e  w o rk ing  deck  area  sh o u ld  be k e p t as c lear as po ssib le , e sp ec ia lly  areas w h e re  e q u ip m e n t is b e ing  

d ep lo y ed  or re trieved .
• A  p o rtab le  first-a id  k it (com plete  w ith  basic  first-a id  e q u ip m e n t in c lu d in g  em ergency  eye-w ash) m u st 

be  tak en  on  each  survey.

A ll vesse ls  m u s t be ce rtifica ted  by  th e  M CA to b ro w n  code s tan d a rd . W here  su c h  a v esse l is n o t av a il­
able a su itab le  v esse l m ay  be u se d  in  ag reem en t w ith  th e  c lien t an d  th e  M CA. T he v esse l m u s t be 
ch eck ed  before the survey to  en su re  it  h as  th e  fo llow ing:

• ech o -so u n d er, rad a r
• h y d ra u lic  w in c h  w ith  ad eq u a te  len g th  of cab le  in  good c o n d itio n
• su ffic ien t c lea ran ce  for th e  grab at b a c k /s id e  of th e  boat
• ad eq u a te  deck  space  to  w o rk  on
• sk ip p e r w ith  VHF licen ce  an d  va lid  re lev an t q u a lifica tio n s
• deck  w ash
• w a te r (drink ing) su p p ly
• p o w er su p p ly  -  12v
• p o s itio n  fix ing e q u ip m e n t
• ad eq u a te  space  for th e  n u m b e r of p eo p le  w ork ing
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• safety  e q u ip m e n t -  life raft, VHF rad io , flares, CO2 ex tin g u ish e rs , etc.
• to ile t (HSE req u irem en t)
• c ab in  space

To red u ce  th e  tim e  tak en  to  carry  ou t th e  survey, th e  ava ilab le  tim es of access to a h a rb o u r n e e d  to  be 
ch eck ed  before  th e  survey. T he h a rb o u rm aste r or loca l f ish e rm en  w ill k n o w  at w h a t tid a l sta tes a h a r­
b o u r is accessib le . A lso en su re  th a t th e re  is a su itab le  p lace  for th e  lo ad in g  an d  u n lo a d in g  of heav y  
e q u ip m e n t on  an d  off th e  vesse l. C on tact th e  h a rb o u rm as te r  in  ad v an ce  for a v a ilab ility  of b erth s.
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Appendix 3
Deployment procedures for grabs

Day Grab operation  

General handling
B ew are w h e n  m oving  the  grab th a t th e  firing  p la te s  m ay  be p u sh e d  u p , trap p in g  fingers. A lw ays w ear 
safety  footw ear for even  th e  sm allest m ove. O n ly  h o ld  in  safe areas. No few er th a n  tw o  p eo p le  to  lift the  
grab, no  few er th a n  tw o to  h a n d le  it w h e n  being  w in ch ed . E nsure safety p in  is in se rted  to  h o ld  jaw s in  
positio n . A lw ays w ear th ick  gloves, safety  footw ear, life jackets an d  h a rd  h a t w h e n  opera ting  grab on  boat. 

Do n o t a ttem p t to  u se  grab if  w e a th e r m ean s it  w ill sw ing.

Loading
• Tie tab le  to  b o a t for stability .
• P lace grab on  tab le  an d  en su re  it  is secure.
• S lack en  cab le  to  close  jaw s.
• D raw  jaw s together, ra ise  th e  b ar to  enab le  th em  to m eet an d  lo w er b ar b e tw een  th e  ca tches. ‘R a ttle ’ 

th e  b ar to  en su re  a good fit.
• In se rt safety  p in .
• E nsu re  safety  p in  an d  w eig h ts  w ill n o t in te rfe re  w ith  grab o p era tio n s o n  th e  seabed.
• It is now ready to fire.

Deploying
• E nsu re  cab les are a ro u n d  p u lley s .
• H o ld  grab b y  fram e only.
• W in ch  th e  grab off th e  tab le  an d  g u id e  by  u se  of th e  fram e off th e  s id e  of th e  boat, e n su rin g  it does 

n o t fire p rem atu re ly .
• R em ove th e  p in .
• L ow er th e  grab s lo w ly  u n til  c lear of th e  boat.

Retrieval
• If th e  grab is sw ing ing  w ild ly  on  re triev a l, d rop  it  b ack  in  to th e  w a te r u n til  th e  b o a t is stab le. Do n o t 

a ttem p t to  la n d  it.
• H o ld  grab b y  fram e only, k eep in g  fingers c lear of th e  danger area  w h ere  firing  m e c h a n ism  w ill rise.
• L ow er onto  th e  table.
• O nce on  th e  tab le , en su re  it is s tab le  before  liftin g  bu ck e ts  to  re lease  th e  co n ten ts  in to  a h o pper. It is 

p o ss ib le  to k n o ck  th e  bu ck e ts  ag a in st th e  trigger b ar to  red u ce  w a sh  w a te r req u irem en ts .
• S am p le  tak en  sh o u ld  be  d isca rd ed  if  (a) se d im e n t h as  b e e n  obv io u sly  d is tu rb e d  d u e  to w a sh  ou t on 

w in c h in g  u p  from  th e  seabed; or (b) th e  grab b u ck e t is less th a n  h a lf  full. If th e  jaw s of th e  b u c k e t are 
h e ld  o p en  b ecau se  of s tones etc., th e  sam p le  sh o u ld  on ly  be d isca rd ed  if  p o in ts  (a) a n d /o r  (b) apply . 
N otes on  sam p le  v o lu m es sh o u ld  be m ad e  on  th e  log shee t/b o o k .

• S u b -sam p lin g  sh o u ld  be u n d e rta k e n  before  th e  sam p le  is d ecan ted  in to  th e  ho p p er.

Hamon Grab operation 

General handling
• T he grab m u s t be lif ted  w ith  a w in ch , c rane  or fork-lift v eh ic le  (approx . w t. 350kg a lth o u g h  re d u ced  
scale  v e rs io n s  are also  availab le)
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• L and ing  tab le  is d esig n ed  to  be w e ld e d  to  th e  deck  of th e  su rv ey  vesse l. Grab m u s t n o t be u se d  u n le ss  
th is  is so, or th e  tab le  is secu red  b y  som e o ther m ean s (bolting , etc.).

Loading
• E nsu re  th a t th e re  are th ree  p eo p le  av a ilab le  to  carry  ou t th e  o p e ra tio n  in  a d d itio n  to  a w in c h  

operator.
• E nsu re  safety  ca tch  is engaged  as te n s io n  on  th e  cab le  for w in c h in g  off b o a t is a p p lied .

Deploying
W in ch  off th e  b o a t w ith  tw o  p eo p le  en su rin g  th e  grab is g u id e d  over th e  s te rn  b y  th e  fram e.

Retrieval
If th e  grab is sw ing in g  w ild ly  on  re triev a l, d ro p  it  b ack  in to  th e  w a te r u n til  th e  bo a t is stab le . DO NOT 
ATTEMPT TO LAND IT.

W h en  b o a t is s tab le , grab is w in c h e d  u p  th e  s te rn  u n til  th e  c h a in  loops on  th e  fram e are accessib le . If 
th e  o rien ta tio n  of th e  grab fram e is in co rrec t, one p e rso n  sh o u ld  h o ld  th e  fram e an d  tu rn  th e  grab u n til  
th e  c h a in  loops are accessib le . T he o th e r tw o  sta ff can  th e n  a ttach  th e  h a u lin g  lin e s  to  th e  c h a in  loops 
on  th e  fram e. T he h a u lin g  lin e s  are th e n  m a n u a lly  p u lle d  ta u t a n d  th e  w in c h in g  on  to  th e  b o a t re su m ed , 
m a in ta in in g  th e  te n s io n  on  th e  h a u lin g  lin e s  u n til  th e  grab is safely  lo w ered  o n  to  th e  tab le . T he h a u l­
ing  lin e s  can  th e n  be safely  rem oved . P lace h o p p e r  u n d e rn e a th  before  o p en in g  grab.

S am p le  tak en  sh o u ld  be  d isca rd ed  if; (a) se d im e n t has b e e n  o b v io u sly  d is tu rb e d  d u e  to  w a sh  ou t on  
w in c h in g  u p  from  th e  seabed; or (b) th e  grab b u ck e t is less th a n  h a lf  full. If th e  jaw s of th e  b u ck e t are 
h e ld  o p en  b ecau se  of s tones etc., th e  sam p le  sh o u ld  o n ly  be d isca rd ed  if  p o in ts  (a) a n d /o r  (b) apply. 
N otes o n  sam p le  v o lu m es sh o u ld  be m ad e  in  th e  log book. A  p re -m ark ed  h o p p e r  is u se d  to  es tim ate  the  
v o lu m e  of se d im e n t co llec ted  w ith in  th e  grab bucke t. S u b -sam p les  from  h o m o g en ised  se d im e n t are 
tak en  if  req u ired .



P ro c ed u ra l G u id e lin e  N o. 3 -9  Q uantita tive sam pling  of sublittortal sed im en t b io topes an d  species using rem ote-opera ted  grabs 291

Appendix 4
Example pro-forma for on-site records

S am ple  reco rd in g  sheets  are b e ing  d ev e lo p ed  for th e  N a tio n a l M arine  M o n ito rin g  P rogram m e an d  w ill 
be is su e d  w ith  th e  n e x t rev is io n  of th e  Green B o o k  in  M arch  2001. T h ey  can  be d o w n lo a d e d  from  th e  
Green B o o k  in te rn e t site.

4 http://www.marlab.ac.uk/greenbook/GREEN.htm

http://www.marlab.ac.uk/greenbook/GREEN.htm
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Procedural Guideline No. 3-10 
Sampling marine benthos using 

suction samplers
D ale  M. Rostron, Subsea  Survey1

Background

A irlift su c tio n  p ip e s  h av e  often  b e e n  u sed  b y  a rchaeo log ists  to excavate  san d  an d  s ilt from  a n c ie n t 
w recks (C ousteau  an d  R oghi, q u o ted  by  F lem m ing , 1962) a n d  by  c iv il eng ineers. H ow ever, su c tio n  sam ­
p le rs  h av e  a h is to ry  of sp asm o d ic  usage in  m arin e  biology. E xam ples in c lu d e :

• b a se lin e  in fo rm a tio n  from  SAC sub -fea tu res, e.g. seagrass b ed s, m aerl bed s (F a lm ou th , R ostron  1985); 
sh a llo w  areas in  th e  H arbours Rias an d  E stuaries su rveys (R ostron 1987, H iscock  1986); Isles of S cilly  
(R ostron  1983); S co ttish  Sea Loch S urveys (e.g. H o w so n  1991, D avies a n d  C onnor 1993)

• loca l p o llu tio n  s tu d ie s  (W hiteness Voe, R ostron  1989)
• zo n a tio n  s tu d ie s  of su b litto ra l c ry p to fau n a  on  rock  (L undy), an d  p o p u la tio n /q u a n tita tiv e  sam p lin g

stu d ie s  (H iscock an d  R ostron , u n p u b lish e d ; R ostron  1983).
• co m p lem en t to  v isu a l or p h o to g rap h ic  s tu d ie s  (G ulliksen  1980; R ostron  1996)

History of  Use
B rett (1964) d esc rib ed  a p o rtab le  d iv e r-o p era ted  h y d ra u lic  sam p le r w h ic h  p ro d u c e d  su c tio n  by  th e  a sp i­
ra to r p r in c ip le  u s in g  a je t of w a te r from  a p o rtab le  p u m p . T he d redge w as u sed  to  suck  an im als  an d  
p la n ts  from  w ith in  a stee l fram e of k n o w n  area, 15cm  deep  an d  d riv e n  in to  th e  se d im e n t b y  h an d . But 
th is  dev ice  d id  n o t w o rk  sa tis fac to rily  on  som e h a rd -p ack ed  sands.

A  so lu tio n  to  th e se  d ifficu lties  w as th e  u se  of an  a irlift p u m p . W ater a n d  sam p le  m a te ria l are p u lle d  
th ro u g h  th e  sam p le r by  th e  force of th e  ris in g  lo w  d e n s ity  a ir /w a te r  m ix tu re  in  a v e rtic a l p ip e . B arnett 
an d  H ard y  (1967) desig n ed  an  a irlift sam p le r in  tw o  p a rts  (Figure 1). T he first p a rt w as a cy lin d e r w h ic h  
w as p u sh e d  in to  th e  san d  to  en c lo se  a k n o w n  surface area to  a k n o w n  d ep th . T he seco n d  p a rt w as a su c ­
tio n  p u m p  u se d  to  excavate  an d  sieve th e  san d  an d  an im als  from  w ith in  th e  cy linder.

H iscock  an d  H oare (1973) m o d ified  th e  B arnett a n d  H ard y  sam p le r for u se  on  h a rd  b o ttom s (Figure 2). 
T h ey  req u ired  a p o rtab le  system , w ith  su ffic ien t su c tio n  to  p re v e n t d e tach ed  spec ies from  falling  or 
b e ing  sw ep t aw ay, a n d  th e  p o ss ib ility  of tak ing  severa l sam p les  w h ic h  co u ld  be easily  rem o v ed  from  the  
ap p ara tu s . Lead w eig h ts  w ere  fixed  to  th e  su c tio n  ch am b er en d  of th e  u n it  to p re v e n t b u o y an cy  d u rin g  
opera tio n , an d  3m  of w ire -w o u n d  flex ib le  tu b e  w as u se d  for su c tio n  as th is  w as fo u n d  to  be easier to 
tra n sp o rt th a n  rig id  tub ing . T h is sam p le r is n o t g en era lly  su itab le  for sed im en ts  b ecau se  of th e  lim ited  
cap ac ity  of th e  sam p le  cham ber.

G u llik sen  a n d  D eras (1975) co n s tru c te d  a d iver-op  erate  d su c tio n  sam p le r for fauna  on  rocky  bo ttom s 
(Figure 3). It co n s is ted  of a sam p lin g  b o ttle  w ith  a 0 .5m m  sieve  c o n n e c te d  to  a m a n u a l su c tio n  p u m p . 
T h is sam p le r w as su itab le  for sam p lin g  se d im e n t an d  sm alle r sessile  fauna, an d  severa l sam ples co u ld  
be o b ta in ed  in  sto rab le  p la s tic  bo ttles  d u rin g  one d ive. G u llik sen  (1980) u sed  th is  sam p le r d u rin g  in v e s ­
tiga tions of th e  m acro b en th o s  in  B orgenfjord, N orw ay.

A  m ore  recen t d esign  (bucket sam pler) b a sed  on  th e  H iscock  a n d  H oare m ach in e  (Figure 4) in c o rp o ­
rates a larger sam p le  ch am b er an d  can  be u se d  on  sed im en t. H ow ever, p e rio d ic  em p ty in g  of th e  sam p le  
ch am b er is n ecessa ry  if  severa l sam p les  are co llec ted .

T he m o st recen t d esig n  (by J. W oolford) is a m in ia tu r ise d  a irlif t sam p le r (F igure 5) k n o w n  as th e  JW 
M in ia tu re . T h is u ses  a p o n y  cy lin d e r w h ic h  can  be a tta ch ed  to  th e  d iv e r’s m a in  cy linder, an d  an  o n /o ff

1 13/14 Merlins Cross, Lower Lamphey Road, Pembroke, SA71 4AG.
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sw itc h  m ore  n o rm a lly  asso c ia ted  w ith  d iver d irec t feed  system s. C opper tu b in g  is u se d  to p ro v id e  the  
a ir su p p ly  to  th e  in s id e  of th e  5.5cm  d iam ete r p la s tic  p ip e . T he sam p le r is 52 .5cm  long  overall, w ith  a 
sm all lead  w e ig h t a tta ch ed  12cm  from  th e  b o tto m  for stab ility . T here  is no  co llec tio n  ch am b er a n d  m a te ­
ria l is d ep o s ited  in to  a de tach ab le  bag. T he system  is v e ry  ligh t, en ab lin g  th e  d iver to  sw im  to the  
re q u ire d  s ta tio n  before  sam pling .

S u m m a ry  matrix

Substratum Steep
gradiant

Rock Mixed
substrata
w ith
stones

Coarse
gravel

Maerl M edium 
fine sand

M uddy
Gravel

Mud

Barnett and Hardy K K K / / / / K

Hiscock and Hoare / / K K / * / / K

Bucket type / / / * / * / * / / /

JW miniature / / K K K / / /

* Care m ust be taken not to exceed the capacity of the sample container.

Purpose

It is c lear th a t n o n -d e s tru c tiv e  in  s itu  te ch n iq u es  observe o n ly  th o se  spec ies w h ic h  are large a n d /o r  
p ro m in e n t on  th e  su b stra tu m , an d  th a t th e  tru e  range of spec ies p re se n t w ith in  a b io to p e  c an n o t be 
in v es tig a ted  b y  th ese  m e th o d s . M any  of th e se  larger spec ies are fa irly  u b iq u ito u s , a n d  m ay  n o t be se n ­
sitive  to e n v iro n m en ta l changes. P o llu tio n  s tu d ie s  have  often  sh o w n  th e  sen s itiv ity  of sm alle r an im als, 
su c h  as a m p h ip o d s , to adverse  e n v iro n m en ta l change an d  su c tio n  sam p lin g  w ill c ap tu re  these.

For se d im e n t b io to p es, th e  p r in c ip le  of grab sam p lin g , a d es tru c tiv e  tech n iq u e , is w ell es tab lish ed . O n 
sed im en t, su c tio n  sam p lin g  offers a sm alle r scale , p o ss ib ly  m ore  ob jective w ay  of ach iev in g  th e  sam e 
resu lts . It is also  u se fu l for co llec tin g  b ase lin e  in fo rm a tio n  from  sm all areas.

In  th e  rocky  su b litto ra l, th e  p r in c ip le  of d e s tru c tiv e  sam p lin g  is n o t en co u rag ed  an d  m u c h  em p h asis  
has b e e n  p la c e d  on  n o n -d e s tru c tiv e  m e th o d s. H ow ever, p rev io u s  co m p ara tiv e  s tu d ie s  (G ulliksen  1980, 
H iscock  an d  R ostron , u n p u b lish e d )  have  sh o w n  th a t th e  m a jo rity  of th e  b io ta  is n o t reco rd ed  b y  su c h  
m eth o d s. S u c tio n  sam p lin g , on  a v e ry  sm all scale, w o u ld  therefo re  p ro v id e  good b ase lin e  in fo rm a tio n  
an d  a fu lle r a p p re c ia tio n  of th e  c o m m u n itie s  m o n ito red .

S u c tio n  sam p lin g  can  be  u se d  as a m o n ito rin g  te c h n iq u e  in  cases w h ere  o th e r m e th o d s  are n o t a p p ro ­
p ria te ; for ex am p le  on  coarse or m ix ed  su b stra ta . It is also  a th o ro u g h  te c h n iq u e  for d e lin e a te d  b io to p es 
su c h  as m aerl beds. It is m ost eco n o m ica lly  u se d  for ‘w h o le  c o m m u n ity ’ in fo rm atio n , b u t at th e  sam e 
tim e  c o u ld  p ro v id e  im p o rta n t p o p u la tio n  s ta tis tic s  for ‘p o te n tia l key  sp e c ie s ’. H ow ever, in  v iew  of the  
large v o lu m e  of sam p le  m a te ria l an d  th e  tim e  n e e d e d  for so rting  th is , it  is n o t a su itab le  m e th o d  in  cases 
w h ere , for exam ple , o n ly  a few  key  spec ies are m o n ito red .

In  sum m ary , su c tio n  sam p lin g  can:

• be a good  te c h n iq u e  to  u se  p rio r  to  d ec id in g  on  a fina l m o n ito rin g  p rog ram m e or key  sp ec ies  to  be 
m o n ito red . It p ro v id es  b a se lin e  in fo rm atio n , p a rtic u la r ly  ab o u t b iod iv ersity , in te re s tin g  b io to p es  or 
sub  features.

• be u sefu l to  check  the  overall h e a lth  of specific  co m m u n itie s /b io to p es , e.g. m aerl beds, m u d d y  gravel.
• be u se d  to  e s ta b lish /re -e s ta b lish  th e  spec ies w h ic h  are p re se n t in  a b io tope .
• p ro v id e  co m p ara tiv e  n u m erica l da ta  for reg u lar or re la tiv e ly  large scale  s tu d ies.

Advantages
• F u lly  p o rtab le  ap p ara tu s . Ease of d ep lo y m en t d ep en d s  on  th e  m o d e l used .
• P e rso n n e l n e e d  o n ly  b rie f  in s tru c tio n s  to  u se  th e  sam pler, w h ic h  is n o t te c h n ic a lly  d ifficu lt.
• T he exact h a b ita t c o n d itio n s  a t th e  site  can  be reco rd ed , e.g. p h ase  2 reco rd in g  for ro ck y  substra ta . 

S ed im en t da ta  can  be co llec ted  from  exac tly  th e  sam e lo ca tio n  as th e  b io ta , o ften  a h it  a n d  m iss affair 
w ith  grabs, w h ic h  m u s t be d ep lo y ed  m ore  th a n  once.

• S am p lers  can  be  d ep lo y ed  from  a sm all boat. T h u s d ivers can  sam p le  in  areas w h ic h  m ay  be in a c ­
cessib le  for la rger vesse ls  d ep lo y in g  grabs, e.g. W h iten ess  Voe, S c illy  (R ostron, 1989). S m all-sca le  su r­
veys can  be u n d e rta k e n
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• S am p lin g  effic iency  is h igh . C hristie  (1976) fo u n d  th a t on  fine san d  40%  of th e  sp ec ies  p re se n t to 
60cm  d e p th  o ccu rred  d eep er th a n  10cm . K eegan a n d  K onnecker (1973) fo u n d  th a t on  m aerl su b s tra ­
tu m  as m u c h  as 98%  of th e  s ta n d in g  crop  m ay  be fo u n d  2 0 -4 0 c m  b e lo w  th e  su rface  of th e  substra te . 
S u c tio n  sam p le rs  can  re a c h  th ese  d ep th s  if  req u ired .

• S u c tio n  sam p lin g  m eth o d o lo g ies  are  co m p lem en ta ry  to  o ther n o n -d e s tru c tiv e  tec h n iq u e s  su ch  as 
p h o to g ra p h y  or q u ad ra t s tu d ies.

• S am p les  w h ic h  are d ifficu lt to  co llec t b y  o ther m ean s can  be o b ta ined . C oarse su b s tra ta  su ch  as grav­
el an d  s tones can  be co llec ted . A lgae a n d  sessile  o rgan ism s on  rock  can  be co llec ted  q u an tita tive ly .

• S am p lers  can  be  u se d  for v a ried  typ es of seabed , an d  d iffe ren t m e sh  sizes can  be easily  in se r te d  if  
n eed ed . D ifferen t su rface  area sam p les  can  be taken .

• N one of th e  m a te ria l rem o v ed  from  th e  rock  is lo s t a n d  a lm o st a ll of th e  b iom ass is co llec ted .
• C o u n tin g  an d  a b u n d an ce  assessm en ts  are p o ssib le . R robust s ta tis tic a l m e th o d o lo g ies  can  be  u sed , 

su c h  as p a ram etrics  or m u ltiv a ria te  c la ss ifica tio n  tech n iq u es , etc.
• S am p lers  can  be c o n s tru c te d  from  ch eap  a n d  re a d ily  availab le  m a te ria l w ith  m in im a l m ach in in g .

Disadvan tages

• It c an  be ex p en siv e  u s in g  d ivers to  sam p le  re la tiv e ly  sm all areas.
• D ep th  an d  n u m b e r of sam p les  are lim ite d  b y  th e  d iv e r’s cap ab ilitie s . In  ad d itio n , sam p lers  w ill n o t 

w o rk  at d ep th s  less th a n  th e  len g th  of th e  su c tio n  tubes.
• S am p lers  are  e ffic ien t a t d eep er levels , b u t req u ire  a g rea ter su p p ly  of a ir to  m a in ta in  th e  sam e su c ­

tio n  p ressu re .
• It is som etim es d ifficu lt to  fill m ach in es  w ith  w a te r for d escen t an d  to  carry  th em  do w n , e sp ec ia lly  

in  ro u g h  su rface  co n d itio n s . D ep lo y m en t req u ires  co n sid e rab le  sk ill. Too m u c h  b u o y an cy  in  th e  
ch am b er w h e n  air is in tro d u c e d  for sam p lin g  can  cause  som e sam p lers  to rise.

• Large sp ec im en s  on  rock  m ay  n e e d  to  be rem o v ed  before  u s in g  th e  sam pler.
• S trong  su c tio n  a n d  sc rap in g  can  dam age fragile b io log ica l sp ec im en s. S essile  tu b e -d w e llin g  species 

a n d  b a rn ac les  can  be d ifficu lt to  collect.
• It is n o t u su a lly  p o ss ib le  to  see th e  accu m u la tin g  sam p le  m ateria l. Large sam p les  m ay  overfill th e  

bags. T h e  B ritish  A n ta rc tic  S u rv ey  d esig n ed  a sam p le r s im ila r to  th a t of H iscock  an d  H oare, b u t w ith  
a c lear p e rsp ex  tu b e  w h ic h  a llo w ed  one to see th e  q u a n tity  w ith in  th e  sam p le  bag in s id e , a n d  also 
o th e r m o d ifica tio n s  to  m ake th e  m ac h in e  m ore  su itab le  for v e ry  lo w  tem p era tu res .

• It c an  be d ifficu lt to  ex trac t sam p les  from  som e sam p le  bags.
• L aborato ry  tim e  for so rting  sam p les  from  su b litto ra l rocky  bo tto m s is v e ry  h igh . G u llik sen  (1980) 

in te n d e d  to so rt m a te ria l a live, b u t fo u n d  th a t som e sam p les  n e e d e d  u p  to  10 days of co n cen tra ted  
sorting . H iscock  (1987) e s tim a ted  th a t each  0 .1 m 2 sam p le  took  5 days to  sort a n d  co u n t, an d  th is  d id  
n o t in c lu d e  th e  id e n tif ic a tio n  of all species.

Logistics

Equipm ent
Boat, p lu s  d iv ing , n a v ig a tio n  a n d  safety  eq u ip m en t, as re q u ire d  for n o rm al d iv in g  o p era tio n s u n d e r  th e  
HSE reg u la tio n s. A n  e c h o -so u n d e r is e ssen tia l in  cases w h ere  th e  seab ed  c o n d itio n s  are n o t k now n . 
B uoyancy  a id s  an d  ro p e  are also  req u ired : th e  la tte r m ay  be n e e d e d  to  re triev e  th e  sam p le r from  th e  
seabed  b y  h a u lin g  it  from  a su p p o rt vessel.

S am p lin g  eq u ip m en t, scraper, sp are  sam p lin g  bags an d  lid s , q u ad ra ts , sp are  a ir cy lin d ers . T he area 
w h ic h  can  be sam p led  w ith  one cy lin d e r of a ir w ill d e p e n d  o n  th e  a m o u n t an d  ty p e  of m a te ria l b e ing  
co llec ted , th e  d ep th , an d  th e  su c tio n  ap p lied . H iscock  an d  H oare (1973) took  th ree  0 .2 5 m 2 sam p les  at 
15m  w ith  a 1.6m ^ cy linder.

Q u ad ra t sh ap e  m ay  vary, w ith  d eep  cy lin d rica l sh ap es su itab le  for se d im e n t a n d  m ore  u su a l square  
sh a llo w  designs for rock. W orkers n e e d  w ritin g  board s an d  sam p le  carry ing  e q u ip m e n t on  th e  seabed . 
N u m ero u s sam p le  bags are h eav y  an d  u n w ie ld y  to  tran sp o rt, a n d  co u ld  be fixed  to  a lin e  b u o y ed  at th e  
su rface (F igure 6).

B uckets for su rface  storage, one or tw o  p e r sam ple . S ieves, re liab le  labels , su c h  as D ym o an d  p re ­
serv ing  flu ids.
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Personnel / t ime
M in im u m  HSE d iv in g  team  (4 d ivers) p lu s  p o ssib le  a d d itio n a l b o a t staff. T h e  d ivers m u s t have  a p p ro ­
p ria te  q u a lifica tio n s (H olt 1998).

Methods

Site locat ion
L atitu d e  an d  lo n g itu d e  for sam p le  sites m u s t be d e te rm in ed  accura tely , e sp ec ia lly  if  rep e a te d  m o n ito r­
ing  w o rk  is a n tic ip a te d . W h en  u s in g  th e  G eograph ica l P o s itio n in g  S ystem , th e  co rrec t d a tu m  sh o u ld  be 
em p lo y ed  (W GS84 or OSGB, etc.) w ith  q u a lity  co n tro l checks tak en  from  k n o w n  p o sitio n s . In  n ea rsh o re  
areas, p ro m in e n t coasta l a n d  seabed  fea tu res m ay  also  be u se fu l for accu ra te  re lo ca tio n  of sam p le  sites.

D e p lo y m e n t
O nce th e  co rrec t p o s itio n  an d  d e p th  h av e  b e e n  loca ted , th o se  sam p lers  w ith  ch am b ers  n e e d  to  be 
im m ersed  u n til  th e  a ir in  th e  ch am b er is re p la c e d  by  seaw ater, re su ltin g  in  nega tive  buoyancy . T he 
e q u ip m e n t m ay  be  lo w ered  b y  m ean s of a b u o y ed  rope , or a lte rn a tiv e ly  tra n sp o rte d  to  th e  seabed  by  
d ivers. A d d itio n a l eq u ip m en t, su c h  as sp are  bags an d  q u ad ra ts , m ay  be easily  lo st if  n o t a ssigned  to  a 
specific  w orker. It is therefo re  a good id ea  to  d iscu ss  w h ic h  d iver w ill perfo rm  th e  v a rio u s  o p era tions 
p rio r  to th e ir  descen t.

Field sampl ing  

The Barnett and Hardy type o f airlift design (Figure I)
T his sam p le r has no  ch am b er an d  is easy  to  subm erge. T he 0 .1 m 2 cy lin d e r is p la c e d  on  th e  seab ed  an d  
p u sh e d  a few  cen tim e tres  in to  th e  se d im e n t by  h an d . For deep  sam p les , th e  l id  is secu red  b y  m ean s of 
four c lam ps. T he a ir su p p ly  to  th e  a irlif t p u m p  is th e n  tu rn e d  on  s lo w ly  an d  w a te r p u m p e d  ou t of the  
cy linder. T he h e a d  of w a te r above th e  l id  forces th e  cy lin d e r in to  th e  sa n d  an d  p e n e tra tio n  of th e  c y lin ­
der to  a d e p th  of 60cm  u su a lly  takes abou t five m in u te s , after w h ic h  th e  c lam p s are re leased , lid  
rem o v ed  a n d  san d  in s id e  rem o v ed  by  th e  seco n d  p a rt of th e  sam pler.

In  p rac tice , it  is often  p o ssib le  to  m a n u a lly  w o rk  a c y lin d ric a l q u ad ra t in to  th e  se d im e n t b y  h o ld in g  
th e  h a n d le s  an d  ro ta tin g  ra p id ly  in  c lockw ise  a n d  an tic lo ck w ise  d irec tio n s.

T h e  sam p le r has a long  rig id  p ip e  w ith  an  in te rn a l d iam ete r of 8cm , w e ig h ted  at one end . It can  be 
v e ry  d ifficu lt to  m an o eu v re  a n d  h o ld  th is  sam p le r in  a v e rtica l p o s itio n , w h ic h  m ean s th a t it c an n o t be 
u tilise d  w h e n  tid a l s tream s are p re sen t. T he a ir su p p ly  is tu rn e d  on  s lo w ly  u n til  th e re  is a ra p id  flow  of 
w a te r u p  th e  su c tio n  p ip e . T he su c tio n  tu b e  is th e n  d irec ted  to w ard s  th e  su b s tra tu m , w ith in  th e  q uad ra t. 
T he sam p led  m a te ria l is c au g h t in  a m e sh  bag, b u t th e  s ilt an d  san d  m ay  d escen d  on to  th e  d ivers, m ak ­
ing  sam p lin g  d ifficu lt.
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Figure 1 The Barnett  and  H ardy  (1 967) type  of sam p le r

The Hiscock and Hoare type o f airlift design (Figure 2)
T he d ivers en te r th e  w a te r an d  in fla te  th e ir  b u o y an cy  co n tro l dev ices. T h e  sam p le r is h a n d e d  to  a diver, 
w h o  allow s it  to fill w ith  w a te r before  ad ju s tin g  b u o y an cy  to  subm erge. S u p p le m e n ta ry  e q u ip m e n t 
(quad ra ts , tu b in g , etc.) is tak en  to  th e  seab ed  by  th e  o ther diver.

T he sam p le r is a ssem b led  on  th e  seabed  a n d  p la c e d  a p p ro p ria te ly  on  th e  bo ttom ; th e  q u ad ra t is th e n  
p u t  in  p lace . Large sp ec im en s  liab le  to  clog th e  tu b e  are rem o v ed  for la te r  in c lu s io n  in  th e  sam ple . T h is 
is d one  b y  m ean s of a p a in t sc rap er u se d  to  d e tach  th e  o rgan ism  ca re fu lly  from  th e  rock. T ubing  is 
u n w ra p p e d  an d  th e  float carries th e  su c tio n  tu b e  to  a v e rtica l p o s itio n . T he air su p p ly  is tu rn e d  on  at 
th e  p illa r  v a lve  to  c rea te  th e  n ecessa ry  su c tio n . T he p a in t sc rap er is u se d  in  fron t of th e  co llec tin g  tu b e  
to d islodge  organism s w ith in  th e  qu ad ra t. W h en  th e  q u ad ra t is c leared , th e  air su p p ly  is in c reased  for a 
few  seco n d s to  d raw  an y  m a te ria l left in  th e  co llec tin g  tu b e  in to  th e  sam p le  cham ber. W h en  th e  sam p le  
has b e e n  taken , th e  n u m b e r of b a rn ac le  or tu b e  w o rm  scars can  be c o u n te d  or th e  site  p h o to g ra p h e d  for 
la te r co u n tin g  or m easu rem en ts  of p e rcen tag e  cover. T he sam p le  bag is rem o v ed  a n d  c a p p ed  an d  a n o th ­
er bag is sc rew ed  in  p lace  re a d y  for th e  n ex t sam ple . If a b u o y ed  lin e  has b e e n  tied  to  th e  sam pler, th e  
a p p a ra tu s  can  be p u lle d  to  th e  surface after rem o v in g  all loose  parts .
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Figure 2 The H iscock  and  H o a re  (1973) sam p le r
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bung

Figure 3 The Gull iksen  an d  Deras (1975) sam p le r

The bucket sampler (Figure 4)
T he tu b in g  is a ttach ed  before  d ep lo y m en t. T h is  sam p le r has a large cham ber, an d  takes severa l m in u te s  
to fill w ith  w ater. T h is  is g en era lly  ach iev ed  by  u n d o in g  tw o of th e  c lip s  on  th e  lid , h o ld in g  b e n e a th  th e  
surface, a n d  th e n  re-fasten ing  th e  c lip s  befo re  d escen t. Lead w e ig h t can  be p la c e d  in to  th e  cham ber, b u t 
th is  m akes th e  sam p le r h eav ie r for re triev a l. It is a good id ea  to  save u n d e rw a te r  tim e  by  fix ing th e  first 
sam p le  bag befo re  d escen t. T he a ir su p p ly  sh o u ld  be co n n ec ted  at th e  su rface , a lth o u g h  b o ttle s  can  be 
ex ch an g ed  u n d e rw a te r  if  necessary . T h e  sam p le r is a ttach ed  to  a b u o y ed  rope.

O nce on  th e  seabed , th e  q u ad ra t is p laced  b y  w h a tev e r m ean s are ap p ro p ria te . S u c tio n  is qu ite  p o w ­
erfu l, an d  can  re su lt in  p o s itiv e  b u o y an cy  an d  sh iftin g  of th e  m ac h in e  if  th e  air is tu rn e d  on  too q u ick ­
ly. O ne d iver co n cen tra tes  o n  th e  a ir su p p ly  an d  sam pler, w h ils t th e  o ther p o s itio n s  th e  su c tio n  tu b e  
in s id e  th e  m ark ed  qu ad ra t. C o m m u n ica tio n  an d  co -o rd in a tio n  b e tw e e n  th e  tw o  are n eed ed . A t th e  en d  
of th e  firs t sam p le , th e  su c tio n  tu b e  sh o u ld  be  h e ld  u p w a rd s  to  avo id  loss, th e  a ir m u s t be tu rn e d  off, 
th e  lid  o p en ed  an d  th e  bag rep laced . S ed im en t a c c u m u la ted  in  th e  b o tto m  of th e  ch am b er sh o u ld  be 
em p tied . T he sc rew  th re a d  a ttach in g  th e  bags can  take som e tim e  to  deal w ith , b u t does en su re  th a t th e  
bags are firm ly  fixed  an d  can  h o ld  large sam p les , in c lu d in g  stones. F illed  bags sh o u ld  have  a sc rew  cap.

T h is sam pler, p a rtic u la r ly  if  it  co n ta in s  sed im en t, is too  h eav y  for easy  tra n sp o rt to  th e  su rface  an d  
d ivers sh o u ld  ascen d  th e  lin e  carry ing  th e  loose  eq u ip m en t. T he sam p le r m ay  be p u lle d  to  th e  surface 
later.



300 M arine M onitoring H an d b o o k

r 1■ i
E *

air
di f fu se r

air

reference
sample bag cylinder

Figure 4 The b u ck e t  airlift w ith  a large sa m p le  c h a m b e r  (H iscock  1 987)

J. Woolford rock epifauna sampler design (Figure 5)
T he a ir supp ly , a p o n y  cy lin d er, is fixed  u p s id e  d o w n  to th e  d iv e r’s m a in  cy linder, in  o rd er to  m ake the  
v alve  accessib le . T he a ir su p p ly  is a ttach ed  to  th e  d irec t feed  on  th e  sam p le r w h ic h  in  tu rn  m ay  be 
a tta ch ed  to  th e  d iver by  m ean s of a lin e  an d  clip . T he q u ad ra t, scraper, n e ts  an d  flex ib le  tu b in g  can  be 
ca rried  d o w n  sep a ra te ly  an d  a ttach ed  at th e  seabed . T he tu b e  is cu rv ed  an d  fits over th e  d iv e r’s sh o u l­
der, so th a t an y  s ilt d is tu rb e d  does n o t in te rfe re  w ith  th e  sam p lin g  p ro ced u re . T h e  q u ad ra t is p laced , 
an d  th e  d iver is ab le to  scrape  w ith  one h a n d  an d  u se  th e  a irlif t w ith  th e  other. P u sh in g  th e  b u tto n  on 
th e  d irec t feed  regu la tes th e  a ir supp ly . A lte rna tive ly , a seco n d  d iver m ay  assist.



Procedural G u ide l ine  No. 3-10  Sampling marine benthos using suction samplers 301

flexible ruhe

I s l  s ta g e ,  ta pcwiy cyfinder

direct Feed va-ve

Figure 5 The JW  sam p le r  (original drawing)

S u b s t r a t u m  a n d  m e s h  s i ze
N orm al m esh  sizes are 1m m  an d  0 .5m m  an d  th e  c lie n t sh o u ld  spec ify  th e  size req u ired . W h en  sam p lin g  
a b en th o s  of gravel, s tones or m ix ed  su b stra ta , m o st w ill be re ta in e d  w ith in  e ith e r m e sh  a n d  th e  l im it­
ing  factor is th e  b ag /ch am b er size. T he g ra in  size of coarse  sa n d  m ay  be  b e tw een  0 .5m m  a n d  1m m . In  
th is  case, for e ffic ien t sam p lin g , it w o u ld  be m ore  p rac tica l to use  th e  larger m esh  size. F in e r san d s an d  
m u d s  sh o u ld  a ll pass th ro u g h  th e  0 .5m m  m esh .

In situ o b s e r v a t io n s
If tim e  a llow s, in  s itu  observa tions d e ta ilin g  d ep th , h a b ita t type , se d im e n t s tru c tu re , etc. sh o u ld  be 
reco rd ed . It m ay  be a p p ro p ria te  to  reco rd  ab u n d an ces  of co lo n ia l sp ec ies  a t sam p le  sites u s in g  a SAC- 
FOR scale , p a rtic u la r ly  if  sam p lin g  from  rock.
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Retrieval  of  s a m p l e  e q u i p m e n t
D ivers m ay  h av e  d ifficu lty  in  re triev in g  sam p le rs  from  th e  seabed  if:

• th e  sam p le  s ite  is > 15m  deep
• fu ll sam p le  bags, sp are  cy lin d e rs  or o th e r h eav y  item s n e e d  to  be a tta ch ed
• a sam p le  ch am b er (bucket sam pler) is fu ll of sed im en t
• tid a l cu rren ts  are p re se n t
• d ivers are carry ing  surface m ark er buoys
• v is ib ility  is b ad  or sea su rface  c o n d itio n s  are adverse

For th ese  reaso n s it  is safer to  u se  an  a ttach ed  lin e  for re triev a l from  th e  boat, once th e  d ivers are safe­
ly  on  board . A ll d e tach ab le  p a rts  sh o u ld  be secu re ly  fixed  to  avo id  loss. H ow ever, th e se  co n sid e ra tio n s  
do n o t ap p ly  to  th e  JW m in ia tu r ise d  sam pler, w h ic h  is c a rried  by  th e  diver.

dear

Figure 6  A m e th o d  for retr ieving sam ples

S a m p l e  s to r a g e  a n d  lab el l ing
O n th e  boat, sam p le  bags sh o u ld  in itia lly  be p la c e d  in  b u ck e ts  co n ta in in g  seaw ater an d  labels. T he la t­
te r sh o u ld  be m ad e  of p la s tic  p a p e r a n d  cro ss-re fe ren ced  to  an y  n u m b erin g  system  or in  s itu  no tes 
reco rd ed  u n d e rw a te r  b y  th e  d ivers. It sh o u ld  n o t be n ecessa ry  to  em p ty  sam p le  bags at th is  stage.

O nce on  shore , sam p le  bags are e m p tie d  in to  in d iv id u a l co n ta in e rs  co n ta in in g  seaw ater: th e y  m ay  
n e e d  to  be qu ite  large. T h e  bags are m ad e  of to u g h  n y lo n  m esh  a n d  access is p ro v id e d  th ro u g h  a Velcro 
fasten ing . Som e m ate ria l m ay  be d ifficu lt to  get ou t, b u t care sh o u ld  be  tak en  n o t to  dam age organism s. 
O ne m e th o d  is to  u se  a large sp o o n  to  rem ove  m u c h  of th e  m ateria l, before  in v e rtin g  th e  bag an d  r in s ­
ing  m a te ria l off th e  m esh  by  im m ers in g  in  seaw ater. E ach  sam p le  m ay  th e n  be s iev ed  a n d  p la c e d  in  p re ­
serv ing  flu id  a long  w ith  an  a p p ro p ria te  label.

L ab ora to ry
A d eq u a te  w e t fac ilities  in c lu d in g  a fum e cu p b o a rd  for p ro cess in g  sam p les  are req u ired , a long  w ith  
b e n c h  space  for b in o c u la r  an d  c o m p o u n d  m icro sco p es an d  a ll a p p ro p ria te  tax o n o m ic  keys an d  gu ides.

For rock  sam p les , q u a n tita tiv e  a n d  q u a lita tiv e  m a te ria l is sep a ra ted  before  id e n tif ic a tio n  an d  c o u n t­
ing, or a b u n d an ce  estim ates. B ecause th e  v o lu m e  of m a te ria l c an  be large it  is u se fu l to  in itia lly  so rt in to  
taxa, su c h  as a m p h ip o d s , algae, p ro so b ran ch s , p o ly ch ae tes , b ryozoa, etc. F rom  here , th e  fauna  an d  flora 
sh o u ld  be id e n tif ie d  to sp ec ies  leve l w h e n e v e r p o ssib le  an d  a lis t of taxa  co m p iled . Taxa sh o u ld  be l is t­
ed  acco rd in g  to  a reco g n ised  a u th o rity  (H ow son a n d  P ic to n  1997). In d iv id u a l an im als  m ay  be co u n ted . 
C olon ial an im als  an d  algae m u s t be a ssessed  b y  o th e r m ean s, e.g. by  in  s itu  d iver observ a tio n  at th e  sam ­
p le  sites. In  th e  laboratory , a m ore  sub jec tive  estim a te  of th e  p ro b ab le  surface area  % of th e  spec ies w ith ­
in  th e  sam p le  w o u ld  p ro v id e  a co m p ara tiv e  m easure .

P ro ced u res  for m ix ed  sam p les  su c h  as p e b b le s /m u d  or m aerl m ay  be s im ila r to th e  above.
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For se d im e n t sam p les , so rting , id e n tif ic a tio n  an d  e n u m e ra tio n  p ro ced u re s  are w ell es tab lish ed . 
V oucher sp ec im en s sh o u ld  be  k e p t sep a ra te ly  a n d  p ro p e rly  labe lled .

Data analysis

D ata g en era ted  sh o u ld  be s to red  on  a sp re a d sh e e t or da tabase  from  w h ere  it  is accessib le  for c o m p u t­
er analyses. D ata an a ly sis  d ep en d s  o n  th e  in itia l ob jective of th e  su c tio n  sam p lin g  program m e.

Accuracy

O bjectives sh o u ld  be c learly  set ou t befo re  su c tio n  sam p les  are taken . For rep ea t su rveys of sed im en t 
areas, it is e ssen tia l to  accu ra te ly  re lo ca te  sam p le  p o s itio n s  acco rd in g  to  e s tab lish ed  p ro toco ls. T he ty p e  
of sam p le r sh o u ld  be a p p ro p ria te  for th e  w o rk  u n d e rtak en . In  se d im e n t or loose  m ix ed  su b stra ta , th e re  
is a lw ays a te m p ta tio n  to  take  sam p les  to  a d eep e r level th a n  n ecessa ry  w h ic h  sh o u ld  be av o id ed  by  
u s in g  q u ad ra ts  of th e  a p p ro p ria te  sh ap e , d e p th  an d  w id th .

R ep lica tio n  is n o t a d es ired  o p tio n  w h e n  u s in g  a su c tio n  sam p le r a t d eep e r sites b ecau se  of th e  tim e  
im p lica tio n s , th e  size of th e  sam ples an d  also  th e  fact th a t w o rk in g  c o n d itio n s  (v isib ility ) co u ld  be co m ­
p ro m ise d  b y  rep e a te d  sam p lin g  at one locality . Cost m ay  lim it th e  n u m b e r of lo ca litie s  sam pled .

In  ro ck y  su b litto ra l areas, th e  h e te ro g en e ity  of th e  e n v iro n m e n t m ean s th a t th e  p ro v is io n  of s ta tis ti­
ca lly  u se fu l d a ta  for rep ea t m o n ito rin g  over a large area c an n o t be expec ted . D ata sh o u ld  n o t be over­
in te rp re ted .

U n less th e re  is a su ffic ien tly  large n u m b e r of sam p les , great care sh o u ld  be tak en  w h e n  m ak ing  sam ­
p le  co m p ariso n s  b e tw een :

• one year an d  a n o th e r (tem poral)
• one d e p th /p la c e  an d  a n o th e r for a p a r tic u la r  b io to p e  (spatial)
• w id e ly  sp aced  sam p les  from  th e  sam e area  (spatial)

QA/QC

• W ell-defined  objectives sh o u ld  be set before  em p lo y in g  th is  m ethodology .
• A n  e q u ip m e n t in v e n to ry  sh o u ld  be ch eck ed  before  leav in g  th e  shore.
• Boat p e rso n n e l sh o u ld  be  ab le to  locate  th e  su rv ey  s ta tio n  p re c ise ly  from  th e  p o s itio n  of th e  surface

b u o y  an d  be ab le to  re triev e  th e  sam p le r a n d  o ther item s b y  h a u lin g  from  th e  seabed .
• T here  sh o u ld  be s ta n d a rd , a p p ro p ria te  q u ad ra t sizes an d  g enera l ag reem en t on  d e p th  to  be sam pled .
• D ivers sh o u ld  be fam ilia r w ith  e q u ip m e n t to  be u sed . O pera to rs sh o u ld  be ab le to  co llec t s ta n d a rd  

sam p les , a d e q u a te ly  describe  th e  site , h a b ita t an d  larger b io ta , en su re  th a t th e  sam p le  ch am b er does 
n o t overfill, c lear an y  tu b e  b lockages, a n d  take care n o t to  lose m a te ria l d u rin g  bag chang ing  or by  
tu rn in g  off th e  a ir too  soon.

• S am ples m u s t n o t get co n fu sed  e ith e r  u n d e rw a te r  or on  th e  surface.
• S am p les  sh o u ld  be  h a n d le d  so th a t m in im a l dam age is d one  to  b io ta , e.g. do n o t sw in g  bags a ro u n d

in  air; a lw ays su p p o rt in  w ater.
• It is e ssen tia l to  be rea lis tic  ab o u t th e  lab o ra to ry  tim e  n ecessa ry  for sam p le  p rocessing .

Data products

• N ew  in fo rm a tio n  in  m an y  cases
• D eta iled  da ta  m a trix  -  s to red  as a sp read sh ee t
• C o llec tio n  of sp ec im en s
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Field
U sing  a team  of 4 d ivers (2 pairs) on  a sc h e d u le  of tw o d ives p e r day, it  w o u ld  be p o ss ib le  to  o b ta in  
b e tw een  8 an d  16 sam p les  d e p e n d in g  on  th e  d ep th , u n d e rw a te r  c o n d itio n s  an d  ty p e  of h a b ita t to  be 
sam p led . (S andy  sed im en ts  are easie r th a n  rock  ep ifauna.)

L ab ora to ry
T he lab o ra to ry  tim e m ay  also  v a ry  s ig n ifican tly  d ep e n d in g  on  th e  sam p le  ty p e  co llec ted . S o rting  a large 
sam p le  takes b e tw een  1 a n d  3 days, w h ils t accu ra te  id e n tif ic a tio n  a n d  en u m e ra tio n  takes 3 to  5 days. 
T he tim es in v o lv ed  are long  b ecau se  su c tio n  sam p les  from  se d im e n t are la rger th a n  grab sam p les  of the  
sam e surface  area, w h ils t sam p les  of rock  ep ifau n a  an d  asso c ia ted  c ry p to fau n a  are ex trem ely  d iverse , 
w ith  id e n tif ic a tio n  co m p lica ted  b y  th e  fact th a t m a n y  organ ism s are e p ip h y tic  on  o thers. Costs for a 
15cm  deep , 0 .1 m 2 sam p le  m ay  v a ry  from  £800 for an  in te re s tin g  se d im e n t sam p le  w ith  30+ taxa  to  c. 
£1 ,500  for a d e ta iled  an a ly sis  of th e  sam e area  ro ck  ep ifau n a l sam p le  tak en  from  a d iverse  c irca litto ra l 
turf.

D a t a  an a ly s i s
G iven  an  accu ra te  sp re a d sh e e t from  th e  lab o ra to ry  w ork , c o m p u te rise d  da ta  an a ly sis  te c h n iq u e s  take 
re la tiv e ly  little  tim e , p ro b ab ly  abou t 1 day.

Health and safety

A ll d iv in g  o p era tio n s are sub jec t to  th e  p ro ced u re s  d esc rib ed  in  th e  D iving at W ork R egu la tions 19972 
an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical A p p ro v ed  Code of P ractice .

A  m in im u m  team  size  sh o u ld  be specified .
B uoyancy  (both  p o s itiv e  an d  negative) of th e  e q u ip m e n t an d  acc u m u la ted  sam p le  m a te ria l is a p ro b ­

lem  a n d  m u st be  ad d re sse d  in  th e  r isk  assessm en t.
A d d itio n a l r isk  a ssessm en ts  are n e e d e d  for ce rta in  areas su ch  as tid e sw e p t sites.
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Procedural Guideline No. 3-11 
Littoral monitoring using fixed 

quadrat photography
Jenny G I anvi I le, D e v o n  Wildl ife  Trust1

Background

Fixed q u a d r a t  m o n i to r in g
P h o to g rap h ic  m o n ito rin g  u s in g  fixed  q u ad ra ts  has long  b e e n  e s tab lish ed  as an  effic ien t, rep ea tab le  
m e th o d  for long -term  m o n ito rin g  s tu d ies . T h is  p a p e r  is b ased  on  ex p erien ces  from  W em bury  V olun tary  
M arine  C o n serv a tio n  A rea  (VMCA) in  D evon, b u t th is  ty p e  of su rv ey  has also  b e e n  u se d  at th e  Skom er 
M arine  N atu re  R eserve (MNR) and , sub litto ra lly , at L u n d y  Island . It invo lv es  th e  p h o to g rap h in g  of p e r ­
m a n e n tly  m ark ed  q u ad ra ts  a long  b ro ad  b e lt tran sec ts . S u p p o rte d  b y  s ta n d a rd  MNCR reco rd in g , it  can  
p ro v id e  a v a lu ab le  reco rd  of th e  c o n d itio n  of an  area of coastline .

T he m e th o d  is v e ry  s im p le  an d  there fo re  id ea l for u se  b y  v o lu n tee rs  or n o n -p ro fe ss io n a l su rveyors. 
Q u ad ra t lo ca tio n s are d ec id ed  acco rd in g  to  th e  su rv ey  objectives, b u t w ill g en era lly  be  rep re sen ta tiv e  of 
th e  en tire  area. T he s im p lic ity  of th e  m e th o d  lies in  th e  fact th a t, after in itia l s ite  se lec tio n , m in im u m  
ex p ertise  is re q u ire d  to  carry  ou t th e  survey. T he d esign  of th e  q u ad ra t an d  cam era  su p p o rt (see F igure 
1) obviates ev en  th e  n e e d  for h ig h ly  sk illed  p h o to g rap h ers .

■.!. I r a i

lita

Figure 1 Q u a d r a t  design  for p h o to g rap h ic  b io to p e  survey. The he igh t  of  the  c a m e ra  ab o v e  the  q u a d ra t  d e p e n d s  on  th e  lens 
length -  1 7 0 0 m m  for a 3 5 m m  lens, 1 4 0 0 m m  for a 2 8 m m  lens. For certa in  types of survey, for in s tance  m onito r ing  growth 
rates of covering  spec ies ,  it is useful to d iv ide the  q u a d ra t  into sm alle r  units  using cross-hairs.

Q u ad ra ts  are p h o to g ra p h e d  at reg u la r in te rv a ls  an d  th e  p h o to g rap h s  sc a n n e d  in to  a G eograph ica l 
In fo rm atio n  S ystem  (GIS) an d  d ig itised  to sh o w  area  cover of key  species. Y early da ta  is th e n  overla id  
an d  area cover com pared .

1 Shirehampton House, 35-37 St David's Hill, Exeter, EX4 4DA. jglanville@devonwt.cix.co.uk
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Purpose

M arine M onitoring H an d b o o k

M on ito rin g  th e  p o p u la tio n  of ch a rac te ris tic , im p o rta n t or in d ic a to r  spec ies on:

• ro ck y  sh o re s /seab ed
• Z o stera  bed s
• sa ltm arsh

M on ito rin g  g ro w th /e x p a n s io n  ra tes of so lita ry  an d  co lo n ia l spec ies su c h  as:

• E u n ice lla  verrucosa  (p in k  sea fan)
• Sabellaria  spp .
• co m p o s itio n  of ch a rac te ris tic  b io to p es

A d v a n ta g e s

• Low  m a in te n a n c e
• M in im u m  e q u ip m e n t
• M in im u m  tra in in g  n e e d e d
• C an be ca rried  ou t b y  n o n -sp e c ia lis t staff after in itia l s ite  se lec tio n
• Low  cost (after in itia l o u tlay  for eq u ip m en t)
• N o n -d es tru c tiv e  sam p lin g  te c h n iq u e

T h e  s im p lic ity  of da ta  co llec tio n  also  red u ces  th e  lik e lih o o d  of erro r in  th e  ana lysis . A s tech n o lo g y  
(e.g. d ig ita l cam eras, im age an a ly sis  softw are) im p ro v es, da ta  p ro cess in g  w ill b ecom e easie r an d  w ill 
have  less m arg in  for error.

D i s a d v a n ta g e s

• R estric ted  area  covered
• M ay n o t re flec t w id e r changes
• R estric ted  to  p re d o m in a n tly  b e d ro c k /h a rd  su b s tra ta  b io to p es (bu t can  be u se d  w ith  care for sed im en t 

b io to p es su c h  as Z ostera  beds)
• S ite  se lec tio n /m ark in g  an d  da ta  p ro cessin g  can  be lab o u r-in ten siv e

Logistics

Equipment
T here  is a long  lis t of e q u ip m e n t for th e  in itia l s ite  lo c a tio n  an d  m ark ing , b u t once th a t has b e e n  co m ­
p le ted , m u c h  less e q u ip m e n t is req u ired .

Set-up phase

• M ap, s igh tin g  com pass an d  GPS
• T ide tab les
• D rill w ith  fuel an d  sp are  d rill b its
• H artn o ll an d  H aw kins (1980) suggest u s in g  an  a ir-d rill p o w ered  b y  a SCUBA ta n k  to  m ark  quad ra ts . 

H ow ever, th e re  are severa l p e tro l-d riv e n  d rills  availab le  th a t are p o w erfu l en o u g h  to  d rill rock  an d  
in fin ite ly  m ore  p o rtab le . N ote, ev en  th e  m o st m o d e rn  b a tte ry -d riv en  d rills  are n o t p o w erfu l en o u g h  
to  d rill h a rd  rock
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• Q u ad ra t It is p a rtic u la r ly  im p o rta n t to  try  th e  q u ad ra t in  aw k w ard -to -reach  h ab ita ts , su c h  as over­
h angs, to  m ake su re  th e  su rro u n d in g s  do n o t o b stru c t th e  cam era ’s v iew  of th e  quad ra t. For sm alle r 
b io to p es, su c h  as overhang  tu rfs , it  is u se fu l to  have  a 0 .25m  square  q u ad ra t sp ec ifica lly  d esig n ed  to 
get in to  sm all p laces

• M arker b o lts  a n d  re s in  for se ttin g  th em
• H igh  v is ib ility  caps a n d /o r  p a in t for bo lts
• C am era (SLR or d ig ita l) -  a 35m m  len s w ill w ork , b u t w ith  a 28m m  or 24m m  th e  q u ad ra t cam era  s u p ­

p o rt c an  be low er, w ith  neg lig ib le  d is to rtio n  (F igure 2)
• C h in ag rap h  p e n c il an d  s la te /w e a th e rw rite r
• Safety  eq u ip m en t, in c lu d in g :

• p ro tec tiv e  eyew ear
• h eav y  d u ty  gloves
• n o n -s lip  boo ts
• first a id  k it
• rad io /m o b ile  p h o n e  for rem ote  sites
• life  jackets for ex p o sed  sites

Survey
• M ap, sigh tin g  com pass a n d  GPS
• T ide tab les
• D irec tio n s /s ite  g u ide  to  re lo ca te  s ta tions
• Q u ad ra t an d  asso c ia ted  e q u ip m en t, su c h  as sp are  n u ts  for cam era  su p p o rts  (see F igure 1)
• S u rv ey  cam era  an d  sp are  film s
• S n ap sh o t cam era  an d  sp are  film s
• N u m b ered  id e n tity  c a rd s /s la te s  for each  q u ad ra t
• C h in ag rap h  p e n c il an d  s la te /w e a th e rw rite r
• S u rv ey  form s
• P a in t to  rem ark  sites if  n ecessa ry
• Safety  eq u ip m en t, in c lu d in g :

• first a id  k it
• rad io /m o b ile  p h o n e  for rem ote  sites
• life  jackets for ex p o sed  sites

Equipment for data processing
• P erso n a l co m p u te r
• S can n er
• G eograph ica l in fo rm a tio n  sy stem /im ag e  analy sis  softw are
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Figure 2 Q u a d r a t  in situ at W e m b u ry  VMCA during  a survey. The lens used h e re  w as  a 3 5 m m ,  h e n c e  th e  height  of  the  c ross­
ba r  c a m e ra  supports .

Pers onne l
S et-up  a n d  d a ta  p ro cess in g  are th e  m ost tim e-co n su m in g  p a rts  o f th is  ty p e  of pro jec t. A  co n sid e rab le  
a m o u n t of tim e  is n e e d e d  to  re sea rch  th e  en tire  su rv ey  area  so th a t tran sec ts  a n d  q u ad ra ts  are lo ca ted  so 
as to  b est fu lfil th e  su rv ey  objectives. M an u a l da ta  en try  an d  d ig itis in g  is s low  an d  lab o u r-in ten siv e .

Initial site selection and marking
A t  leas t tw o ex p e rien ced  litto ra l su rveyors are re q u ire d  to  carry  ou t b io to p e  m ap p in g . If th e  su rv ey  area 
is large, th is  w ill take severa l days an d  m ay  h av e  to  be ca rried  ou t over an  ex te n d e d  p e rio d  of tim e  
b ecau se  of tid a l restric tions."

For q u ad ra t m ark ing , w h e n  p o w er too ls  are b e ing  u sed , an  ab so lu te  m in im u m  team  of th ree  is reco m ­
m en d ed , id e a lly  w ith  a fo u rth  p e rso n  to  h e lp  carry  h eav y  e q u ip m en t. A t least one of th e  team  sh o u ld  be 
an  ex p e rien ced  litto ra l su rveyor an d , for co n tin u ity , p re fe rab ly  one w h o  ca rried  ou t th e  in itia l s ite  se lec ­
tion . D u ra tio n  of s ite  m ark in g  w ill d e p e n d  on  severa l factors, in  p a r tic u la r  th e  access ib ility  of th e  su r­
v ey  site  an d  th e  h a rd n e ss  of th e  rock. A llo w  ab o u t 20 m in u te s  p e r q uad ra t.

Survey
A  team  of th ree  is re co m m en d ed  for th e  survey, m a in ly  to  h e lp  carry  e q u ip m en t. S p ec ia lis t b io log ists 
are n o t necessary , b u t at least one of th e  team  sh o u ld  be a co m p e ten t p h o to g rap h er. A llow  abou t 15 m in ­
u tes  p e r  q uad ra t. Two tran sec ts  close to g e th er can  be su rv ey ed  on  th e  sam e fa lling  an d  ris in g  tide .

Data processing
T his is m ore  tim e-co n su m in g  w ith o u t th e  u se  of a d ig ita l cam era. P h o to g rap h s are sc a n n e d  in to  a s ta n ­
d a rd  GIS package an d  m a n u a lly  d ig itised . T h is  inv o lv es  d ig itis in g  areas of m a in  spec ies cover an d  
assign ing  sca led  p o in ts  to  in d iv id u a l spec ies su c h  as lim p e ts . Q u ad ra ts  w ith  algal can o p ies  are d ig itised  
w ith  an d  w ith o u t th e  algae. O verlays for successiv e  years can  th e n  be d irec tly  co m p ared  for area  an d  
in d iv id u a l spec ies cover. P h o to g rap h s of q u ad ra ts  can  be lin k e d  v ia  th e  GIS to  m ap s of th e  w h o le  su r­
v ey  area.

A t th e  tim e  of w ritin g  (2000), d ig ita l cam eras an d  im age an a ly sis  so ftw are  are beco m in g  m u c h  m ore 
affordable  a n d  easy  to  u se  an d  it  is a n tic ip a te d  th a t th is  te ch n o lo g y  w ill d ram a tica lly  red u ce  th e  tim e  
re q u ire d  to  p ro cess  da ta  from  th is  ty p e  of survey.

2 See PG 1-1 for the guidance on biotope mapping.
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Site s e l e c t i o n  a n d  m a r k i n g
(1) M ap w h o le  su rv ey  area  to  b io to p e  leve l (or o b ta in  p re v io u s ly  p re p a re d  m aps).
(2) S e lec t tra n se c t lo ca tio n s acco rd in g  to  su rv ey  objectives.

If th e  su rv ey  is a im ed  at m o n ito rin g  a large area, tran sec ts  sh o u ld  be  lo ca ted  to  cover as m a n y  fea­
tu res  of th a t area  as p o ssib le . For in s tan ce , w h ere  th e  su rv ey  area  is at th e  m o u th  of an  estuary , 
tran sec ts  sh o u ld  be lo ca ted  to  su rv ey  a ll levels of sa lin ity  a n d  p h y s ica l exposu re .

(3) S e lec t q u a d ra t lo ca tio n s to  p ro v id e  a rep re sen ta tiv e  sam p le  of en tire  tra n se c t/su rv e y  area. 
Q u ad ra ts  sh o u ld  be lo ca ted  so as to p ro v id e  a rep re sen ta tiv e  p ic tu re  of th e  su rv ey  area. A t 
W em bury, rep re se n ta tiv en e ss  w as d ec id ed  b y  carry ing  ou t a b io to p e  su rv ey  of each  of th e  five 
tran sec ts . A  m atrix  of all b io to p es fo u n d  w as th e n  d raw n; if  a b io to p e  w as fo u n d  in  th ree  or m ore 
of th e  tran sec ts , it  w as d eem ed  to  be rep resen ta tiv e .
W here  po ssib le , care sh o u ld  be tak en  to  locate  q u ad ra ts  aw ay  from  th e  b io to p e  m arg ins.

(4) M ark  q u ad ra t lo ca tio n s w ith  b o lts  -  m ark ing  d iagonal co rners as in  F igure  3. O ccasionally , an  
a d d itio n a l b o lt to  m ark  th e  g enera l lo c a tio n  of a q u ad ra t m ay  be necessary , e.g. for overhang  or 
b o u ld e r  b io to p es, w h ere  a b o lt in  a p ro m in e n t p lace  w ill h e lp  re loca tion .
B olts sh o u ld  be  set so th a t th e  legs of th e  q u ad ra t s it d irec tly  on  to p  of th em , to  en su re  exact re p o ­
sitio n in g . It is good p rac tice  to  m ark  th e  sam e co rners on  each  q u ad ra t, to  en su re  th a t th e  p h o to ­
g rap h s are a lw ays o rien ta ted  in  th e  sam e way.

(5) P h o to g rap h  q u a d ra t in  situ .
(6) P ro d u ce  fie ld  lo ca tin g  g u id e  u s in g  a co m b in a tio n  of fie ld  no tes, p h o to g rap h s  an d  b e a rin g s /tra n s its  

or d iffe ren tia l GPS read in g s for each  quad ra t.

I

I  Bmli 2

Figure 3 S how ing  posi t ion  of m arker  bolts  relative to th e  quadrat .  An add it iona l  position  ind ica to r  bolt  c an  also b e  se t  -  
tor  instance,  if th e  q u a d ra t  is u n d e r  an overhang ,  a loca tor bolt  co u ld  b e  p laced  on  top  of the  ledge.

S ur vey 

Fieldwork down the shore
• F o llow  th e  falling  tide .

• E n su re  th a t th e  q u ad ra t, an d  h en ce  cam era , is o rien ta ted  in  exac tly  th e  sam e w ay  each  tim e it  is 
p h o to g rap h ed .

• E nsu re  th a t th e  in s id e  edges of th e  q u ad ra t are w ith in  th e  p h o to g ra p h  fram e.
• E n su re  th a t th e  q u ad ra t id e n tity  sla te  is w ith in  th e  p h o to g ra p h  fram e b u t n o t obscu ring  im p o rta n t 

features.
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• P h o to g rap h  q u ad ra t, reco rd in g  th e  cam era  se ttings. P ic tu res  sh o u ld  be b rack e ted .3 If u s in g  a cam era  
w ith  au to m atic  se ttings, it  is p o ssib le  to  s ta n d a rd ise  lig h t leve ls  b y  u s in g  a d iffu sed  flash  for a ll p h o ­
tographs.

• For b io to p es  w ith  an  algal canopy , p h o to g ra p h  th e  q u ad ra t w ith  an d  w ith o u t th e  algae in  p lace.
• S u p p o rt th e  p h o to g rap h ic  da ta  w ith  a d e ta iled  h a b ita t su rv ey  every  3 -5  years. T he easiest w ay  to  do 

th is  is to  co m p le te  a M arine  N atu re  C o n serv a tio n  R ev iew  (MNCR) h a b ita t su rv ey  form  for each  
quad ra t.

• S am ple  d ifficu lt to  id e n tify  spec ies w ith  care, for su b seq u en t id e n tif ic a tio n  p re fe rab ly  from  ad jacen t 
areas.

Laboratory/field base
• E nsu re  all film s are co rrec tly  la b e lled  a n d  th a t n u m b ers  of p h o to g rap h s  co rre sp o n d  to th e  fie ld  no tes.
• C heck  p h o to g rap h s  again st no tes  once d eve loped .
• Id en tify  a ll sam p les  a n d  ad d  da ta  to  su rv ey  form s.
• S can  p h o to g rap h s  in to  GIS package an d  d ig itise  areas of m a in  cover. M anual scan n in g  of p h o to g rap h s 

is v e ry  tim e-co n su m in g  a n d  p ro d u ces  large files. A  scan n in g  re so lu tio n  of 3 0 0 d p i gives im ages of su f­
fic ien t q u a lity  for d ig itis ing , as w e ll as reaso n ab ly  s ized  files for m o st PCs. F igure 4 show s an  ex am ­
p le  of a q u ad ra t p ic tu re  an d  d ig itised  overlay.

• A ssign  large in d iv id u a ls  w ith  p o in ts .
• C om pare overlay  w ith  p rev io u s  y e a rs ’ data.

Figure 4 Example  of q u a d ra t  of  a ye l low  a n d  grey lichen b io to p e  (left) a n d  Its a ssoc ia ted  digit ised overlay  of m ain  spec ies  
cover  (right)

Data analysis

T he p r in c ip a l da ta  an a ly sis  co n sis ts  of d irec t co m p ariso n  of area  cover, ab u n d a n c e  a n d /o r  size of in d i ­
v id u a ls /c o lo n ie s  (e.g. E un ice lla  verrucosa). W here  su rveys are a im ed  at a rea  cover, as o p p o sed  to g row th  
of an  in d iv id u a l spec ies, s ta tis tic a l an a ly sis  of da ta  can  be  done, b u t th e  m e th o d  is desig n ed  to  be  as 
s im p le  as p o ss ib le  a n d  d irec t co m p ariso n  is m ore  re levan t.

QA/QC

• R elocation  -  at the  beg inning  of a survey, the  d irections for quad ra t location  are tested  by  n ew  surveyors.
• T he su rveys take  p lace  at th e  sam e tim e  each  year.
• To s ta n d a rd ise  th e  pho to g rap h y , cam era  se ttings are n o t ad ju s ted  d u rin g  th e  survey.
• A t th e  b eg in n in g  of each  da ta  en try  p h ase , co m p ara tiv e  exerc ises in  d ig itis in g  are ca rried  ou t to  d e te r­

m in e  th e  v a riab ility  of da ta  p rocesso rs.
• S urveys are b ack ed  u p  b y  d e ta iled  h a b ita t su rveys (MNCR su rv ey  form s) every  3 years (DWT).
• ID for 5 -1 0 %  of reco rd s sh o u ld  be c ro ss-ch eck ed  b y  an  in d e p e n d e n t in d iv id u a l.

3 Author's note -  experience has shown us that lightly overcast days are better for surveying than sunny days, 
when any cloud dramatically affects the light levels.
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T his ty p e  of su rv ey  w ill p ro d u c e  a d e ta iled  p ic to ria l im age of th e  s tu d y  area over a se t p e r io d  of tim e. 
T he im ages can  be lin k e d  to  base  m ap s of th e  su rv ey  area  w h ere  a p p ro p ria te , or s im p ly  k e p t as a d irec t 
co m p ara tiv e  reco rd . W h ils t th e  lin k e d  m ap s an d  p h o to g rap h s  can  be re p ro d u c e d  in  re p o rt form , th e y  are 
m u c h  b e tte r  d isp lay ed  u s in g  a com puter. H ab ita t su rv ey  form  da ta  can  also  be lin k e d  e lec tron ically , 
e ith e r d irec tly  or v ia  an  ex te rn a l da tabase , su c h  as th e  M NCR D atabase or R ecorder 2000.

Im ages an d  overlays can  be s to red  o n  CD. P rin ts  an d  slid es  sh o u ld  be  carefu lly  a rch iv ed  an d  s to red  in  
a p p ro p ria te  co n d itio n s  acco rd in g  to  m a n u fa c tu re rs ’ in s tru c tio n s .

Cost and time

Table 1 Typical costs and  t im ing  of a survey of sixty quadra ts  in five transec ts  (DWT 2000) .  The costs sh o w n  do  n o t  inc lude  
bas ic  survey eq u ip m e n t ,  such  as slates,  co m p ass ,  writing materials , e tc . C o m p ara t iv e  figures for a digital c am era  survey are 
sh o w n  in brackets .

Resource Cost Time

Quadrat construction £25 for materials 0.5 days

Biotope mapping Personnel time 5 days

Quadrat location and marking 
Bolts and fixative 
Drill hire/fuel

Personnel time 
£40
£15 per day

7 days

Survey
Good SLR camera 
Film

Personnel time 
£300+
£25

5 days
(1 tide per transect)

[Digital camera] [£500+]

Data processing
Development of photographs 

[or CDs for digital image storage]
£35
[£1 per CD]

Personnel time
Manual scanning/digitising 

[Digital photography and image 
analysis]

30 days 
[8-10 days]

Reporting Personnel time 4-5 days

Health and safety

S urv ey  t e a m
T he u su a l c o n d itio n s  for a sho re  su rv ey  app ly :

• A  team  of at le a s t tw o  sh o u ld  carry  ou t an y  sho re  survey.
• A t leas t one m em b er of th e  team  sh o u ld  be q u a lified  in  first aid .

• A  first a id  k it m u s t be ca rried  an d  a ll m em bers of th e  team  m u st be m ad e  aw are  of its  location .
• A lw ays in fo rm  so m eo n e  of th e  su rv ey  de ta ils  -  lo ca tio n  a n d  e s tim a ted  tim e  of re tu rn .

• C arry  a m ob ile  p h o n e /V H F  rad io  (though  th e  rem o ten ess  or to p o g rap h y  of m a n y  sh o re  lo ca tio n s often  
ren d e rs  one or b o th  of th e se  un u sab le ).

• A  good kno w led g e  of th e  tid e s  an d  th e  sh o re lin e  (i.e. th e  p o te n tia l for b e ing  cu t off) is e ssen tia l.

In  a d d itio n  to th e  g eneric  r isk  a ssessm en t for su rv ey  w ork , a s ite -spec ific  r isk  a ssessm en t sh o u ld  be 
co m p le ted  for each  survey.

A  sep ara te  r isk  a ssessm en t sh o u ld  be ca rried  ou t w h e n  u s in g  p o w er tools.
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P u b l i c  risk
In  a d d itio n  to  th e  risk s to  th o se  carry ing  ou t th e  survey, th e re  is th e  danger to th e  p u b lic  th a t m ay  be 
cau sed  b y  leav in g  b o lts  s tick in g  ou t of rocks on  a b u sy  seashore . E nsu re  th a t q u ad ra t m arkers p ro jec t as 
little  as p o ssib le  from  th e  rock  face an d  p ro tec t th em  w ith  a h ig h  v is ib ility  cap.
T he H ea lth  a n d  Safety  E xecu tive  p ro d u c e  v a rio u s free gu ides to  h e lp  p eo p le  assess risk s a n d  p rev en t 
acc id en ts . T hese  can  be o b ta in ed  from  HSE Books (te lep h o n e  01787 881165).

References
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Quantitative surveillance of 
sublittoral rock biotopes and 
species using photographs

Blaise Bull imore,  C o u n t ry s id e  Counc i l  for W a le s 1 a n d  Keith Hiscock,  MarLIN2 

Background

T he u se  of p h o to g rap h y  for q u an tita tiv e  su rv ey  an d  for th e  s tu d y  of seaso n a l a n d  long -term  flu c tu a tio n s  
in  ro ck y  su b litto ra l c o m m u n itie s  has b een  d ev e lo p ed  p a rtic u la r ly  in  S w ed en  an d  N orw ay. L u ndälv  
(1985) describes th e  re su lts  o f w o rk  w h ic h  fo llo w ed  changes on  su b litto ra l rocks on  th e  S w e d ish  w est 
coast, in c lu d in g  p ro v id in g  an  assessm en t of sam p le  area re q u ire d  to  d escribe  ad eq u a te ly  th e  c o m m u n i­
ty  p re se n t an d  to  assess change. W h ils t L u n d ä lv  em p lo y ed  a h o u se d  m e d iu m  fo rm at H asse lb lad  
cam era, system s u s in g  p a ire d  N ikonos cam eras w ith  sy n c h ro n ise d  sh u tte r  re lease  w ere  su b seq u en tly  
d ev e lo p ed  offering a less ex p en siv e  an d  less cu m b erso m e o p tion . C hristie , Evans a n d  S an d n ess  (1985) 
d escribe  th e  e q u ip m e n t a n d  m eth o d o lo g y  to g e th er w ith  an  assessm en t of th e  tim e  a n d  costs invo lv ed . 
B oth  system s em p lo y ed  in  th e  S c a n d in a v ia n  s tu d ie s  u se d  p ic tu re  areas of 0 .2 5 m 2 (50cm  x  50cm ).

In  th e  UK, the  te ch n iq u e  w as ad o p ted  an d  d ev e lo p ed  at Skom er (B ullim ore 1983, 1986), w h ere  a lo n g ­
tim e series of p h o to g rap h s is n o w  availab le , an d  sites for p h o to g rap h ic  su rv e illan ce  have  also  b e e n  estab ­
lish e d  at L u n d y  an d  th e  Isles of S c illy  (Fow ler an d  P illey  1992). T he tech n iq u e  is ro u tin e ly  u sed  as a s ta n ­
d ard  data  ga thering  tool in  the  Skom er MNR, u sin g  b o th  m ono  an d  s te reo p h o to g rap h y  an d  p ic tu re  areas 
u p  to 0 .7m 2 (70cm  x  100cm ), an d  w as u sed  in  can d id a te  SACs d u rin g  th e  LIFE m o n ito rin g  tria ls.

Several system s have been  developed for specific applications. S tereophotography offers m any 
advantages during analysis of photographs: species are easier to separate and  identify, there is increased 
ability  to view  u nder canopy-form ing species, and  m ore accurate m easurem ents can be m ade. A h igh­
ly precise anchoring and reference system  has been developed ind ep en d en tly  in  Ireland to m eet the spe­
cific requirem ents of m easuring grow th of sponges (Picton, pers. comm.).

Purpose

Q uantitative photographic sam pling is suitable for m easuring variables of attributes describing:

• com m unity /b io tope com position and  species richness (species >2m m  and  no t obscured by over­
grow th or silt);

• num erical abundance or percentage cover of species in  com m unities/b io topes w ith in  defined statis­
tical lim its;

• species density  and distribution, size, grow th rates and, for certain  taxa, physical cond ition  (‘h ea lth ’), 
p resence of reproductive structures.

Data generated m ay also po ten tially  contribute to increased  understand ing  of species behaviour, 
recru itm ent and longevity and reveal subtle, u n an tic ipated  changes over tim e at fixed sites.

The technique is suitable for ep ibenthic species and com m unities on rock, includ ing  large boulder 
and stable cobble habitats. A lthough it is particu larly  su ited  to surveillance or m onitoring of defined

1 W inchway House, Winch Lane, Haverfordwest, Pembrokeshire SA61 1 RP, UK.
2 Marine Biological Association, Citadel Hill, Plymouth.
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areas, th e re  are n o  in su rm o u n ta b le  reaso n s w h y  it sh o u ld  n o t also  be p o ss ib le  to co llec t ra n d o m ise d  
sam ples. H ow ever, no  exam ples of th e  te c h n iq u e  h av in g  b e e n  u se d  for ran d o m  sam p lin g  are k n o w n  to 
th e  au tho rs.

T h e  spec ific  p u rp o se  for w h ic h  th e  te c h n iq u e  is se lec ted  w ill d e te rm in e  th e  p rec ise  da ta  req u irem en ts  
an d  th en ce  th e  sam p lin g  lo ca tio n s, areas an d  frequency , th e  e q u ip m e n t co n fig u ra tio n  an d  im age an d  
da ta  analy sis  req u irem en ts .

Fitness of technique for purpose

Photographic techniques offer significant advantages over other techniques for collecting quantitative 
data describing sublittoral species and  com m unities. A lthough the photographic technique described in  
the presen t gu ideline has a num ber of lim itations, several of the same lim itations are applicable to other 
data gathering techniques and  therefore lim itations are not necessarily  synonym ous w ith  disadvantages.

Advantages

• no n  destructive
• enables surveillance of m arked ind iv iduals, colonies, com m unities etc over tim e
• enables collection  of large volum es of data per u n it tim e underw ater
• provides a perm anen t record
• enables accurate quantification of organism  abundance, cover, size, etc.
• facilitates inter-w orker calibration
• tim e series enables retrospective analysis
• stereo im ages enable accurate iden tification
• relatively low  cost
• divers m ay not need  taxonom ic expertise 

Limitat ions a n d  di sadvan tages

• d e p e n d e n c y  on  reaso n ab le  w a te r c la rity  (L undälv  1971 suggests 3m  as th e  lim itin g  v is ib ility  for the  
H asse lb lad  system ; ex p erien ce  at th e  S kom er M NR suggests a m in im u m  v is ib ility  of 4 tim es th e  cam - 
era-to -sub ject p la n e  d is tan ce  for u sab le  im ages)

• significant tim e requirem ent for laboratory analysis of photographs
• po ten tially  unsuitable for com m unities dom inated by tail and overhanging organisms (e.g. kelp forest)
• taxonom ic voucher specim ens are not acquired
• cryptic fauna are no t sam pled
• equipm ent dependency
• equipm ent relatively cum bersom e (not heavy, bu t reference frames m ay have high drag factor)
• in itia l capital equipm ent costs

O t h e r  cons ide ra t ions
Taxonom ic accuracy is dependen t on the com m unities targeted and  a range of other factors, and m ay be 
better or worse th an  in  situ  recording. A lthough certain  taxa are difficult to iden tify  in  photographs, tax­
onom ic accuracy m ay be enhanced  by the use of stereo or close-up photographs.

Efficiency, cost-effectiveness and area covered w ill be dependen t on the re la tionship  betw een the spe­
cific data requirem ents and the prevailing  physical conditions.
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Logistics

Equipm ent  

Site and station marking
See Procedural G uideline 6-2 for details.

Photography
P ho to g rap h y  to  enab le  q u an tita tiv e  analysis  necessita tes  acq u is itio n  of im ages of areas w h ic h  are k n o w n  
or co n ta in  quan tifiab le  reference  po in ts . T he u se  of cam eras m o u n ted  on  reference  fram es enables p h o ­
tographs to be tak en  w ith  fixed  area of coverage at co n stan t cam era-to -sub ject p lan e  d istance . T h is p ro ­
v id es th e  ad d itio n a l p rac tica l advan tage  of enab ling  th e  u se  of fixed  focus, ap e rtu re  an d  ligh ting , w h ic h  
frees th e  d iver to  co n cen tra te  on  the  p h o to g rap h ic  sub jec t an d  accu ra te  p o s itio n in g  ra th e r th a n  the  a c tu ­
al pho tography . [Note: the  s ta n d a rd  cam era w ith w ide-angle le n s  fo r  ‘v ie w p o in t’ p h o to g ra p h y  is  co n sid ­
ered to be a n o n -q u a n tita tive  in d ica tive  or illu stra tive  tech n iq u e  a n d  is  n o t a d d ressed  in  th is  G uideline. )

Reference frames
T he size of re fe rence  fram e or area  w ill be in  p a r t d e te rm in e d  b y  th e  sub jec t size(s), a rea to  be p h o ­
to g rap h ed  an d  u n d e rw a te r  v is ib ility , w h ic h  d e te rm in es  sub jec t a rea  in d ire c tly  as a co n seq u en ce  of cam ­
era-to -sub ject d istance . R eference fram es rang ing  in  size from  40cm  x  50cm  to 70cm  x  100cm  have b een  
u sed  w ith  success in  B ritish  w aters. C lose-up  len s fram ers p ro v id e  an  a d d itio n a l o p tio n  for w o rk  in  poor 
v is ib ility  a n d  for sm all subjects.

A lu m in iu m  box  sec tio n  (25m m ) an d  ‘q u ick  f it’ p re fo rm ed , rig id , p la s tic  coated , co rn er sec tio n s (2, 3 
an d  4 w ay) are re a d ily  av a ilab le  . C am era /strobe  m o u n tin g  bars h av e  b e e n  c o n s tru c te d  from  40 or 50 x 
5m m  a lu m in iu m  angle. T hese  m a te ria ls  enab le  stu rdy , a p p ro p ria te ly  s ized , p u rp o se -b u ilt  re ference  
fra m e /su p p o rt u n its  to  be read ily , e co n o m ica lly  an d  ra p id ly  co n stru c ted .

Cameras and lenses
N ikonos cam eras fitted  w ith  15m m  focal len g th  len ses  are id ea l too ls for re fe rence  fram e pho tog raphy . 
F ifteen  m illim e tre  len ses  red u ce  cam era-to -sub jec t p la n e  d is tan ce , m in im is in g  p o te n tia l op tica l 
backscatter, w ith  accep tab ly  lo w  o p tica l d is to rtio n , an d  m ax im ise  p o te n tia l d e p th  of fie ld  in  th e  p h o to ­
g rap h ic  im ages. D ual cam eras can  be u se d  to  p ro d u c e  s te reo p h o to g rap h ic  im ages.

N ikonos cam eras w ith  a 28m m  or 35m m  len s fitted  w ith  c lo se-up  len s  an d  fram er can  be u se d  for 
sm all areas.

O th er cam era  system s have  b e e n  an d  m ay  be  em p lo y ed , for ex am p le  th e  so rt of h o u se d  H asse lb lad  sy s­
tem  u se d  by  L u n d ä lv  (1985). O th er th a n  th e  larger film  fo rm at of th a t system , th e re  are n o  advan tages 
in  u s in g  a h o u se d  cam era  for th is  ty p e  of w ork. In  th e  case of a m e d iu m  fo rm at system  th e  h ig h  e q u ip ­
m en t an d  co n su m ab les  cost a n d  th e  sh o rt film  len g th s  are s ig n ifican t d isadvan tages.

Lighting
H igh o u tp u t, ra p id  recy c lin g  strobe  u n its  are re q u ire d  to  enab le  sm all len s  ap e rtu re s  to  be u se d  to  m ax ­
im ise  d e p th  of fie ld  (esp ec ia lly  im p o rta n t w h e n  w o rk in g  at c lose  range a n d /o r  w ith  ta il ta rget species). 
U n its  w ith  m o d e llin g  ligh ts  are u se fu l to  en su re  co rrec t lig h tin g  a lig n m en t an d  in  lo w  lig h t co n d itio n s . 
D ual strobes are stro n g ly  re c o m m en d ed  to  m in im ise  h eav y  sh ad o w s w h ic h  m ay  m ake analy sis  of im ages 
d ifficu lt. If d u a l strobes are to be u sed , n o te  th a t slave strobes m ay  be u n re lia b le  an d  th a t th e  range of 
u n its  capab le  of accep tin g  d u a l-sy n c  lead s is lim ited .

Digital photography
T he lo w  cost of co n su m ab les  a n d  th e  ease of im p o rtin g  im ages to  co m p u te rs  for an a ly sis  m ake th e  u se  
of d ig ita l p h o to g rap h ic  te c h n iq u e s  p a rtic u la r ly  a ttrac tive . P rogress in  th e  d ev e lo p m en t of d ig ita l im ag ­
ing  has b een  ra p id  d u rin g  th e  p e r io d  of p re p a ra tio n  of th is  G u id e lin e . H ousings for m an y  d ig ita l cam ­
eras are n o w  availab le . H ow ever, p ro d u c ts  desig n ed  for th e  genera l d iv ing  p h o to g rap h ic  m ark e t are n o t 
n ecessa rily  su itab le  for ro u tin e  sc ien tific  a p p lic a tio n  w h e re  s im p lic ity  an d  lim ite d  fea tu res, b u t also  the  
h ig h es t im age re so lu tio n  an d  w id e s t len s  angles, are req u ired . A  lim ite d  n u m b e r of d ig ita l cam eras

3 In this guideline the term ‘site’ is used to denote a location at w hich photographic sampling events are under­
taken; ‘station’ is used to denote a specific photographic sampling location w ithin a site, e.g. a quadrat or clus­
ter of quadrats.

4 See PG 1-2 for guidance on viewpoint photography.
5 For example from RS Components (indexed under ‘Storage: racking’ in their catalogue)
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d esig n ed  for sp ec ia lis t co m m erc ia l u n d e rw a te r  a p p lica tio n s  are b eg in n in g  to  b ecom e availab le .
A t th e  tim e  of w ritin g , th e  lo w er re so lu tio n  of d ig ita l system s co m p ared  to  film  an d  th e  re la tiv e ly  po o r 

fie lds of v iew  of d ig ita l cam eras (com pared  w ith , for exam ple , N ikonos 15m m ) m ake d ig ita l s till im ag­
ing  n o t ye t a v iab le  o p tio n  for th is  w ork. H ow ever, fu rth e r ad v an ces in  sp ec ifica tio n  (e.g. h ig h  sp ec ifi­
ca tion , b u t v e ry  ex p en siv e , cam eras w ith  in te rch an g eab le  len ses  are n o w  availab le) an d  fa lling  costs are 
lik e ly  to  m ake d ig ita l s till im aging  a ttrac tiv e  an d  of grea ter p o te n tia l a p p lic a tio n  in  th is  fie ld  in  th e  n ear 
fu tu re . H ow ever, th e  m em o ry  re q u ire m e n t for th e  h ig h es t re so lu tio n , tru e  co lo u r im ages a n d  cap ita l 
costs of h ig h ly  sp e c ia lise d  e q u ip m e n t are lik e ly  to  re m a in  h ig h  an d  h o u se d  cam eras are less su itab le  for 
m o u n tin g  on  re fe rence  fram es th a n  co m p ac t cam eras su ch  as th e  N ikonos

Personnel
Suitably experienced and qualified divers. Site fam iliarity  is advantageous, a lthough it shou ld  no t be 
essential since the relocation of a site and the sam pling stations should  be facilitated by detailed  in stru c­
tions and marks.

M eet ing  p h o tog ra ph ic  sam p l ing  requ i rem ents  

Initial planning
It is n o t p o ssib le  to  p ro v id e  p ro jec t-sp ec ific  adv ice  in  th is  G u id e lin e  s ince  req u irem en ts  w ill vary  
d e p e n d in g  on  th e  spec ies or c o m m u n itie s  to  be  m o n ito red , th e  m easu rem en ts  to  be m ad e  an d  th e  p a r­
tic u la r  e n v iro n m e n t in  w h ic h  th e  m o n ito rin g  p ro jec t w ill be  u n d e rtak en . T h e  da ta  re q u ire m e n t (n u m ­
b er of sam p les , rep lica tes , sam p le  area, etc.) n e e d  to be d e te rm in ed  p rio r to  c o n s id e ra tio n  of w h e th e r or 
h o w  q u an tita tiv e  p h o to g ra p h y  co u ld  p ro v id e  th a t data.

W here the objective is to determ ine com m unity change, or w hether a target condition is being met, either:

(a) th e  m in im u m  n u m b e r of in d iv id u a l sam p les  th a t n eed s to  be tak en  to  p ro v id e  th e  basis  for d e te r­
m in in g  s ta tis tic a l s ign ificance  n eed s to  be estab lish ed  (as g u id an ce  only, Tom as L u n d älv  (pers. 
com m .) has fo u n d  th a t abou t tw e n ty  50cm  x  50cm  ran d o m  sam ples are req u ired  to  o b ta in  ad eq u a te  
da ta  to  id e n tify  m e a n  d en sitie s  or cover of th e  m a in  organ ism s in  S w e d ish  fjords, an d  th a t da ta  from  
ra n d o m  sam p les  sh o w ed  th e  sam e tre n d s  as on  th e  fixed  sites); or

(b) th e  m in im u m  area w h ic h  is rep re sen ta tiv e  of th e  target co m m u n ity  n eed s  to  be e s tab lish ed  an d  
d efined : L u n d ä lv  (1985) fo u n d  th a t four 50 x  50 q u ad ra ts  w ere  req u ired  to  o b ta in  m ean  d e n s ity  or 
% cover in  w h a t he  ca lled  a ‘d y n am ic  m in im u m  a rea ’.

O ther objectives m ay include the m easurem ent of species size, determ ination  of grow th rates or quan­
tification of num bers of target organism s per u n it area. Sam pling requirem ents w ill need  to be deter­
m ined  for each, taking in to  account all the relevant variables.

Despite the availability  of extrem e w ide-angle lenses, the necessary cam era-to-subject distances m ay 
be too great for clear photography in  m any areas of the B ritish Isles w here w ater tu rb id ity  is high.

Sampling area
The area of coverage required  w ill vary, being dependen t on (at least):

• th e  target e n v iro n m e n t a n d  th e  dy n am ics of th e  target sp ec ie s /b io to p es
• th e  size of th e  spec ies w ith in  th e  target b io to p e s /c o m m u n itie s
• th e  h e te ro g en e ity  or h o m o g en e ity  of th e  target sp ec ie s /b io to p es  an d  seabed  to p o g rap h y  

Timing of photographic sampling
T im ing  w ill u su a lly  be re la ted  to e n su rin g  th e  b est lik e lih o o d  of ca lm  c o n d itio n s  a n d  co n sis ten cy  in  
tim e  of year to  m in im ise  seaso n a l effects. S u m m er is u su a lly  therefo re  b e s t on  th e  o p en  coast. 
C o n sid e ra tio n  n eed s to  be  g iven  to  an y  seaso n a l d ifferences in  b io ta . A lth o u g h  th is  m ay  lead  to  sam ­
p lin g  alw ays b e ing  u n d e rta k e n  at th e  sam e tim e  of year, it  m ig h t also, for exam ple , n ecess ita te  sam p lin g  
of en c ru s tin g  or low -grow ing  sp ec ies  w h e n  th e  g ro w th  of ep h em era l algae is least.

Site selection
Sites selected w ill be dependen t on the particu lar subject features or characteristics to be recorded, as 
appropriate. In add ition  to considering biological criteria for selecting m onitoring or surveillance sites, 
consideration  shou ld  also be given to:
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• th e  p h y s ica l ease  or d ifficu lty  of m ark in g /re lo ca tin g  th e  s ite s /s ta tio n s
• th e  local to p o g rap h y  of th e  seabed  su rface  (reasonab ly  fla t su rfaces are m ore  re a d ily  p h o to g rap h ed )
• ex p o su re  to  w ave an d  c u rre n t ac tio n  (w ill it  be p o ssib le  to  h a n d le  an d  accu ra te ly  re p o s itio n  p h o to ­

g rap h ic  system s in  w a te r c o n d itio n s  ty p ica l of th e  site?)

Site and station marking
The ease of location  and  sam pling fixed sites w ill be dependen t on the com prehensiveness w ith  w hich  
the sites are m arked. However, com prehensive clear perm anen t m arking m ay no t be desirable because 
it m ay attract atten tion  or interfere w ith  the com m unity  being m onitored, or m ay not be feasible dep en d ­
ing on rock type, slope, exposure and subject.

Ideally , s ite  a n d  sam p lin g  s ta tio n  lo ca tio n  sh o u ld  be p la n n e d  so as n o t to  n ecess ita te  specific  re lo ca ­
tio n  d ives a n d /o r  d ives to  te m p o ra rily  rem ark  sam p lin g  lo ca tio n s. In  p rac tice  th is  is ra re ly  lik e ly  to  be 
ach ievab le.

Sites are m ost reliably  m arked by perm anen t m arker buoys, acoustic beacons or other fixed, robust, 
easily v isible or relocatable features. O nly w here divers can reliably  descend to the seabed w ithou t risk 
of horizontal d isplacem ent by w ater m ovem ent should  surface site location  not be supp lem ented  by 
foolproof aids w herever possible. In these circum stances, precise surface positioning is vital, using 
dGPS, transits, bearing and distance (radar).

To enable rap id  and efficient relocation, sites should  be m apped, sketched or photographed as appro­
priate and clear, unam biguous, foolproof w ritten  instructions for locating stations should  be prepared. 
Precise bearings and exact distances betw een reference points are particularly  useful. This is particu lar­
ly im portant w hen tem porary surface m arkers cannot be left in  place during sam pling; for exam ple, one 
m onitoring station in  M ilford Haven lies im m ediately beneath  the approach line to the Irish ferry berth.

P erm an en t fixed  s ta tio n  re fe rence  a tta c h m e n t p o in ts  to  w h ic h  cam era  fram es can  be ra p id ly  an d  p re ­
c ise ly  a ttach ed  are advan tageous. W here p e rm a n e n t tran sec ts , lin e s  or o ther s ta tio n  m ark ing  dev ices are 
in a p p ro p ria te , long  (e.g. 30m  or 50m ) tap e  m easu res  p ro v id e  rob u st, ra p id ly  an d  easily  d ep lo y ed  an d  
re triev ed  tra n se c t lines. D ep loyed  from  d iv in g  su rface  m ark er b u o y  ree ls  a n d  fas ten ed  b e tw e e n  p e rm a ­
n en t, reg u la rly  sp aced , u n o b tru s iv e , ro b u s t m arkers (ring bo lts , ro ck  an ch o rs , p ito n s , screw -eyes), th ey  
enab le  th e  c lear a n d  u n am b ig u o u s  re lo ca tio n  of sam p lin g  s ta tions.

Personnel
The m inim um  team  size w ill be dependen t on ease of site and station relocation, the am ount of tem po­
rary station m arking necessary, the num ber of sam pling stations and  the sam pling tim e available.

The absolute m in im um  diving team  size w ill be tw o (i.e. the m in im um  num ber required  to dive to col­
lect sam ples; rather th an  the m in im um  team  size to m eet HSE requirem ents). The cam era operator m ust 
have sufficient biological fam iliarity  to enable the sam pling to be carried out effectively. The second 
diver w ill be required  to give sam pling position  guidance, keep a sam pling record, provide safety cover 
and possib ly  assist w ith  supporting the reference frame. Site fam iliarity  is clearly  advantageous.

Photographic equipm ent configurations
The photographic equipm ent selected w ill depend on several variables including:

• specific  objectives
• sub jec t size
• area  of coverage req u ired
• a n tic ip a te d  v is ib ility
• p re d ic te d  d e n s ity  of can o p y  fo rm ing  species

F ram e size an d  cam era-to -sub jec t d is tan ce  w ill d e p e n d  on  th e  v ariab les  n o te d  above. As a gu id e , u sin g  
N ikonos cam eras w ith  15m m  lenses:

• a 400m m  (vertical axis) x  500m m  (h o rizo n ta l axis) re fe rence  fram e req u ires  a cam era  (film  p lane) to 
su b jec t p la n e  d is tan ce  of 510 m m ;

• a 500m m  x  700m m  reference fram e requ ires a cam era (film  p lane) to  subject p lan e  d istance  of 590 m m ;
• a 700m m  x  1000m m  reference fram e requ ires a cam era (film  p lane) to  subject p lan e  d istance  of 810 m m ;
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U sing  a N ikonos cam era  w ith  (N ikonos) c lo se-up  lens:

• b o th  35 m m  an d  28 m m  p rim e  len ses  req u ire  a cam era  (film  p lan e) to  sub jec t p la n e  of 325 m m , to 
p ro v id e  u se fu l p ic tu re  areas of c. 150m m  x  100m m  an d  225m m  x  150m m  respective ly .

T hree  basic  p h o to g rap h ic  co n fig u ra tio n s h av e  b e e n  u se d  in  su b litto ra l m o n ito rin g  in  th e  UK:

• sing le  (N ikonos) cam era /w id e-an g le  (15m m ) len s m o u n te d  on  re fe rence  fram e (w ide-ang le  m o n o p h o ­
tography): see F igure 1

• d u a l c am eras/w id e-an g le  (15m m ) len ses  m o u n te d  on  re fe ren ce  fram e (dual cam era  s te reo p h o to g ra ­
phy): see F igure 2

• cam era  w ith  c lo se-u p  len s  a n d  re fe rence  fram er (close-up  pho to g rap h y )

Figure 1 C onfigurat ion  of w id e -an g le  m o n o p h o to g ra p h y  rig

T w in  strobe  lig h tin g  u n its  are a lm o st e ssen tia l for b o th  th e  re fe rence  fram e co n fig u ra tio n s to  p rev en t 
im ages w ith  h eav y  sh a d o w  areas.

T h e  fie lds of v iew  of N ikonos cam eras m o u n te d  w ith  len s  axis se p a ra tio n  of 160m m  (i.e. 80m m  e ith e r 
s id e  of cen tre) are acco m m o d a ted  b y  th e  fram e sizes d esc rib ed  above. T h e  cam eras m u st be m o u n te d  so 
th a t th e  o p tica l axes are exac tly  p ara lle l.

A ll th ree  system s req u ire  m in im a l p h o to g rap h ic  expertise . E ach  uses fixed  cam era-to -sub jec t 
d is tan ces  an d  once focus an d  ex p o su re  req u irem en ts  have  b e e n  d e te rm in e d  for an y  p a r tic u la r  co m b i­
n a tio n  of eq u ip m en t, th e se  too  can  be fixed  to  m in im ise  a so u rce  of o p era to r error, leav in g  th e  o pera to r 
free to  co n cen tra te  on  accu ra te  lo ca tio n  an d  fram ing.

A  fu rth e r m e d iu m  clo se-u p  system  u tilis in g  a h o u se d  35m m  cam era , 28m m  len s a n d  dom e p o rt has 
b e e n  d ev e lo p ed  to m easu re  sponge g ro w th  (P icton, pers. com m .). T he system  w as d esig n ed  to  enab le  
sam p lin g  of an  area of c. 1.8 x  1.2m  as a m osaic  of 30 (6 x  5) im ages an d  em ploys a fram e w ith  a tra v ­
e llin g  cam era  su p p o rt b ar w h ic h  is te m p o ra rily  fixed  to  p e rm a n e n t m o u n tin g  b o lts  at each  sam p lin g  
event. A ccu racy  of cam era  p o s itio n in g  is re p o rte d  to  be exce llen t, w ith in  1cm  or better.
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Figure 2 Configurat ion  of a dual c a m e ra  s t e reo p h o to g rap h y  rig (with cu r ious  bystander)

Relative advantages o f mono- and stereophotography
T he m a in  ju s tifica tio n s  for u s in g  d u a l cam era  s te reo p h o to g rap h y  are tha t:

• th re e -d im e n s io n a l  im ag es are  g e n e ra te d  a n d  s ig n if ic a n tly  im p ro v e  sp e c ie s  id e n tif ic a t io n , 
p a r tic u la r ly  of sm all a n d  d rab ly  co lo u red  organ ism s an d  in  lo w -co n tras t im ages;

• th e  m ask in g  effect of sm a lle r canopy-fo rm ing  spec ies is re d u c e d  (but n o t e lim in a ted );
• p h o to g ram m etric  m easu rin g  te c h n iq u e s  are m ad e  p o ssib le .

T he m ajor d raw b ack  of d u a l cam era  s te reo p h o to g rap h y  is th a t sy n c h ro n isa tio n  of b o th  cam eras w ith  
th e  fla sh  req u ires  carefu l o p e ra tio n  an d  a w ell p ra c tise d  operator;

S ing le  cam era  s te reo p h o to g rap h y  (i.e. m ov ing  th e  cam era  b e tw een  exposu res) is im p rac tica l u n le ss  
th e  re fe rence  fram e can  be rig id ly  fixed  to th e  seab ed  a n d  th e  sub jec t spec ies w ill n o t m ove b e tw een  
exposu res.

S p ec ia lised  or b esp o k e  v iew in g  system s are n ecessa ry  to  see th re e -d im e n s io n a l s te reo p h o to g rap h ic  
im ages.

A d d itio n a l factors are sh o w n  in  th e  fo llow ing  table.

Single camera monophotographv Dual camera stereophotography

Equipment set-up and operation simpler more complex

Risk of equipment failure marginally less marginally higher

Equipment capital cost approx. 40% higher

Consumables cost marginally lower (negligible) marginally higher (negligible)

Image quality same same

Image viewing requirements simple -  projection, printed, scanned 
and viewed on computer

requires specialised viewing 
system to view 3D images; 
potential to produce computer­
generated 3D ‘virtual’ images; 
single images may be viewed as 
for monophotography
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Close-up photography
T he N ikonos cam era  system  fitted  w ith  su p p le m e n ta ry  len s  an d  fram e-finder p ro v id es  th e  s im p le s t 
re a d ily  ava ilab le  m e th o d  of pho to g rap h y , an d  is v a lu ab le  for p h o to g rap h in g  sm all areas an d  spec ies an d  
for u se  in  p o o r v isib ility . A dvan tages are ease of u se  an d  re la tiv e ly  lo w  cap ita l cost. D isadvan tages are 
th e  sm all a rea in c lu d e d .

Methods

S ta t ion  lo ca t io n
F ollow ing  site  re location , an d  possib le  tem p o rary  m ark ing  if  it is to be sam p led  over a p e rio d  of tim e, s ta ­
tio n  m arkers sh o u ld  be re located  using  p rev io u sly  p rep ared  m aps or o ther in stru c tio n s, th e ir  co n d itio n  
assessed  an d  any  tem p o rary  lines or o ther m arkers in sta lled . T he o p p o rtu n ity  of m ain ta in in g  the  co n d i­
tio n  or v is ib ility  m arkers sh o u ld  be tak en  d u ring  the  re trieval of lines or o ther tem p o rary  sta tio n  m arkers.

P h o to g r a p h ic  p r o c e d u r e s
E xcep t in  th e  s im p le s t sam p lin g  p rogram m e, p h o to g rap h s  sh o u ld  be tak en  fo llow ing  a p re d e fin e d  p lan . 
A  w ritte n  reco rd  m ay  be v a lu ab le  to  en su re  th a t th e  sam p lin g  p rog ram m e is co m p le ted  to p la n  an d  to 
reco rd  erro rs (fa ilu res, d u p lic a tio n s , p o s itio n in g  erro rs, p h o to g rap h s  ou t of sequence , etc.).

E x trem e care sh o u ld  be tak en  to  en su re  th a t p h o to g rap h s  are taken :

• w ith  th e  g rea test p o s itio n a l p re c is io n  possib le ;
• w ith  th e  cam era  axis as p e rp e n d ic u la r  as p o ssib le  to  th e  ro ck  surface;
• w ith o u t cau sin g  dam age or d is tu rb an ce  to  th e  co m m u n itie s  b e ing  m o n ito red ;
• w ith o u t m o b ilis in g  s ilt d ep o sits  w h ic h  w o u ld  red u ce  w a te r c la rity  an d  c o n seq u en tly  im age quality .

D ep en d in g  on  th e  lo ca tio n , c u rre n t exp o su re , s lo p e  an d  e q u ip m e n t co n fig u ra tio n , th e  cam era  o p era ­
to r m ay  be capab le  of p o s itio n in g  an d  su p p o rtin g  th e  re fe rence  fram e u n a id e d , th o u g h  assis tan ce  in  
m a in ta in in g  p o s itio n  m ay  be  u se fu l in  ce rta in  c ircu m stan ces . In  m o st p rog ram m es th e  ass is tan t w ill 
p ro v id e  g u id an ce  for p o s itio n in g  a n d  act as reco rd in g  secretary.

Additional instructions for dual camera stereophotography
T he m ajor p rac tica l d ifficu lty  of d u a l cam era  s te reo p h o to g rap h y  is en su rin g  s im u lta n e o u s  ex p o su res  in  
b o th  cam eras. N ikonos cam eras h av e  a m ech an ica l sh u tte r  re lease . A lth o u g h  s im u lta n e o u s  m ech an ica l 
triggers have  b e e n  u se d  in  S c a n d in a v ia n  system s, w h e n  th e y  w ere  in v es tig a ted  in  W ales th e y  w ere  
fo u n d  to p ro d u c e  u n re lia b le  re su lts  b ecau se  of th e  ex trem ely  fine  to le ran ces re q u ire d  to  re lease  th e  s h u t­
te r exac tly  sy n ch ronously .

T h e  ex p o su re  te c h n iq u e  in  c u rre n t u se  at th e  Skom er M NR is as fo llow s:

(1) O ne cam era  (u su a lly  th e  left of th e  pair) is set at sh u tte r  sp eed  ‘b u lb ’ (B).
(2) T h e  o th e r cam era  is se t at e ith e r  au to m atic  or flash  sync  sp eed , an d  co n n ec ted  to  b o th  strobes v ia  

d u a l sync  lead .
(3) E xposu res are m ad e  in  th e  sequence: le ft cam era  sh u tte r  re lea sed  an d  m a n u a lly  h e ld  open; righ t 

sh u tte r  re leased ; left sh u tte r  a llo w ed  to  close.

W ith  p rac tice , th e  ac tu a l ex p o su re  tim e  of th e  left cam era  is e s tim a ted  to  be ab o u t 0.5 seconds. W hils t 
th is  is u n d o u b te d ly  a long  ex p o su re  tim e , in  p rac tice  it  is of m in o r co n seq u en ce  a n d  does n o t re su lt in  
loss of p ic tu re  sh a rp n ess  b ecau se , at a n o rm a l w o rk in g  len s  ap e rtu re  of f i t  or f l6 , th e  o n ly  sign ifican t 
lig h t th a t th e  film  is ex p o sed  to  (in  n o rm a l c o n d itio n s  in  UK w aters  b e lo w  c. 5m  dep th ) is from  the  
strobe, w h ic h  is of ex trem ely  sh o rt d u ra tio n  (<0.001 sec).

6 See Bullimore (1986) for further details.



Procedural Guideline No. 3-12 Quantitative surveillance of sublittoral rock biotopes and species using photographs 323

Analysis

P h o to g ra p h ic  an a ly s is
A n alysis  w ill d e p e n d  on  th e  p u rp o se  of th e  specific  p ro ject.

Viewing images
Im ages m ay  be p ro jec ted  onto  a screen , v ie w e d  d irec tly  u n d e r  lo w  p o w er m ic ro sco p es or o ther low  
p o w er op tics, sc a n n e d  an d  v ie w e d  on  a co m p u te r m o n ito r, or c o n v e rted  to  p h o to g rap h ic  p rin ts .

S tereo  p a irs  n e e d  to  be v iew ed , u s in g  p a irs  of lo w  p o w er m ic ro sco p es, a stereo  co m p ara to r or o ther 
a p p ro p ria te  s te reo -o p tica l v iew er.

Im ages m u s t be v iew ed  at an  a p p ro p ria te  size to  d isc rim in a te  th e  sm a lle s t o rganism s reso lv ed  by  th e  
im ages.

Data gathering from images
T he b est p o ss ib le  tax o n o m ic  accu racy  is fu n d am en ta l to  th e  ex trac tio n  of an y  da ta  from  im ages. S pecies 
th a t are m o st d ifficu lt to  id e n tify  or d isc rim in a te  from  s im ila r spec ies m ay  be ex c lu d ed  or aggregated. 
K eystone spec ies or sp ec ies  w h ic h  m ig h t ac t as su rrogates for overall change m u s t be reco rd ed . C hristie  
et al. (1985) suggest th a t o rgan ism s d o w n  to 2 -3 m m  m ay  be id en tif ied . It m ay  be n ecessa ry  on ly  to 
reco rd  a p ro p o rtio n  of th e  to ta l n u m b e r of spec ies p resen t.

Care is e ssen tia l in  c o u n tin g  n u m b ers  of in d iv id u a l o rgan ism s (per u n it  area) or in  u s in g  p o in t sam ­
p lin g  to  e stim ate  cover. M easu rem en t of ab so lu te  o rgan ism  sizes or areas req u ires  th e  p o s itio n  of th e  
sub jec t re la tiv e  to  th e  p la n e  of th e  re fe rence  fram e to  be k n o w n  or to  be ca lcu lab le  (w ith  s te reopa irs), or 
re fe rence  scales in c lu d e d  in  th e  im ages.

C o m p u ter-assis ted  m easu rem en ts  m ay  enab le  m ore  ra p id  m e asu rem en t of ce rta in  species.

Point sampling
D ete rm in a tio n  of p e rcen tag e  cover is b est a ch iev ed  b y  p o in t sam pling . D ep en d in g  on  th e  v iew in g  
m eth o d , a sam p lin g  g rid  is ov erla id  on  th e  im age (e.g. d ig ita l overlay  on  co m p u ter, ace ta te  u n d e rla y  
b e n e a th  a tran sp aren cy ) a n d  th e  in d iv id u a l o rgan ism s at e ach  p o in t reco rd ed . N ote th a t it  is p o ss ib le  for 
tw o or m ore  organ ism s to  be reco rd ed  at a sing le  p o in t (caused  b y  overg row th  or o v erhang ing  of one 
spec ies over ano ther) an d  to ta l cover to  exceed  100% .

Several w orkers have estab lished  th a t there  is no  advantage in  using  ran d o m  as opposed  to sy stem atical­
ly  p laced  po in ts . Points th a t are system atic m ake analysis m u c h  easier th a n  w h o lly  ran d o m  po in ts , a lthough 
som e w orkers u se  ran d o m ly  selected  po in ts  from  a grid  of a large num ber of system atically  arranged.

W orkers in  S can d in av ia  h av e  fo u n d  th a t 100 p o in ts  are ad eq u a te  to  d escribe  c o m m u n itie s  d o m in a ted  
b y  reaso n ab ly  large organism s. H ow ever, B u llim ore  (1996) c o n c lu d e d  th a t th is  w as in su ffic ie n t for co m ­
m u n itie s  in  w h ic h  a sig n ifican t p ro p o rtio n  of th e  rock  su rface  w as d o m in a te d  b y  sm all o rgan ism s an d  
u sed  a 3 2 0 -po in t (20 x  16) grid.

Area and organism measurements
Stereo  co m p ara to rs  are availab le  w h ic h  are o p e ra ted  w ith  a g ra ticu le . G reen  (1980) suggests th a t size 
m easu rem en ts  of ap p ro x im a te ly  1 .5m m  can  be m ad e  u s in g  th e  N ikonos system . B u llim ore  (1996) 
rep o rts  m e asu rem en t from  35m m  tra n sp a re n c ies  to  an  accu racy  of ± 0 .05m m , e q u iv a len t to  ± 1 .0m m  in  
life a t a cam era-to -sub jec t d is tan ce  of 510m m . G ilbert (1998) m ad e  m easu rem en ts  from  sc a n n e d  d ig ita l 
im ages to  a re so lu tio n  of 1m m . H ow ever, it  sh o u ld  be n o te d  th a t th e  h ig h  m e asu rem en t re so lu tio n  p o s ­
sib le  w ith  availab le  v iew in g  system s exceeds th e  p o s itio n a l accu racy  p o ssib le  d u rin g  im age cap tu re  an d  
it is th e  la tte r w h ic h  w ill u su a lly  be th e  lim itin g  factor in  ab so lu te  size d e te rm in a tio n s .

Analysis of digital images
M any so ftw are  a p p lica tio n s  are co m m erc ia lly  availab le  for analy sis  o f d ig ita l im ages, w h e th e r cap tu red  
from  dig ita l cam eras or sc a n n e d  from  tran sp a ren c ies . G ilbert (1998) in v es tig a ted  th e  su ita b ility  of sev ­
eral im age-ana lysis  ap p lic a tio n s  for u se  w ith  Skom er M NR im ages. S he c o n c lu d e d  th a t few  offered  th e  
fu n c tio n a lity  req u ired , e ith e r  b e ing  h ig h ly  over- or u n d e r-sp ec ified . S everal ap p lic a tio n s  desig n ed  
sp ec ifica lly  for m ed ica l a p p lica tio n s  w ere  in v estig a ted . T h e ir fu n c tio n a lity  d e p e n d e d  h eav ily  on  h igh- 
co n trast im ages c o n ta in in g  c learly  id en tif iab le  target objects an d  w ere  expensive .

G ilbert (1998) c o n c lu d e d  th a t GIS so ftw are offered  m o st of th e  fu n c tio n a lity  req u ired . T he desk-top  
GIS a p p lic a tio n  M aplnfo™  w as se lec ted  for its ab ility  to  easily  a n d  accu ra te ly  reg iste r im ages (using
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‘n o n -e a r th ’ reg istra tion ), ease of da ta  h an d lin g , f lex ib ility  of m e asu rem en t o p tio n s an d  th e  ab ility  to 
lay er in fo rm a tio n  over im ages, en ab lin g  co m p ariso n  of im ages in  tim e  series.

T h e  g en era tio n  of ‘v ir tu a l re a lity ’ 3D im ages from  ste reo -pa irs  u s in g  VRML softw are on  a desk-top  
e n v iro n m e n t ap p ears  feasib le (Pan, C ard iff U niversity , pers. com m .). S u ch  v ir tu a l rea lity  im ages have 
p o te n tia l a p p lic a tio n  for ra p id  an d  easy  v isu a lisa tio n  a n d  q u a n tif ic a tio n  of a ttrib u tes  of su b litto ra l 
spec ies a n d  hab ita ts .

Data  analysis
A n alysis  of n u m erica l or o ther d a ta  d eriv ed  from  q u an tita tiv e  p h o to g rap h ic  sam p lin g  w ill be pro ject- 
d e p e n d e n t a n d  is n o t c o n s id e red  in  th is  G u ideline .

QA/QC

S a m p l in g

• P rec ise  re -lo ca tio n  of q u ad ra ts  is e ssen tia l.
• F ram er m u s t be  u se d  to  en su re  a p e rp e n d ic u la r  angle of p h o to g rap h y ; u n d e rw a te r  h o rizo n ta l v is ib il­

ity  m u s t be  b e tte r th a n  m in im u m  leve ls  (>3m  for tak ing  50 x  50cm  q u ad ra ts  u s in g  a N ikonos an d  
15m m  len s, > lm  for u s in g  th e  28m m  N ikonos len s  an d  su p p le m e n ta ry  lens).

• N o s ilt d is tu rb e d  b y  th e  d iver sh o u ld  be in  th e  p ic tu re  area.
• F ilm  stock  sh o u ld  be of h ig h  quality , fine g ra in ed  (5 0 -1 0 0  ASA) an d  in -date .
• P h o to g rap h s m u s t be accu ra te ly  exposed .
• W ater co lu m n  d iscon tinu ities w h ich  m ay  cause optical d isto rtion , su ch  as a halocline , m u st be avoided.
• Im age cap tu re  req u ires  carefu l reco rd in g , an d  in d iv id u a l im ages n e e d  to  be p re c ise ly  a n d  p ro m p tly  

lab e lled  w ith  p ro jec t, date  an d  s ta tio n  to avo id  m is id e n tif ic a tio n  of im ages.
• W here  re fe rence  fram es are em p lo y ed , th e  da te  an d  s ta tio n  sh o u ld  be m ark ed  on  fram es w h ere  th ey  

w ill be c learly  v is ib le  w ith in  cap tu re d  im ages.

A nalys is
T axonom ic accu racy  is d e p e n d e n t on  im age c la rity  an d  re so lu tio n  a n d  on  tax o n o m ic  sk ill of th e  analyst. 
A ccu racy  of id e n tif ic a tio n  of m an y  organism s from  p h o to g rap h s  m ay  be as h ig h  or h ig h er th a n  fie ld  
reco rd in g  b y  c o m p e ten t d iv in g  b io log ists  if  th e  im age area an d  target spec ies sizes are ap p ro p ria te ly  
m a tch ed . T he p h o to g rap h ic  reco rd  m akes it  p o ssib le  to  ch eck  th e  accu racy  of tax o n o m ic  id en tifica tio n . 
A ccu racy  is co m p ro m ised  if  o rgan ism s bein g  m easu red  are o b scu red  by  overgrow th . In  an a ly sin g  p h o ­
to g raphs, d iffe ren t w orkers sh o u ld  be ab le to  h av e  an  e rro r of 3 -4 % , b u t no  m ore  th a n  10% , in  % cover 
an d  d e n s ity  m easu res  if  w ell tra in e d  (L undälv , pers. com m .).

M easu rem en t accu racy  is d e p e n d e n t on  th e  p o s itio n  of th e  sub jec t w ith in  an d  re la tiv e  to th e  p la n e  of 
th e  re fe rence  fram e. B arrel d is to rtio n  cau sed  b y  w id e-an g le  len ses  is g rea test c lo sest to  th e  im age edge, 
th o u g h  th e  m easu rem en t erro rs in tro d u c e d  are less th a n  c. 1% . As n o te d  above, p o s itio n a l accu racy  
d u rin g  im age cap tu re  w ill u su a lly  be th e  lim itin g  factor for size  d e te rm in a tio n s  ra th e r  th a n  m e a su re ­
m en t re so lu tio n  from  im ages.

Q A  a d v a n ta g e s  o f  p h o to g r a p h ic  t e c h n iq u e s

• avo ids v a ria tio n  d u e  to  p a tc h in e ss  (ran d o m  sam p lin g  req u ires  too m an y  sam p les  to  overcom e h e t­
ero g en e ity  on  b ro k en  rocky  surfaces);

• d e ta iled  an a ly sis  is p o ss ib le  in  th e  lab o ra to ry  a n d  th e  s ta n d a rd  of accu racy  is m u c h  h ig h er th a n  for 
in situ survey, aris in g  in  p a rt from  th e  p re ssu re s  on  ava ilab le  tim e  in h e re n t w ith  in situ survey;

• stereo  p a irs  can  be u se d  to  accu ra te ly  m easu re  g ro w th  ra tes an d  ca lcu la te  b io m ass (ind irec tly );
• p h o to g rap h s  p ro v id e  a p e rm a n e n t reco rd  so th a t p o ssib le  errors can  be ch eck ed  an d  m ore  d e ta iled  

w o rk  can  be ca rried  ou t at a la te r da te  if  req u ired ;
• p h o to g rap h s  enab le  th e  d is tin c tio n  of sm alle r o rgan ism s th a n  in situ survey;
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• p h o to g rap h s  can  be u sed  to  d em o n stra te  or illu s tra te  fea tu re  change or stab ility ;
• rea so n ed  a llo w an ces can  be m ad e  for v a ria tio n  in  cover of ta il a n d /o r  h ig h ly  co n trac tile  o rganism s.

Q A  re s tr ic t io n s  o n  p h o to g r a p h ic  t e c h n iq u e s
P h o to g rap h s m ay  u n d e r-reco rd  spec ies or in d iv id u a ls  th a t are o b scu red  b y  overg row th  (p a rtly  overcom e 
b y  ste reopa irs) or silt. T he  c o n seq u en t u n d e re s tim a te  of ab u n d a n c e  is p a rtic u la r ly  im p o rta n t if  sea so n ­
al changes are  b e ing  s tu d ie d  in  th e  spec ies th a t is o ccas io n a lly  obscured .

H igh  tu rb id ity  te n d s  to  in c rease  im age co n trast. Im age analy sis  is co n s tra in e d  b y  lo w  im age con trast. 
It m ay  be d ifficu lt, p a rtic u la r ly  in  B ritish  w aters, to  loca te  a su ffic ien tly  ex ten siv e  area  of u n b ro k en  

rock  w ith  th e  sam e in c lin a tio n  to p ro v id e  an  o p tim u m  sam p lin g  area or a su ffic ien t n u m b e r of rep lica te  
p h o to g rap h s  (though  th is  re s tr ic tio n  is n o t lim ite d  to  p h o to g rap h ic  tech n iq u es).

Data products

P erm an en t im ages: b o th  o rig inal film -based  m a te ria l an d  e lec tro n ic  cop ies n e e d  to  be s to red  in  su itab le , 
secu re  lo ca tions.

N u m erica l or o ther data: req u ire  storage in  in d u s try  s ta n d a rd  sp read sh ee ts , da tabases, GIS da ta  tab les 
an d  m ap  layers as ap p ro p ria te .

Costs and time

T he m a in  costs arise  from  p e rso n n e l tim e  an d  th e  cap ita l costs of eq u ip m en t.

Site e s t a b l i s h m e n t
Site p re p a ra tio n  for fixed  s ta tio n  p h o to g rap h ic  sam p lin g  m ay  be sign ifican t. D ep en d in g  on  th e  re q u ire ­
m en t of th e  p ro jec t, d is tr ib u tio n  of ta rget spec ies, rock  ty p e , ex p o su re  an d  d e p th  , th e  e s tab lish m en t of 
a s ite  m ay  take  severa l days e x c lu d in g  th e  tim e  req u ired  for se lec tio n  of th e  loca tion .

T he tim e  tak en  to  d rill ho les  in  rock  for p la s tic  p lugs or rin g  bo lts , or to  h am m er p ito n s  in to  su itab le  
cracks, d ep e n d s  on  rock  ty p e  a n d  s ta tio n  d ep th . T he tim e re q u ire d  to  m ark  h a rd  rock  sites m ay  be co n ­
siderab le .

E q u ip m en t a n d  co n su m ab le  costs are n o t h ig h  in  co m p ariso n  w ith  p e rso n n e l costs.

Site re lo c a t io n
R eloca tion  tim e  w ill v a ry  w ith  q u a lity  of re lo ca tio n  in fo rm atio n , an d  fam ilia rity  of w orkers w ith  th e  site. 
O nce th e  site  is re lo ca ted , it  w ill take  one fu ll or p a rt d ive to  m ark  it  for p h o to g ra p h y  u n le ss  p e rm a n e n t 
seabed  m arkers h av e  b e e n  in s ta lle d

S a m p l in g
T he tim e  re q u ire d  for p h o to g rap h ic  sam p lin g  is d e p e n d e n t on  fie ld  c o n d itio n s  a n d  th e  p ro x im ity  of 
sam p le  s ta tio n s  to  each  other. In  op tim a l d iv in g  co n d itio n s  c o m p le tio n  of 36 ad jacen t seq u en tia l 
q u ad ra ts  w ith in  15 m in u te s  is q u ite  feasib le. C onsequen tly , d e p e n d in g  o n  d e p th  co n stra in ts  an d  p e r ­
so n n e l a v a ilab ility  it m ay  be p o ssib le  to co m p le te  severa l sam p le  sets in  a sing le  tid a l w indow . 

C onsum ab le  costs are n o t h ig h  in  co m p ariso n  w ith  p e rso n n e l costs an d  cap ita l e q u ip m e n t costs.

P h o to g ra p h ic  an a ly s is
C o un ting  of in d iv id u a l o rgan ism s or m e asu rem en t of p e rcen tag e  cover, o rgan ism  size a n d  co m p ariso n  
of ph o to g rap h s  can  be v e ry  tim e-co n su m in g . For exam ple , p o in t sam p lin g  analy sis  can  take in  excess of 
an  h o u r  p e r  p h o to g ra p h  w h ils t c o u n tin g  of in d iv id u a l o rgan ism s d ep en d s  on  d en s ity  (L undälv , pers. 
com m .). S cann ing , reg is tra tio n  a n d  m easu rem en ts  from  d ig ita l im age scans m ay  take  severa l h o u rs  p er 
im age d ep e n d in g  o n  th e  n u m b ers  of m easu rem en ts  b e in g  m ade . T he tim e  n ecessa ry  for analy sis  is e ssen ­
tia lly  a re flec tio n  of th e  da ta  req u ired .
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Data analysis
A n alysis  of n u m erica l or o ther d a ta  d eriv ed  from  q u an tita tiv e  p h o to g rap h ic  sam p lin g  w ill be pro ject- 
d e p e n d e n t a n d  is n o t c o n s id e red  in  th is  G u ideline .

Health and safety

D iving reg u la tio n s m u s t be fo llow ed . R isk  assessm en ts  m u s t be p re p a re d  for each  p ro jec t an d  lo ca tio n  
w h ere  sam p lin g  w ill be  u n d e rtak en .
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C o l in  M u n r o ,  M a r i n e  B io log ica l  S u rv ey s 1

Background

V ideo a n d  co m p u te r tech n o lo g ies  are c o n tin u a lly  advanc ing , an d  c o n seq u en tly  it  is in ev itab le  th a t p arts  
of th ese  G u id e lin es  w ill b ecom e out-o f-date  q u ite  rap id ly . G iven  th is  chang ing  techno logy , d e ta ils  c o n ­
cern in g  specific  cam co rd er an d  h o u s in g  m o d els  have  b e e n  k e p t to  a m in im u m . It is suggested  th a t a n y ­
one co n sid e rin g  p u rc h a s in g  v id eo  e q u ip m e n t for b io log ica l m o n ito rin g  sh o u ld  seek  adv ice  on  c u rren t 
form ats an d  e q u ip m e n t a ro u n d  th e  tim e  of p u rch ase .

Like all sk illed  tasks, p ro d u c in g  co n sis ten tly  good v ideo  record ings, in  term s of im age q u a lity  an d  details 
of b io ta  an d  hab ita t, is n o t ach ieved  by  read ing  a set of gu idelines. T here is no  su b stitu te  for a th o rough  
u n d e rs tan d in g  of th e  strengths an d  w eaknesses of the  m ed iu m  you  are w ork ing  w ith , an d  on ly  experience  
w ill te ll you  h o w  d ifferen t en v iro n m en ta l co n d itions w ill affect resu lts. T hese are s im p ly  gu idelines, and  
are n o t in  an y  w ay  in te n d e d  to be u sed  as a set of in stru c tio n s on ‘h o w  to su rvey  u sin g  v id e o ’.

In  th e  p a s t few  years d ig ita l v id eo  form ats h av e  largely  su p e rse d e d  analogue an d  give s lig h tly  b e tte r 
re so lu tio n  th a n  h i-b a n d  ana logue  form ats su c h  as SVHS or H i8. T h is  change has n o t s ig n ifican tly  a lte red  
th e  m e th o d s  for reco rd in g  v id eo  footage u n d e rw a te r, an d  so th e  g u id an ce  b e lo w  is eq u a lly  ap p licab le  to 
d ig ita l an d  ana logue  form ats.

S im ila r te c h n iq u e s  to  th o se  d esc rib ed  h e re  have  b e e n  d ev e lo p ed  for m o n ito rin g  on  th e  G reat B arrier 
Reef. C hristie  e t al. (1996) describe  th a t w o rk  an d  th e  asso c ia ted  o p era tin g  p ro ced u res  w ith  a m u c h  
g reater leve l of d e ta il th a n  in  th e  p re se n t G u ideline .

Purpose

V ideo su rv ey  u s in g  a h a n d -h e ld  cam era  w ill be  a p p ro p ria te  for a ttrib u tes  re la tin g  to  b io to p e  p resen ce
an d  ex ten t of b io to p es, w h ere  th ese  b io to p es are d e fin ed  b y  co n sp icu o u s  spec ies or life-form  types.
G eneric  a ttr ib u tes  for w h ic h  v id eo  m ay  be u se fu l in c lu d e :

• M easu ring  th e  range a n d  ty p es of b io to p es  p re se n t in  an  area.
• M easu rin g  th e  ex ten t of th e  d iffe ren t b io to p es, for c la ss ified  g roups of b io to p es or b io to p e  com plexes 

at th e  s ite  (w ith o u t co m p ro m is in g  o th e r im p o rta n t features).
• C oun ting  th e  q u a n tity  of p a r tic u la r  spec ies of co n se rv a tio n  im p o rtan ce  (rare, fragile, d ec lin in g  species 

-  th o se  for w h ic h  th e  s ite  is ‘sp e c ia l’). (O nly  co n sp icu o u s  ep ib io ta  for v id eo  survey.)

A d v a n ta g e s

• V ideo can  p ro v id e  v e ry  w ide-ang le  im ages a n d  reso lves im ages w e ll in  p o o r light;
• It p ro v id es  a m ov ing  im age reco rd  across a site;
• It g en era lly  gives a b e tte r  ‘overa ll a p p e a ra n c e ’ v iew  of sites th a n  w ide-ang le  s till p h o to g rap h y ;
• A rch iv ed  v id eo  data , from  th e  sam e site  over a p e r io d  of tim e , can  be p a r tic u la r ly  u se fu l for d e te c t­

in g  su b tle  changes in  a h ab ita t, e.g. in c reases  in  se d im e n t cover w ith in  areas of m ix ed  substra te , 
d ec lin e  in  fo liose algal cover, etc.;

1 Orchard Cottage, Coombe Barton, Shobrook, Crediton, Devon EX17 IBS.
2 See: http://www.aims.gov.au/pages/research/reef-monitoring/ltm/mon-sop2/sop2-00.html
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• V ideo allow s ra p id , v isu a l co m p ariso n  of ex ten siv e  sites; it  is n o n -d e s tru c tiv e  an d  n o n -in v asiv e . 

D is a d v a n ta g e s
Im age re so lu tio n  is s ig n ifican tly  p o o re r th a n  th a t of film  for tw o  reasons. F irstly , film  has s ig n ifican tly  
greater d e ta il an d  to n a l re so lu tio n  th a n  even  b ro ad cas t q u a lity  d ig ibeta  v id eo tap e ; an d  second ly , e x p e n ­
sive (consum er) d ig ita l cam co rd ers  are su p p lie d  w ith  ch eap  p la s tic  len ses , w h ils t s till cam eras te n d  to 
h ave  v e ry  h ig h  q u a lity  glass len ses  fitted . C o n seq u en tly  v id eo  is less su itab le  for reco rd in g  an d  c o u n t­
ing  sm all or c ry p tic  organism s.

Logistics 

Equipment
C am corder, u n d e rw a te r  h o u sin g , u n d e rw a te r  v id eo  ligh ts  (un less in  sh a llo w  an d  clear w ater), v id e o ­
tapes, s ta n d a rd  SCUBA eq u ip m en t.

Personnel/time
A fu ll HSE d ive  team  is g en era lly  req u ired . T im e re q u ire m e n t w ill be v e ry  d e p e n d e n t on  th e  p rec ise  
objective of th e  study.

Method

T he m e th o d  w ill v a ry  d e p e n d in g  on  th e  specific  objectives. H ow ever, g enera l p o in ts  are g iven  below :

(1) G enerally , th e  g rea test focal d e p th  w ill be re q u ire d  d u rin g  v id eo  reco rd in g  to  en su re  th a t erec t b io ta  
an d  c ru sto se  sp ec ies  w ill be in  focus. T he fo llow ing  reco m m en d a tio n s  are given:

• W ider angle zoom  se ttings give a g reater d e p th  of fie ld  (how ever, v e ry  w id e  angle sho ts  w ill d is to rt
th e  im age, if  m easu rem en ts  are requ ired).

• A uto -focus se ttin g  is n o t g en era lly  reco m m en d ed . T h is can  cause  ‘h u n tin g ’ (the len s  sh u ttlin g  back
an d  fo rth  b e tw e e n  objects), c reates a d d itio n a l p o w er d ra in  on  th e  b a tte ry  an d  m ay  re su lt in  th e  cam ­
co rd er focusing  on  p a rtic le s  in  w a te r co lu m n . W ide-angle , fixed  focus, w ith  th e  focus p re-se t to 
a ro u n d  0 .3m , ap p ears  to  w o rk  w ell for h a b ita t record ing .

• D ep th  of fie ld  is a fu n c tio n  of len s angle of accep tan ce , sh u tte r  sp eed  an d  ap e rtu re  size  (the sm alle r 
th e  ap e rtu re , th e  g rea ter th e  d e p th  of field). M ost u n d e rw a te r  h o u sin g s do n o t a llo w  e ith e r sh u tte r  
sp eed  or ap e rtu re  size to  be  co n tro lled  m a n u a lly  u n d e rw a te r, ap e rtu re  size b e ing  a d ju s ted  a u to m a t­
ica lly  to  co n tro l exposu re . T he sh u tte r  sp eed  sh o u ld  th ere fo re  be p re-se t to  th e  s lo w est p rac tica l 
sp eed  (no rm ally  a ro u n d  l/5 0 th )  to  en su re  g rea test d e p th  of field.

(2) M any  v id eo  cam eras a u to m a tica lly  ad ju s t ex p o su re  b ased  on  th e  average b rig h tn ess  of th e  im age. 
V ideo tape  does n o t h a n d le  co n tra s t as w ell as film . C onsequen tly , a sm all dark  ‘object of in te re s t’ 
against a lig h t b ack g ro u n d  w ill a p p ea r v e ry  dark  o n  th e  reco rd ed  im age, s im ila rly  a lig h t object 
against a d a rk  b ack g ro u n d  w ill ‘b u rn  o u t’. To reco rd  d e ta il in  su c h  objects, th e y  m u s t fill th e  m a jo r­
ity  of th e  fram e.

(3) A void jerky  m o v em en ts  w h e n  reco rd ing .
(4) S w itch  th e  v id eo  to  reco rd  a few  seco n d s before  reco rd in g  th e  ob jec ts /a rea  of in te res t; th is  gives tim e  

for th e  m ech an ica l de lay  (pre-ro ll) of th e  cam co rd er an d  p ro v id es  a d d itio n a l fram es if  tap e  ed itin g  
is req u ired .

(5) U se ligh ts  to  b rin g  co lo u r b ack  to  im ages from  d eep er w ater, a n d  to  sh a rp e n  u p  im ages (by in c re a s­
ing  d e p th  of fie ld  a n d  red u c in g  signal n o ise  from  excessive  gain). H ow ever, if  th e  ap e rtu re  size is 
red u ced , th e  area  o u ts id e  th a t i llu m in a te d  b y  artific ia l lig h t w ill b ecom e v e ry  d a rk  on  th e  reco rd ing , 
an d  th u s  th e  v iew ab le  area  w ill be su b s ta n tia lly  red u ced .

(6) ‘B u rn ’ th e  date  a n d  tim e  onto  th e  o rig inal tap e  at th e  tim e  of reco rd in g  (i.e. th ro u g h  cam co rd er se t­
tings). T h is  w ill g rea tly  a id  su b se q u e n t so rting  an d  object (on tape) id en tif ica tio n , e sp ec ia lly  w h e n  
m an y  tap es  are reco rd ed .
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T his is a d ev e lo p in g  area. T he s im p le s t m e th o d  is d irec t o b se rv a tio n  of v id eo  im age, reco rd in g  n o tes  as 
th e  v id eo  is v iew ed . Two m o n ito rs  are re c o m m en d ed  for co m p ara tiv e  da ta  an a ly sis , w h ic h  a llow s s im u l­
tan eo u s  v iew in g  of m o n ito rin g  tap es  from  successiv e  m o n ito rin g  p e rio d s. Im age an a ly sis  so ftw are is 
availab le  for v id eo  im ages, b u t its  u se  for b io log ica l m o n ito rin g  is cu rre n tly  v e ry  lim ited .
A ccu racy  testin g

In d e p e n d e n t rev iew  of sam p les  of v id eo tap e , an d  re -ch eck in g  of a sub -se t of sites (to con firm  p o s i­
tio n a l accuracy , s ite  m ark in g  an d  b io to p e  data) are u se fu l m e th o d s  for te s tin g  accuracy.

QA/QC

M u ch  of th e  above ap p lie s  to  th is  sec tion . O n-site  QA w ill v e ry  m u c h  d e p e n d  on  th e  s tu d y  req u irem en ts  
an d  p rev a ilin g  c o n d itio n s  at th e  s tu d y  site. As a gu ide , it  is suggested  th a t it  is u sed  on ly  in  h o rizo n ta l 
v is ib ilitie s  o f g reater th a n  3m. S w im m in g  sp eed s sh o u ld  be k e p t low . E nsu re  th a t th e  da te  an d  site  are 
logged a n d  reco rd ed  on  each  v id eo tap e .

D ifferences in  h e ig h t above th e  seabed  from  w h ic h  the  v id eo  is sho t, th e  angle a t w h ic h  it  is sho t an d  
the  d irec tio n  (if along a fixed  transect) can  create  d ram atic  d ifferences in  im ages b e tw een  m on ito rin g  
records. T hese  sh o u ld  be n o te d  d u rin g  th e  b ase lin e  reco rd in g  an d  p resc rib ed  for su b seq u en t m onito ring .

Data products

T he key  p ro d u c t w ill be th e  reco rd ed  v id eo tap e . To m in im ise  th e  r isk  of dam age to  or loss of o rig inal 
data , it is suggested  th a t th e  reco rd ed  m aste r tap e  is d u p lic a te d  (e ither on to  tap e , or onto  co m p u te r 
m ed ia  su c h  as h a rd  d isc  d rive, CD, DVD, Z ip  or Jazz drives). T h e  m aste r sh o u ld  be  secu re ly  s to red  an d  
analy sis  c o n d u c te d  u s in g  cop ies. S torage on  d isc  can  be ad v an tageous in  th a t ‘c lip s ’ can  be co p ied , 
re triev ed  an d  rev iew ed  (on a com pu ter) in  a n o n -seq u en tia l fash ion , an d  stills  ex trac ted  easily. H ow ever, 
h ig h -re so lu tio n  v id eo  req u ires  large am o u n ts  of d isc  storage space. A t th e  tim e  of w riting , th e  largest PC 
h a rd  d rives ava ilab le  w ere  a ro u n d  75Gb; 1Gb w ill h o ld  a ro u n d  3.5 m in u te s  of DV q u a lity  v id eo  footage. 
DVD w ill h o ld  5.2Gb of da ta  an d  CD w ill h o ld  650 Mb.

Cost and time

C o st
P u rch ase  of a v id eo  system , in c lu d in g  cam corder, h o u s in g  a n d  ligh ts , is cu rre n tly  a ro u n d  £5000.

Time
Tim e in  th e  fie ld  w ill d e p e n d  on  h o w  ex ten siv e  th e  site  is. E ssen tia lly , a ll th a t is re q u ire d  is to re locate  
th e  site(s) a n d  sw im  s lo w ly  across th e  d e fin ed  ro u te , reco rd in g  as one sw im s. D ata an a ly sis  w ill take 
co n sid e rab ly  longer th a n  reco rd ing . F our h o u rs  to  rev iew  one 90 -m in u te  tap e  is a fair ru le  of th u m b , b u t 
th is  w ill v a ry  co n sid e rab ly  d e p e n d in g  on  th e  co m p lex ity  of th e  s ite  a n d  objectives.

Health and safety

A ll d iv in g  o p era tio n s are sub jec t to  th e  p ro c e d u re s  d esc rib ed  in  th e  D iv ing  at W ork R egu la tions 19973 
an d  m u st fo llow  th e  S c ien tific  a n d  A rchaeo log ical A p p ro v ed  Code of P ractice . T h ere  are n o  specific

3 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997. ISBN 0 11 065170 7 
See: http://www.hse.gov.uk/spd/spddivex.htm

4 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997.Approved Code of Practice 
and Guidance -  L107. HSE Books 1998. ISBN 0 7176 1498 0.
See: http://www.hse.gov.uk/spd/spdacop.htm - a

http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm
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a d d itio n a l risk s a sso c ia ted  w ith  h a n d -h e ld  v id eo  opera tion .
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Procedural Guideline No. 3-14 
In situ survey of sublittoral 

epibiota using towed sledge video 
and still photography

M a t t h e w  Se rv ice ,  A g r ic u l tu re  a n d  Food  S c i e n c e  C e n t r e ,  D e p a r t m e n t  
of  A g r ic u l tu re  for N o r th e r n  I r e l a n d ,1 a n d  Neil  G o ld in g ,  A gr icu l tu ra l  

a n d  E n v i ro n m e n ta l  S c i e n c e  D iv is ion ,  Q u e e n ' s  U n ive rs i ty  Belfast2

Background

Tow ed v id eo  sledge a n d  s till p h o to g ra p h y  tech n iq u es  p ro v id e  a m ean s to  v isu a lly  su rv ey  large areas of 
seafloor w ith o u t th e  d e p th  or tim e  co n stra in ts  u su a lly  asso c ia ted  w ith  o th e r te c h n iq u e s  su c h  as scuba- 
div ing . In  th e  p ast, te c h n iq u e s  su c h  as th is  have  b e e n  u se d  to  m o n ito r th e  c o n d itio n  of featu res in  c a n ­
d id a te  S p ec ia l A reas of C o n serv a tio n  (SAC) (S an d erso n  e t al. 1999; M agorrian  1996). T ow ed v ideo  
sledge da ta  can  be u sed  to  e stim ate  th e  re la tiv e  ab u n d a n c e  of e p ib en th ic  spec ies u s in g  th e  V isual Fast 
C ount (VFC) te c h n iq u e  (K im m el 1985).

Purpose

V ideo an d  s till cam era  su rveys are a p p ro p ria te  for a ttrib u tes  co n ce rn in g  th e  p re sen ce  a n d  ex ten t of 
b io to p es, an d  th e ir  q u a lity  in  te rm s of th e  r ich n ess  a n d  th e  a b u n d an ce  of asso c ia ted  species. T hese  te c h ­
n iq u es  can  be  u se d  to:

• E valuate  th e  v a rie ty  an d  n u m b e r of th e  d iffe ren t b io to p es  or b io to p e  co m plexes, w ith o u t co m p ro ­
m is in g  o ther im p o rta n t features.

• D ete rm in e  th e  q u a n tity  of p a r tic u la r  spec ies of co n se rv a tio n  im p o rtan ce  (rare, fragile, d ec lin in g  
sp ec ies  -  th o se  for w h ic h  th e  s ite  is ‘sp e c ia l’) -  p ro v id e d  th e y  can  be id en tified .

• E stim ate  th e  ex ten t of th e  area  o ccu p ied  b y  a ll or se lec ted  b io to p es or b io to p e  com plexes in  a d efin ed  
area.

• R eco rd /re -reco rd  th e  n u m b ers  or cover of n am ed  co n sp icu o u s  species.

A d v a n ta g e s

• A ble to  su rv ey  large areas of seafloor qu ick ly
• A llow s p rec ise  d e n s ity  m easu rem en ts  of fea tu re s /sp ec ie s  of in te re s t
• No d e p th  or tim e  re s tra in ts  (in  coasta l w aters)
• R obust an d  g en era lly  re liab le  e q u ip m e n t
• P rov ides a p e rm a n e n t reco rd  (in  th e  form  of v id eo /p h o to g rap h )
• E q u ip m en t is re a d ily  availab le

1 Newforge Lane, Belfast BT9 5PX.
2 Newforge Lane, Belfast BT9 5PX.

331



332 M arine M onitoring H an d b o o k

D is a d v a n ta g e s

• E q u ip m en t is cu m b erso m e a n d  req u ires  a large la u n c h /re se a rc h  v esse l w ith  d ry  space
• E q u ip m en t is in  co n tac t w ith  an d  m ay  dam age fragile h ab ita ts  an d  b io ta
• S ledge can  o n ly  be  u se d  on  re la tiv e ly  level seabed: u n su ita b le  for u se  o n  ex cessive ly  rocky  reefs
• E q u ip m en t is ex p en siv e
• U n less an  aco u stic  tra n sd u c e r  is fitted  to  th e  sledge to  give a p o s itio n  re la tiv e  to  th e  v esse l, s ig n ifi­

can t erro r m ay  occur in  ca lcu la tin g  th e  p o s itio n  of th e  sledge

Logistics

E q u ip m e n t  

Sledge
T he to w ed  v id eo  an d  cam era  sledge d esc rib ed  h e re  a n d  sh o w n  in  F igure 1 is a m o d ified  v e rs io n  of the  
SOAEFD M arine  L aborato ry  sledge (S h an d  an d  P rie s tly  1999). T he use  of o ther sledges is n o t p re c lu d ­
ed  b u t th e  v e rs io n  illu s tra te d  h as  p ro v ed  d u rab le  a n d  robust.

T h e  sledge is fitted  w ith  floats or b u o y an cy  ta n k  on  to p  to  h e lp  m a in ta in  an  u p rig h t p o s itio n  d u rin g  
d ep lo y m en t. A  b u o y  is a tta ch ed  to  an  a p p ro p ria te  len g th  of ro p e  (at least tw ice  th e  o p e ra tio n a l w ater 
d ep th ), w h ic h  is a ttach ed  at th e  rear o f th e  sledge to  a id  re triev a l in  th e  ev en t of en tan g lem en t, a n d  to 
p ro v id e  a drag  force w h ic h  red u ces  th e  yaw  of th e  sledge.

Video and camera equipm ent
• E xam ple  e q u ip m e n t u se d  b y  au th o rs:
• P h o to sea  (C alifornia) 1000A  35m m  U /W  cam era

• P h o to sea  (C alifornia) 1500S strobe

• K ongsberg S im rad  (A berdeen , UK) U /W  co lo u r v id eo  cam era

• S ony  T rin itro n  co lo u r v id eo  m o n ito r

• P an aso n ic  SuperV H S v id eo  reco rd e r

S till an d  v ideo  cam eras can  be m o u n ted  in  a n u m b er of d ifferen t configurations. In  the  configura tion  
described  here  a co lour v ideo  cam era an d  a 35m m  stills  cam era are m o u n ted  at 45 , w ith  the  stills  cam era 
po in tin g  sligh tly  b eh in d  the  v ideo  (this allow s the  v ideo  to act as a rem ote v iew fin d er for th e  stills  cam ­
era). V ideo lights an d  flash  strobe p o in t vertica lly  dow nw ards. W hile  it m ay  be argued th a t m o u n tin g  the  
v ideo  an d  stills  vertica lly  m ay  p ro d u ce  a m ore quan tifiab le  im age in  term s of m easurab le  area, experience  
suggests th a t taxonom ic  id en tifica tio n  is easier from  im ages p ro d u ced  in  th e  form er configuration .

T h e  v id eo  a n d  stills  im ages sh o u ld  be tim e  a n d  date  stam p ed . It is a lso  p o ss ib le  to  im p r in t GPS 
N av iga tion  da ta  on  th e  v id eo  u s in g  a p ro p rie ta ry  system  su c h  as Trakview ® .
C am era a n d  v id eo  e q u ip m e n t im m ersed  in  seaw ater sh o u ld  be w a sh e d  a n d  d ried  on  re tu rn  to  base. Care 
sh o u ld  be tak en  w h e n  chan g in g  b u lb s /f ilm , etc. to en su re  th a t o-rings are c lean ed  an d  lu b ric a te d  sp a r­
in g ly  w ith  s ilico n e  grease on  reassem bly .

V ideo is reco rd ed  in  th e  SuperV H S fo rm at u s in g  a P an aso n ic  SVHS v id eo  reco rd e r co n n ec ted  to  the  
v id eo  cam era  co n tro l u n it.

T h e  v esse l sh o u ld  be  su itab le  for w o rk  in  th e  lo ca lity  w ith  ad eq u a te  (dry) cab in  space  for e lec tro n ic  
eq u ip m en t.

S u itab le  w in c h  for to w in g  cam era  sledge (no rm ally  8m m  w ire  is o p tim um ). P o t h a u le rs  a n d  ro p e  m ay  
be u se d  as an  a lte rn a tiv e . Vessels w ith  ex ten siv e  freeboard  sh o u ld  be  avo ided .

W h en  u n d e rta k in g  to w ed  sledge s tu d ie s  it  is im p o rta n t to  u se  a v esse l capab le  of m a in ta in in g  s tee r­
age at lo w  speeds. A  m aste r e x p e rie n c ed  in  to w in g  at lo w  sp eed s is e ssen tia l. Tow  sp eed s of 0.75 kno ts 
or less a t s lack  w a te r are reco m m en d ed  for o p tim u m  v id eo  analysis .
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Figure 1 Plan and  front (side) e levation  draw ings  of a s ledge  based  o n  o n e  d e v e lo p ed  by the  M arine  Laboratory in 
A be rdeen .  M ea su rem e n ts  a re  in mill imetres. (A-F refer to m ateria ls  no t  de sc r ibed  here).

P o w er  s u p p ly
P ow er su p p ly  to  p o w er th e  v id eo  cam eras, ligh ts  an d  reco rd e rs  m u s t be availab le .

C hecks m u s t be m ad e  th a t th e  p o w er su p p ly  is ad eq u a te  to  p o w er th e  system s u n d e r  fu ll load .
If a p o rtab le  g enera to r is u se d  an  em ergency  stop  an d  th e rm a l overload  sw itch  sh o u ld  be  fitted  an d  

o pera to rs m ad e  aw are  of th e  h e a lth  a n d  safety  im p lic a tio n s  of u s in g  su c h  e q u ip m e n t in  th is  e n v iro n ­
m en t. Ear p ro te c tio n  is adv ised .

N a v ig a tio n  sys tem
A  dGPS N av iga tion  system  sh o u ld  be u se d  for reco rd in g  th e  p o s itio n  of th e  to w  track.

H ow ever, it  sh o u ld  be n o te d  th a t in  m o st to w ed  v id eo  su rveys th e  p o s itio n  logged is th a t o f th e  v esse l 
itself, n o t th e  cam era  sledge. T h is lay b ack  of th e  sledge can  be co rrec ted  b y  fitting  aco u stic  tran sp o n d e rs  
to th e  sledge (O.R.E Inc. LXT Tracking System ). A lte rna tive ly , th e  lay b ack  can  be ca lc u la ted  u s in g  
‘P y th ag o ras’, from  th e  w a te r d ep th , angle of to w in g  w ire  an d  len g th  of w ire  d ep loyed .
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Personnel / t ime
N o rm ally  tw o  sk illed  an d  e x p e rien ced  opera to rs are req u ired  p lu s  th e  a ssis tan ce  of one d eck h an d .

T h e  v id eo  o p era to r sh o u ld  be e x p e rie n c ed  in  th e  tax o n o m ic  id e n tif ic a tio n  of m arin e  sp ec ies  an d  
b io topes.

T h e  tim e  to  sam p le  is u su a lly  re la ted  to  e n su rin g  b est lik e lih o o d  of ca lm  c o n d itio n s  an d  th e  sam e tim e 
of year as for p rev io u s  su rveys. T herefo re , su m m er is u su a lly  b e s t o n  th e  o p en  coast

Method

Field
If th e  co n tro l u m b ilica l of th e  cam era  is n o t lo ad  bearing , th e  sledge sh o u ld  be d ep lo y ed  over th e  side  
or rear of th e  su rv ey  vesse l an d  a ttach ed  to  th e  w ire  w arp  b y  cab le  ties. W eak lin k s m ay  be u sed  b e tw een  
th e  sledge a n d  th e  u m b ilica l. A n  em ergency  recovery  b u o y  sh o u ld  be a tta ch ed  to th e  rear of th e  sledge 
as d esc rib ed  in  S h an d  a n d  P rie s tly  (1999).

The vessel should  m ain tain  slight forw ard w ay to allow  the cam era sledge to stream  out behind . Once 
in  the w ater the video cam era and lights can be sw itched  on and  the video operator can m onitor the 
descent. Once the sledge is on the bottom  the w inch  operator and m aster shou ld  be advised.

It is n o rm a lly  n ecessa ry  to  p ay  ou t fu rth e r cable (2 -3  tim es dep th ) u n til  th e  p rogress of th e  sledge is 
s tab ilised . Vessel sp eed  at th is  p o in t sh o u ld  be abou t 1 k n o t or less.

O nce a good q u a lity  im age is b e in g  p ro d u c e d  th e  v e sse l’s p o s itio n  sh o u ld  be n o te d  an d  th e  VCR set to 
reco rd . F o llow ing  th is , th e  v esse l p o s itio n  sh o u ld  be logged every  m in u te  (e ither m a n u a lly  or e le c tro n ­
ically ) an d  an  e x p e rie n c ed  b io lo g is t sh o u ld  m ake a p p ro p ria te ly  re fe ren ced  fie ld  no tes.

If a s till cam era  is fitted , s tills  c an  be tak en  at set tim e  in te rv a ls  or w h e n  an  ev en t of in te re s t is v iew ed  
on  th e  v id eo  m on ito r. T he p o s itio n  of each  s till sh o u ld  be n o te d  along  w ith  a d e sc rip tio n  of th e  im age.

T h e  d u ra tio n  of th e  to w  w ill d e p e n d  o n  th e  ex ten t of th e  area  of in te re s t an d  objective. Tow s are n o r­
m a lly  1 to  1.5 h o u rs ’ d u ra tio n , a lth o u g h  ce rta in  o p e ra tio n a l c o n d itio n s  m ay  a llo w  lo n g er tow s. T he 
len g th  of cab le  d ep lo y ed  m ay  be sh o rte n e d  or le n g th e n e d  d u rin g  th e  to w  if  th e  w a te r d e p th  changes 
appreciab ly .

Once the survey is com pleted the video and lights should  be sw itched  off and the cables w inched  in. 
S ide-cutters w ill norm ally  be required  to cut the cable ties and care m ust be taken to recover spen t ties. 
Film  should  be recovered from the still cam era and labelled. Com pleted videos shou ld  be labelled  and 
the security  tabs rem oved.

V ideos sh o u ld  be co p ied  to  p ro tec t th e  orig inal d u rin g  ana lysis . A  good  q u a lity  SVHS cam era , reco rd e r 
an d  tap e  sh o u ld  be u sed . If po ssib le , th e  u se  of d ig ita l cam era  techno logy , as u se d  b y  S an d e rso n  e t al. 
(1999), co u ld  be ex p lo red , a lth o u g h  th ese  are re la tiv e ly  expensive .

A  ru n n in g  co m m en ta ry  sh o u ld  be m a in ta in e d , reco rd in g  changes in  seabed  ty p e  an d  b io to p es, w h ic h  
is sy n c h ro n ise d  w ith  th e  v id eo

M a p p in g  s tudies
R un  p a ra lle l tran sec ts  at in te rv a ls  of b e tw een  100 an d  250 m etres (d ep en d in g  on  deta il req u ired ) across 
th e  area to  be su rv ey ed . E nsu re  th a t th e  p o s itio n  of th e  b o a t (or th e  sledge if  d iffe ren tia l c an  be c a lc u ­
la ted  au to m atica lly ) is reco rd ed , p re fe rab ly  on  th e  v id eo  im age. If th e  p o s itio n  of th e  sledge has to  be 
ca lcu la ted  after th e  ru n , en su re  th a t reco rds of d e p th  of th e  sledge an d  len g th  of to w in g  lin e  are kep t.

N ote  th e  b o tto m  ty p e  a n d /o r  b io to p es a long  th e  tra n se c t an d  w h ere  b o u n d a rie s  or tra n s itio n s  occur. 
R e-su rvey  b o u n d a rie s  if  th e re  is an y  p o ss ib ility  of error.

Record ing  c h a n g e  in spec ies  a b u n d a n c e  or  b io tope  c om pos i t ion
R un  tran sec ts  a long  lin e s  w h ic h  can  be re lo ca ted  in  fu tu re  years or w h ic h  w ere  ru n  in  p rev io u s  years. 
R ecord  th e  a b u n d an ce  of spec ies as d esc rib ed  below .
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Data analysis

Video analysis  for quan t i ta t ive coun ts  of spec ies  a b u n d a n c e .
T he read e r m ay  fin d  it  h e lp fu l to  refer to  M agorrian  an d  S erv ice (1998) for d e ta iled  m eth o d o lo g y  of 

th e  VFC te c h n iq u e  (K im m el, 1985).
U n d e rw a te r  v isu a l da ta  p ro v id e  im m ed ia te  q u a lita tiv e  d esc rip tio n s  of e p ib en th ic  co m m u n itie s . 

H ow ever, m an ag em en t a n d  m o n ito rin g  req u ires  q u an tita tiv e  v isu a l data. V ideo ten d s  to  be reco rd ed  in  
th e  form  of long  c o n tin u o u s  s trip s  w h ic h  n e e d  to be b ro k en  d o w n  in to  segm ents to  ex trac t m ore  d e ta iled  
in fo rm atio n . C hanges in  a ltitu d e , p itc h  an d  ro ll re su lt in  va riab le  or u n k n o w n  fie lds of v iew  of the  
im ages p ro d u ced . M ich a lo p o u lo s , A u ste r an d  M ala testa  (1992) d em o n stra te  th a t v id eo tap es  w ith  su c h  
p ro b lem s, th a t are n o t u se fu l for d en s ity  e s tim ates, can  be e n u m era ted  u s in g  sp ec ies-tim e tech n iq u es . 
T hese  te c h n iq u e s  su b s titu te  tim e  for area  a n d  p ro d u c e  estim ates of re la tiv e  ab u n d a n c e  of spec ies b ased  
on  tim e. O ne su c h  te c h n iq u e  is th e  R ap id  V isual C oun t (RVC) m eth o d . H ere tim e  is b ro k en  d o w n  in to  
five reg u la r tim e  in te rv a ls  an d  a spec ies is reco rd ed  as p re se n t in  th e  in te rv a l w h ere  it is first seen. RVC 
spec ies scores are b a sed  on  a w e ig h ted  o rd er of en c o u n te r  th a t does n o t take  ab u n d a n c e  in to  acco u n t. If 
a spec ies w as seen  d u rin g  th e  first segm ent, it  rece iv ed  a score of 5, in  th e  seco n d  segm en t a score of 4, 
th ird  segm en t 3 an d  so on. R elative a b u n d an ce  w as ca lc u la ted  b y  d iv id in g  th e  score of th e  sp ec ies  by  
th e  su m  of scores of a ll spec ies (K im m el 1985; M ich a lo p o u lo s  et al. 1992). H ow ever, D eM artin i an d  
R oberts (1982) suggest th a t th e  RVC te c h n iq u e  is in accu ra te  b ecau se  th e  spec ies are sco red  so le ly  on  th e  
basis  of en c o u n te r  an d  it m akes n o  p ro v is io n  for v a ry in g  sp a tia l d is tr ib u tio n  of d iffe ren t species. 
A n o th e r te c h n iq u e , th e  V isual F ast C oun t (VFC), invo lv es  co u n tin g  th e  ac tu a l n u m b e r of in d iv id u a ls  
d u rin g  each  tim e  in te rv a l. E ach  tim e  in te rv a l is g iven  a score w h ic h  re p re se n ts  ex p ec ted  freq u en cy  of 
o ccu rren ce  in s te a d  of a rb itra ry  in te rv a l scores, an d  ab u n d a n c e  estim ates are b ased  on  th e  p ro d u c t of 
in d iv id u a l spec ies co u n ts  an d  th e  tim e  in te rv a l score (K im m el 1985). K im m el co m p ared  th ree  v isu a l 
te ch n iq u es  an d  fo u n d  th a t RVC re la tiv e  a b u n d an c ie s  w ere  s ig n ifican tly  d iffe ren t from  th o se  of th e  VFC 
an d  tra n se c t m e th o d s. He suggests th a t if  tran sec t m e th o d s  (perfo rm ed  b y  d ivers) are a ssu m ed  to  be th e  
m ost accu ra te , th e n  VFC y ie ld s  m ore  accu ra te  re la tiv e  ab u n d an c ie s . M ich a lo p o u lo s , A u ste r an d  
M ala testa  (1992) also  fo u n d  VFC to be  m ore  c lo se ly  co rre la ted  w ith  th e  tran sec t m e th o d  th a n  th e  RVC 
m eth o d . V isual analy sis  m ay  u n d e re s tim a te  a b u n d an c ie s  of sm all an d  c ry p tic  species.

W hile the m ethod described here w ill allow  analysis using video data only, considerable extra in for­
m ation m ay be gained from the use of still photography (see below). The increasing developm ents in  
digital im aging processing should  also be noted.

E ach v id eo  is rep lay ed  a n d  fie ld  n o tes  are ex p a n d e d  to  in c lu d e  m ore  d e ta iled  d esc rip tio n s  of th e  b o t­
to m  ty p e , b e n th ic  co m m u n itie s , a n d  d o m in a n t ep ifauna.

Short tim e sections of video w ith  lim ited  w ater turbidity , a slow  tow  speed, constant bottom  contact 
and no w eed obscuring the view, shou ld  th en  be selected for further analysis using the VFC technique.

Each section of videotape analysed can be treated  as a separate sam ple, w hich  m ay be used  for statis­
tical procedures. If the B ray-C urtis sim ilarity  coefficient is used  its sensitiv ity  to skew ed species d istri­
b u tion  and dom ination  by species w ith  higher abundances shou ld  be noted. In order to reduce this 
effect the data should  be transform ed using a double square root transform ation.

R an d o m  sam p les  m ay  be se lec ted  u s in g  ra n d o m  n u m b e r genera to rs.

Q uant i t a t ive  analysis  of  still (35m m  c o lou r  t ransparency)  pho tographs
E ach s till p h o to g ra p h  (m oun ted ) is p ro jec ted  in  tu rn  on to  th e  sc reen  of a p o rtab le  s lid e  p ro jector. A n  
aceta te  g rid  of 1cm  squares, th e  sam e size as th e  im age, is ov erla id  on  th e  screen . T he p e rcen tag e  cover 
of each  spec ies is e s tim a ted  b y  co u n tin g  th e  n u m b e r of squares in  w h ic h  each  spec ies o ccu rred  an d  th e n  
d iv id in g  th is  b y  th e  to ta l n u m b e r of squares.

If sed im en t, w eed  or p o o r re so lu tio n  re n d e re d  a square  u n re a d a b le  th e n  th a t square  sh o u ld  d isca rd ed  
an d  th e  p e rcen tag e  cover b ased  on  th e  rem a in in g  n u m b e r of squares.

If in d iv id u a ls  of ce rta in  spec ies w ere  c learly  d is tin g u ish ab le  th e n  th e y  can  be  c o u n ted  an d  th e  n u m ­
b er in c lu d e d  a lo n g sid e  th e ir  p e rcen tag e  cover estim ate .
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Accuracy testing

A w eak  lin k  in  th e  an a ly sis  of v id eo  da ta  is th e  id e n tif ic a tio n  of b io to p es. W here po ssib le , ex te rn a l v a l­
id a tio n  of th e  v id eo  da ta  sh o u ld  be p u rsu e d , id e a lly  b y  som eone  w h o  has kno w led g e  of th e  su rv ey  site.

QA/QC

• V ideo tapes an d  film s sh o u ld  be c lea rly  lab e lled  w ith  date , s ite  an d  asso c ia ted  fie ld  no tes.
• Tow s sh o u ld  o n ly  go ah ead  w h e n  h o riz o n ta l v is ib ility  is >3m.
• Tow  sp eed s sh o u ld  be <1 knot.
• A naly sis  -  see ‘A ccu racy  te s tin g ’.

Data products

Video  da ta
F o llo w in g  th e  VFC tech n iq u e , each  sec tio n  of tap e  an a ly sed  is ass ig n ed  a h a b ita t category  score , d e riv ed  
from  th e  q u a lita tiv e  v id eo  d esc rip tio n s .

Stills da ta
T he percen tag e  cover of each  spec ies in  a p a r tic u la r  s till fram e sh o u ld  be ob ta ined .
S tills  sh o u ld  be a rch iv ed , reco rd in g  su rv ey  date , tim e  an d  eq u ip m en t.

Details Cost per day  
(unless specified)

Sledge and camera equipm ent £250

Boat hire from £300

Scientific officer from £143

Boat crew from £85

Cost and time

A p p ro x im ate  tim e  to  co m p le te  a 1 k ilo m etre  sledge to w  is 2 h o u rs , d e p e n d in g  on  sea co n d itio n s . T h is 
does n o t in c lu d e  tim e  tak en  to d ep lo y  an d  re triev e  th e  sledge.

A llo w  h a lf  a d ay  for v id eo  analy sis  o f a 1 -k ilom etre  to w  (also d e p e n d e n t on  h a b ita t type).
A llo w  h a lf  a day  for stills  an a ly sis  of a 1 -k ilom etre  to w  (also d e p e n d e n t on  h a b ita t type).

Health and safety

• S ta n d a rd  sh ip b o a rd  safety  in c lu d in g  w earin g  of h a rd  h a ts , life  jackets a n d  stee l c ap p ed  boo ts b y  deck  
opera tives. P referably , fie ld  staff sh o u ld  h av e  a tte n d e d  an  a p p ro p ria te  sea su rv iv a l cou rse  su c h  as 
p ro v id e d  b y  th e  S eaF ish  In d u s try  T ra in ing  B oard.

• Take p a r tic u la r  care w h e n  la u n c h in g  a n d  recovering  th e  sledge n o t to  be p u lle d  or fall overboard : use  
bo a t hooks an d  s tead y in g  ropes.

• N orm al p re c a u tio n s  sh o u ld  be  tak en  w h e n  u s in g  e lec trica l e q u ip m e n t in c lu d in g  g enera to rs on  a boat.
• Ear d efen d ers  sh o u ld  be w o rn  w h e n  u s in g  a generator.
• S taff sh o u ld  be m ad e  aw are of m a n u a l h a n d lin g  p rec a u tio n s , e sp ec ia lly  w h e n  lo ad in g  an d  u n lo ad in g  

th e  vessel.
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Procedural Guideline No. 4-1 
Sampling benthic and demersal 
fish populations in subtidal rock 

habitats
T h o m a s  A. W i ld in g ,  M ar t in  D.J. Sayer  a n d  R ob in  N. G i b s o n ,  

D u n s t a f f n a g e  M a r i n e  L a b o ra to ry 1

Background

T here  h av e  b e e n  few  d e ta iled  an d  system atic  q u a n tita tiv e  in v es tig a tio n s  of m ob ile  m acro fau n a  ca rried  
ou t in  th e  UK ro ck y  su b litto ra l zone. R ocky h ab ita ts  m ake u p  ap p ro x im a te ly  35%  of th e  UK co astlin e  
(A non. 1993), ye t ro ck y  su b litto ra l h ab ita ts  are d ifficu lt areas in  w h ic h  to  observe an d  q u an tify  an im al 
ab u n d an ce . B en th ic  spec ies p re sen t, p a rtic u la r ly  fish , are often  sm all an d  c ryp tic , w h ils t h y p e rb e n th ic  
spec ies m ay  o n ly  be tra n s ie n t o ccu p an ts . Q uan tify in g  a b u n d an ce  in  su c h  an  e n v iro n m e n t is o ften  a co m ­
p ro m ise  b e tw een  b e in g  in v as iv e  en o u g h  to  o b ta in  re liab le  q u an tita tiv e  in fo rm a tio n  an d  tak in g  care n o t 
to d is tu rb  or a lte r a b u n d a n c e  p a tte rn s .

T here  are th ree  te c h n iq u e s  d e ta iled  in  th ese  g u id e lin e s  for sam p lin g  b e n th ic  an d  d em ersa l fishes in  
th e  ro ck y  su b litto ra l zone. A  fo u rth  m e th o d  u s in g  u n d e rw a te r  te le v is io n  (UWTV) is also  in c lu d e d , b u t 
costs of e q u ip m e n t an d  asso c ia ted  analy sis  m ake it  an  u n lik e ly  ch o ice  for ro u tin e  su rv ey  w ork. T he 
m e th o d  se lec ted  w ill d e p e n d  on  th e  ob jectives of th e  su rv ey  an d  th e  sp ec ies  of in te rest. In te rsp ec ific  d if­
ferences in  sam p lin g  e ffic iency  m ake co m p ariso n s  am ong spec ies d ifficu lt. For exam ple , th e  absence  of 
a fish  sp ec ies  in  a trap  does n o t n ecessa rily  in d ic a te  th a t it  is ab sen t at th a t site , s im p ly  th a t it  d id  no t 
en te r th e  trap  at th e  tim e  of trap p in g . D esp ite  th e se  re s tric tio n s , th e  th ree  m e th o d s  d e ta iled  in  th ese  
g u id e lin e s  are su itab le  for m o n ito rin g  tem p o ra l changes in  fish  p o p u la tio n s  as long  as th e  q u a lity  a s su r­
ance  p ro ced u re s  o u tlin e d  b e lo w  are fo llow ed.

R ocky su b litto ra l spec ies co m m o n ly  seen  by  SCUBA d ivers in c lu d e  cod  (G adus m o rh u a  (L.)) first year 
ju v en ile s , tw o -sp o t goby (G o b iuscu lus fla v e sc e n s  (Fabricus)) an d  le o p a rd -sp o tte d  goby (T horogobius  
e p h ip p ia tu s  (Lowe)). G o ld s in n y  w rasse  (C teno labrus ru p es tr is  (L.)) ad u lts  are te rr ito ria l an d  re la tiv e ly  
easily  seen  b y  d ivers, as is th e  rock  cook  (C teno labrus exo le tu s  (L.)), a lth o u g h  d u rin g  su m m er m o n th s  
th e  la tte r  spec ies te n d s  to  sho a l over w eed y  su b tid a l areas m ak ing  q u a n tif ic a tio n  d ifficu lt.

Purpose

To p ro v id e  as accu ra te  an  estim ate  as p o ssib le  of th e  ab u n d an ce , spec ies r ich n ess  an d  age s tru c tu re  of 
fishes in  su b tid a l ro ck y  h ab ita ts .

Appl icab le  to the  fol lowing att r ibutes
S am p lin g  fish  p o p u la tio n s  w ill be a p p ro p ria te  for a ttrib u tes  co n cern in g  b io to p e  q u a lity  in  te rm s of 
spec ies r ich n ess  an d  th e  a b u n d an ce  of sp ec ies  an d  for de tec tin g  w h e th e r areas of im p a c t aw ay  from  
p o in t sou rces are ex p an d in g  or con trac ting . G eneric  a ttrib u tes  are:

• M a in ta in  or in c rea se  th e  spec ies r ich n ess  in  th e  b io to p e  a n d /o r  a b u n d an ce  of key  sp ec ies  (rare, 
fragile, d ec lin in g , rep resen ta tiv e) in  b io topes.

• M a in ta in  or in c rease  th e  q u a n tity  of p a r tic u la r  spec ies of co n se rv a tio n  im p o rtan ce  (rare, fragile,

1 P. O. Box 3, Oban, Argyll, PA34 4AD.
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d ec lin in g  spec ies -  th o se  for w h ic h  th e  site  is ‘sp e c ia l’).
• R educe  th e  ex ten t of im p a c t of p o in t so u rce  d is tu rb an ce .

Appl icab le  to the  fol lowing  survey object ives

• E stab lish /re -e s tab lish  th e  sp ec ies  w h ic h  are p re se n t in  b io to p es  at a site  in c lu d in g  th e ir  a b u n d an ce  
an d  b io m ass w ith in  s ta tis tic a l lim its .

• E stab lish  th e  sp ec ies  p re se n t in  b io to p es a n d  th e ir  d e n s ity  w ith in  d e fin ed  s ta tis tic a l lim its .
• E stab lish /re -e s tab lish  th e  spec ies w h ic h  are p re se n t a long  a g rad ien t of change aw ay  from  a p o in t 

sou rce  of d is tu rb an ce  in c lu d in g  th e ir  ab u n d a n c e  an d  b iom ass w ith in  s ta tis tic a l lim its .

Methods

Fyke net ting
Fyke nets  co n sis t of a one or m ore  lead er n e ts  w h ic h  d irec t fish  in to  a co n ica l-sh ap ed  n e t h e ld  o p en  by  
m eta l rings. T he con ica l n e t com prises a series of in te rco n n ec tin g  n e ts  w ith  one-w ay  en try  doors w h ic h  
trap  the  fish  (Van der Veer e t al. 1992). A lth o u g h  th ey  can  be u sed  singly, fyke n e ts  are u su a lly  so ld  in  
pairs . F leets of fyke nets  can  be jo ined  toge ther in to  a lin e  to sam ple  a m u c h  larger area. In  som e c ir­
cum stances it  m ay  be desirab le  to  d is tin g u ish  fish  th a t have  e n co u n te red  th e  lead er n e t from  d ifferen t 
d irec tions; th e  n e t describ ed  by  B aelde (1990) co u ld  easily  be m o d ified  to  p ro d u ce  d irec tio n a l in fo rm a­
tion . To p rev en t otters en te rin g  th e  n e t an d  d row ning , o tter boards sh o u ld  be a ttached . Fyke nets  are no t 
su itab le  for u se  in  areas of strong  cu rren ts . W here th e  n e t is lik e ly  to be ex p o sed  to m o d era te  cu rren ts  it 
sh o u ld  be v e ry  firm ly  a ttach ed  to  m eta l stakes h am m ered  in to  th e  su b stra tu m  b y  d iver (w here possib le) 
or h eav ily  w eigh ted . C urren ts are lik e ly  to in te rfe re  w ith  th e  p erfo rm ance  of th e  lead er n e t (by p u sh in g  
it  over) an d  m ay  cause th e  n e t fu n n e l to ro ll over th e  su b stra tu m . Fyke nets  can  be u se d  for sh o rt p e r i­
ods, an d  w h ere  strong  tid a l cu rren ts  are lik e ly  to  be en co u n te red , th e y  sh o u ld  be u sed  d u rin g  slack  w ater.

Equipment
• Fyke n e t (C ollins N ets, B ridpo rt, D orset) an d  o tter board s
• Boat
• S h o t w e ig h t (at least 10kg p e r p a ir  of fyke nets)
• P ro tec tive  an d  safety  c lo th in g  (gloves, o ilsk ins, b u o y an cy  su its , life jackets, etc.)

Personnel
A t  leas t tw o staff (p lus a b o a t sk ipper).

Technique
Sew  th e  o tter b o ard s in to  th e  m o u th  of th e  n e t fu n n e l as d irec ted  b y  th e  m an u fac tu rer. A ttach  th e  sho t 
w e ig h t to th e  c lo sed  e n d  of one of th e  n e ts  an d  th e n  lo w er it  to th e  b o tto m  u s in g  th e  n e t (there  is no  
n e e d  to  a ttach  an  a d d itio n a l len g th  of rope). W h en  th e  w e ig h t reach es th e  b o tto m  th e  re st of th e  fleet can  
be p a id  ou t as th e  bo a t s lo w ly  reverses. M ost fish  in  th e  rocky  su b tid a l m ove p a ra lle l to  th e  shore , an d  
there fo re  th e  n e t sh o u ld  be o rien ta ted  p e rp e n d ic u la r  to  th e  shore. It is u se fu l to  su rv ey  th e  site  v isu a l­
ly, p rio r  to  d ep lo y in g  th e  fleet, to  check  for obstacles. A reas w ith  large b o u ld e rs , v e ry  steep  slop es/c liffs  
an d  d e tr itu s  w h ic h  c o u ld  b ecom e en tan g led  in  th e  n e t sh o u ld  be avo ided . If d ep lo y in g  th e  n e t on  a 
s teep ly  s lo p in g  su b s tra tu m  a ttach  an  ex tra  long  sh o t lin e  an d  u se  a larger buoy. T h is lay o u t red u ces  the  
ch an ces of lo sin g  th e  n e t if  it  is d ep lo y ed  slig h tly  off s ite  a n d  w h e re  th e  w e ig h t of th e  fleet p u lls  the  
m ark er b u o y  u n d e r  th e  w ater. R ecovery  is a ch iev ed  by  liftin g  th e  b u o y ed  ro p e  an d  fish  can  be rem oved  
from  th e  en d  co m p artm en t b y  u n ty in g  th e  en d s of th e  n e t (see F igure  1).

U A ip . Lll̂ ^
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Figure 1 Fyke net
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Cost and time
Boat d e p lo y m e n t a n d  reco v ery  takes a ro u n d  5 m in u te s  p e r n e t p a ir  (Sayer et al. 1996). R em oving  th e  
fish  takes c. 10 m in u te s . F ish in g  tim e  d ep en d s  on  th e  su rv ey  objectives b u t fyke n e ts  are  co m m o n ly  left 
in  p o s itio n  for one day  or one tid a l cycle  (T reasurer 1996). Fyke n e ts  cost £ 5 0 -£ 3 0 0  d ep e n d in g  on  size 
(pers.com m . C ollins N ets, te le p h o n e  013808 427352).

Advantages

• m ore  objective th a n  v isu a l cen su s
• cost effective
• easy  to  u se
• n o n  d es tru c tiv e  (fish  are m a in ta in e d  alive)

Disadvantages

• re s tr ic te d  d e p th  range (c. 15m  m ax im um )
• th e re  are p ro b lem s re la tin g  ca tch  w ith  th e  ac tu a l p o p u la tio n ; th e  ca tch in g  p o w er is u n k n o w n  for m ost 

sp ec ies  an d  m ay  v a ry  acco rd in g  to seaso n  a n d  o ther factors (D arw all e t al. 1992)
• c an n o t be su ccessfu lly  u se d  in  areas sub jec t to  ev en  m o d era te  cu rren ts

Trapping
T he target sp ec ies  an d  objectives of th e  su rv ey  w ill d ic ta te  th e  o p tim u m  trap  ty p e  to  use. T raps are very  
sp ec ies-se lec tiv e  an d  w ith o u t a th o ro u g h  u n d e rs ta n d in g  of re la tiv e  ca tch  e ffic iency  th e  da ta  g en era ted  
sh o u ld  n o t be u se d  to  p re d ic t re la tiv e  ab u n d an ces  of d iffe ren t fish  species. Traps for u se  in  fish  su rveys 
are often  m o d ified  co m m erc ia l trap s  an d  can  be d ep lo y ed  e ith e r  from  a b o a t or from  th e  shore. For 
spec ies su c h  as w rasse  m o d ified  N ep h ro p s  cree ls can  be u sed . A lth o u g h  sm alle r trap s  are m an u fac tu red  
(e.g. for crayfish) th e y  do n o t seem  to be effective for sm all fish  su c h  as gobies. C heap, effective traps 
can  be m ad e  from  p la s tic  m esh  (K ruuk et al. 1988). Bait can  be u se d  to  encou rage  ce rta in  fish  spec ies to 
en te r th e  trap . Baits co m m o n ly  u sed  in c lu d e  c ru sh e d  m u sse ls , crab, sa lted  fish  an d  b ro k en  sea u rch in . 
T he u se  of b a its  can , how ever, re su lt in  b ia se d  re su lts  b ecau se  one b a it m ay  a ttrac t a p a r tic u la r  species 
to th e  e x c lu s io n  of o thers. In  ad d itio n , it  is n o t k n o w n  if  te rr ito ria l fish , su c h  as g o ldsinny , w ill m ove 
across ad jacen t te rrito rie s  to en te r a trap . T rapp ing  effic iency  is g overned  b y  a n u m b e r of factors, in c lu d ­
ing  b a it type , fish  ac tiv ity  an d  b eh av io u r (w h ich  d e p e n d s  in te r  alia  on  season), an d  w h ere , in  re la tio n  
to fish  territo ry , th e  trap  is dep lo y ed . C onsequen tly , accu ra te  a b u n d an ce  estim ates  u s in g  trap  da ta  are 
d ifficu lt to  m ake. H ow ever, for a g iven  spec ies, date , tim e  of day, lo c a tio n  a n d  tid e , th e  ca tch  effic iency  
sh o u ld  be sim ilar. D ata th u s  g en era ted  in d ic a te  re la tiv e  n u m b ers  an d  can  be u se d  to m o n ito r yearly  
changes in  p o p u la tio n . T raps are qu ite  ro b u s t an d  can  be  d ep lo y ed  in  areas of m o d era te  c u rre n t an d  over 
ro u g h  g round . H ow ever, th e y  can  foul on  d e tr itu s  an d  it  is ad v isab le  to have  som e in d ic a tio n  of th e  su b ­
stra tu m  ty p e  an d  th e  p re sen ce  of d e tritu s  a t th e  p ro p o se d  site. Traps can  be m o v ed  by  o th e r u se rs  in  the  
area, so avo id  p la c e m e n t close to  anchorages or areas su b jec t to  fish ing  activity .

Equipment

• traps (Gael Force M arine Equipm ent, Stornoway; or Caithness Creels Ltd, Wick), rope and buoys
• boat
• b u cke ts
• sca le s /m easu rin g  b o ard  if  req u ired
• b a it (if req u ired )
• p ro tec tiv e  c lo th in g  (gloves, boo ts, su rv iv a l su its , o ilsk ins, life  jackets, su rv iv a l su its , etc.)

Personnel
Two staff.

Technique
To avo id  en tan g lem en t th e  fleet sh o u ld  be rigged as sh o w n  in  F igure  2. T h ro w  th e  first trap  of th e  fleet 
in to  th e  w ater, over th e  c h o sen  site , an d  lo w er b y  th e  ro p e  a tta ch ed  to  th e  o th e r trap s , d ep lo y in g  th ese  
as necessary . A ttach  a ro p e  an d  b u o y  to  th e  g ro u n d  ro p e  an d  lo w er th is  to  th e  bo ttom . R everse th e  boat 
aw ay  after th ro w in g  in  th e  firs t trap  w h ils t d ep lo y in g  th e  o thers. W here access p e rm its , trap s  can  be



342 M arine M onitoring H an d b o o k

d ep lo y ed  from  th e  sho re  or pier. In  w a te r d eep er th a n  10m , re triev a l sh o u ld  be re la tiv e ly  slow  to red u ce  
th e  r isk  of fish  dam age th ro u g h  p re ssu re  changes. For a fleet of five trap s th e  g ro u n d  rope  sh o u ld  be  c. 
30m  w ith  a 3 -5 m  trap  rope  sep ara tin g  each  trap  from  th e  g ro u n d  ro p e  (Figure 2).

“T nrurJ mjp# I I I  nYi
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Figure 2 Suggested  layout of  a f leet of five traps

Cost and time
A fleet of five trap s  can  be d ep lo y ed  in  10 m in u te s . R ecovery  tim e  is sim ilar. F ish  are easily  rem o v ed  by  
o p en in g  th e  trap . A n y  m easu rem en ts , as d ic ta ted  by  th e  sam p lin g  p ro to co l, can  th e n  be  m ade . P rices for 
trap s  can  be  o b ta in ed  from  C ollins N ets, 01308 427352.

Advantages

• m ore  ob jective th a n  v isu a l cen su s
• cost-effective
• easy  a n d  q u ick  to  dep lo y
• can  be d ep lo y ed  for sh o rt p e rio d s  (c. Ih r)

Disadvantages
• v e ry  species- an d  s ize-se lec tive  (som e co m m o n  spec ies c a n n o t be sam p led  u s in g  traps)
• p e rce iv ed  as co m p e titio n  b y  local f ish e rm en
• th e re  are p ro b lem s re la tin g  ca tch  w ith  th e  ac tu a l p o p u la tio n ; th e  ca tch in g  p o w er is u n k n o w n  for m ost 

spec ies a n d  m ay  v a ry  acco rd in g  to  seaso n  an d  o ther factors (D arw all e t al. 1992)

SCUBA diver  observat ion
SCUBA tech n o lo g y  a llow s d irec t o b serva tion , id e n tif ic a tio n  an d  c o u n tin g  of fish. H ow ever, th e  close 
p re sen ce  of SCUBA d ivers can  affect fish  b eh av io u r an d  th is  m u s t be c o n s id e red  w h e n  u s in g  su c h  te c h ­
n iq u es  (C hapm an  an d  A tk in so n  1986; C ostello  1992). C ensuses b y  SCUBA d iver u s in g  tran sec ts  or p o in t 
co u n ts  can  be a u se fu l w ay  to  m o n ito r long -te rm  fish  p o p u la tio n  changes. H ow ever, th e  e ffic iency  of th is  
te c h n iq u e  is d e p e n d e n t in te r  alia  on  sp ec ies, d iver, season , u n d e rw a te r  v is ib ility  an d  w eather. T h is 
te c h n iq u e  is, therefo re , sub jec t to  co n sid e rab le  ex p e rim en ta l e rro r an d  c an n o t accu ra te ly  be u sed , for 
exam ple , to  co m p are  re la tiv e  a b u n d an ce  of d iffe ren t species. T ransects u se d  in  fish  su rv ey  re sea rch  are 
u su a lly  p e rm a n e n tly  fixed  b e lt-tran sec ts  an d  accu ra te ly  d e lin ea te  a fin ite  area. W here  th e  e s tab lish m en t 
of ro p e  tran sec ts  is im p rac tica l (e.g. b ecau se  of th e  p re sen ce  of v e ry  large b o u ld e rs  or if  th e  site  is u sed  
for o ther p u rp o ses) p o in t co u n ts  can  be u n d e rtak en . T hese  can  be  in  th e  form  of fixed , m ark ed  s ta tions 
w h ere  a d iver s tops an d  co u n ts  th e  fish, or a series of sh o rt (1—5m) fixed  tran sec ts . In  ce rta in  c irc u m ­
stances in d iv id u a l fish  refuges can  be m ark ed  an d  m o n ito red . T h is te c h n iq u e  ap p lie s  p a r tic u la r ly  to  te r ­
rito ria l fish  w h ere  in d iv id u a ls  can  be id e n tif ie d  an d  reco rd ed  over ex te n d e d  p e rio d s . F ix ed  b e lt- tra n ­
sects sh o u ld  be u sed  in  p re fe ren ce  to  s im p le  lin e  tran sec ts  or p o in t co u n ts  w h en ev e r p rac tica l an d  are 
d esc rib ed  in  th e se  g u id e lin es .

T h e  fo llow ing  g enera l q u es tio n s  sh o u ld  be  c o n s id e red  w h e n  in itia tin g  a v isu a l census:

• D epth : can  th e  w o rk  be ad eq u a te ly  ca rried  ou t w ith in  d e p th -im p o se d  re s tr ic tio n s  on  d iv in g  tim e? 
Ideally , tran sec ts  sh o u ld  be less th a n  20m  deep.

• E xposure: are w in d y /ro u g h  c o n d itio n s  lik e ly  to  re s tr ic t access?
• T ide: is en o u g h  slack  w a te r tim e  availab le  ev en  d u rin g  sp rin g  tides?
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• Ease of access: is a boat required , and  if so w here w ill it be launched?
• Is the site representative of the area of interest?
• Is the area subject to heavy traffic, fishing or to boats anchoring?
• Is the site convenien t for the deploym ent of transect lines ? (Boulders over lm  diam eter should  be 

avoided.)
• Species: less abundan t species w ill require a longer search.
• D ep lo y m en t m e th o d : is a b o a t available?

Equipment
• w e ig h ted  rope
• sh o t w eigh ts ( re d u n d a n t c h a in  is ideal)
• tap e  m easu res , m ark er buoys
• 3 0 -4 5 m m  d iam ete r rig id  p lu m b in g  p ip e

Staff required
S u itab ly  q u a lified , e x p e rien ced  a n d  e q u ip p e d  d iv in g  team  (D ean et al. 1997). A t least one d iver m u s t be 
ex p e rien ced  in  id en tify in g  th e  fish  spec ies fo u n d  in  th e  rocky  su b litto ra l zone.

Technique
Transect m a n u fa c tu re  1 0 -1 5m m  d iam ete r n eg a tiv e ly  b u o y an t, b rig h tly  co lo u red , p o ly p ro p y le n e  rope  
sh o u ld  be u se d  for th e  tran sec t. F orm  th e  tran sec t w id th  by  a ttach in g  3 0 -4 5 m m  d iam ete r p la s tic  p ip e  
cu t to  th e  d es ired  w id th  of th e  tran sec t to  b o th  p ieces  of th e  tran sec t ro p e  (Figure 3). T h is w ill act to 
h e lp  m a in ta in  th e  d es ired  tra n se c t w id th  d u rin g  a n d  after d ep lo y m en t. D iv id ing  th e  tra n se c t len g th  in to  
sec tio n s can  y ie ld  a d d itio n a l v a ria b ility  da ta  w ith in  th e  tran sec t.
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Figure 3 Suggested  design for a be lt- t ransec t

D e p lo ym en t T he  p re fe rab le  m e th o d  of d ep lo y m en t req u ires  a boat. A ttach  stee l or co n cre te  w eigh ts (c. 
50kg) to one en d  of th e  tran sec t an d  lo w er it  to  th e  b o tto m  over th e  b o w  of th e  boat. By p u llin g  against 
th e  w e ig h t th e  tran sec t can  be d ep lo y ed  tau t: th e  w eig h ts  can  be reco v ered  after d ep lo y m en t if  n e c e s ­
sary. K eep th e  ro p e  from  tw is tin g  an d  w ith  th e  b o a t in  s lo w  reverse  p a y  ou t th e  tran sec t. A t reg u lar in te r ­
vals -  th e  b e s t w ay  is to  u se  p o in ts  m ark ed  b y  th e  p ip e  -a t ta c h  w eigh ts (5-10kg) to  th e  rope. W h en  th e  
w h o le  len g th  is d ep lo y ed  a ttach  a buoy, if  desired , an d  lo w er th e  en d  of th e  tran sec t to  th e  bo ttom . A fter 
d ep lo y m en t, d ivers sh o u ld  rem ove tw is ts  an d  en su re  th a t th e  tran sec t w id th  is correct. W here  a p p ro ­
p ria te , a n d  esp ec ia lly  in  areas of s trong  cu rren t, d ivers can  d ep lo y  fu rth e r b a lla s t or, w h ere  p rac tica l, 
stake th e  ro p e  to  th e  su b s tra tu m  u s in g  s to u t posts .

S hore  d ep lo y m en ts  can  be m ade , w h ere  p ip e  sp acers  an d  w eig h ts  are n o t u sed , b u t th e y  are d ifficu lt 
an d  tim e-co n su m in g .
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S u rvey in g  T he  a m o u n t of tim e  sp e n t su rv ey in g  each  tran sec t sh o u ld  be s ta n d a rd ise d  an d  is species- 
d e p e n d e n t; su rv ey in g  sm all b e n th ic  fish  w ill req u ire  a ce rta in  degree of search ing . M ore active, v isib le  
spec ies can  be c o u n te d  w h ils t sw im m in g  a s ta n d a rd  sp eed  (com m only  c. 4 m /m in 'l ) .  A s each  fish  is 
seen  it sh o u ld  be reco rd ed  on  a p re -p re p a re d  sp ec ies  lis t w ritte n  on  a w h ite  p la s tic  b o ard  w ith  a soft 
lead  p e n c il (u n d e rw a te r tap e  reco rd e rs  or su rface co m m u n ica tio n s  h av e  also  b e e n  used). T he u se  of 
u n d e rw a te r  to rch es  is re c o m m en d ed  w h e n  su rv ey in g  spec ies in h a b itin g  crev ices. To assis t in  q u an tify ­
ing  fish  in  co m p lex  areas th e  an aes th e tic  q u in a ld in e  can  be u sed . H ow ever, th is  is a co m p lex  u n d e rw a ­
te r ta sk  w h ic h  sh o u ld  o n ly  be u n d e rta k e n  by  ex p e rien ced  d ivers (Sayer et al. 1994).

Cost and time
C om m only  tran sec ts  are 3 0 -1 0 0 m  long  an d  2 -3 m  w id e  a n d  can  take u p  to  1 h o u r  to  su rv ey  (a lth o u g h  a 
d ive tim e  of 3 0 -4 0  m in u te s  is m ore  p rac tica l). A ccess tim e  to  th e  d iv in g  site  w ill d e p e n d  o n  loca tion . 
Costs a sso c ia ted  w ith  d iv ing  su rveys can  be qu ite  h ig h  (up  to  £500 p e r day).

Advantages
• Good m ethod of show ing annual change in  abundance at the same site
• Divers gain a feei for changes and  observe po ten tial causes

Disadvantages

• Lacks ob jec tiv ity  (d ifferen t d ivers see d ifferen tly )
• Relatively expensive (requires a full, tra ined  dive team)
• Requires a boat

U n d e rw a te r  television
T his te c h n iq u e  is n o n -in tru s iv e  a n d  gives a good in d ic a tio n  of th e  b e h av io u r of fish  over ex ten d ed  p e r i­
ods (a cam era  can  opera te  for >24 hours). It is p o ss ib le  to  observe fish  w h ic h  are e ith e r d is tu rb e d  by  
d iver p re sen ce  or n o t c a p tu re d  rem otely . H ow ever, th e  cam era  system  is ex p en siv e  (£15 ,000-20 ,000) 
an d  an a ly sis  of th e  v id eo  tap es  is v e ry  tim e-co n su m in g  an d  req u ires  p ro fess io n a l an a ly tica l v id eo  
reco rders. U n d e rw a te r  te le v is io n  gives a good in d ic a tio n  of th e  p re sen ce  of fish  w ith in  th e  v iew ab le  area 
of c. 2 -4 m ^  b u t is of lim ite d  u se  for a ssessm en t over la rger scales. T h is  te c h n iq u e  is th erefo re  u n lik e ly  
to  be su itab le  for ro u tin e  fish  p o p u la tio n  q u a n tif ica tio n  over large sp a tia l scales.

Accuracy testing

W here appropriate, m ethods of assessing sam pling accuracy are either outlined  or referenced in  the 
descrip tion  of m ethods given above or in  quality  assurance m easures (see below).

QA/QC

High natu ral variability  w ith in  fish popu lations and the problem s of observation and capture efficien­
cy m ean that s tandard isa tion  of techniques used  to assess a fish popu la tion  is essential if other sources 
of varia tion  are to be m inim ised. Q uality  assurance depends on the technique chosen (see advantages 
and disadvantages). However, in  general term s apparent changes in  abundance m ay sim ply  be caused 
by a change in  catchability  (Beja 1995; Costello e t al. 1995; Sayer e t al. 1994; Sayer e t al. 1996) or by 
m ovem ents into or out of the sam pling area (Allen e t al. 1992; Claridge et al. 1986; Gibson et al. 1993; 
Ross e t al. 1987). It is, therefore, difficult to link  cause and  effect unless extensive background data on 
the behaviour of the fish species of in terest are available or in tensive surveys w ith  control sites and  suf­
ficient rep lication  can be carried out (Barber et al. 1995). The techniques described in  th is section are 
w ell su ited  to detect in ter-annual changes because d irect com parisons betw een years are valid  w hen  all 
other factors associated w ith  sam pling are standardised . To reduce experim ental error and to m ake the 
survey as easy and m eaningful as possible the follow ing are recom m ended:

• Choose w ell-researched com m on species and fam iliarise the survey team  w ith  the chosen species’
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b e h a v i o u r  a n d  ec o lo gy .

• U tilise  su rv ey  m e th o d s  th a t are sim p le , th a t c an  be u n d e rta k e n  ro u tin e ly  an d  w h ere  access to  th e  sam ­
p lin g  site  is easy  an d  re liab le .

• S tan d a rd ise  th e  date  an d  tim e w h e n  th e  su rv ey  is ca rried  out. W h en  a n n u a l tren d s  are b e ing  in v e s ti­
g a ted  carry  ou t th e  su rv ey  as n e a rly  as p o ss ib le  on  th e  sam e date. M ore im p o rtan tly , su rveys m u s t be 
u n d e r ta k e n  at th e  sam e sta te  of th e  tid e  a n d  e q u iv a len t p o in t in  th e  d ie l cycle ra th e r  th a n  at a sp ec if­
ic  tim e. D usk, for exam ple , m ay  be at 16.00 in  w in te r  b u t 21.00 in  sum m er. D iving su rveys are b est 
u n d e r ta k e n  d u rin g  n eap  tid e s  b ecau se  tid a l cu rren ts  are w eaker an d  th e ir  in flu en ce  on  fish  b eh av io u r 
is therefo re  red u ced .

• P rac tise  th e  su rv ey  te c h n iq u e  (new  staff sh o u ld  be tra in e d  on  ‘d u m m y ’ sites). Id en tif ica tio n  sk ills  can  
be  te s ted  u s in g  p h o to g rap h s  or p re se rv ed  sp ec im en s and , if  es tim a tin g  size  v isua lly , u s in g  fish  m o d ­
els of k n o w n  len g th  (C ostello  e t al. 1995).

• U se, w h erev er po ssib le , th e  sam e su rv ey  team s. T h is is p a rtic u la r ly  im p o rta n t w h e n  c o n d u c tin g  v is u ­
al su rveys a n d  m a n u a l searches, b o th  of w h ic h  in v o lv e  co n sid e rab le  skill.

• M a in ta in  sk ill c o n tin u ity  d u rin g  p e rso n n e l changes by  tra in in g  all m em bers of th e  su rv ey  team  in  
every  asp ec t of th e  su rv ey  tech n iq u e .

• If sp u rio u s  re su lts  are su sp e c te d  be  p re p a re d  to  ch eck  th e  fish ing  gear (if re levan t) a n d  p o ss ib ly  rep ea t 
th e  survey. R epeat su rveys on  su ccessiv e  days to  get an  in d ic a tio n  of day-to -day  v a ria b ility  an d  in c o r­
p o ra te  th ese  da ta  in  an y  s ta tis tica l analysis .

• E xpect large v a ria tio n  in  fish  ab u n d an ce . W here assessing  in te r-a n n u a l v a riab ility  a m in im u m  of th ree  
years da ta  is req u ired .

Data products/analysis

S u rv ey  w o rk  w ill n o rm a lly  g enera te  d a ta  on  sp ec ies, a b u n d a n c e  a n d  size. A n a lysis  w ill d e p e n d  on  th e  
ex p e rim en ta l p ro to co l an d  sh o u ld  be d one  u s in g  s ta n d a rd  s ta tis tic a l te c h n iq u e s  (Sokal a n d  R oh lf 1995). 
F ish  p o p u la tio n s  sh o w  h ig h  in te r-a n n u a l v a ria b ility  an d  th is  m u s t be c o n s id e red  before  d raw in g  c o n ­
c lu s io n s  reg ard in g  cause  a n d  effect. P rio r to  th e  survey, an d  d e p e n d in g  on  th e  su rv ey  objectives, it  is 
adv isab le  to  m easu re  th e  v a ria b ility  of th e  factors of in te res t. C arry ing  ou t su rveys on  successiv e  days 
gives an  in d ic a tio n  of th e  re lia b ility  of th e  su rv ey  d a ta  an d  th e se  da ta  can  be u se d  to p re d ic t th e  n u m ­
b er of su rveys th a t w ill be  req u ired  to  sh o w  sig n ifican t changes (C hapter 9 in  Sokal a n d  R o h lf 1995). 
C om parisons of a b u n d an ce  b e tw een  spec ies sh o u ld  alw ays take in to  a cco u n t th e ir  d iffering  ca tch ab ili- 
ties. If th e  re su lts  of th e  su rv ey  sh o w  a sig n ifican t change in  fish  p o p u la tio n  th is  m ay  be cau sed  b y  n a t­
u ra l causes (C ollette 1986; H en d e rso n  1989; Rogers an d  M illn e r 1996). W here  a s ig n ifican t fish  p o p u la ­
tio n  change has b e e n  sh o w n  an d  te n ta tiv e ly  lin k e d  to  a cause, it  is re co m m en d ed  th a t a d d itio n a l tests 
be ca rried  out, th e  n a tu re  of w h ic h  w ill d e p e n d  o n  th e  p ro p o se d  cause. W here p o llu tio n  is su sp e c te d  as 
a s ig n ifican t factor th e  re lev an t au th o ritie s  sh o u ld  be co n tac ted  (E n v iro n m en t A gency, E n g land  an d  
W ales or th e  S co ttish  E n v iro n m en t P ro tec tio n  A gency).

Health and safety

M em bers of staff em p lo y ed  to  u n d e rta k e  d iv in g  su rv ey  w o rk  m u s t be  su itab ly  q u a lified  an d  obey the  
ru les  an d  reg u la tio n s as s tip u la te d  b y  th e  H ea lth  an d  Safety  D iv ing  O p era tio n s at W ork R egu la tions 
(D ean e t al. 1997). In  ad d itio n , in d iv id u a l o rg an isa tio n  codes of c o n d u c t re la tin g  to  fie ld w o rk  m u s t be 
a d h e red  to. W h en  em p lo y in g  ex te rn a l d iv in g  co m p an ies  to  u n d e rta k e  d iv in g  w ork , y o u r o rgan isa tio n  
w ill have  co n sid e rab le  re sp o n s ib ilitie s  as th e  d iv ing  con trac to r. If accessing  th e  d iv in g  site  from  th e  
shore , care m u s t be ta k e n  to  avo id  s lip p in g . S u itab ly  q u a lified  b o a tm en  m u st be em p lo y ed  w h e n  access­
ing  th e  s ite  u s in g  a bo a t a n d  all c rew  m u st w ear a p p ro p ria te  safety  clo th ing .
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Procedural Guideline No. 4-2 
Recording benthic and demersal 

fish in dense vegetative cover
T h o m a s  A. W i ld in g ,  Rob in  N. G i b s o n  a n d  M ar t in  D.J. Sayer,  

D u n s t a f f n a g e  M a r i n e  L a b o ra to ry 1

Background

In  tem p era te  m arin e  w aters  seagrass (Z ostera  spp .) m ead o w s an d  k e lp  (L am inaria  spp .) forests co m ­
m o n ly  form  den se  s tan d s  of vege ta tion . T he im p o rtan ce  of seagrass b eds as n u rse ry  areas for fish  is 
w id e ly  accep ted  a lth o u g h  ex cep tio n s  are rep o rted  (Jenkins an d  W h eatley  1998 an d  re ferences there in ). 
K elps co m m o n ly  d o m in a te  h a rd  su b stra ta , in  b o th  sh e lte red  a n d  ex p o sed  lo ca tio n s. T h ey  are fo u n d  from  
th e  in te r tid a l zone  d o w n  to 30m  (a lth o u g h  k e lp  forests are g en era lly  fo u n d  in  sh a llo w er w ater) an d , as 
su ch , form  an  im p o rta n t p a r t of m a n y  m arin e  b io to p es. S am p lin g  in  den se  v eg e ta tio n  is te c h n ic a lly  d if­
ficu lt (K uslan  1984) an d  sh o u ld  o n ly  be u n d e rta k e n  w h e n  an  a ssessm en t of th e  fish  p o p u la tio n  in  th e  
v eg e ta tio n  is sp ec ifica lly  req u ired . If a lte rn a tiv es  are ava ilab le  th e y  are to  be reco m m en d ed , for ex am ­
p le , an  estim a te  of fish  a b u n d an ce  w ith in  d en se  v eg e ta tio n  can  be m ad e  b y  sam p lin g  fish  o u ts id e  th e  
veg e ta ted  zone (B aelde 1990). If th e  k e lp  d e n s ity  does n o t p re c lu d e  th e  u se  of d ivers or trap s  th e n  th ese  
te ch n iq u es  sh o u ld  be u se d  as d iscu ssed  in  P ro ced u ra l G u id e lin e  No. 4-1 ‘S am p lin g  b e n th ic  an d  d em er­
sal fish  p o p u la tio n s  in  su b tid a l ro ck  h a b ita ts ’. A d d itio n a l m e th o d s  for sam p lin g  fish  sp ec ifica lly  w ith ­
in  k e lp  or o ther d en se  algal co m m u n itie s  are n o t w id e ly  rep o rted  in  th e  lite ra tu re  a n d  for th is  reaso n  
on ly  one m e th o d  is d esc rib ed  here.

Two sp o t gobies [G obiuscu lus fla v e sc e n s  (Fabricus)) are co m m o n ly  fo u n d  am ong den se  v eg e ta tio n  b u t 
m ove in to  sh a llo w  (in te rtid a l) areas d u rin g  sum m er. A lso freq u en t are th e  te rr ito ria l spec ies g o ld s in n y  
[C tenolabrus ru p es tr is  (L.)) an d  co rkw ing  [C renilabrus m e lo p s  (L.)). T hree- an d  fifteen- sp in e d  s tick le ­
backs [G asterosteus a cu lea tu s  (L.) an d  S p in a c h ia  sp in a ch ia  (L.) re spec tive ly ) m ay  also  be found .

Purpose

To provide as accurate an  estim ate as possible of the abundance, species richness and age structure of 
fishes found in  densely vegetated environm ents.

Appl icab le  to the  fol lowing att r ibutes
Sam pling fish popu lations w ill be appropriate for attributes concerning biotope quality  in  term s of 
species richness and the abundance of species and for detecting w hether areas of im pact aw ay from 
po in t sources are expanding or contracting. Generic attributes are:

• M easure the species richness in  the biotope and /o r abundance of key species (rare, fragile, declining, 
representative) in  biotopes.

• M easure the quantity  of particu lar species of conservation im portance (rare, fragile, declin ing species 
-  those for w h ich  the site is ‘specia l’).

Also applicable to the following baseline survey objectives:

• Establish/re-establish  the species w h ich  are present in  biotopes at a site includ ing  their abundance 
and  biom ass w ith in  statistical lim its.

1 P.O. Box 3, Oban, Argyll, PA34 4AD.
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• E stab lish  th e  spec ies p re se n t in  b io to p es  an d  th e ir  d e n s ity  w ith in  d e fin ed  s ta tis tica l lim its .
• E stab lish /re -e s tab lish  th e  spec ies w h ic h  are p re se n t a long  a g rad ien t of change aw ay  from  a p o in t 

sou rce  of d is tu rb an ce  in c lu d in g  th e ir  ab u n d a n c e  an d  b iom ass w ith in  s ta tis tic a l lim its .

Methods

Four m ethods of sam pling are described: three for sam pling in  seagrass (Floorless pop net, Beach seine 
and Others) and  one for sam pling in  dense kelp forests (Stipe rem oval and analysis).

Floorless p o p  net
T hese sim p le  system s offer an  excellen t m eth o d  of trap p in g  fish  w ith in  a w e ll-defined  area. T hey  consist 
of a b u o y an t n e t cu rta in  w h ich , w h en  released , rises from  the  su b stra tu m  trap p in g  fish. F ish  caugh t can  be 
co llec ted  using  a sm all se ine  (described  below ) or h a n d  net. H an d  n e ttin g  m ay be easier if  u se d  in  co n ­
ju n c tio n  w ith  the  anaesthetic  q u in a ld in e  (see P rocedura l G uideline  No. 4-4 ‘S am pling  fish  in  rock  p o o ls ’).

Equipment
• 25m m  d iam ete r PVC p ip e
• n e tting ; 25m  x  m ax. w a te r d e p th  of sam p lin g  site , m esh  size 1m m
• b a lla s t (ch a in  an d  co n cre te  b locks)
• w ire  or rope
• p la s tic  b ucke ts
• p ro tec tiv e  c lo th in g  (gloves, w ad ers , o ilsk in s , etc.)

Personnel
A t  leas t tw o staff to  d ep lo y  an d  trigger th e  net.

Technique
C o n n o lly  (1994) d escribes th e  fo llow ing  m eth o d . U sing  25m m  d iam ete r PVC p ip e  m ake a square  cover­
ing  an  area of 25m 2. E nsu re  a ll jo in ts  are sea led . A ttach  a 1 .4m  h ig h  fibreglass n e t of 1m m  m esh  size to 
th e  p ip e . A t th e  b o tto m  of th e  n e t a tta ch  b a lla s t (a lig h t c h a in  m ay  be su itab le). In  th e  fie ld  stake an d  
p u s h  th e  b o tto m  of th e  n e t in to  th e  su b s tra tu m  a n d  n e a tly  co n ce rtin a  th e  n e t u n d e r  th e  p ip e . P u sh  the  
p ip e  d o w n  u n til  it  is f lu sh  w ith  th e  su b s tra tu m  (or as n e a r as p ra c tic a lly  possib le). R est co n cre te  b locks 
over th e  p ip e  an d  leave for one tid a l cycle. T he objective is to  m ake th e  p o p  n e t as in c o n sp ic u o u s  as 
p o ssib le , th e reb y  red u c in g  th e  effect of th e  gear on  an y  su b seq u en t fish  ca tches. O n  th e  fo llow ing  h ig h  
tid e , an d  u s in g  10m  long  w ires  a tta ch ed  to  th e  co n cre te  b locks, s im u lta n e o u s ly  p u ll a ll th e  b locks off 
th e  b u o y a n t p ip e . T h e  b u o y a n t p ip e  th e n  lifts  th e  n e t off th e  su b s tra tu m  a n d  trap s  an y  fish  w ith in  its 
b o u n d a rie s . A  s im ila r b u t sm alle r trap  (9 .3m 2) has b e e n  d esc rib ed  in  Serafy  e t al. (1988) an d  w o u ld  be 
p a rtic u la r ly  u se fu l w h ere  ease an d  sp eed  of c o n s tru c tio n  is of p a ra m o u n t im p o rtan ce . In  b o th  th e  above 
exam ples fish  tra p p e d  in  th e  p o p -n e t w ere  rem o v ed  b y  w ad in g  ou t to  th e  n e t an d  u s in g  a sm all se ine  
net. C o n n o lly  (1994) rem o v ed  th e  fish  im m e d ia te ly  after th e  re lease  of th e  p o p  n e t w h ile  Serafy  e t al. 
(1988) rem o v ed  th e  v eg e ta tio n  p rio r  to  fish ing  w ith  th e  se in e  net. If u se d  in  deep  w ater, th e  tra p p e d  fish  
co u ld  be co llec ted  b y  SCUBA d iv e r w ith  or w ith o u t th e  a ssis tan ce  of th e  a n aes th e tic  q u in a ld in e  (see 
Sayer e t al. 1994 for d e sc rip tio n  of th e  u n d e rw a te r  u se  of q u in a ld in e ).

Cost and time
Net construction  m ay take several days. In tertidal dep loym ent is rapid . Serafy e t al. (1988) ind icate  15 
m inutes each for deploym ent, vegetation rem oval and fish collection. This m ethod is re latively  cost- 
effective, especially  if a hom e-m ade device can be m anufactured.

Advantages

• h ig h  accu racy  (m ost fish  are co n fin ed  b y  th e  ris in g  net)

Disadvantages
• has o n ly  b e e n  tr ie d  in  re la tiv e ly  sh a llo w  w ate r ( l-2 m )
• m ay  be n ecessa ry  to rem ove  v eg e ta tio n  p rio r to  fish  co llec tio n
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Beach seine
Seine nets consist of a wall of netting weighted at the bottom and provided w ith floats at the top. They 
can vary in  length from over 100m to less than 10m. The mesh size usually decreases from the wings 
towards the centre of the net, which is sometimes extended into a bag to assist retention of the fish. 
Efficiency has been shown to vary w ith species, fish behaviour, fish size and the bottom type (Gibson 
1999). Seines perform optimally in  areas w ith flat, smooth substrata containing no obstacles. Samples 
are best taken at low tide because at this time tidal migrants are concentrated at lower levels on the 
beach and the net will also sample those species that do not migrate intertidally.

Equipment

• seine net (Bridport Gundry, Bridport, Dorset)
• boat
• board for carrying and shooting the net
• measuring board/scales
• plastic buckets
• protective clothing (rubber gloves, waders, oilskins, etc.)

Personnel
At least two staff depending on net size and deployment method 

Technique
Attach one length of rope to a weighted wooden pole attached to each end of the seine net and fold the 
net neatly onto a flat board. Secure one end of the rope to the shore (normally held by an assistant) and 
place the board and net in  the bows if using a powered boat or in  the stern if using a rowing boat. Ensure 
the net will run out smoothly from the boat. Propel the boat away from the shore paying out the rope 
behind it. W hen the length of rope has been paid out, turn the boat parallel to the shore and deploy one 
end of the net. Moving slowly parallel to the shore deploy the rest of the net. Once the full length of the 
net is deployed turn 90 degrees and return to the shore trailing the other length of rope. The net and 
rope should delineate a rectangle. If no boat is available, the net can be deployed by hand by wading 
out to a suitable depth and deploying the net from a board or large bin. Once set, slowly pull the ropes 
in and recover the net, the m idpoint of which will be last to be drawn ashore and will contain most of 
the captured fish. During hauling the people pulling on the ropes should move gradually towards one 
another, slowly closing the net. It is essential that the weighted footrope stays on the bottom at all times 
and precedes or stays level with the head rope during hauling. Once the net begins to come ashore, and 
assuming four people are available, two should keep the footrope close to the ground whilst the others 
pull in  the head rope. If only two people are available and to ensure the footrope stays close to the bot­
tom the net should be pulled up the beach until it is completely out of the water. The length of rope and 
the net length determine the area swept. The area covered by a beach seine net can be calculated by fol­
lowing the procedure given by Kubecka and Bohm (1991) and Ross et al. (1987) which, together with 
estimates of efficiency (Kjelson and Colby 1976; Pierce et al. 1990; Ross et al. 1987; W einstein and Davis 
1980) can be used in  the calculation of absolute fish densities. To increase efficiency in  seagrass the 
footrope can be made extra heavy (Jenkins et al. 1997); accurately delineating the seine netting area can 
be achieved by fishing between poles placed in  the substratum (Ferrell and Bell 1991).

r

Figure 1 Seine  ne t  du r ing  hau ling
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Cost and time
The time required for one haul depends on the size of the net and the presence of weed fragments or 
obstructions on the bottom and the speed of any currents. As a rough guide, a net of 40m can deployed 
and recovered w ithin 15 minutes. A 40m beach seine costs about £200 excluding the ropes for hauling. 
The cost of this sampling technique can be reduced when the requirement for a boat can be avoided.

Advantages
• easy to operate
• faster and cheaper than a pop net (Connolly 1994)

Disadvantages
• less efficient than a pop-net (Connolly 1994)
• difficult to deploy in  rough conditions

O t h e r  m e thods
The following methods have also been used to sample in  seagrass beds but are not conventional or 
described in  detail.

Technique Notes Reference

SCUBA survey Likely to be inefficient over dense vegetation Jansson et al. 1985; Isaksson and 
Pihl 1992

Drop nets Used in  the USA to sample small areas (lm2): 
a rather elaborate technique

Fonseca et al. 1990; Fonseca et al. 
1996

Gili net A destructive technique w ith potential mammalian 
and avian by-catch problems

Pihl et al. 1994; Sogard et al. 
1989

Stipe removal  a n d  analysis
This technique is described by Gordon (1983) and relies on the close association that some fish species 
have w ith the bulbous holdfasts of the lam inarian group of seaweeds.

Equipment

• plastic/net bags
• plastic buckets
• protective clothing (boots, gloves, oilskins, etc.)

Personnel
Diving unit (comprising at least three qualified divers)

Technique
Divers should identify a suitable plant and carefully cut the stipe about 45cm above the holdfast. 
Disturbance should be m inim ised wherever possible. The holdfast should then be eased off the rock 
using a knife. As quickly as possible after removal, the holdfast should be placed inside a plastic or 
mesh bag and a tight knot (or cable tie) used to seal the bag around the stipe. Once the sampling has 
been completed all the stipes can be returned to the surface. Once on the surface the holdfast should be 
cut up and any fish removed. These can be measured and returned or preserved for further analysis 
depending on the experimental protocol.

Cost and time
Each holdfast should take 5-10 minutes to bag. The total survey time will depend on the number of sam­
ples required. Laboratory work duration will depend on the experimental protocol. Costs per sampling 
effort can be quite high as a result of the requirement for divers (up to £500 per dive at the time of writing).

Advantages

• ease of collection
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Disadvantages

• only samples fish that live in kelp holdfasts

Accuracy testing

Where appropriate and where known, methods of assessing sampling accuracy are either outlined or ref­
erenced in  the description of methods given above or in QA/QC (see below).

QA/QC

High natural variability and the problems of observation and capture efficiency mean that standardisa­
tion of the techniques used to assess a fish population is essential if other sources of variation are to be 
minimised. Quality assurance depends on the technique chosen (see advantages and disadvantages). 
However, in  general terms apparent changes in  abundance may simply be caused by a change in  catch- 
ability (Beja 1995; Costello et al. 1995; Sayer et al. 1994; Sayer et al. 1996) or by movements into or out 
of the sampling area (Allen et al. 1992; Claridge et al. 1986; Gibson et al. 1993; Ross et al. 1987). It is, 
therefore, difficult to link cause and effect unless extensive background data on the behaviour of the fish 
species of interest are available or intensive surveys w ith control sites and sufficient replication can be 
carried out (Barber et al. 1995). The techniques described in  this section are well suited to detect inter­
annual changes because direct comparisons between years are valid when all other factors associated 
with sampling are standardised. To reduce experimental error and to make the survey as easy and m ean­
ingful as possible the following are recommended:

• Choose well-researched common species and familiarise the survey team with the chosen species’ 
behaviour and ecology.

• Utilise survey methods that are simple, that can be undertaken routinely and where access to the sam­
pling site is easy and reliable.

• Standardise the date and time when the survey is carried out. W hen annual trends are being investi­
gated carry out the survey as nearly as possible on the same date. More importantly, surveys m ust be 
undertaken at the same state of the tide (low tide is preferable) and equivalent point in  the diel cycle 
rather than at a specific time. Dusk, for example, may be at 16.00 in  winter but 21.00 in summer. 
Diving surveys are best undertaken during neap tides because tidal currents are weaker and their 
influence on fish behaviour may, therefore, be reduced .

• Practise the survey technique (new staff should be trained on ‘dum my’ sites). Identification skills can 
be tested using photographs or preserved specimens and, if estimating size visually, using fish m od­
els of known length.

• Use, wherever possible, the same survey teams. This is particularly im portant when conducting visu­
al surveys and manual searches which involve considerable skill.

• M aintain skill continuity during personnel changes by training all members of the survey team in 
every aspect of the survey technique.

• If spurious results are suspected be prepared to check the fishing gear (if relevant) and possibly repeat 
the survey. Repeat surveys on successive days to get an indication of day-to-day variability and incor­
porate these data in  any statistical analysis.

• Expect large variation in  fish abundance. Where assessing inter-annual variability a m inim um  of three 
years data is required.

Data analysis and products

Survey work will normally generate data on species, abundance and size. Analysis will depend on the 
experimental protocol and should be analysed using standard statistical techniques (Sokal and Rohlf
1995). Fish populations show high inter-annual variability and this m ust be considered before drawing 
conclusions regarding cause and effect. Prior to the survey, and depending on the survey objectives, it 
is advisable to measure the variability of the factors of interest. Carrying out surveys on successive days



352  M a r in e  M o n i to r i ng  H a n d b o o k

gives an indication of the reliability of the survey data and these data can be used to predict the num ­
ber of surveys that will be required to show significant changes (Chapter 9 in  Sokal and Rohlf 1995). 
Comparisons of abundance between species should always take into account their differing catchabili- 
ties. If the results of the survey show a significant change in  fish population this may be due entirely to 
natural causes (Collette 1986; Henderson 1989; Rogers and Millner 1996). Where significant fish popu­
lation changes have been shown and a cause postulated, it is recommended that additional tests be car­
ried out, the nature of which will depend on the postulated cause. Where pollution is suspected as a 
significant factor the relevant authorities should be contacted (Environment Agency (England and 
Wales) or the Scottish Environment Protection Agency).

Health and safety

The prim ary rule in  any fieldwork is Never Work Alone. W hen working in  areas covered in  seaweed 
care should be taken to avoid slipping. Unusually large waves can catch the unwary when working near 
the tide line; waders can become swamped, making escape very difficult and increasing the chance of 
an accident. Quinaldine is unpleasant to handle and, when in  use, the guidelines given in  the Control 
of Substances Hazardous to Health (CoSHH) hazard data sheet should be followed.

Members of staff employed to undertake diving survey work m ust be suitably qualified and obey the 
rules and regulations as stipulated by the Health and Safety at Work Regulations (Dean et al. 1997). In 
addition, individual organisation codes of conduct relating to fieldwork m ust be adhered to and, where 
employing external diving contractors to undertake diving work, your organisation will have consider­
able responsibilities as the diving contractor.
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Procedural Guideline No. 4-3 
Sampling benthic and demersal 
fish populations on sediments

T h o m a s  A. Wild ing ,  Robin N. G ib so n  a n d  Mart in  D.J. Sayer, 
D uns ta f fnage  M ar in e  Laboratory1

Background

Sedimentary habitats range from those in  high energy, frequently shallow, environments w ith a coarse 
substratum to low energy, enclosed and sometimes brackish areas of fine mud. The dominant benthic and 
demersal fish species in  these diverse habitats differ markedly, as do successful strategies for sampling 
them. In deeper water, some species such as Lesueurigobius friesii and Cepola rubescens live in  burrows 
but most species live on the sediment surface.

On medium to coarse substrata the dominant benthic fish species in  shallow water are the plaice 
(.Pleuronectes platessa L.), sand goby (Pomatoschistus minutus (Pallas)) and the dab (Limanda limanda 
(L.)). On muddier substrata flounder [Pleuronectes flesus L.) and sole [Solea solea (L.)) may predominate

Purpose

To provide as accurate an estimate as possible of the abundance, species richness and age structure of
benthic and demersal fishes on shallow water sediments.

Applicable to the following attributes
Sampling fish populations will be appropriate for attributes concerning biotope quality in  terms of
species richness and the abundance of species and for detecting whether areas of impact away from
point sources are expanding or contracting. Generic attributes are:

• Measure the species richness in  the biotope and/or abundance of key species (rare, fragile, declining, 
representative) in  biotopes.

• Measure the quantity of particular species of conservation importance (rare, fragile, declining species 
-  those for which the site is ‘special’).

Also applicable to the following baseline survey objectives:

• Establish/re-establish the species which are present in  biotopes at a site including their abundance 
and biomass w ithin statistical limits.

• Establish the species present in  biotopes and their density w ithin defined statistical limits.
• Establish/re-establish the species which are present along a gradient of change away from a point 

source of disturbance including their abundance and biomass w ithin statistical limits.

Methods

Beach se ining
Seine nets consist of a wall of netting weighted at the bottom and provided w ith floats at the top. They 
can vary in  length from over 100m to less than 10m. The mesh size usually decreases from the wings

1 PO Box 3, Oban, Argyll, Scotland PA34 4AD.
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towards the centre which is sometimes extended into a bag to assist retention of the fish. Efficiency has 
been shown to vary w ith species, fish behaviour, fish size and the bottom type (Gibson 1999). Seines 
perform optimally in  areas w ith flat, smooth substrata containing no obstacles. Beach seines are less effi­
cient at sampling benthic species than beam trawls but are preferable where only a localised area is free 
of obstructions and where a beam trawl could not easily operate. Samples are best taken at low tide 
because at this time tidal migrants are concentrated at lower levels on the beach and the net will also 
sample those species that do not migrate intertidally.

Equipment
• seine net (Bridport Gundry, Bridport, Dorset)
• boat
• board for carrying and shooting the net
• measuring board/scales
• plastic buckets
• protective clothing (rubber gloves, waders, oilskins, etc.)

\
\

V

Figure 1 Seine  ne t  dur ing  hau ling

Personnel
At least two staff depending on net size and deployment method.

Technique
Attach one length of rope to a weighted wooden pole attached to each end of the seine net and fold the 
net neatly on to a flat board. Secure one end of the rope (normally held by an assistant) to the shore and 
place the board and net in the bows if using a powered boat or in  the stern if using a rowing boat. Ensure 
the net will run out smoothly from the boat. Propel the boat away from the shore paying out the rope 
behind it. W hen the length of rope has been paid out, turn  the boat parallel to the shore and deploy one 
end of the net. Moving slowly parallel to the shore deploy the rest of the net. Once the full length of the 
net is deployed turn 90 degrees and return to the shore trailing the other length of rope. The net and 
rope should delineate a rectangle (see Figure 1). If no boat is available the net is deployed by hand by 
wading out to a suitable depth and deploying the net from a board or large bin. Once it is set, slowly 
pull the ropes in  and recover the net, the m idpoint of which will be last to be drawn ashore and will 
contain most of the captured fish. During hauling the people pulling on the ropes should move gradu­
ally towards one another, slowly closing the net. It is essential that the weighted footrope stays on the 
bottom at all times and precedes or stays level with the head rope during hauling. Once the net begins 
to come ashore, and assuming four people are available, two should keep the footrope close to the 
ground whilst the others pull the headrope. If only two people are available and to ensure the footrope 
stays close to the bottom the net should be pulled up the beach until it is completely out of the water. 
The length of rope and the net length determine the area swept. The area covered by a beach seine net 
can be calculated by following the procedure given by Kubecka and Bohm (1991) and Ross et al. (1987) 
which, together w ith estimates of efficiency (Kjelson and Colby 1976; Pierce et al. 1990; Ross et al. 1987; 
Weinstein and Davis 1980) can be used in  the calculation of absolute fish densities.
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Cost and time
A 40m beach seine costs about £200 excluding ropes for hauling. The time required for one haul depends 
on the size of the net and the presence of weed fragments or obstructions on the bottom and the speed of 
any currents. As a rough guide, a net of 40m can deployed and recovered w ithin 15 minutes.

Advantages

• easy to operate
• cost effective

Disadvantages
• efficiency depends on species and size
• difficult to deploy in  rough conditions or where currents are strong
• ineffective if weed and boulders are present

Beam trawling /push net ting
The beam trawl is the standard gear for sampling benthic and demersal fish on coarse substrata. The 
beam trawl consists of a net bag m ounted between two ‘runners’ which are pulled across the sediment 
like a sledge. A wooden or metal beam connects the runners and forms a strong frame for the attach­
ment of the top of the net. To improve efficiency for certain species one or more lengths of chain can be 
stretched between the runners positioned c. 15cm in front of the footrope. The chain disturbs the sedi­
ment and helps to lift the fish from the bottom where they can be gathered by the net. Commonly, the 
w idth of beam trawls used in  fish surveys is c.a 2m (Kuipers et al. 1992; Rogers and Lockwood 1989). 
Small trawls can be pulled by hand in  shallow water or, more commonly, towed by a boat. A push net 
(Potts and Reay 1987; Rogers and M illner 1996) is of a similar design to a beam trawl except it is small­
er, lighter and pushed from behind by one person. Its design and construction is described by Holme 
(1971). As a consequence of the short trawl hauls associated w ith scientific sampling, fish caught are 
usually undamaged and in  good condition, particularly if the net is emptied into a container of water.

Equipment
• boat (dory type w ith 15-20 hp outboard)
• beam trawl (Netherlands Institute for Sea Research, PO Box 59, 1790 AB Den Burg Texel, The 

Netherlands; or Frithvale Ltd, Marine Sales, Battery Green Road, Lowestoft NR32 IDE)
• push net (aluminium frames manufactured by Lyte Ladders Ltd, Ballihane Industrial Estate, 

Ballasalla, Isle of Man)
• measuring boards
• buckets
• protective clothing (gloves, oilskins, etc.)
• deep tray or large bowl for sorting the catch

Personnel
Two or three people depending on the trawl size and subsequent sorting required.

Technique
With the boat slowly underway and under the direction of the boat skipper, the trawl should be lowered 
to the bottom ensuring the net is streaming cleanly behind the boat. The tow rope should be c. 5 times 
the water depth and the trawling speed should be 30-35m /m in 'l (Riley and Corlett, 1966) w ith trawls 
lasting c. 5-10 minutes. If possible the boat should slowly continue in  m otion while the net is being 
hauled. Bottom obstructions should be avoided and, where assessing change in  fish populations over 
time and when practical, the same area should be trawled during each sampling. Even w ith experienced 
operators, towing for the same distance on replicate trawls is difficult and it is recommended that the 
distance is judged using appropriate marks on the shore or towing between two pre-positioned buoys.
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Cost and time
Two-metre beam trawls and push nets cost in  the region of £200. Shooting and hauling the net will take 
aproximately 15 m inutes for short hauls. Sorting the catch varies according to the amount of weed and 
debris present and may take up to 30 minutes.

Advantages

• efficiencies for some species have been calculated (Kuipers et al. 1992; Rogers and Lockwood 1989; 
Wennhage et at. 1997)

• easy and inexpensive to operate
• fish caught can usually be returned alive if tows are short 

Disadvantages
• beam trawls require a reasonably powerful and suitably equipped survey vessel (inflatables are not 

recommended as they do not have sufficient ‘grip’ on the water)
• may cause, or be perceived as causing, damage to the substratum (may not be suitable for sampling 

on maerl, for example)

Drop  t rapp ing
Drop traps are essentially bottomless boxes that are dropped onto the seabed to enclose a known area. 
They are suitable for repetitive sampling of small fishes in  shallow water.

Equipment
• drop trap of known area
• strong long-handled hand nets
• containers for holding the catch
• measuring board
• notebook and pencil

Personnel
Two people are required, although if many samples are to be taken more than two will make sampling 
less tiring.

Technique
The trap (usually lm 2) is attached to a long pole and raised above the water surface. It is then dropped 
onto the seabed and the enclosed animals are netted out using the hand nets. Hand netting is continued 
until no more individuals are caught on three successive sweeps. The technique is fully described by 
Pihl and Rosenberg (1982) and Wennhage et al. (1997).

Cost and time
The drop traps are made from sheet alum inium  which costs approximately £25 per square metre from 
sheet metal suppliers. It is recommended that if this technique is to be used, specially made hand nets 
are constructed from thick wire and strong wood as they are subject to considerable strain and wear in 
use. Operating the trap takes only a few m inutes per drop. Sampling the contents can take up to 10-15 
m inutes per sample.

Advantages

• unselective and very efficient (>90%).

Disadvantages

• unw ieldy to transport
• tiring if many samples are to be taken
• only suitable for use in  shallow water (<lm)
• can only be used on clean sediment, as stones prevent the trap penetrating the sediment
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Fyke net ting
Fyke nets consist of one or more leader nets which direct fish into a conical-shaped net funnel held 
open by metal rings. The conical net comprises a series of interconnecting nets w ith one-way entry 
doors which trap the fish (Van der Veer et al. 1992) (see Figure 2). Although they can be used singly, 
fyke nets are usually sold in  pairs. Fleets of fyke nets can be joined together into a line and used to sam­
ple a m uch larger area. In some circumstances it may be desirable to distinguish fish that have encoun­
tered the leader net from different directions; the net described by Baelde (1990) could easily be m odi­
fied to produce information on fish direction. To prevent otters entering the net and drowning, otter 
boards should be attached. Fyke nets are not suitable for use in  areas of strong currents. Where the net 
is likely to be exposed to moderate currents it should be very firmly attached to metal stakes hammered 
into the substratum (where possible) or heavily weighted. Currents are likely to interfere w ith the per­
formance of the leader net (by pushing it over) and may cause the net funnel to roll over the substratum. 
Fyke nets can be used for short periods, and where strong tidal currents are likely the nets should be 
used during slack water.

Equipment required
• fyke net (Collins Nets, Bridport, Dorset) and otter boards
• boat
• shot weight (at least 10kg per pair of fyke nets )
• protective clothing (gloves, oilskins, etc.)

Personnel
At least two staff (plus a boat skipper)

Technique
Sew the otter boards into the m outh of the net funnel as directed by the manufacturer. Attach the shot 
weight to the closed end of one of the nets and then lower it to the bottom using the net (there is no 
need to attach an additional length of rope). W hen the weight reaches the bottom the rest of the fleet can 
be paid out as the boat slowly reverses. Most fish in  the rocky subtidal move parallel to the shore, and 
therefore the net should be orientated perpendicular to the shore. It is useful to survey the site visual­
ly, prior to deploying the fleet, to check for obstacles. Areas with large boulders, very steep slopes/cliffs 
and detritus which could become entangled in  the net should be avoided. If deploying the net on a 
steeply sloping substratum attach an extra long shot line and use a larger buoy. This layout reduces the 
chances of losing the net if it is deployed slightly off site and its weight pulls the marker buoy under 
the water. Recovery is achieved by lifting the buoyed rope and fish can be removed easily by untying 
the ends of the net.
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Figure 2. Fyke net

If the net is to be deployed intertidally stake out the net during low tide and ensure the leader nets are 
not tangled.

Cost and time
Boat deployment and recovery takes around 5 m inutes per net pair. Removing the fish takes c. 10 m in­
utes. Fishing time depends on the survey objectives but fyke nets are commonly left in  position for one 
day or one tidal cycle (Treasurer 1996). The net should be checked at every low tide or, if sited sublit- 
torally, every tidal cycle. This is necessary to check for damage and to remove detritus and any trapped 
fish. Fyke nets cost £50-£300 depending on size (Collins Nets, telephone 013808 427352).
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Advantages

• cost-effective
• easy to use
• non-destructive

Disadvantages

• restricted depth range (c. 15m maximum)
• sub-tidal deployment requires a boat
• the catch represents an unknow n proportion of the actual population; the catching power of the net 

is unknown for most species and may vary with season and other factors (Darwall et al. 1992)
• cannot be successfully used in areas w ith moderate to strong currents

Accuracy testing

Where appropriate, methods of assessing sampling accuracy are either outlined or referenced in  the 
description of methods given above.

QA/QC

High natu ral variab ility  and the problem s of capture efficiency m ean that standard isa tion  of the tech ­
niques used  to assess a fish p o pu la tion  is essential if other sources of varia tion  are to be m inim ised. 
A pparen t changes in  abundance m ay sim ply  be caused by a change in  catchability  (Beja 1995; Costello 
et al. 1995; Sayer et al. 1994; Sayer et al. 1996) or by m ovem ents into or out of the sam pling area (Allen 
et al. 1992; Claridge et al. 1986; Gibson et al. 1993; Ross et al. 1987). It is, therefore, difficult to link  
cause and  effect unless extensive background data on the behaviour of the fish species of in terest are 
available or in tensive surveys w ith  control sites and sufficient rep lication  can be carried out (Barber et 
al. 1995). The techniques described in  this section are w ell su ited  to detect in ter-annual changes 
because d irect com parisons betw een years are valid  w hen  all other factors associated w ith  sam pling are 
standardised. To reduce experim ental error and to m ake the survey as easy and m eaningful as possible 
the following are recom m ended:

• Choose w ell-researched com m on species and fam iliarise the survey team  w ith  the chosen species’ 
behaviour and ecology.

• U tilise survey m ethods that are sim ple, that can be undertaken  rou tinely  and w here access to the sam ­
pling site is easy and reliable.

• S tandardise the date and tim e w hen  the survey is carried out. W hen annual trends are being investi­
gated carry out the survey as nearly  as possible on the same date. M ore im portantly, surveys m ust be 
undertaken  at the same state of the tide (low tide is preferable) and equivalent po in t in  the diel cycle 
rather th an  at a specific tim e. Dusk, for exam ple, m ay be at 16.00 in  w in ter bu t 21.00 in  summer. 
Diving surveys are best undertaken  during neap tides because tidal currents are w eaker and their 
influence on fish behaviour is therefore reduced  .

• Practise the survey technique (new staff shou ld  be trained  on ‘dum m y’ sites). Identification skills can 
be tested  using photographs or preserved specim ens and, if estim ating size visually, using fish m od­
els of know n length.

• Use, w herever possible, the sam e survey team s. This is particu larly  im portan t w hen  conducting v isu ­
al surveys and m anual searches w h ich  involve considerable skill.

• M aintain  skill con tinu ity  during personnel changes by train ing all m em bers of the survey team  in  
every aspect of the survey technique.

• If spurious results are suspected be p repared  to check the fishing gear (if relevant) and possib ly  repeat 
the survey. Repeat surveys on successive days to get an  ind ication  of day-to-day variability  and incor­
porate these data in  any statistical analysis.

• Expect large variation  in  fish abundance. W here assessing in ter-annual variab ility  a m in im um  of three 
years data is required.
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Survey work will normally generate data on species, abundance and size. Analysis will depend on the 
experimental protocol and should be analysed using standard statistical techniques (Sokal and Rohlf
1995). Fish populations show high inter-annual variability and this m ust be considered before drawing 
conclusions regarding cause and effect. Prior to the survey, and depending on the survey objectives, it 
is advisable to measure the variability of the factors of interest. Carrying out surveys on successive days 
gives an indication of the reliability of the survey data and these data can be used to predict the num ­
ber of surveys that will be required to show significant changes (Chapter 9 in  Sokal and Rohlf 1995). 
Comparisons of abundance between species should always take into account their differing catchabili- 
ties. If the results of the survey show significant changes in  fish abundance and population structure, 
these changes may be due entirely to natural causes (Henderson and Seaby 1994; Rogers and Millner
1996). Where significant fish population changes have been shown and a cause postulated, it is recom­
m ended that additional tests be carried out the nature of which will depend on the postulated cause. 
Where pollution is suspected as a significant factor the relevant authorities should be contacted 
(Environment Agency (England and Wales) or the Scottish Environment Protection Agency).

Health and safety

The primary rule in  any fieldwork is ‘Never Work Alone’. W hen working in  areas covered in  seaweed 
care should be taken to avoid slipping. Unusually large waves can catch the unwary when working near 
the tide line; waders can become swamped, making escape very difficult and increasing the chance of 
an accident.

Members of staff employed to undertake diving survey work m ust be suitably qualified and obey the 
rules and regulations as stipulated by the Health and Safety at Work Regulations (Dean et al. 1997). In 
addition, appropriate codes of field work conduct appropriate to your organisation m ust be followed. 
Note that where employing external diving contractors to undertake diving work your organisation will 
have considerable responsibilities as the diving contractor.
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Procedural Guideline No. 4-4 
Sampling fish in rockpools
T h o m a s  A. Wild ing ,  Robin N. G ib so n  a n d  Mart in  D.J. Sayer, 

D uns ta f fnage  M ar in e  Laboratory1

Background

Rockpools m ake convenient sam pling un its for assessing in tertidal fish popu lations and several sam ­
pling techniques are available, all w ith  a ttendan t advantages and disadvantages. The m ost accurate 
m ethods are in trusive and involve the app lica tion  of anaesthetics, w hilst techniques such  as v isual 
assessm ent have negligible affects on the pool bu t lack accuracy. M ark-recapture techniques have also 
been used bu t they  are not considered applicable for SAC surveys for reasons d iscussed below. As w ith  
all fish sam pling, the strategy chosen for sam pling rock pools shou ld  reflect the objectives of the survey.

The com m onest fish found in  UK rock pools are rock goby (Gobius paganellus (L.)), shanny (Lipophrys 
pholis (L.)), bu tterfish  (Pholis gunnellus (L.)) and sea scorpion (Taurulus bubalis (Euphrasen)). 
Corkwing [Crenilabrus melops (L.)) juveniles and fifteen-spined sticklebacks (Spinachia spinachia (L.)) 
m ay also be com m on in  w eedy pools.

Purpose

To provide as accurate an  estim ate as possible of the abundance, species richness and age structure of 
in tertidal fishes in  rock pools

Appl icab le  to the  fol lowing att r ibutes
Sam pling to collect the cryptofauna of turfs w ill be appropriate to assessing quality  in  term s of species 
richness and the abundance of species. Generic attributes are:

• M easure the species richness in  the biotope and /o r abundance of key species (rare, fragile, declining, 
representative) in  biotopes.

• M easure the quantity  of particu lar species of conservation  im portance.

Also applicable to the following baseline survey objectives:

• E stablish/re-establish  the species p resen t in  the biotopes at a site, includ ing  their abundance.
• Establish/re-establish  the species presen t in  biotopes at a site, includ ing  their density  w ith in  

statistical lim its.

Methods

Select ion of  pool s  for sampl ing
Rock pools as near to the low  w ater m ark as possible, and  preferably those only exposed during spring 
tides, should  be selected to m axim ise the range of species tha t can po ten tially  be caught. Pool selection 
w ill depend  on availability, accessibility  and  the estim ated tim e the sam pling w ill take, since sam pling 
m ust be com pleted  before the tide returns. Low pressure and onshore w inds can significantly  reduce 
the ebb tide and this factor should  be considered w hen  selecting pools. Do not select, for exam ple, those 
at the bottom  of the spring tide range, as u n d er certain  w eather conditions they  w ill rem ain  covered 
even during spring tides.

1 P.O. Box 3, Oban, Argyll, Scotland PA34 4AD.
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To reduce variability between pools those that are similar in terms of area, depth and shore level 
should be sampled whenever practicable. W hether the same rock pools are visited repeatedly depends 
on practical considerations including the frequency of sampling. In areas w ith relatively few convenient 
pools there may be no alternative to sampling the same pool. During a period of frequent sampling the 
sampling process is likely to affect the fish assemblage adversely. This factor should be considered when 
designing the sampling strategy. In general, rock pool, especially exposed pool, fish assemblages recov­
er quickly (within weeks) from disturbance. However, the number of times the same rock pool can be 
sampled per unit time without affecting the survey results has not been determined experimentally and 
repeat sampling should be undertaken with this consideration in  mind.

If sam pling the same pools is the chosen strategy it is advisable to m ark the pools to facilitate re tu rn  
visits. The nature of the m arker depends on the exposure of the location and the in ten d ed  length  of the 
survey. In exposed locations w here sam pling w ill cover several years a stout m etal post should  be ham ­
m ered into a suitable crevice. This post can be th en  be labelled  to identify  the pool. The post should  not 
attract u n d u e  atten tion  to the pool or pose a hazard  to m em bers of the public.

Estimating pool  v o lu m e
Rough estimates can be made by making approximate length, w idth and depth measurements. A sim­
ple measuring stick can be dipped into representative parts of the pool to estimate mean depth. A more 
accurate m ethod is to disperse a non-toxic dye w ithin the pool and remove a small sample. The con­
centration of dye in  the sample can be measured photometrically and used to calculate the pool volume 
(Green 1971; Pfister 1995). Other methods are outlined by Gibson (1999).

Sampling  by anaes thet isa t ion
Rock pools offer an ideal environment for the anaesthetisation of the fish they contain because flushing 
is often negligible during low tide and a fairly accurate estimate of the pool volume can be made. With 
careful use (correct concentration), and in conjunction with hand searching and netting, anaesthetics 
can be used to catch 80-90% or more of the rock pool fish (Gibson 1967); sampling is therefore m uch 
more accurate than many alternative techniques.

Equipment
• quinaldine (2-methylquinoline (90-95%, Sigma); solution diluted 1 part quinaldine to 4 parts acetone 

or ethanol (by volume): methylated spirits could be substituted for ethanol
• fine mesh (knotless) 10-15 cm hand-net
• ruler/m easuring board, scales
• protective clothing (rubber gloves, waders/boots, oilskins)
• plastic dispenser bottle and buckets
• notebook and pencil

Personnel
At  least one person  experienced in  the use of qu inaldine. O ther staff as required  to collect, identify, 
m easure and  record the fish.

Technique
Move any overhanging weed in  the rock pool to the sides of the pool to assist in  the uniform dispersion 
of the quinaldine and the recovery of anaesthetised fish. Using estimates of rock pool volume, add 
quinaldine to give a final concentration of ~5-10 p.p.m. (equivalent of 25-50ml quinaldine solution per 
cubic metre of sea water). Quinaldine can be administered using a flexible polythene bottle (washing- 
up liquid or similar) w ith ~30cm of flexible tubing attached. The tubing can be directed under stones 
and into cracks and crevices. After application to any one area in  the pool the water should be agitated 
to assist in  dispersion in  the immediate vicinity and to prevent the quinaldine floating to the surface. 
The total volume of quinaldine should be administered in  this way or, where applicable, be added to 
water flowing into the rock pool. After addition of the quinaldine the whole pool should be thorough­
ly mixed (Gibson 1967). Pools lowest on the shore should be sampled first to minimise the time the fish 
are exposed to the anaesthetic before the pools are flushed by the incoming tide.
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Fish will appear from their hiding places w ithin 1-10 m inutes after application of the quinaldine, 
depending on species. The pool should be searched by feeling by hand around weedy areas, under 
stones and in crevices. Affected fish should be carefully collected using a fine hand net and then trans­
ferred to buckets of clean sea water for recovery (in hot weather the buckets should be kept cool) or to 
treated water taken from the pool if continued anaesthesia is required. Any measurements should be 
done on anaesthetised fish. If further laboratory analysis is required fish can be preserved in  alcohol or 
formalin. Alternatively, fish should be returned to the same pool.

Cost and time
Q uinald ine curren tly  (M arch 2000) costs £26.60 for 0.5 litre and is available from Sigma.
Pool location and tides will dictate the amount of time available to carry out the work. As a rough guide, 
a pool of 2m x lm  x 0.5m would normally take approximately 15-30 m inutes to sample. Reducing pool 
volume (by bailing) may reduce the time required to carry out the work.

Advantages

• high accuracy (most fish will be collected this way)
• fish returned to clean water recover quickly and, provided the appropriate concentrations are used, 

mortality is negligible

Disadvantages
• quinaldine is an unpleasant compound with which to work (see ‘Health and safety’ section)
• possib ly  an  unacceptab le technique on SAC sites
• unknow n effects on other pool occupants (e.g. Crustacea)

Sam pling  by ba i l ing /hand  nett ing
This technique is particularly applicable to pools that have a low rugosity and/or minimal weed cover 
or where the use of anaesthetics would be unacceptable. These techniques may also be preferable where 
an absolute measurement of fish number is not required and where it can be assumed that catchability 
is similar between years. It is not acceptable when comparing fish numbers between seasons as changes 
in fish behaviour rather than abundance may result in  differing catches. Hand netting w ithout anaes­
thetics is likely to be subject to higher investigator variance and this will make comparisons between 
surveys carried out by different teams less reliable. Bailing can be used to reduce the volume of water 
in a rockpool and thereby reduce sampling time. Bailing can be done w ith buckets or, if faced w ith a 
larger volume, a pum p powered by a small petrol engine can be used.

Equipment

• fine-mesh (knotless) 10-15cm hand-nets available from pet shops
• ruler/ measuring board
• buckets/pum p and hose
• notebook and pencil

Personnel
At least two, of whom one m ust be experienced in  the capture technique.

Technique
The net should  be w orked around the base of w eed and into cracks and crevices. Two people, bo th  using 
nets, are likely to be m ore effective in  catching highly m otile species. W here appropriate, stones and 
boulders can be tu rned  to reveal fish concealed beneath, bu t these m ust be replaced to m inim ise damage.

Cost and time
Minimal cost unless a pum p is used. Pumps can be hired from tool hirers. Time required is dependent 
on the survey objectives, experimental design and rock pool location. A rough guide for a 2m x lm  x
0.5m pool is 15-20 minutes.
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Advantages

• low cost, easy to carry out
• no requirement for chemicals

Disadvantages

• low catch efficiency, especially in  cracks, crevices and dense weed cover
• comparisons between individuals/team s can be unreliable
• stone and boulder turning can damage the environment

S a m p l i n g  by  vi sual  a s s e s s m e n t
Simple visual assessment has the advantage over all other methods in  that it is non-invasive and has no 
impact on the pool. If the sampling objective requires only an overview of fish numbers then this tech­
nique may be acceptable. Previous research (Christensen and Winterbottom 1981) has shown that cryp­
tic species and those inhabiting crevices were underestimated during visual surveys of rock pools 
(0-86% were counted). Correction factors should be calculated for every species and those that are rarely 
observed excluded. The correction factor will differ between observers and its calculation will require 
the removal and counting of all individuals from a pool using anaesthetics. In the UK, rock pools tend to 
be dominated by cryptic species and therefore visual assessment is only recommended where all other 
techniques are unacceptable. The topic has been reviewed by Gibson (1999).

Equipment
Notebook and pencil.

Personnel
Individuals familiar with the species likely to be encountered in the locality.

Technique
Visual assessment involves careful approach to a pool and choosing an inconspicuous viewpoint. The 
observer should then rem ain still until fish emerge from their hiding places when they can be identi­
fied and counted. Additions of small quantities of bait (crushed mussels or sea urchins) can reveal the 
presence of previously undetected individuals.

Cost and time
Minimal cost. Time required is dependent on the size and number of pools sampled.

• Advantages
• no effect on the fish or their environment
• suitable for frequent repeat sampling
• Disadvantages
• absolute abundance estimates are not possible
• observation is difficult when the surface of the pool is disturbed by w indy weather 

S a m p l i n g  by  m a r k  a n d  r e c a p t u r e
This technique involves the marking and subsequent release of individual fish. After a given time the 
release area is fished again. The number of marked fish recaptured can be used to give an indication of 
fish population size (Pfister 1996) but has more commonly been used to determine fish movement and 
refuge fidelity (Moring 1976; Koop and Gibson 1991). The problems caused by the potential movement 
of marked fish, the relatively short life span of some rockpool species (making interpretation of data 
more difficult) and the time needed to conduct the research adequately mean that this technique is not 
recommended. For a review of this technique see Potts and Reay (1987) and references therein.

A c c u r a c y  te s t ing
Where appropriate, methods of assessing sampling accuracy are either outlined or referenced in  the 
description of methods given above.



Procedu ra l  G u id e l i n e  No.  4 - 4  S a m p l in g  fish in r o ck poo l s

QA/QC
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High natural variability and the problems of observation and capture efficiency mean that standardisa­
tion of the techniques used to assess a fish population is essential if other sources of variation are to be 
minimised. Apparent changes in  abundance may simply be caused by a change in  catchability (Beja 
1995; Costello et al. 1995; Sayer et al. 1994; Sayer et al. 1996) or by movements into or out of the sam­
pling area (Claridge et al. 1986; Ross et al. 1987, Allen et al. 1992; Gibson et al. 1993). It is therefore dif­
ficult to link cause and effect w ithout extensive background data on the behaviour of the species of 
interest or w ithout carrying out intensive surveys w ith control sites (Barber et al. 1995). The techniques 
described in  these Guidelines are suitable for detecting inter-annual changes because direct compar­
isons between years are valid when all other factors associated w ith sampling are standardised. To 
reduce experimental error and to make the survey as easy and meaningful as possible the following 
points are recommended:

• Choose well researched common species and familiarise the survey team with the chosen species’ 
behaviour and ecology.

• Utilise survey methods that are simple, that can be undertaken routinely and where access to the sam­
pling site is easy and reliable.

• The timing of sampling is critical and w hen populations are to be compared between years, samples 
should always be taken at the same time of year and during similar weather and tide conditions. 
Equally importantly, surveys m ust be undertaken at the same state of the tide and equivalent point in 
the diel cycle rather than at a specific time. For example, in  m idsum mer sampling at 16.00 would be 
in  daylight, whereas sampling at the same time in  w inter would be at dusk; apparent differences in 
population size may simply reflect diel behavioural changes.

• Standardise the time spent searching unit volume of water and adhere to this time even when search­
ing could continue.

• Practise the survey technique (new staff should be trained on ‘dum my’ sites). Identification skills can 
be tested using photographs or preserved specimens and, if estimating size visually, using fish m od­
els of known length.

• Use, wherever possible, the same survey teams. This is particularly im portant when conducting visu­
al surveys and manual searches which involve considerable skill.

• M aintain skill continuity during personnel changes by training all members of the survey team in 
every aspect of the survey technique.

• If spurious results are suspected be prepared to repeat the survey. Repeat surveys on successive days 
to get an indication of day-to-day variability and incorporate these data into any statistical analysis.

• Expect large variation in  fish abundance. Where assessing inter-annual variability a m inim um  of three 
years data is required.

Data analysis and products

Survey work will normally generate data on species, abundance and size. Analysis will depend on the 
experimental protocol and should be done using standard statistical techniques (Sokal and Rohlf 1995). 
Fish populations show high inter-annual variability and this m ust be considered before drawing con­
clusions regarding cause and effect. Prior to, and depending on the survey objectives, it is advisable to 
measure variability between rockpools in  whatever factor is of interest. The measure of variability can 
be used to predict the number of pools (replicates) that will be required to detect changes in  the fish 
population statistically (Chapter 9 in  Sokal and Rohlf 1995). The abundance of rockpool fish is normally 
expressed as number of fish per unit area (the area of the pool surface) or volume. However, rockpools 
with differing rugosities will have differing submerged surface areas, reducing the validity of compar­
isons based on either surface area or volume. Comparisons of abundance between species should always 
take into account their differing catchabilities. If the results of the survey show a significant change in 
fish population this may be due entirely to natural causes (Collette 1986). Where significant changes in 
abundance or assemblage structure have been demonstrated and a cause postulated, it is recommended 
that additional tests be carried out, the nature of which will depend on the postulated cause. Where pol­
lution is suspected as causing significant changes in  fish populations the relevant authorities should be 
contacted (Environment Agency (England and Wales) or the Scottish Environment Protection Agency).
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Health and safety

Never do field work alone. W hen working in  areas covered in  seaweed care should be taken to avoid 
slipping. Unusually large waves can catch the unwary when working near the tide line; waders can 
become swamped, making escape difficult and increasing the chance of an accident. Quinaldine is very 
irritating to the eyes and skin; rubber gloves m ust be used and face protection is advisable when han­
dling the quinaldine concentrate. Quinaldine splashes should be washed off skin immediately. Shores 
are often exposed and general precautions against the cold, w ind and sun should be taken.
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Procedural Guideline No. 6-1 
Positioning using a differential 

Global Positioning System (GPS) 
in near-shore tidal waters

S. Ince,  S.J. E d w a rd s  a n d  D. Parker, D e p a r t m e n t  of  G e o m a t i c s ,  
U n ive rs i ty  o f  N e w c a s t l e 1

Background

The aim of this document is to provide a set of generic guidelines appropriate for the non-specialist for
site location (positioning) and relocation in  near-shore tidal waters and lagoons using the Global
Positioning System (GPS). All positioning aspects and options discussed relate to the waters surround­
ing the UK. However, the principles can generally be applied to all GPS systems throughout the world 
and are also suitable for land-based positioning.

O v e r v i e w  of  t h e  G l o b a l  Pos i t ion ing  Sys te m  (GPS)
GPS is a space-based positioning system whereby a position can be instantaneously determined any­
where on the surface of the earth by measuring range from a ground-based receiver to at least four satel­
lites from a constellation of 24 which continuously orbit the earth. The system is operated by the US 
Department of Defense which monitors the satellites and uploads information defining their position 
and status. This information is then constantly broadcast via a coded signal towards the earth’s surface. 
A ground-based receiver is able to track the satellites via these signals and so calculate ranges to all 
tracked satellites. In essence this is done by m easuring the time of travel of the coded signal. The trans­
mitted signal also provides current satellite orbit information, thereby enabling the ground-based receiv­
er to calculate its current position.

• In general, the user can expect horizontal positional accuracies of around 10-15m (with 95% proba­
bility), using a single stand-alone receiver.

• Improved positional accuracies are available by expanding on the basic technique outlined above. 
This document discusses one of those techniques, differential GPS, which results in possible hori­
zontal positional accuracies of up to 1 metre.

• Other techniques, of which there are many, e.g. RTK (Real Time Kinematic) or rapid static, are beyond 
the scope of these guidelines. Real Time Kinematic GPS is in  the m ain used for precise surveying 
where accuracies at 10mm level are required. The technique involves the use of more advanced GPS 
equipm ent and local radio transceivers, i.e. user operated. From an operating point of view this tech­
nique is similar to user established dGPS systems as outlined later in  this document. Commercial 
RTK correction services are not available at this time

O v e r v i e w  of  d i fferent ia l  G P S  (dGPS)
The accuracy of the basic GPS positioning technique is lim ited by several factors. One significant fac­
tor is that the signals transm itted by the satellite are degraded as they pass through the atmosphere. A

1 Newcastle upon Tyne, NE1 7RU.
2 Prior to 1 May 2000 the US used SA to degrade the instantaneous positioning accuracies to 100m 95% of the 

time. On that datethey switched SA off and so now all receivers will yield an instantaneous position of 
around 10-15m 95% of the time.
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second factor is due to the uncertainties of the broadcast satellite position. Errors arising from these fac­
tors affect the ranges but can be considered equal between any two points at the same time and in  the 
same locality. In the differential global positioning system technique the errors in  the ranges are meas­
ured at a predeterm ined location (base station) in  the locality. Corrections to the ranges are then broad­
cast for use by any local GPS receiver (rover station).

Accuracy achievable w ith dGPS is typically l-5 m  (horizontal position) at the 95% confidence level. 
The actual accuracy achievable is dependent on factors such as:

• the frequency with which the range correction is received.
• the number of common satellites being tracked by the rover and the base station.
• the number of base stations providing the corrections (several of the commercial operators who 

provide dGPS corrections improve the quality of their corrections by averaging the corrections from 
several base stations).

• effects of M ultipath; this is the error caused by GPS signals being reflected from local surfaces (sea, 
buildings, etc.) to give an incorrect, greater range.

• the distance between the base and rover GPS receivers; typically this would be w ithin 500km.
• the dGPS corrections need to be received by any user in (near) real-time -  typically within 1-10 seconds.

Several commercial companies broadcast dGPS corrections as a standard service. These corrections 
can be broadcast via either satellite or ground-based communications. The international standard for the 
digital format of the correction signal is RTCM SC-104 version 2.1 (Radio Technical Commission for 
Maritime Services Sub Committee 104).

T h e  d G P S  d e l i v e r a b l e s
The dGPS technique yields a series of point locations, described by co-ordinates, of the rover receiver 
antenna.

• The horizontal point position so determined will define the location of a site.
• A typical GPS receiver has built in  functions allowing real-time navigation along a predeterm ined 

route via waypoints. These functions will aid the user to navigate a vessel to relocate a site.
• The basic dGPS technique provides co-ordinates in  a worldwide co-ordinate reference system 

(WGS84) not typically used for near-shore mapping. These co-ordinates can usually be transformed 
w ithin the receiver into any other co-ordinate reference system. It is essential that the co-ordinate out­
put is compliant w ith the project requirements. See co-ordinate reference systems section.

• Many receivers have the facility to export the point locations for integration into software packages 
including attribute m apping devices (geographical information systems (GIS)) and other dedicated 
marine monitoring systems.

Equipment

Figure 1 show s the basic configuration of a dGPS system  that com prises a base station, some form of 
range correction transm itting  equipm ent and one or m ore roving GPS receivers. At present there are 
three m ain  system  configurations u tilised  for dGPS positioning, nam ely  user-established, satellite-based 
and ground-based system s.

B ase
station link  Ci.uirh.'.lHn

Figure 1 Basic c o m p o n e n ts  of  a dGPS system

The basic equipm ent for a roving receiver com prises a GPS position ing  receiver and an tenna and a 
dGPS range correction receiver and antenna, pow er system s and appropriate  cables. O ther peripheral
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devices such  as a data logger m ay be required  depending  on project specifications. C urrent trends are 
for a com bined so lu tion  w ith  the GPS position ing  receiver and dGPS correction receiver situated  in  the 
sam e physical case u tilising  a com bined antenna. A typical terrestrial equipm ent configuration is show n 
in  Figure 2.

Figure 2 Typical dGPS rover configuration

Further product information specific to individual manufacturers can be obtained by visiting the web­
sites provided at the end of this document.

User-estab l ished systems
The equipm ent required for the establishment of a base station is a GPS positioning receiver w ith anten­
na located at a known, fixed location, dGPS range correction computation software, a correction trans­
mitter, power systems and appropriate cabling. Such equipm ent is available from all the major GPS 
receiver manufactures. The following should be taken into consideration w ith respect to such a system:

Advantages
• flexibility to establish base station at an optimal location for the proposed project
• no dGPS service subscription fees

Disadvantages

• a substantial increase in  expense w ith the need for a second GPS receiver, processing software and 
corrections transmitter at the base station

• security and monitoring of base station equipment
• possible radio licence costs
• interference of radio signal used to transmit the dGPS corrections; current Department of Trade and 

Industry (DTI) radio frequency regulations provide very little bandw idth over which dGPS correc­
tions can be transmitted: this may lead to conditions where the correction signal is overpowered by 
alternative signals and is rendered useless.

A preferable approach is the utilisation of a commercial dGPS service. Such services remove the 
requirement for the user to establish a base station. This has obvious advantages w ith respect to the sim ­
plicity of system configuration. Depending upon the nature and duration of the project it will be nec­
essary to investigate the suitability of each of these solutions.

As previously stated, commercial dGPS service providers fall into two categories based on the method 
by which the dGPS correction is transmitted to the user.

Satel l i te-based systems

• Provide corrections to position w ith an accuracy of about 1 metre horizontal, due to the use of a net­
work of base stations.

• Coverage available for 95% of the earth.

3 Copyright for this image resides w ith RACAL Landstar for w hich no perm ission has been obtained.
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• Correction service is provided on a subscription basis additional to the purchase of rover receiver 
equipment.

• Correction service charges are often dependent upon duration and coverage required.
• Equipment can often be specific to the project terrain. For instance, a system may be designed for use 

on land, and at a certain distance out to sea software associated w ith the equipm ent will prevent its 
use. Therefore, an alternative system would be required for offshore work. This is prim arily a service 
supplier’s answer to preventing offshore oil and gas companies using the less expensive land systems. 
The range at which this cut-off occurs is subject to change by each manufacturer

G r o u n d - b a s e d  systems

• Provided in  the UK by the General Lighthouse Authorities and Trinity House under the guise of the 
Marine Differential GPS Service (MDGPS)

• In general, positions based on these corrections are less accurate (approximately 5m horizontal) as the 
corrections are calculated and delivered to the rover receiver from a single user-selected radio bea­
con. Usually this will be the beacon providing the strongest reception.

• There is currently no subscription charged for these corrections, once rover receiver equipm ent has 
been purchased.

• The system is designed to maximise coastal and offshore coverage.
• Due to its intended use as a marine navigation aid this system has very lim ited use on land.

Figure 3 shows the distribution, range and frequency of dGPS stations around the UK and Ireland.
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Figure 3 The loca tion  a n d  f req u e n c y  of dGPS b e a c o n s  a ro u n d  the  United  Kingdom and  Ireland 

The table below provides a summary of dGPS options.

4 Data on the status of these beacons may be found at http://www.effective-solutions.co.uk/beacons.html

http://www.effective-solutions.co.uk/beacons.html
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Service provider Type o f link Anticipated
accuracy

Approxim ate cost o f 
correction service

MDGPS Ground-based ~3-5m Equipment ~ £600-£2000

User system Ground-based <3m Equipment ~ £5000

Satellite system Satellite-based < lm Equipment -  integrated un it ~ £3000

(spot beam) Correction only ~£1200-£2500

UK correction service ~ £800-£1000 pa

Equipmen t  p r o c u r e m e n t  -  factors  to cons ide r
Assuming a need for dGPS positioning, the specific choice of equipm ent will be very m uch dependent 
upon: (a) the required accuracies for site location/relocation; (b) the location of the project; and (c) the 
costs involved. For example, a commercial dGPS correction service might not be available in  the proj­
ect area and therefore it may be necessary to implem ent a user-established dGPS system.
Prior to the procurement of equipm ent the following additional factors should also be considered:

• Existing equipm ent availability. It may be possible to upgrade an existing GPS receiver w ith the addi­
tion of a compatible dGPS correction receiver.

• Purchase versus hire of equipm ent.
• Location and duration of project vis-à-vis the costs of using a commercial satellite-based correction 

service and the service availability w ithin a specific project area. (Areal coverage w ith respect to com­
mercial dGPS correction availability varies between the different service providers.)

• Financial budget.
• Specific equipm ent requirements as regards actual dGPS deliverables and extra functionality, e.g. 

navigation, data collection, site relocation, etc.
• Methods of mounting the equipm ent on a vessel. Receivers designed for recreational use, e.g. hiking, 

are not usually ideal for secure mounting on a vessel.
• Backup equipment. W hen it is vital that data is obtained at a specific time then reliance on a single 

dGPS system is not ideal. In such situations a multi-system approach is appropriate, whereby a sec­
ond and ideally independent dGPS system is employed. This provides both a means of monitoring 
individual system integrity and automatic system swapping should a failure occur in one system. The 
degree of equipm ent backup required will vary w ith specific project requirements. However, it is rec­
ommended that wherever possible all equipm ent should be duplicated.

• Final co-ordinate reference system requirements. The default co-ordinate reference system for all GPS 
positioning is WGS84 (World Co-ordinate System 1984), see co-ordinate reference system section. 
This may not be consistent w ith the project co-ordinate reference system.

• Operator training requirements. W hilst GPS and dGPS positioning is in  the m ain a black box tech­
nique, users may require specific training in  a particular manufacturers equipment, e.g. setting datum 
and setting co-ordinates.

Technical in formation of  a typical receiver
GPS equipm ent specifications contain a variety of technical information that is also applicable to dGPS 
receivers, and the user should be aware of some of the terminology. See also the Glossary of terms 
(Appendix A).

• Number of receiver channels -  this determines the number of satellites that can be tracked at any one 
time: typically 6 in  a lower specification system and 12 in higher order models.

• GPS measurements and frequencies -  the coded GPS signal is broadcast on two carrier frequencies 
called L l and L2. The Ll frequency carries a m odulated code known as the C/A (coarse acquisition) 
code. Both Ll and L2 frequencies also contain a precise (P) code. In its most basic form a GPS receiv­
er will track only the Ll carrier frequency and use the C/A code to calculate ranges. Advanced GPS 
receivers are capable of tracking both Ll and L2 and through this gain access to the precise codes, 
thus improving accuracy by an ability to correct for atmospheric errors.

• Position recording rate (max. per second) -  typically this is selectable and might vary from 0.2-60 
seconds.
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• Latency -  particu larly  im portan t in  re la tion  to dGPS, the latency of a system  describes the lapsed  tim e 
since the last dGPS correction was received.

Personnel

Prior to project com m encem ent a num ber of personnel w ill be required  to rig and test all dGPS equ ip ­
m ent on the m onitoring vessel. However, once installed , u nder norm al m odes of operation  only one p e r­
son is required  to operate each GPS receiver. Specifically, it is necessary to m onitor only the GPS ou t­
pu t (see QC section) values and  com m unication links to other data capture devices and software.

Method

All GPS manufacturers’ equipment has variations in  set-up functions and user interface. It is therefore 
essential that the user ensures that the manual for each piece of equipment w ithin the specific system has 
been read and understood. For example, failure to correctly enable the dGPS correction facility on the 
rover receiver will result in positioning being performed only at the basic 15m level (horizontal position).

Installation of  e q u ip m e n t  

Antenna location
The location of the rover receiver antenna on board the monitoring vessel is important. Depending on 
the nature of the project and required accuracies the following should be taken into consideration:

• Clear view of the sky -  the antenna should be located such that it is free from obstructions for 360 
degrees above the horizontal plane of the antenna (for example, on top of vessel’s mast).

• Interference from other com m unication  sources and  electrical fields -  GPS and dGPS correction sig­
nals are typically  weak in  com parison to other licensed  com m unication signals, e.g. sh ipping  radio 
transm issions. It m ay be necessary to locate the an tenna aw ay from other an tenna arrays.

• The hum an/anim al interference -  this should be minimised. For example, it may be necessary to 
employ a specialist cover to prevent seabirds sitting on antennae.

• Offset from other m easurement devices, e.g. echo-sounding transponder -  it should be noted that the 
movement of the vessel in  terms of heading, pitch and roll will have an effect on the position of the 
GPS antenna w ith respect to other m easurement devices. For example, w ith an antenna situated 10m 
up a mast 5 degrees of pitch will introduce ~0.9m of offset.

• Antenna m ount -  this should be sufficiently robust for the project conditions and the antenna must 
not move independently of the vessel to which it is attached.

Power supply
GPS receivers from separate manufacturers have differing power requirements. It is therefore essential 
that attention is paid to the specific requirements of the equipm ent used. In particular the following key 
issues should be addressed:

• M ost GPS receivers and correction receivers operate o n a  12v supp ly  using specialist batteries. The 
user shou ld  check w hether alternative voltages are available.

• If it is not possible to replace batteries without powering down the system and the receiver is not 
operating on an external power supply, e.g. mains adapter, then the user should ensure that recharg­
ing facilities are available if project duration is likely to exceed 80% of the stated battery life.

• It m ay take some tim e to get a fix after pow er loss.

Cabling
Depending on configuration individual dGPS systems can require many cables. Moreover the loss of any 
one cable will generally render the whole system inoperable. Inadequately m aintained cables can often 
be a cause of system failure -  avoidable, yet difficult to detect. Implementation of the following recom­
mendations significantly reduces system failure due to cabling problems.
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• Ensure each cable is correctly and clearly identified .
• Ensure the com plete system  is verified before any an tennae are fixed in  norm al operating locations.
• Ensure sufficient coaxial cable is available for proposed antenna location. Maximum antenna cable 

lengths are dependent upon the thickness of cable and the quality of the end connectors. Thick cable 
(RG214) has a maximum length of 60m, whilst th in  cable (RG58) has a length of 10m. In general 
antenna cable should not have more than 17db signal loss.

• Ensure cable runs follow paths that are aw ay from areas w here personnel or equ ipm ent regularly 
move.

Storage/transportation
All GPS and dGPS equipm ent designed for use in  the field is generally  enclosed in  rugged w aterproof 
casings. However, the com plex electronics housed  inside are both  sensitive and very expensive to 
replace and the equipm ent should  be treated  w ith  due respect at all times.

W hen in  use, all equipm ent should be secured and the user should ensure that any mounts used are 
sufficiently robust for the project conditions.

Ensure that equipm ent is stored in  carrying cases w hen  not being used.
Ensure all cables are carefully stored to prevent damage.

System settings
Once the equipm ent is correctly installed and prior to the com m encem ent of the project it is necessary to 
verify that all system com ponents are operating correctly. Specifically the user must check that all hard­
ware and software parameters have been correctly selected. The following are identified as the m inim um  
param eters that m ust be set.

Hardware settings
• Ensure that com m unication  param eters of the rover receiver and  the dGPS correction receiver are 

com patible. Param eters such  as baud  rate (speed of com m unication) w ill be quoted in  the m anufac­
tu re r’s m anual.

• Ensure that com m unication  param eters of the rover receiver and any other device receiving the out­
p u t are also com patible.

• Ensure that the correct an tenna type is selected. The use of the incorrect an tenna type w ill in troduce 
a bias in  the determ ined  position  of the rover receiver.

Software settings
• Set the co-ordinate reference system  for the position  ou tpu t appropriate for the project. See section 

on co-ordinate reference systems.
• Ensure rover receiver is set to accept dGPS corrections.
• Set the frequency of position  determ ination  -  the update  rate at w h ich  a position  is calculated. A n 

appropriate value is 1 second.
• Set the PDOP threshold (Positional Dilution of Precision, a QC measure of the suitability of the cur­

rent satellite geometry -  see QA/QC section). Above the PDOP threshold positions are not calculated. 
An appropriate value is 5.

• Set elevation mask -  a QA measure to improve PDOP value by filtering out signals from low eleva­
tion satellites. An appropriate value to set is 15 degrees above the horizon.

• Set the m in im um  num ber of satellites to be tracked. The m inim um  requirem ent is 4.

QA/QC

For the majority of marine monitoring projects dGPS has now become a cost-effective m ethod of posi­
tion fixing. However, as with all measurement processes perfect measurements are not possible. No m at­
ter how sophisticated the associated technology, errors will still rem ain in  the m easured ranges and will 
have an effect on computed positions. The detailed aspects of how these errors can be quantified and 
assessed is beyond the scope of this report [3], However, there are various simple functions available to 
the user, during dGPS operation, that can be monitored to ensure system integrity.

• DOP (Dilution of Precision) - DOP is a measure of the suitability of the geometry of satellites.
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Expressed as a number from 1 to infinity the DOP value represents the geometric contribution to the 
error in  the position fix. A value of 5 and below generally regarded as acceptable. In particular, the 
PDOP (Positional Dilution of Precision) value is generally used as an indicator of good observing 
satellite geometry. GPS and dGPS positioning should not be undertaken during periods of high PDOP,
i.e. >5. If PDOP rises above 5 the user should consider suspending operations until observing condi­
tions improve, i.e. PDOP value <5. In practice this will entail the user either waiting until the GPS 
satellite geometry changes or moving the vessel to facilitate such a geometry change.

• Number of satellites to be tracked -  both the base and rover receivers need to be tracking at least 4 
satellites to m aintain accuracy. More im portantly for dGPS positioning the base and rover receiver 
m ust track, as a minimum, 4 common satellites. If this is not achieved then Positioning in  the dGPS 
mode cannot be performed. This can usually be monitored via an output on the rover receiver. 
However, w ith the GPS constellation now complete this should not be a problem for receiver with a 
clear view of the sky.

• Reception of differential corrections -  the loss of dGPS corrections for periods of greater then 10 sec­
onds will lead to degradation in accuracy of position fix. The longer the period w ithout the correc­
tion signal the greater the degradation of accuracy. See also technical information section -  latency.

Accuracy testing

Any position derived from a GPS receiver should only be accepted if it has satisfied the QC factors stat­
ed above. W hilst in  operation these QC functions provide the only measure of accuracy and it is im por­
tant that they are monitored. Positions that do not satisfy all of the criteria should be rejected. This can 
be achieved either automatically or m anually depending upon the GPS receiver specification. In order 
to ensure that QC factors are being met a number of simple accuracy tests can be performed before proj­
ect commencement. These include:

• Set up the rover receiver according to m anufacturer’s guidelines and leave the rover antenna station­
ary for a long period of time (e.g. 1 hour) and m onitor the output positions. The average position 
should not exceed m anufacturer’s stated system accuracy for 95% of the m easured positions. This test 
should be performed in  good operating conditions, i.e. clear view of sky and low multipath. The user 
should be aware that a hostile environment is likely to reduce system performance.

• Set up the rover receiver according to m anufacturer’s guidelines and locate the rover antenna over a 
known co-ordinated point (e.g. Ordnance Survey control point or clearly identifiable point from a 
local plan). Compare the output positions w ith the known co-ordinate values. Great care should be 
taken to ensure that the co-ordinates of the known point and the dGPS output are in the same co­
ordinate reference system -  see co-ordinate reference systems section.

• If a multi-system approach is being used, i.e. two or more independent dGPS systems, then a simple 
comparison of individual receiver co-ordinate outputs can provide a useful QC test. If this approach 
is adopted then consideration should be given to the receiver output co-ordinate reference systems 
and antenna offsets for each GPS receiver.

Co-ordinate reference systems

The standard output from a GPS receiver is a single co-ordinated position in  the WGS84 (World 
Geodetic System 1984) co-ordinate reference system. However, many maps and charts used in the m on­
itoring of marine environments are not referred to this system. It is therefore vitally im portant that all 
potential users of GPS and dGPS understand the basic concepts and options concerned w ith trans­
forming GPS positional output into alternative co-ordinate reference systems (Figure 4). In particular:

• The WGS84 co-ordinate datum has been established for common positioning throughout the world.

5 It is not possible to put a general figure on the decrease in accuracy caused by high PDOP as it is totally 
dependent on the satellite geometry as observed above the user’s local horizon. Obviously this well vary from 
place to place.
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• P o s itio n  o u tp u t w ill o ften  be re q u ire d  to co m p ly  w ith  th e  p ro jec t base  m ap p in g , e.g. A d m ira lty  d a tu m  
(OSGB36 geodetic).

• T he p r in c ip a l co -o rd in a te  system  in  th e  UK is b ased  on  th e  O rd n an ce  S u rv ey ’s N a tio n a l G rid, w h ic h  
is a rea lisa tio n  of th e  O rd n an ce  S u rv ey  G reat B rita in  1936 d a tu m  (OSGB36). A ll p o in ts  in  th e  UK an d  
w ith in  near-sh o re  w aters can  be ex p ressed  in  e ith e r  g eodetic  co -o rd in a tes  (la titu d e  a n d  lon g itu d e) or 
p la n  co -o rd in a tes  (easting  an d  north ing ).

• T here  are a n u m b e r of d iffe ren t tran sfo rm a tio n  m eth o d s , e.g. H elm ert, availab le  for tran sfo rm in g  
W GS84 co -o rd in a tes  to  OSGB36 or an o th e r da tu m . T he u se r  sh o u ld  be aw are th a t each  m e th o d  w ill, 
in  genera l, y ie ld  s lig h tly  d iffe ren t v a lu es  for th e  sam e W GS84 p o s itio n  an d  th e  sp ec ific  cho ice  of 
tran sfo rm a tio n  is im p o rtan t.

• GPS a n d  dGPS rece ivers can  u su a lly  be set to  o u tp u t in  a loca l co -o rd in a te  system , e.g. OSGB36.
H ow ever, th e  co o rd in a tes  o u tp u t are in  th e  m a in  b ased  on  a g en era lised  set of tran sfo rm a tio n  p a ra m e ­
ters an d  m ay  n o t a lw ays be ap p ro p ria te . T he u se r  sh o u ld  th ere fo re  en su re  th a t th e  tran sfo rm ed  p o sitio n s
are to th e  re q u ire d  accuracy.

Note. T here  are s lig h t v a ria tio n s  to  W GS84 th a t m ay  be re fe rred  to  in  te c h n ic a l d o cu m en ta tio n , e.g.
ETRF89. For th is  ty p e  of p ro jec t su ch  v a ria tio n s  can  be reg a rd ed  as W GS84.

G lo b al e .g . [WGS64) N ational e.g. <0$Ga.36f

GPS position PFínr eü-ûrçKrifllw
[ ta iiinfp, 'lYvriSmr.'J

GeflOotic GO-ordrn-aHei
liui, h mii fi)

Geodetic cc orU-nates
fi'ur, tar>x, fjf

Apply
transformation

WGSfl* WlBpSOld

Figure 4 The in te rre la tionsh ip  b e tw e e n  th e  W G S 8 4  an d  O S G B 3 6  c o -o rd in a te  re fe rence  systems

Data output formats

In  th e  v as t m a jo rity  of m arin e  m o n ito rin g  p ro jec ts  s ite  lo c a tio n  an d  re lo ca tio n , w h ils t fu n d am en ta l to 
th e  ta sk  in  h a n d , are n o t th e  fu n d am en ta l objective. T he p o s itio n  o u tp u t from  dGPS often  form s one of 
th e  in p u ts  to  a n o th e r system , e.g. GIS, ech o -so u n d er, etc. It is there fo re  e ssen tia l th a t u se rs  u n d e rs ta n d  
h o w  da ta  strings can  be ex trac ted  from  a GPS rece iv e r an d  fed  in to  o ther sc ien tific  a p p lica tio n s .

NMEA
T he NM EA da ta  fo rm at co m p rises  a series of s tru c tu re d  m essages co n ta in in g  in fo rm a tio n  from  th e  GPS 
receiver. T hese  m essages can  be u se d  as an  a lte rn a tiv e  m e th o d  of in te rac tin g  w ith  a GPS receiver. T he 
m ajo rity  of GPS a n d  dGPS rece iv ers  u se  th e  N M EA  form at as a c o m m u n ic a tio n  fo rm at a llo w in g  in te r ­
face w ith  o ther n o n -p ro p rie ta ry  so ftw are a n d  da ta  logging dev ices. T h e  c u rre n t NM EA s ta n d a rd  for 
in te rfac in g  w ith  m arin e  e lec tro n ic  dev ices is NM EA 0183. T he read e r m ay  fin d  th e  fo llow ing  NM EA 
m essages usefu l:

• GLL

• GGA -  GPS p o s itio n  (W GS84 geodetic), tim e  an d  a m easu re  of q u a lity  of th a t p o s itio n
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• GSA -  QC in fo rm atio n , su c h  as n u m b e r of sa te llite s  b e ing  track ed  an d  PDOP 

Expor t  to  GIS fo r m a t
As m e n tio n e d  above, dGPS p o s itio n a l in fo rm a tio n  is o ften  u tilise d  w ith in  a th ird  p a rty  so ftw are p a c k ­
age su c h  as a GIS. T h is  m ig h t s im p ly  be for n av ig a tio n a l p u rp o se s  or it  m ig h t co m p rise  o ther a ttrib u te  
in fo rm a tio n  a ttach ed  to an  in fo rm a tio n  b lo ck  th a t can  be su b se q u e n tly  reco rd ed  an d  d isp lay ed  in  a GIS. 
T he read e r sh o u ld  be aw are  th a t ex p o rt fac ilities , for GIS form ats, are u su a lly  o n ly  ava ilab le  if  th e  data  
is p ro cessed  in  p ro p rie ta ry  so ftw are su p p lie d  w ith  th e  GPS receiver, after th e  da ta  h as  b e e n  cap tu red . 
H ow ever, som e GIS m an u fac tu re rs  n o w  p ro v id e  ad d -o n  m o d u les  th a t a llo w  th e  d irec t in p u t  of GPS da ta  
from  m a n y  sou rces. S u ch  packages u su a lly  req u ire  NM EA o u tp u t from  th e  GPS receiver, e.g. M aplnfo  
uses G eotracker for ‘l iv e ’ GPS in p u t to  base  m aps.
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Useful  w e b s i t e s
A sh tech  www.ashtech.com
C om m issioners of Irish  L ights www.cil.ie/
Fugro O m niSTA R  www.omnistar.nl
Leica www.leica-geosystems.com
N atio n a l M arine  E lec tron ics A sso c ia tio n  www.nmea.org 
N o rth e rn  L igh thouses B oard  www.nlb.org.uk/
O rd n an ce  S u rv ey  www.ordsvy.gov.uk/services/gps-co/geo6.htm
R acal L an d S tar www.racal-landstar.com
T rin ity  H ouse L igh thouse  S erv ice  www.trinityhouse.co.uk
T rim ble www.trimble.com

Glossary

dGPS G lobal P o sitio n in g  S ystem  u se d  in  d iffe ren tia l m ode
DOP D ilu tio n  of P rec is io n  of co m p u te d  p o s itio n
PDOP P o sitio n a l D ilu tio n  of P rec is io n
HDOP H o rizo n ta l D ilu tio n  of P rec is io n
VDOP V ertical D ilu tio n  of P rec is io n
E phem eris M essage b ro ad cas t from  GPS sa te llite  g iv ing  th e  u se r in fo rm a tio n  on  th e  

h e a lth  an d  p o s itio n  of th e  sa te llite
R over S ta tio n Term  u se d  to  d escribe  th e  m ov ing  co m p o n e n t of th e  dGPS system , e.g. th e  

vesse l
Base S ta tio n Term  u se d  to  d escribe  a fixed  s ta tio n  at w h ic h  co rrec tio n s to  ranges are co m ­

p u te d  a n d  th e n  b ro ad cas t to  th e  R over S ta tio n
M u ltip a th T h is is cau sed  b y  GPS signals b e ing  re flec ted  from  loca l su rfaces (sea, 

b u ild in g s , etc.) onto  th e  GPS rece iv e r’s an ten n a : th is  c an  cause  errors in  th e  
co m p u ted  range

http://www.colorado.edu/geography/gcraft/notes/gps/gps_f.html
http://www.ashtech.com
http://www.cil.ie/
http://www.omnistar.nl
http://www.leica-geosystems.com
http://www.nmea.org
http://www.nlb.org.uk/
http://www.ordsvy.gov.uk/services/gps-co/geo6.htm
http://www.racal-landstar.com
http://www.trinityhouse.co.uk
http://www.trimble.com
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Procedural Guideline No. 6-2 
Relocation of intertidal and 

subtidal sites
Rohan  Hol t  a n d  Bill Sander son ,  Co un t r ys i de  Counci l  for W a l e s 1 

Background

R elocating  sites on  th e  sho re  or seabed  can  be v e ry  d ifficu lt g iven  th e  n a tu re  of th e  m arin e  en v iro n m en t 
in  tem p era te  w aters . U n d e rw a te r v is ib ility  is o ften  re s tr ic te d  to  a few  m etres  a n d  w eather, sea sta te  an d  
o ther sea  u se rs  can  m ake m ark in g  a site  w ith  p e rm a n e n t m ark er b u oys im p rac tica l in  th e  long  term . 
H iscock  (1996) o u tlin e s  a se lec tio n  of w e ll- tr ied  m eth o d s  av a ilab le  for accu ra te ly  m ark in g  an d  re lo c a t­
ing  sites on  th e  sho re  a n d  u n d e rw a te r: v a ria tio n s  of th e se  an d  o thers u tilis in g  re c e n tly  d ev e lo p ed  te c h ­
no log ies are d esc rib ed  b e lo w

Purpose

T his g u id e lin e  deals w ith  th e  fo llow ing  issues:

• m ark in g  a n d  re lo ca tin g  sho re  an d  n ea rsh o re  sites ad jacen t to  surface featu res (m a in lan d , is la n d s  an d  
off-lying rocks)

• m ark ing  an d  re lo ca tin g  offshore sites
• d o c u m e n ta tio n  of m o n ito rin g  sites

A p p l i c a b l e  to  t h e  fo l l o w i n g  o b j e c t i v e s
A ccura te  p o s itio n  fix ing  is a fu n d am en ta l cho ice  in  th e  design  of th e  m o n ito rin g  s tra tegy  for a g iven  
a ttrib u te . P o sitio n  fix ing h as b e e n  u se d  in  th e  m o n ito rin g  of p o p u la tio n  an d  c o m m u n ity  co m p o sitio n  
a ttrib u tes  as w ell as th e  in te g rity /s tru c tu re  of p o p u la tio n s . It is also  con ce iv ab le  th a t site  m ark in g  co u ld  
be u se d  d irec tly  or in d ire c tly  (as a georeference  p o in t) in  th e  m e asu rem en t of ex ten t.

A lso  ap p licab le  to  th e  fo llow ing  b ase lin e  su rv ey  objectives:

• su b tid a l rock  an d  se d im e n t b io logy  req u irin g  sa m p lin g /re p e a t sam p lin g  at exact lo ca tio n s by  a 
v a rie ty  of d iffe ren t m e th o d s

• e s tab lish in g  fix ed -p o in t m o n ito rin g  s ta tions
• lo ca tin g  a n d  re lo ca tin g  s tru c tu re s /c o m m u n itie s /sp e c ie s  of co n se rv a tio n  im p o rtan ce .

A d v a n t a g e s  of  m a r k i n g  si tes

• Greater precision in  detecting changes by being able to return to the same location.
• A b ility  to  ex am in e  lo ca lised  s tru c tu re s , co m m u n itie s  or ev en  in d iv id u a ls  of one species.
• A ccu ra te  p o s itio n  fix ing red u ces  v a lu ab le  fie ld  w o rk /d iv e  tim e  look ing  for a site.
• P o ssib le  h e a lth  an d  safety  im p lic a tio n s  -  accu ra te  in fo rm a tio n  ab o u t a site  a llow s for p re -d iv e  

p la n n in g  a n d  th e  w h ereab o u ts  of d ivers on  th e  seabed  are also  k now n .
• T im e-series da ta  are secu re  w h e n  an y o n e  can  u se  th e  in fo rm a tio n  to  re tu rn  to  th e  site  (i.e. n o t re lia n t 

o n  in d iv id u a ls).

1 Plas Penrhos, Ffordd Penrhos, Bangor, Gwynedd, Wales, LL57 2LQ.
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• Permanent site markers such as the ‘pyram id’ design can be used as a fixing point for other 
scientific equipm ent as necessary, such as temperature, current, light and salinity meters.

D i s a d v a n t a g e s  of  m a r k i n g  si tes

• M aintenance commitments and costs involved in the deployment and upkeep of a fixed site.
• Frequent visits to a fixed site can result in  localised disturbance (e.g. trampling, silt disturbance, 

diver’s bubbles, mechanical damage to delicate species, behavioural changes in  some species of fish).
• Markers may attract unwanted attention from other sea/shore users.

Logistics

D iv ing  o p e r a t i o n s
A ll  d iv in g  opera tio n s w ill be carried  o u t u sin g  c o n ven tio n a l s c u b a  e q u ip m e n t  fo llo w in g  th e  p ro ced u res  
in  th e  cu rren t a g en cy  d iv in g  reg u la tio n s (H olt 1998).

E q u i p m e n t  

Marking shore and near-shore sites 

Recording facilities
E stab lish in g  accu ra te  p o s itio n s  on  or close  to  th e  sho re  can  m ake b es t u se  of a ‘lo w -tech ’ a p p ro a c h  an d  
s till p ro v id e  accu ra te  p o s itio n  in fo rm a tio n  d o w n  to less th a n  one m etre . T h e  a lig n m en t of n a tu ra l fea­
tu res  (‘tra n s it m a rk s’ -  see F igure 1, F igure 3, an d  F igure 4) w ill n e e d  to  be re co rd ed  as ske tch es (w ater­
p r o o f  p a p er/s la te )  su p p le m e n te d  w ith  p h o to g ra p h s  tak en  w ith  a s ta n d a rd  or sh o rt te le p h o to  len s  (e.g. 
35 to  70m m  focal len g th  zoom  on  a 35m m  SLR cam era  w o u ld  p ro b ab ly  su it m ost s itua tio n s).

Artificial markers can be used on the shore or underwater bearing in  m ind that hum an disturbance 
and natural weathering processes can result in  their loss and therefore necessitate site maintenance.

Support vessel
A  su p p o rt boa t is required for most diving operations and should be equipped with an echo-sounder  that 
will allow a seabed profile to be viewed and accurate depths recorded. Current time and date should be 
recorded to allow for recalculation of depth relative to chart datum using an appropriate tidal correction.

Pitons and bolts
E asily  recogn isab le  n a tu ra l featu res on  th e  sho re  or th e  seabed  can  be su p p le m e n te d  w ith  p ito n s  (Figure 
2) h am m ered  in to  cracks u s in g  a 2kg lu m p  ham m er. R ock ty p e  (i.e. its  friab ility , th e  av a ilab ility  of cracks 
for b o lts  an d  p ito n s  a n d  its  so ftness, if  d rillin g  b o lt ho les) an d  ex p o su re  to  w ave ac tio n  an d  w ea th e r 
(w ith  re sp ec t to  co rrosion ) m u s t be tak en  in to  acco u n t. R egular re p la c e m en t or m a in te n a n c e  sh o u ld  be 
c o n s id e red  p e rh a p s  every  2 -3  years.

S ta in le ss  s tee l eye-bo lts  (Figure 2) fixed  w ith  raw p lu g s or e p o x y  resin  in to  th e  rock  also  m ake su itab le  
a tta ch m en t p o in ts  for m ark er tap es an d  lin es . A  battery - or p e tro l-d riv en  p o rtab le  d rill (w ith  ‘ham m er 
a c tio n ’) can  be u se d  on  th e  sho re  to  bore  su itab le  bo lt-fix ing  ho les  or m ak ing  m a rker  h o les . O n ly  a few  
too ls su c h  as a co m p ressed  air drill or b o lt g u n  c an  be  u se d  u n d erw ate r. A  sm all a ir d rill w ith  a m a so n ­
ry  b it, d riv en  b y  co m p ressed  a ir from  a large d iv ing  c y lin d e r v ia  a s ta n d a rd  first stage of a d iv in g  reg u ­
lator, w ill bo re  ho les  in  so ft  rock. A llo w  ap p ro x im a te ly  one 12L cy lin d e r for 2 -3  ho les  d rille d  at 1 0 -2 0 m  
w ate r d e p th  (S an d erso n  et al. 2000). H ow ever, v e ry  few  a ir-p o w ered  too ls availab le  to  th e  sc ien tific  
d iver w ill m ake m u c h  of an  im p re ss io n  on  h a rd  lim esto n e  an d  g ran ite  an d  o n ly  re su lt in  th e  d iver an d  
th e  d rill co n su m in g  large q u an titie s  of co m p ressed  air. Bolt guns w o rk  on  th e  p r in c ip le  of d riv in g  a steel 
p in  in to  th e  rock  u s in g  a sm all exp lo siv e  charge from  a ‘b la n k ’ s ta rte r p is to l cartrid g e  (M. Bates, P ort 
E rin  M arine  Laboratory, pers. com m .). A gain , su c h  dev ices are b est u sed  on  re la tiv e ly  soft rock  an d  
req u ire  carefu l u se  w ith  regard  to  h e a lth  an d  safety.

S m all b o lts  a n d  p ito n s  can  be q u ick ly  overg row n b y  tu rf-fo rm ing  p la n ts  a n d  an im als. F in d in g  th e m  b y  
eye can  be d ifficu lt, ev en  if  th e  lo ca tio n  d o w n  to th e  la s t square  m etre  is k n o w n . F lu o rescen t tape  
(F igure 5) or co lo u red  cab le-ties a tta ch ed  to  th e  h e a d  of a p ito n  w ill c lea rly  h ig h lig h t its  p o s itio n  
a lth o u g h  th e  tap e  itse lf  can  b ecom e d e ta c h e d  or h av e  a sco u rin g  effect on  th e  flora an d  fauna  at
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tu rb u le n t sites. S u b m ersib le  m e ta l de tec to rs  th a t em it an  au d ib le  to n e  w h e n  p a sse d  over a m e ta l object 
can  h e lp  re lo ca te  a lo st p ito n  or bo lt, a lth o u g h  th is  co u ld  be  v e ry  tim e-co n su m in g  if  a large area has to 
be search ed . A lte rna tive ly , d o c u m e n ta tio n  of d is tan ces  from  n ea rb y  h ig h ly  c o n sp ic u o u s  n a tu ra l or m an- 
m ad e  fea tu res can  ass is t in  fin d in g  b o lts  an d  p ito n s  w ith  a m easu rin g  tap e  (F igure 6).

Resins and glues
R esin s  a n d  g lu es  th a t se t u n d e rw a te r  (e.g. q u ick -se ttin g  ep o x y  resin ) are a less lab o u r-in ten s iv e  m e th o d  
of fix ing m arkers in to  crev ices (a lth o u g h  a d d itio n a l d rillin g  m ay  be req u ired ). O n  v e ry  h a rd  flat surfaces, 
w h ere  d rillin g  m ig h t be im p rac ticab le , sm all m arkers, for ex am p le  to in d ic a te  w h e re  a rep ea t q u ad ra t 
sam p le  sh o u ld  be  p o s itio n e d , c an  be s tu ck  d irec tly  to  th e  rock  surface. T he ro ck  su rface  m u s t be th o r­
ough ly  c lean ed  of an y  en c ru s tin g  algal or an im al film s u s in g  an  ab rasive  w ire  b ru sh  or s im ila r to  en su re  
a firm  b o n d  is ach ieved .

Figure 1 Drawings of marks a n d  transit  features .  O n  the  left, w h e n  the  p a in t  m arks (PI & P2) on  a fo reg ro u n d  b o u ld e r  and  
b a ck g ro u n d  cliff f ace  a re  correc tly  a ligned  will ind ica te  th e  co rrec t  location  in term s of position  and  d is tan ce  offshore. O n  
the  right, th e  transit  featu res  a re  correc tly  a ligned  w h e n  the  to o th -sh ap e d  rock a p p ea rs  in the  'V' of  the  hillside.

Figure 2 Examples of typical pi tons and  an  ey e  bolt  used  to m ark  posi t ions on  rocky m onito r ing  stations
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Figure 3 Photog raphs  of the  marks at Pen Cristin on  the  eas t  s ide  of Bardsey Island. Enlargem ent A sh o w s th e  detail of  the  
to o th -sh ap e d  rock (T). En largem ent B sh o w s the  detail of  the  p a in t  m ark  on  the  b o u ld e r  (PI) in a l ig n m en t  with  the  invert­
ed  'L' sh a p e d  m ark  (P2) on  the  short  cliff face.
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Figure 4 G enera l  v iew  an d  en la rg ed  v iew  of featu res  used as part  of  th e  transit  marks on  eas t  Lundy at the  Knoll Pins m o n ­
itoring site. Line A-B sh o w s  the  a l ig n m en t  of  the  c ab le  m arker  w ith o n e  of th e  peaks  in the  b a ck g ro u n d  (Photographs  by  W. 
Sanderson).
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Figure 5 Images 1 a n d  2 s h o w  plastic  w h ip s  a ttach ed  to su b -sed im en t  surface  b locks o r  stakes to m ark  the  p e r im ete r  of  an 
e xper im en ta l  plot.  Images 3 a n d  4  s h o w  an acous tic  t r an sp o n d e r  b e a c o n  p laced  on  th e  a p e x  of a pyram id  m arker  on  a 
M o d io lu s  m o d io lu s  b ed  used  to g u ide  a diver to the  m arker  even  in p o o r  visibility. Image 5 sh o w s a b u n d le  of bricks tied 
w ith c ab le  ties fas tened  secu re ly  to th e  se a b e d  with  a 'road  p in '  tha t  a llows for the  a t ta ch m en t  of  gu idel ines .  Image 6 show s 
a p i ton  h a m m e re d  into a c rack in a rock f ace  a lm os t  o b sc u red  by ep ib io t ic  turf ex ce p t  for its f lu o rescen t  ta p e  to s h o w  its 
w h e rea b o u ts .  (Photographs  by Rohan  Holt)
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Figure 6 A d iag ram m atic  represen ta t ion  of the  m ain  features  at th e  E unicella  verrucosa  m on ito r ing  site at North  Wall,  
Skom er  sh o w in g  the  layout of  the  seafans in relation to a distinctive no tch  (N), an d  a c o n sp ic u o u s  c o lo n y  of the  sp o n g e  
C liona cela ta  (C). (D raw ing  by Rohan Holt  a d ap ted  from  draw ings  by  K. Lock, Skom er  M ar ine  N a tu re  Reserve)

Marker posts and stakes
S ed im en t sho re  an d  seabed  sites can  be m ark ed  w ith  a co m b in a tio n  of stakes, p eg s  an d  ‘ca irns’ of b o u l­
ders or b ricks (F igure 5). S teel ‘ro a d  p in s ’ c an  be  d riv en  in to  th e  se d im e n t w ith  a lu m p  h am m er an d  
‘cork-screw s’ (m ade from  stee l re in fo rc in g  ro d s w o u n d  ro u n d  a p o s t to  m ake h e lix -sh a p e d  m ark ers  abou t 
50cm  long  w ith  an  eye b e n t in to  th e  to p  sec tion) can  be  sc rew ed  in to  sa n d y /m u d d y  sed im en ts . W ith  
su c h  system s of m ark ing , c o n s id e ra tio n  n eed s to  be g iven  to th e  rate  of co rro sio n  of th e  m arkers or 
w h e th e r th e  h a b ita t is su ffic ien tly  m ob ile  to  cover over th e  m arker. In  som e c ircu m stan ces  it  m ig h t be 
d esirab le  to  avo id  h av in g  large c o n sp icu o u s  p o sts  or ro d s p ro tru d in g  from  th e  se d im e n t surface, p a r tic ­
u la rly  in  u n s tab le  or soft sed im en ts  w h ere  su c h  m arkers are v u ln e ra b le  to  b e in g  p u sh e d  over or w h ere  
th e y  m ig h t a ttrac t u n w a n te d  a tten tio n . A  ‘w h ip ’ of th ic k  n y lo n  lin e  or flex ib le  p la s tic  ro d  a ttach ed  to an  
an ch o r p o in t, su ch  as a w o o d en  stake or co n cre te  b lo ck  b u rie d  b e lo w  th e  su rface  of th e  sed im en t, w ill 
ad eq u a te ly  m ark  a p o s itio n  on, for ex am p le  a s a n d y  or m u d d y  sho re  (F igure 5).
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Paint marks
R ocky su b stra ta  on  th e  sho re  can  be m ark ed  w ith  o il-based  p a in t to  a id  lo ca tio n  of sp o t-p o sitio n s  or tra n ­
sit lin e s  (Figure 3). F resh  coats of p a in t w ill be req u ired  p e r io d ic a lly  -  p e rh a p s  each  year in  areas w h ere  
w ea th e rin g  has a sig n ifican t effect.

Guide ropes and lines
R opes a n d  lin e s  la id  d o w n  on  th e  seabed  to  a id  d iver n a v ig a tio n  are p a rtic u la r ly  u se fu l in  th e  sh o rt te rm  
(e.g. d u rin g  a few  days of w o rk  at a site) b u t are p ro n e  to  b e in g  snagged  b y  fish ing  gear or an ch o rs  an d  
can  a ttrac t u n w a n te d  g row ths of fou ling  organism s th a t co u ld  in flu e n c e  th e  n a tu ra l sta te  of th e  site. 
R opes a n d  lin e s  sh o u ld  th erefo re  be trea ted  as a tem p o ra ry  fix tu re  w h ic h  if  dam aged  or lo st w ill no t 
re su lt in  lo sin g  th e  site. It is th ere fo re  b e s t to co n sid e r re triev in g  an y  lin e s  at th e  en d  of a ta sk  u n le ss  
o ther u se rs  o n ly  ra re ly  v is it th e  site.

Distance measurements
A tap e  m easu re  can  be u se d  to  accu ra te ly  reco rd  d is tan ces  b e tw een  fea tu res o n  th e  sho re  or seabed  an d  
can  also  serve as a g u id e  lin e . Very accu ra te  d is tan ce  a n d  ap p ro x im ate  d ire c tio n  can  therefo re  be re c o rd ­
ed  if  th e  tap e  is u se d  in  c o n ju n c tio n  w ith  a d iv e r’s  co m pass. Id ea lly  m easu rem en ts  sh o u ld  be tak en  from  
an  easily  id en tif iab le  re fe rence  p o in t su c h  as a p ito n  or an  obv ious an d  ro b u s t n a tu ra l fea tu re  su c h  as a 
crev ice  or w e ll-d e fin ed  b ed ro ck  ou tcrop . T h is m e th o d  is p e rh a p s  th e  b es t w ay  to  reco rd  th e  w h ereab o u ts  
of an d  re loca te  sm all fea tu res su c h  as b o lt/p ito n  m arkers or in d iv id u a l o rg an ism s/co lo n ies  on  th e  seabed  
or on  th e  shore . A n  ex am p le  of u s in g  tap e  m easu rem en ts  to  illu s tra te  th e  lay o u t of E un ice lla  verrucosa  
seafans at a m o n ito rin g  s ta tio n  at th e  N o rth  W all o n  S kom er is sh o w n  in  F igure 6 (K. Lock, S kom er MNR, 
pers. com m .). W aterp roo f d iagram s of th e  lay o u t of a s ite  su c h  as th is  are e ssen tia l for ra p id  re lo ca tio n  
of in d iv id u a l co lon ies.

M a r k i n g  a n d  r e lo c a t i n g  o f f sho re  si tes
M ark ing  a n d  re lo ca tin g  offshore sites u ses  m an y  of th e  p rin c ip le s  a p p lie d  to  in sh o re  sites d esc rib ed  
above. T he d ifferences u su a lly  c o n ce rn  th e  in c re a se d  scale  of th e  o p e ra tio n  d u e  to  th e  rem o ten ess  of the  
lo c a tio n  offshore, som etim es g reater d e p th  of w a te r an d  g en era lly  m ore  ex p o sed  s itu a tio n s . T he cho ice  
of lo ca tio n  for an  offshore site  an d  w h e re  to  p lace  a m ark er d ep en d s  o n  fin d in g  ou t as m u c h  as p o ssib le  
ab o u t th e  area  b e fo reh an d . In  w a te r of 3 0 -4 0 m  d e p th  d ep lo y m en t of rem o te  su rv ey  te c h n iq u e s  (see 
P ro ced u ra l G u id e lin e  N os PG 1-3 for A co u stic  G round  D isc rim in a tio n  S ystem  (AGDS), PG 1-4 s id e scan  
so n ar a n d  PG 3-5 rem ote  v id eo  tech n iq u es) is ad v isab le  befo re  an y  ex p en siv e  an d  tim e-co n su m in g  d iv ­
ing  o p era tio n s take  p lace.

GPS or dGPS
T ransit m arks can  be u se d  as a ro u g h  g u ide  to  b rin g  a v esse l in to  an  ap p ro x im a te  area, a lth o u g h  po o r 
su rface  v is ib ility  can  negate  th e ir  u se fu ln ess . G lobal P o s itio n in g  S ystem  (GPS), co m b in ed  w ith  a d iffer­
en tia l signal rece iv er (dGPS) can  p ro v id e  sub -m etre  accu racy  (see dGPS P ro ced u ra l G u id e lin e  6-1).

Seabed positioning using dGPS
GPS rad io -w ave  signals do n o t pass  th ro u g h  w a te r an d  th ere fo re  G PS/dG PS u n its  c an n o t be m o d ified  
for u n d e rw a te r  use . A co u stic  signals  do, how ever, p ass  th ro u g h  w a te r v e ry  w ell. By co n v ertin g  GPS 
rad io  signals in to  u ltra so u n d  freq u en cy  aco u stic  signals  an d  v ice-versa , d ivers d ep lo y ed  from  a b o a t ca r­
ry in g  th e  a p p ro p ria te  aco u stic  p o s itio n in g  system  (APS) can  be track ed  on  th e  seabed . T h ree  tra n sd u c ­
ers h o u se d  in  one u n it  on  th e  s id e  of th e  su p p o rt b o a t a n d  one lo ca ted  im m ed ia te ly  u n d e r  th e  b o a t’s 
dGPS a n te n n a  in te rro g a te  an  aco u stic  b eaco n  a ttach ed  to  th e  diver. T he p o s itio n  of th e  d iv e r is in d ic a t­
ed  o n  a sc reen  in  fron t of th e  d iv in g  su p e rv iso r w h o  can  m ark  on  th e  sam e sc reen  th e  exact co -o rd ina tes 
of specific  lo ca tio n s on  th e  site. It is th e n  stra ig h tfo rw ard  to  g u ide  th e  d iver to a p rec ise  fea tu re  on  the  
seabed , even  in  p o o r v is ib ility . T he b eaco n  can  also  be u sed  to  track  th e  tru e  p o s itio n  of to w ed  fish  d u r­
ing  rem ote  sen sin g  o p era tio n s an d  rem oves th e  n e e d  for lay b ack  ca lcu la tio n s  d u rin g  p o s t-p ro cess in g  of 
th e  data. S u ch  system s can  be accu ra te  to  as litt le  as 10m m  over a range of 100m . T he d raw b ack  of su ch  
system s is th a t th e y  are re la tiv e ly  ex p en siv e  (£4K+), a lth o u g h  v a lu ab le  in -w a te r tim e  can  be saved  by  
n o t h av in g  to u se  m u ltip le  tap e  m easu rem en ts  over long  d istances.

Seabed markers: general considerations
S tru c tu res  p la c e d  on  th e  seabed  can  be u se d  to m ark  th e  p rec ise  p o s itio n  of an  area  of in te re s t or act as 
a re fe rence  p o in t o n  areas of seabed  w ith  few  d is tin g u ish in g  featu res nearby. T h is avo ids ex p en siv e  an d



Procedural  Guide l ine  No.  6-2 Relocat ion of intertidal and subtidal  sites 389

tim e-co n su m in g  searches b y  d ivers lo ok ing  for a p a r tic u la r  feature . Factors to  co n sid e r w h e n  p lac in g  a 
m ark er on  a site  are:

• H ow  an d  w h ere  is it  to be dep lo y ed ?  Very large objects (100kg or m ore) to be d ep lo y ed  severa l k ilo ­
m etres  ou t to  sea w ill req u ire  a su b s ta n tia l (15m+?) v esse l w ith  h eav y  lifting  gear. W hat is th e  m ax i­
m u m  p h y s ica l size  an d  w eig h t of an  object th a t can  be lif ted  by  th e  d eck -m o u n ted  crane?

• A lte rna tive ly , c an  th e  object be co n s tru c te d  on  th e  seabed?
• Is it  large en o u g h  a n d /o r  c o n sp icu o u s  en o u g h  to  be  fo u n d  by  d ivers opera tin g  in  p oo r v is ib ility ?  If 

n o t, c an  aco u stic  beaco n s be u se d  to  a id  re lo ca tio n  on  th e  seabed?
• C an it  be d e tec ted  rem o te ly  b y  A G D S /so n ar/ech o -so u n d er?
• W ill it  m o v e /b e  dam aged  b y  th e  w o rst sea c o n d itio n s  ex p ec ted  at th e  site? W ill it  req u ire  a ttach in g  to 

th e  seabed  or w ill it  s tay  in  p o s itio n  if  free-stand ing?

• If f ish ing  gear, or sim ilar, is d ep lo y ed  reg u la rly  in  th e  area  w ill th is  d is tu rb /d isp la c e  th e  object?
• W ill its  p re sen ce  a lte r/a ffec t th e  n a tu ra l s itu a tio n  (phy sica l a n d /o r  chem ical) in  su c h  a w ay  as to 

d is tu rb  th e  h ab ita ts  an d  co m m u n itie s  u n d e r  in v estig a tio n ?  H ow  far aw ay  from  th e  area of s tu d y  w ill 
th e  m ark er h av e  to  be?

• Does th e  object req u ire  an y  form  of reg u lar m a in ten an ce?
• Is p e rm iss io n  req u ired  (e.g. from  th e  C row n Estate) before  th e  m ark er is p la c e d  o n  site?
• Do o ther sea u se rs  n e e d  to  be m ad e  aw are  of th e  p re sen ce  of a m ark e r/e x p erim e n ta l s ite  (e.g. th ro u g h  

th e  Sea F ish eries  C om m ittees or th e  H y d ro g rap h ic  Office)?

Seabed marker construction
D ifferen t w o rk ing  g roups have  co n s tru c te d  v a rio u s  designs of seabed  m ark er in  th e  p ast. T h ey  have  b een  
co n s tru c te d  from  objects as s im p le  as sc rap  eng in e  b locks, ra il carriage w h ee ls  an d  b u n d le s  of b ricks to 
m ore  e labo ra te  s tru c tu re s  b u ilt  for a specific  p u rp o se . M any  u se  co n cre te  p o u re d  in to  o ld  ty res (from  
car-sized  to  large trac to r tyres) w ith  a stee l lo o p  e m b ed d ed  in to  th e  co n cre te  to  a ttach  ro p es an d  lines; 
b u t no te  th a t g reater v o lu m es of co n cre te  are req u ired  to ach ieve  th e  sam e m ass as a stee l s tru c tu re .

E xam ples of seabed  m ark ers  are sh o w n  in  F igure 5 (im ages 3, 4 an d  5). T h e  C o u n try sid e  C ouncil for 
W ales an d  th e  S choo l of O cean  S cience , M enai B ridge (U n iv ersity  of W ales, Bangor) u se d  th e  ‘p y ra m id ’ 
d esign  to  m ark  sam p lin g  s ta tio n s on  S arn  B adrig R eef a n d  a M o d io lu s  m o d io lu s  ree f off P en  Llyn, N o rth  
W ales. T hese  h eav y  stee l ‘s ta tio n s ’ w ere  co n s tru c te d  sp ec ifica lly  for th e  a tta c h m e n t of th e  tw o  typ es of 
a co u stic  re lo ca tio n  dev ices  a n d  w ere  also  d esig n ed  to in v estig a te  w h e th e r th e y  co u ld  p ro v id e  an  
aco u stic  target for s id e sc a n  sonar.

T he s tru c tu re s  w ere  b u ilt  w ith  a 2 x  2m  sq u are  base  of 15 x  8cm  ch a n n e l bar stee l u p o n  w h ic h  a p y ra ­
m id -sh ap ed , ang led  stee l c o n s tru c tio n  sto o d  1 .75m  ta il. T he  w h o le  s tru c tu re  w as w e ig h ted  w ith  an  old  
6 -in ch  an ch o r c h a in  b o lted  b e tw e e n  m o u n tin g s  on  th e  square  base  m ak ing  th e  overall s tru c tu re  w eigh  
ap p ro x im a te ly  500kg in  air. T h e  w e ig h tin g  w as c o n s id e red  n ecessa ry  to  p re v e n t th e  object m ov ing  w ith  
tid e  or w ave ac tion . T he sta tio n s also  h a d  m o u n ts  for tw o ty p es of aco u stic  b eaco n  a n d  a su rro u n d in g  
‘cage’ for p ro tec tio n . T h e  w h o le  s tru c tu re  w as p y ra m id a l in  d esig n  to  en ab le  fish ing  gear to  p ass  over 
w ith o u t snagging. T he n a tu re  of th e  base  w as ex p ec ted  to  enab le  th e  s tru c tu re  to  ‘b e d -in ’ to th e  p a r tia l­
ly  m ob ile  sed im en t.

T he s ta tio n s  w ere  p a in te d  u s in g  h ig h  v is ib ility  co lo u rs  to  ass is t w ith  in itia l d iver re lo ca tio n  an d  each  
side  of th e  s tru c tu re  p a in te d  w ith  a le tte r  to fac ilita te  o rien ta tio n  w h e n  in  u se  (a lth o u g h  th e  p a in t w as 
soon  o b scu red  b y  m arin e  life). A  sacrific ia l z inc  an o d e  w as fitted  to  each  s ta tio n  in  o rder to  re ta rd  co r­
ro s io n  in  seaw ater an d  ro p e  loops w ere  secu red  to each  co rn er from  w h ic h  d is tan ce  lin e s  co u ld  la te r  be 
d ep loyed .

Acoustic position markers
A c o u s tic  bea co n s  (7815 M in ia tu re  M arker T ran sp o n d ers  -  S o n ard y n e  In te rn a tio n a l Ltd) w ere  a ttach ed  
to th e  to p  of each  of th e  ‘p y ra m id s ’ d esc rib ed  above, a lth o u g h  su c h  dev ices co u ld  easily  be a tta ch ed  to 
o ther s tru c tu re s  or even  p ito n s /b o lts  d irec tly  h a m m e re d  in to  rock. D ivers u s in g  th e  h a n d -h e ld  H om er- 
Pro d iver re loca tion  u n it  (S onardyne  In te rn a tio n a l Ltd) w ere  g u id e d  to  th e  target beaco n s th a t em itted  
so u n d  p u lse s  in  th e  HF freq u en cy  b a n d  from  3 5 -5 5  kHz.

O nce ac tiv a ted  th e  S o n ard y n e  aco u stic  beaco n s w ere  d esig n ed  to be p e rm a n e n tly  ‘o n ’ an d  lis te n  for 
en co d ed  ‘in te rro g a tio n ’ signals  from  th e  d iv e r’s u n it. In  th is  m o d e  th e  b a tte ry  life  sp a n  of th e  beacons 
w as e s tim a ted  to  be 2 years (S onardyne  te ch n ic ian s , pers. com m . 1998), a lth o u g h  li th iu m  b a tte ry  packs 
w ith  do u b le  th is  life sp an  are n o w  availab le  at a g reater cost (£180 as against £17). T he d iv e r u n it  w as
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d esig n ed  to  sen d  ou t an  e n co d ed  in te rro g a tio n  signal to  th e  sp ec ific  tra n sp o n d e r  (each  h as  its  ow n  
‘a d d re ss ’ signal) to  w h ic h  th e  b eaco n  w as desig n ed  to  re p ly  au tom atica lly . T he d iv e r u n it  w o u ld  th e n  
ca lcu la te  th e  d is tan ce  an d  d ire c tio n  from  th e  b eaco n  an d  d isp la y  th is  in fo rm a tio n  to  th e  diver. T h e  m a n ­
u fac tu re rs  re c o m m en d ed  th a t th e  b eaco n s w ere  p o s itio n e d  in  a v e rtica l o rien ta tio n  one m etre  off the  
seabed  in  o rder to  im p ro v e  p erfo rm an ce  b y  fac ilita tin g  a s tra ig h t-lin e  aco u stic  p a th  b e tw een  th e  beaco n  
an d  th e  d iver. In  tria ls  th e  aco u stic  beaco n s w ere  d e tec ted  from  th e  su rface  at over 100m  away.

U sing  s im ila r aco u stic  tech n o lo g y  it is also  p o ssib le  to  set u p  an  ‘aco u stic  n e t ’ b y  p o s itio n in g  a n e t­
w o rk  of tra n sp o n d e rs  on  th e  seabed . A  rece iv er u n it  ca rried  b y  a d iv e r or su b m ersib le  deco d es th e  sig­
na ls  from  th ree  or m ore  tra n sp o n d e rs  s im u lta n e o u s ly  severa l tim es p e r seco n d  to  o b ta in  a p rec ise  p o s i­
tio n  on  th e  seabed . S u ch  system s w ere  d ev e lo p ed  in  th e  offshore oil an d  gas in d u s try  an d  for m arin e  
a rchaeo log ists  b u t co u ld  be a p p lie d  to  seabed  m o n ito rin g  w o rk  w h e re  sp a tia l o r ien ta tio n  b e tw een  fea­
tu res  is im p o rtan t.

Maintenance implications
T he 2 kg z in c  sacrific ia l anodes la s ted  o n ly  18 m o n th s  on  th e  seabed  an d  th erefo re  req u ire  p e rio d ic  
rep lacem en t.

T h e  tra n sp o n d e rs  req u ire  p e rio d ic  b a tte ry  rep lacem en t. In  o rd er to avo id  a s itu a tio n  w h e re  th e  m ark ­
er s ta tio n  is le ft on  th e  seab ed  w ith o u t a tran sp o n d e r, an d  to  avo id  h av in g  to  do m ore  th a n  one d ive  to 
re triev e  a n d  rep lace  a tran sp o n d e r, it is im p o rta n t to h av e  a fu lly  charged  spare .

Pers onne l  

Inshore/near-shore sites
P lac ing  m arks on  th e  sh o re  req u ires  o n ly  one or tw o p eo p le . O ne p e rso n  can  p o s itio n  m arkers on  a site, 
a lth o u g h  a seco n d  m ig h t be re q u ire d  to  ch eck  th e  co rrec t a lig n m en t of re lev an t fea tu res or h e lp  reco rd  
m easu rem en ts  an d  com pass bearings.

A ccurate record ing  of sub tida l site  positions is no rm ally  accom plished  as part of a d iv ing  or rem ote sam ­
p ling  survey. Teams of four peo p le  are u su a lly  requ ired  for div ing surveys, a lthough  one p e rso n  can  accom ­
p lish  the tasks of p osition ing  the  su rvey  vessel over the  site w h ile  ano ther m akes observations. D ivers w ork­
ing on  the  seabed m igh t have to  gu ide the  boat crew  to a precise  location  th ro u g h  the  use  of surface m ark­
er buoys an d /o r u n d erw a te r com m unica tion  system s. Teams of four, the  stan d ard  size of a div ing team  rec­
om m ended  by  the  H ealth  an d  Safety E xecutive (HSE) for div ing w ork, can  co-ord inate th is  task.

T h e  d iv e r’s q u a lif ic a tio n s  c a n  be  an  issu e  in  th is  m atter. D iv ing  u n d e r  th e  S c ien tific  an d  
A rchaeo log ical A p p ro v ed  Code of P rac tice  (ACOP) a llow s for u se  of lig h t too ls , b u t h eav ie r en g in eerin g  
tasks su c h  as fix ing  large, h eav y  fram ew orks to  th e  seabed  m ig h t have  to  be ca rried  ou t b y  d ivers tra in e d  
to  w o rk  u n d e r  th e  In sh o re  C om m ercial A p p ro v ed  C ode of P ractice . T he ACOP for co m m erc ia l d ivers 
in c lu d e s  th e  req u irem en ts  of su itab le  q u a lifica tio n s in  th e  u se  of liftin g  gear a n d  h eav y  en g in eerin g  tasks 
w h ic h  are n o t n o rm a lly  p a r t of a sc ien tific  d iv e r’s tra in ing .

Offshore sites
T here  are a n u m b e r of tasks th a t req u ire  sp e c ia lis t sk ills:

• C o n stru c tin g  th e  m arkers -  th e  ‘p y ra m id s ’ d esc rib ed  above w ere  c o n s tru c te d  b y  en g in ee rin g  te c h n i­
cians. A lte rn a tiv e  designs, su c h  as co n cre te -w e ig h ted  ty res, req u ire  less te c h n ic a l ab ility  to  co n stru c t 
b u t are n o n e th e le ss  heavy.

• A  su itab le  v esse l an d  c rew  are re q u ire d  for th e  d ep lo y m en t of h eav y  objects offshore (the su rv ey  v es­
sel Prince M adog, u se d  to  d ep lo y  th e  p y ra m id  m arkers in  W ales, is 28m  OAL an d  182 GRT. T h e  A- 
fram e h as  a 4 to n n e  SWL.

• ‘H eavy  en g in ee rin g ’ o n  th e  seabed  req u ires  d ivers w o rk in g  u n d e r  th e  HSE In sh o re  Code of P ractice . 
T h is  can  be av o id ed  by  d ep lo y in g  a co m p le ted  s tru c tu re  from  a boat.

• T he d iv in g  team  sh o u ld  co m p rise  a t leas t four p e rso n n e l. W orking at d ep th s  of 3 0 -5 0 m  req u ires  h ig h ­
ly  ex p e rien ced  d ivers u se d  to  carry ing  ou t tasks in  deep  w ater.

2 The Archaeological Diving Unit internet site - http://www.st-andrews.ac.uk/institutes/sim s/Adu/adu.htm pro­
vides information on acoustic and manual methods of surveying seabed features, including links to acoustic 
survey techniques.

http://www.st-andrews.ac.uk/institutes/sims/Adu/adu.htm
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Best t i m e  of  y e a r  

Shore and near-shore sites
C alm  w e a th e r is re q u ire d  for d iv in g  an d  is an  im p o rta n t h e a lth  an d  safety  is su e  for p e rso n n e l w o rk ing  
on  steep  rocky  sho res a n d  from  boats. S u m m er w ea th e r te n d s  to  be  m ore  re liab le , a lth o u g h  th e re  m ay 
be occasions w h ere  d is tu rb an ce  is b est k ep t to  a m in im u m  by  d ep lo y in g  m ark ers  d u rin g  th e  w in ter. If 
b o lts  an d  p ito n s  m u s t be p u t  in  p o s itio n  d u rin g  th e  w in te r  m o n th s , it is im p o rta n t to  co n sid e r w h e th e r 
den se  algae or fau n a l tu rfs  w ill obscure  th em  d u rin g  th e  sum m er.

Offshore sites
C alm  w e a th e r is re q u ire d  for d iv in g  a n d  is an  im p o rta n t h e a lth  an d  safety  is su e  for b o a t crew s w o rk ing  
w ith  h eav y  lo ad s su sp e n d e d  from  w in ch es  a n d  cranes. B ecause th e re  is a s ig n ifican t a m o u n t of w ork  
req u ired  in  p re p a ra tio n  for d ep lo y m en t of m ost large m ark er s tru c tu re s , su c h  an  ev en t is b e s t p la n n e d  
aw ay  from  p e rio d s  w h e n  th e  w ea th e r is lik e ly  to be u n se ttle d , su c h  as at th e  eq u in o x es w h e n  h ig h  w in d s  
an d  s trong  cu rren ts  are m o st likely. D ep lo y m en t an d  d iv in g  o p era tio n s are b es t ca rried  ou t d u rin g  n eap  
tid e s  w h e n  tid a l s tream s are at th e ir  w eakest.

S urv ey  brief
To reco rd  th e  lay o u t of n a tu ra l fea tu res a n d /o r  artific ia l m arkers an d  reco rd  p o sitio n s  above a n d  b e lo w  
sea leve l as req u ired .

T he leve l of d e ta il sh o u ld  be su ffic ien t to  d e te rm in e  th e  accu ra te  w h ereab o u ts  of sub -su rface  featu res 
to a llo w  p e rso n n e l w ith  n o  exp erien ce  o f  the  s ite  to  fin d  th e  exact loca tio n : a lon g -te rm  m o n ito rin g  s tra t­
egy re lia n t u p o n  th e  k n o w -h o w  of one or a few  staff m em bers is in h e re n tly  flaw ed.

Method

M a r k in g  a n d  r e lo c a t in g  s h o r e / n e a r - s h o r e  si tes 

Intertidal sites
T he specific  req u irem en ts  of a m o n ito rin g  exerc ise  an d  th e  lay o u t of a s ite  w ill la rge ly  d ic ta te  th e  m e th ­
ods u se d  to  reco rd  th e  exact lo ca tio n  of features. T he fo llow ing  su m m arises  o p tio n s th a t sh o u ld  be  co n ­
sid e red  (assum ing  th e  w h ereab o u ts  of a fea tu re  of in te re s t is k n o w n  from  p rev io u s  su rv ey  in fo rm ation ).

(1) R elate th e  exact lo ca tio n  of th e  fea tu re  of in te re s t to  o th e r easily  reco g n ised  an d  p e rm a n e n t featu res 
on  th e  shore , su c h  as rocky  ou tc ro p s (p referab ly  b ed ro ck  features), v e ry  large b o u ld e rs  th a t are 
u n lik e ly  to  m ove in  an y  w ea th e r c o n d itio n s  or ‘p e rm a n e n t’ m an -m ad e  fea tu res by:
(a) tak ing  fixed  p o in t p h o to g rap h s  of th e  sho re  from  an  id en tifiab le  an d  rep ea tab le  p o sitio n ;
(b) reco rd in g  a c o m b in a tio n  of tran s its , d is tan ce  an d  com pass b earin g  m easu rem en ts  of th e  featu re  

from  a k n o w n  re fe rence  p o in t;
(c) d raw in g  ske tches to  h ig h lig h t th e  m a in  features.

(2) M ark  th e  fea tu re  w ith  a su itab le  tag or m ark er (see above) w h e th e r on  a rock  or se d im e n t sho re  an d  
m a p /p h o to g ra p h  its  exact lo c a tio n  u s in g  m e th o d s  o u tlin e d  in  1 above.

(3) U se dGPS to loca te  a p rec ise  lo c a tio n  on  an  ex tensive  sho re  w h ere  n ea rb y  n a tu ra l/m a n -m a d e  fea­
tu res  are too  far aw ay  or in d is tin c t to  u se  as tra n s it m arks or w h ere  p o sitio n s  re la te  to  co -o rd ina tes 
ch o sen  from  a m ap . C om bine w ith  p o s itio n in g  a su itab le  m ark er if  p o ss ib le  or necessary .

Subtidal sites
T here  are m an y  specific  w ays of m ark ing  an d  re lo ca tin g  a subsu rface  site  n ea r to  sho re  u s in g  co m b in a ­
tio n s of th e  above eq u ip m en t. In  genera l te rm s th e  fo llow ing  tasks sh o u ld  be acco m p lish ed  to  reco rd  the  
p o sitio n s  of a site  a n d  th e n  te s ted  to  en su re  th a t th e  in fo rm a tio n  is su ffic ien tly  accu ra te  for som eone 
w ith  no  ex p erien ce  of th e  s ite  to  re tu rn  to  th e  exact spo t. T h e  fo llow ing  scen ario  a ssum es th a t th e  
ap p ro x im ate  w h ereab o u ts  of a fea tu re  of in te re s t is k n o w n  from  p rev io u s  su rv ey  in fo rm atio n . If th is  is 
n o t th e  case, sy stem atic  u n d e rw a te r  sea rch  te c h n iq u e s  m ay  have to  be d ep loyed .



392 Marine Moni tor ing H a n d b o o k

(1) D ivers, ca rry ing  a su rface m ark er buoy, locate  th e  fea tu re  u n d e rw a te r  an d  tig h te n  th e  b u o y  lin e  so 
th a t th e  b u o y  is as p e rp e n d ic u la r  to  th e  fea tu re  as p o ssib le . A t a p re -a rran g ed  signal from  th e  d ivers 
(e.g. p u llin g  on  th e  b u o y  lin e  a sp ec ified  n u m b e r of tim es) th e  b o a t ca re fu lly  m oves in to  p o s itio n  
a n d  th e  surface su p p o rt c rew  no tes  th e  G PS/dG PS p o sitio n , e c h o -so u n d e r d ep th , date  a n d  tim e.

(2) S ketches a n d /o r  p h o to g rap h s of tw o, p re fe rab ly  th ree , tran s it m arks are m ade. T ransit m arks are 
s tra igh t lin e s  ad jo in in g  lan d -b ased  features th a t in te rsec t over the  p o s itio n  of th e  site  (see F igure 1, 
F igure 3 an d  F igure 4). T he g reatest accu racy  is o b ta ined  b y  hav ing  th e  in te rsec tin g  lin es  b e tw een  60 
an d  120 degrees apart. For exam ple , look ing  n o rth  a lin e  d raw n  from  th e  apex  of a gable en d  of a 
h o u se  in  th e  far back g ro u n d  m ig h t lin e -u p  w ith  a p ro m in e n t rock  in  th e  foreground. T h is lin e  in te r ­
sects an o th e r lin e  from  th e  w est w h ere  a trian g u la tio n  p o in t an d  a p ro m in e n t tree  are also in  line. 
T ransit m arks can  also be su ffic ien tly  accu ra te  at close q uarters  to  gauge d is tan ce  a long  the  line;, for 
exam ple , w h e n  lin in g  u p  an  object w ith  a m ark  on  a c liff close b e h in d  it (see F igure 1 an d  F igure 3).

(3) C om pass bearings to fea tu res on  th e  n ea rb y  sho re  sh o u ld  also  be reco rd ed  to  su p p le m e n t th e  tra n ­
s it m arks. T he effect of p o o r v is ib ility  o n  d is ta n t tra n s it lin e  featu res sh o u ld  be co n sid e red , p a r tic ­
u la r ly  a long  areas of coast w h ere  lo w  c lo u d  or fog m ig h t reg u la rly  obscure  su c h  features.

(4) T he d ivers sh o u ld  m ake ske tch es (e.g. F igure  5) su p p le m e n te d  w ith  p h o to g rap h s  of th e  lay o u t of the  
seabed  a ro u n d  th e  fea tu re  of in te re s t, co n cen tra tin g  on  d is tan ces , u s in g  a tap e  m easu re  if  a p p ro p r i­
ate, an d  com pass d irec tio n s  b e tw e e n  fea tu res th a t a id  n a v ig a tio n  in  po o r u n d e rw a te r  v isib ility . T he 
d ivers sh o u ld  a lso  n o te  th e  re la tiv e  p o s itio n s  of fragile p a rts  of th e  site  (e.g. large sponge or seafan  
co lon ies) so th a t su b seq u en t d ep lo y m en ts  of a sh o t lin e  (i.e. a lin e  ju s t longer th a n  th e  d e p th  of 
w a te r a n tic ip a te d  w ith  a h eav y  w eig h t a t one en d  an d  a b u o y  at th e  o ther) w ill m iss  them .

(5) G uide  ro p es an d  lin e s  can  be d ep lo y ed  a ro u n d  th e  site  to m ark  th e  w h ereab o u ts  of va rio u s features 
a n d  im p ro v e  th e  e ffic iency  of m ov ing  a ro u n d  th e  s ite  u n d erw a te r. G u ide  ropes can  also  be c o n s id ­
e red  as safety  fea tu res w h ere  d ivers can  m a in ta in  p h y s ica l co n tac t w ith  a re fe rence  p o in t an d  w ith  
one a n o th e r if  w o rk in g  as a p a ir  a long  a g u id e lin e .

(6) O nce th e  first p a ir  o f d ivers h as  co m p le ted  th e ir  d ive, a sh o t lin e  sh o u ld  be d ep lo y ed  at th e  site  to 
te s t th e  accu racy  of th e  tra n s it m arks an d  su p p o rtin g  in fo rm a tio n  g a th e red  so far.

(7) T he n e x t p a ir  of d ivers d escen d s th e  sh o t lin e  an d  ad ju sts  th e  p o s itio n  of th e  sh o t w eig h t to  its  id ea l 
p o s itio n  re la tiv e  to  th e  fea tu re  of in te res t. T he su rface  c rew  can  th e n  ad ju st th e  tra n s it m arks an d  
G PS/dG PS p o sitio n s  if  necessary . T he d ivers can  affix bo lts , p ito n s  etc. tagged w ith  f lu o rescen t tape  
a n d /o r  co lo u red  cab le  ties or labe ls  to  m ark  th e  p o s itio n s  of specific  fea tu res or so th a t d ivers u n fa ­
m ilia r  w ith  th e  site  can  con firm  th a t th e y  have  a rriv ed  in  th e  rig h t area  in  th e  fu tu re .

(8) A s a su p p le m e n t to, or in s te a d  of tra n s it m arks, p a tch es  of ro ck  on  th e  sh o re  in  p o sitio n s  th a t lin e  
u p  w ith  o ther c o n v e n ie n t fea tu res can  be m ark ed  w ith  a co n sp icu o u s  co lo u red  o il-based  p a in t. A 
p ito n , b o lt or m ark er p o s t can  fu rth e r su p p le m e n t th is  w h e re  p a in t m arks are n o t ex p ec ted  to  last 
long. D etails sh o u ld  be ad d e d  to  th e  sk e tch es of th e  tra n s it m arks a n d  bearings tak en  to  th e  p a in t 
m a rk s /p ito n s  on  th e  sh o re  from  th e  b u o y ed  site  (F igure l a n d  F igure  2).

(9) V ideo reco rd in g s can  also  be  tak en  of th e  u n d e rw a te r  fea tu res as an  a id  to  nav igation .

Accuracy/data format
T he in fo rm a tio n  g a th e red  from  th e  above p ro cess  sh o u ld  be p re se n te d  in  su c h  a w ay  as to p ro v id e  su f­
fic ien t d e ta il so th a t som eone  w ith  no  p rio r  kno w led g e  of th e  site  can  re tu rn  to  th e  p rec ise  loca tio n . In  
g enera l a ‘zo o m in g -in ’ a p p ro ach  is p ro b ab ly  best, s ta rtin g  w ith  a genera l m ap  of th e  area, th e n  GPS or 
dGPS p o sitio n s , tra n s it m arks an d  p h o to g rap h s  of su rface  fea tu res, an d  f in a lly  a se t o f illu s tra te d  
in s tru c tio n s  on  h o w  to reach  th e  fea tu re  u n d e rw a te r  a n d  w h a t it  looks like  w h e n  you  get there . T he final 
ap p ro a c h  sh o u ld  be su ffic ien tly  d e ta iled  to  fin d  a fea tu re  w ith  d im en sio n s  of a few  m illim e tre s  if  
re q u ire d  (see ‘D o c u m en ta tio n ’ sec tio n  below ).

Time required
W orking as a team  of four, an d  p ro v id in g  th e  ap p ro x im a te  p o s itio n  of th e  site  is k n o w n  su ffic ien tly  w ell 
to  loca te  on  one d ive, m o st of th e  w o rk  can  be co m p le ted  in  one day. E xtra tim e  sh o u ld  be a llo w ed  for 
fix ing b o lts  an d  p ito n s  an d  an y  o th e r task  th a t req u ires  a m o d era te  a m o u n t of m an u a l w ork. As a ro u g h  
gu ide , it  m ay  take m ore  th a n  one d ive to  d rill ho les  for p lac in g  b o lts  in  h a rd  rock, an d  severa l (3-5?) 
p ito n s  m ay  be fixed  in  p lace  in  one d ive  if  th e re  are su ffic ien t a p p ro p ria te ly  sh a p e d  cracks an d  crev ices.

M a r k i n g  o f f sho re  si tes
T he fo llow ing  describes th e  specific  o rder of ev en ts  req u ired  to  d ep lo y  an d  re lo ca te  th e  ‘p y ra m id ’
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d esc rib ed  above, a ssu m in g  th a t a ta rget p o s itio n  has a lread y  b e e n  d e te rm in ed  v ia  o ther su rv ey  m eth o d s.
V aria tions of th is  m e th o d  can  be ad a p te d  to  su ite  o ther s itu a tio n s  an d  m ark er types.
(1) T he v esse l ca rry ing  th e  m ark er ap p ro ach es  th e  p re -d e te rm in ed  p o s itio n  u s in g  dGPS w ith  th e  ae ri­

al p o s itio n e d  as n ea r as p o ssib le  to  th e  c rane  u se d  to  d ep lo y  th e  s tru c tu re .
(2) T he aco u stic  b eaco n  is fixed  in  p o s itio n  on  th e  m ark er an d  te s ted  to  en su re  it  re sp o n d s  to  th e  h o m ­

ing  dev ice  (in  air).
(3) O nce over th e  target p o s itio n  th e  m ark er is d ep lo y ed  on  a ru n n in g  cab le /ro p e  to  a llow  recovery  of 

th e  rope. A  dGPS p o s itio n  is ta k e n  as so o n  as th e  m ark er is se t d o w n  on  th e  seabed .
(4) W ith  th e  vessel s till on  site  th e  h om ing  device an d  acoustic  beaco n  are tested  b y  h o ld in g  the  hom er 

over the  side  of the  boat to m o m en ta rily  activate th e  beacon  to ob tain  a d istance  an d  d irec tio n  re a d ­
ing.

(5) A t a la te r da te  th e  d ive team  re tu rn  to  th e  re co rd ed  dGPS p o sitio n .
(6) T he h o m in g  dev ice  is u se d  to  ac tiv a te  th e  aco u stic  b eaco n  an d  th e  b o a t m o v ed  to  fin d  a p o s itio n  

as n ea r to  th e  b eaco n  as p o ssib le  (< 80m  is accep tab le  in  33m  of w ater).
(7) A  w e ig h ted  sh o t lin e  is d ep lo y ed  s lig h tly  off p o s itio n , so as to  avo id  dam aging  th e  m o n ito rin g  s ta ­

tio n s, an d  th e  firs t p a ir  of d ivers d e scen d  d o w n  it  to  th e  seabed  carry ing  a co il of ro p e  (leng th  equal 
to  th e  d e p th  of w a te r p lu s  a half) a n d  an  in fla tab le  liftin g  bag/buoy.

(8) T he h o m er is u se d  to  g u id e  th e  d ivers to  th e  m arker. T he ro p e  is th e n  a ttach ed  to  th e  apex  of th e  
m ark er an d  th e  free en d  sen t to th e  su rface  u n d e r  th e  in fla tab le  m ark er buoy.

(9) T he surface c rew  a ttach  a m ore  su b s ta n tia l b u o y  to  th e  ro p e  an d  th e n  reco rd  an  u p d a te d  p o s itio n  
for th e  b u o y  w ith  th e  lin e  p u lle d  as ta u t as possib le .

(10) T ransit m arks are reco rd ed  for th e  site , b ack ed  u p  w ith  p h o to g rap h s  tak en  w ith  a sh o rt te lep h o to  
lens.

(11) T he m ark er b u o y  is u se d  to  a llo w  easy  site  access d u rin g  w o rk  at th e  site  b u t once th e  su rv ey  w ork  
has b e e n  co m p le ted  at th e  site  th e  b u o y  lin e  is d e tach ed  from  th e  m arker.

Time required
T he en tire  p ro cess  can  be sp lit  in to  severa l phases:

• M an u fac tu rin g  th e  m arkers can  take severa l days to  cu t, w e ld  an d  p a in t th e  stee l sec tio n s as req u ired . 
C oncre te -filled  ty res req u ire  at leas t 48 h o u rs  for th e  co n cre te  to  se t su ffic ien tly .

• P o sitio n in g  a m ark er o n  th e  seab ed  from  a su itab le  v esse l req u ires  trav e l tim e  p lu s  d ep lo y m en t tim e. 
Two ‘p y ra m id ’ m arkers, as in  th e  ex am p le  above, w ere  d ep lo y ed  in  one day.

• T h e  in itia l p h ase  of re lo ca tin g  th e  s tru c tu re  b y  d iv in g  sh o u ld  take one dive. T he n u m b e r of d ives th a t 
can  be ca rried  ou t d u rin g  one d ay  d ep e n d s  on  th e  d u ra tio n  of slack  w a te r (on tid e -sw e p t sites) an d  
th e  d e p th  (w ith  re sp ec t to  d eco m p ress io n  lim its  of a dive).

Accuracy testing

It is perhaps prudent to allow some time after marking the site to return w ith new personnel to test the 
accuracy of the information. This tests the accuracy of the written record rather than the short-term 
memory of the personnel involved.

Once the recorded information has been used once to successfully return to a site further visits should 
be equally problem-free. Future visits by personnel new to the area should be possible without having 
to carry out extensive searches unless, for example, the acoustic beacons on the offshore structures fail 
for any reason.

QA/QC

D o c u m e n t a t i o n  o f  m o n i t o r i n g  s ites
For condition monitoring of a designated site for management purposes the duration of the work is 
potentially infinite. It is therefore im portant to provide sufficient information for, in  the worst case, a 
competent, unfamiliar worker to be able to locate monitoring sites and stations without the assistance
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of a w o rk er w h o  is fam ilia r w ith  th e  site. M on ito rin g  p rog ram m es th a t are re lia n t o n  th e  k n o w led g e  of 
in d iv id u a ls  are in secu re  an d  th e  h is to ric  in v e s tm e n t in  th e  g a thering  of p rev io u s  da ta  is p o te n tia lly  
w asted  if  th e y  c a n n o t be c o n tin u e d  w h e n  in d iv id u a ls  b ecom e u n av a ilab le . A t S kom er M arine  N atu re  
R eserve d o c u m e n ta tio n  h as  ta k e n  th e  form  of a file th a t sy stem atica lly  lis ts  a ll th e  d e ta ils  n ecessa ry  to 
fin d  a site  an d  c o n d u c t th e  w o rk  at them . T h is  m o d e l is o u tlin e d  h e re  w ith  exam p les  d raw n  from  sev­
eral m o n ito rin g  s ta tio n s  th ro u g h o u t W ales an d  E ngland .

Level 1
T he first leve l of in fo rm a tio n  for th e  d o c u m e n ta tio n  of m o n ito rin g  on  d es ig n a ted  sites is a tab le  of the  
d iffe ren t m o n ito rin g  lo ca tio n s. A t th is  level th e  tab le  can  be d e ta il m e tad a ta  su c h  as th o se  g iven  in  the  
ex am p le  b e lo w  (Table 1).

Table 1 Level 1 m eta d a ta  for  site d o c u m e n ta t io n  taken  from  Skom er  M NR (SMNR staff pers. c o m m .  2000)

Site nam e Buoy/acou Position Bearings Distance Depth Slack Notes
stic beacon from  shore water

times

Mew-
stone

None 51°43’.630N

5°17’.504W

262° -  
Grassholm

179° -
Skokholm
Lthouse

4-5m
offshore

15m bed Slack @
LW + 2.5 
or HW + 
3.5^4 hours

Site first
marked
1994

etc...

Level 2
A h a rd  co p y  of th e  re le v a n t ch a rt is in c lu d e d  sh o w in g  w h e re  th e  m o n ito rin g  s ta tio n  is w ith in  th e  d es­
ig n a ted  site. S urface fea tu res an d  tra n s it m arks for th e  site  are sh o w n  on  d raw ings an d  p h o to g rap h s  (e.g. 
F igure 1 a n d  F igure 3).

Level 3
In  CCW each  m o n ito rin g  p ro jec t is d o c u m e n te d  w ith  a C o n serv a tio n  M anagem en t S ystem  (CMS) p la n ­
n in g  code, a d e sc rip tio n  of th e  ob jective for th a t m o n ito rin g  p ro jec t an d  th e  m o n th s  w h e n  th e  m o n ito r­
ing  sh o u ld  be  c o n d u c ted . See Table 2 below .
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Table 2 An e x a m p l e  o f  Level 3 d e ta i l s
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Skom er Marine Nature Reserve Eunicella  
Feature Monitoring

verrucosa population monitoring RM23/01

Start date August 1993

End date Ongoing

Frequency of data collection Annual

Data sets collected 6 (by 2000), no data collected in  1999

Costs met by other organisations None

Partner organisations None

Purpose Schedule 5 species monitoring

Coverage Single cluster of sites

Project status Active and ongoing

Project background Monitor Eunicella verrucosa populations integrity. Since 
the Bunker survey in 1985, the population monitoring 
technique has been reassessed

Status Six sites have been m apped in  detail and are mono­
photographed annually.

Site 1. Waybench (1993) The Waybench site connects w ith the Sandy Seafan Gully 
site, although the gap between them  requires mapping. 
This site also referred to as Waybench East in  previous 
surveys. 12 colonies present on the Weybench monitoring 
route (although No. 9 missing since 1995).

Site 2. Sandy Seafan Gulley (1994) 9 colonies monitored currently numbered 13-21.

Site 3. Bernie’s Rocks (1993) Includes both the Eastern (2 Eunicella) and Western reefs 
(7 Eunicella).

Site 4. The Pool (1997) etc...

Level 3 details sh o u ld  also in c lu d e  details of changes to w ork  prac tices, locations of files w ith  im ages of, 
for exam ple, each  seafan  co lony  an d  w here  slides or o ther im ages are sto red  (w ith  a filing/CM S code).

It is also  a p p ro p ria te  to  in c lu d e  an  e q u ip m e n t lis t (can  be v e ry  specific  to  a p a r tic u la r  task) an d  de ta ils  
of th e  p ro to co l for each  site , n o tin g  an y  p e c u lia ritie s  or d ifficu lties , for exam ple , in  fin d in g  p a rtic u la r  
in d iv id u a l seafan  co lon ies. U n fin ish e d  w ork , for ex am p le  if  a GPS p o s itio n  is re q u ire d  for a ce rta in  site  
or a p a r tic u la r  seafan  req u ires  re -p h o to g rap h in g  th ro u g h  e q u ip m e n t fa ilu re , sh o u ld  also  be n o te d  here.

Level 4
T he finest leve l of d e ta il c an  be  p re se n te d  as illu s tra tio n s  to  fac ilita te  n a v ig a tio n  a n d  lay -o u t of tran sec ts , 
travel lin e s  or o ther su c h  m ate ria ls  for m o n ito rin g  tasks as w ell as in d ic a tin g  exac tly  w h ere , for ex am ­
p le , fram e-p h o to g rap h s sh o u ld  be  taken .

C o llec tive ly  th e se  levels  of in fo rm a tio n  sh o u ld  be capab le  of g u id in g  u n fa m ilia r  co m p e ten t p e rso n s  to 
exact lo ca tio n s an d  to pe rfo rm  a p p ro p ria te  m o n ito rin g  tasks.

Health and safety

D iving h e a lth  an d  safety  issu es  are covered  for d iv in g  ac tiv ities  in  th e  jo in t agencies d iv ing  reg u la tio n s 
(H olt 1998). A ll d iv in g  o p era tio n s are sub jec t to  th e  p ro ced u re s  d esc rib ed  in  th e  D iv ing  at W ork 
R egu la tions 1997 an d  m u st fo llow  th e  S c ien tific  an d  A rchaeo log ical A p p ro v ed  Code of P rac tice  .

3 The Diving at Work Regulations 1997 SI 1997/2776. The Stationery Office 1997. ISBN 0 11 065170 7 
See: http://www.hse.gov.uk/spd/spddivex.htm

4 Scientific and Archaeological diving projects: The Diving at Work Regulations 1997.Approved Code of 
Practice and Guidance - L107. HSE Books 1998. ISBN 0 7176 1498 0.
See: http://www.hse.gov.uk/spd/spdacop.htm - a

http://www.hse.gov.uk/spd/spddivex.htm
http://www.hse.gov.uk/spd/spdacop.htm
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T here  are advan tages of w o rk  d iv in g  on  a fixed  s ta tio n  on  th e  seabed  as m e n tio n e d  above -  th e  dives 
can  be  p la n n e d  in  d e ta il as th e  target d e p th  an d  lik e ly  d u ra tio n  of th e  d ive  is k n o w n . H ence  a p p ro p r i­
ate b rea th in g  gas m ixes (n itrox  as o p p o sed  to  air if  w o rk in g  at less th a n  34 m) can  be ta ilo re d  to  th e  ta r ­
get d e p th  to  im p ro v e  th e  d eco m p ress io n  regim e. T he su rface su p p o rt c rew  also  k n o w s exac tly  w h e re  the  
d ivers sh o u ld  be  d u rin g  th e  d ive. S lack  w a te r tim es can  also  be easie r to p re d ic t for a sm all fixed  site  
ra th e r  th a n  a g enera l area.

Summary table

Table 3 S u m m ary  of m eth o d s  used to m ark  a n d  re loca te  posi t ions on  the  sho re  and  se a b ed

Marker/
m ethod

Substratum Littoral (L)/ 
Sublittoral (S)

Effort o f 
deploym ent -  
High, 
Medium,
Low

Anticipated life­
span

Accuracy o f position fix  -  
com ments

Piton Rock L and S M 2-5 years Exact point location, although 
position dictated by availability of 
suitable cracks.

Eye bolts 
(drilled)

Rock L and S M 2-5 years 
(more if 
stainless steel)

Exact point location, although 
difficult to fix in very hard rock.

Eye bolts 
(epoxy resin 
fixed)

Rock L and S L 2-5 years + Exact point location dictated by 
availability of suitable cracks and 
crevices or ability to drill.

Glued-on
markers

Rock L and S L 1-2 years Exact point location. Prone to 
being dislodged.

Drilled holes Rock L and S M 10 years + 
depending on 
size

Exact point location. Technically 
simpler on shore than underwater. 
Can fill up, erode or be overgrown

Paint marks Rock L and S L 2-3 years Exact point location or used as 
part of transit mark. Requires 
regular maintenance.

Wooden/ 
plastic/ metal 
Posts and 
‘corkscrews’

Sediment L and S L >2-3 years Small posts can be used to mark 
exact location (e.g. quadrat 
position). Larger posts used in 
marking transit lines or adjacent 
to sampling points. Not suitable 
for highly mobile sediment.

Sub­
sediment
anchored
markers

Sediment L and S L ? >2 years Exact point location, but 
disturbance of sediment required 
to pu t in  place. Mark out quadrat 
positions in  sediment. Not suit­
able for highly mobile sediment.

Ropes and 
lines

Any L? and S L Temporary 
Depends on 
battery life 
(2 years +)

Used for guidance to exact 
location.

Acoustic
beacons

Need fixing in 
place

S M ? >5 years w ith
regular
maintenance

Exact point location, although 
requires stable anchor point.

Steel seabed 
marker, e.g. 
‘pyram id’

Best on 
sediment

S H Exact location, although sampling 
points best positioned away from 
main structure. Best used in  con­
junction w ith acoustic beacon + 
dGPS. Potential attachment point 
for other instrumentation.
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M arker/
m ethod

Substratum Littoral (L)/ 
Sublittoral (S)

Effort o f  
deploym ent -  
High, 
Medium,
Low

Anticipated
life-span

Accuracy o f position fix  -  
com ments

Concrete
blocks

Best on level 
seabed

S H ? >10 years Exact location, although sampling 
points best positioned away from 
m ain structure. Best used in 
conjunction w ith acoustic beacon 
+ dGPS. Potential attachment 
point for other instrum entation.

Boulder/ 
brick cairns 
(may be 
p inned in 
position)

Best on level 
seabed

S L ? >1 year 
depending on 
depth and 
disturbance

Exact location, although sampling 
points best positioned ~ 0.5 m 
away.

Transit marks Any L and S L Considerable if 
features used 
are perm anent

Can be accurate to approximately 
2m x 2m depending on distance 
from transit features

Photographs 
and drawings 
of features

Any L and S L Considerable if 
features used 
are likely to stay 
in  position.

Exact location or simply to 
indicate that the surveyor is in  the 
proximity of the sampling site.

GPS Any L and sea 
surface

L Life span of the 
satellite system?

Sub 15m or less for non­
differential un it

dGPS Any L and S L Life span of the 
satellite system?

Sub lm  or less. For S, an acoustic 
link to submersible position finder 
is possible.
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Procedural Guideline No. 6-3 
Specimen collection, preservation 

and storage
Emily St rong1 a n d  Car o l ine  Turnbul l2

Background

A  refe rence  set of sp ec im en s  for each  SAC w ill p ro v id e  an  im p o rta n t p e rm a n e n t reco rd  of th e  species 
reco rd ed . S p ec im en  co llec tio n s p ro v id e  an  im p o rta n t q u a lity  co n tro l m e c h a n ism  to en su re  c o n s is ten t 
id en tifica tio n . S p ec im en s p re se rv ed  sh o u ld  in c lu d e  an y  u n u su a l or rare  spec ies, sp ec ies  fo u n d  o u ts id e  
th e ir  k n o w n  d is tr ib u tio n a l lim it, sp ec im en s  of d o u b tfu l id e n tif ic a tio n  an d  spec ies of u n c e r ta in  tax o ­
n o m ic  sta tu s. A  co llec tio n  of th e  m ore  co m m o n  spec ies w o u ld  also  be u se fu l for tra in in g  an d  fam ilia ri­
sa tio n  of fie ld  staff on  rep ea t v isits .

Purpose

To p ro v id e  a co n sis ten t, p e rm a n e n t reco rd  of spec ies from  a site  a n d  a re fe rence  for fu tu re  w ork. T h is 
can  a id  th e  m o n ito rin g  of long -te rm  changes in  c o m m u n ity  s tru c tu re .

A d v a n ta g e s

• P rov ides a p e rm a n e n t reco rd  of spec ies a t a site
• P rov ides a re fe rence  co llec tio n  to  refer a n d  m o n ito r long -te rm  change

• C an be d one  a lo n g sid e  o ther fauna l co llec tio n , e.g. q u a n tita tiv e  sam p lin g  of se d im e n t b io to p es 

D i s a d v a n ta g e s

• R equ ires a h ig h  leve l of ex p ertise  in  id e n tif ic a tio n
• R equ ires ro o m  for storage a n d  ca ta logu ing
• H an d  so rtin g  of an im als  from  se d im e n t an d  debris is tim e-co n su m in g  an d  can  re su lt in  dam age of 

sp ec im en s
• U ses tox ic  ch em ica ls
• To gain  a co m p reh en siv e  lis t of spec ies for an  area w ill req u ire  a co n sid e rab le  a m o u n t of tim e  an d  

m o n ey  s ince  th e  ta sk  is q u ite  lab o u r in te n s iv e

Logistics

E q u i p m e n t
Table 1 gives a g enera l lis t of e q u ip m e n t th a t w ill be n e e d e d  for sp ec im en  co llec tio n  an d  p rese rv a tio n . 
H ow ever, fu rth e r sp e c ia lis t e q u ip m e n t m ay  be n e e d e d  d e p en d in g  on  th e  ty p e  of su b s tra ta  b e ing  
su rv ey ed , a n d  w h e th e r th e  site  is in te r tid a l or su b tid a l.

1 English Nature, Northminster House, Peterborough, PEI 1UA.
2 Joint Nature Conservation Committee, Monkstone House, City Road, Peterborough, PEI 1JY.
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Field Laboratory

Containers: bottles, tubes and bags Chemicals for relaxing, fixing and preserving

Collecting instrum ents Compound microscope

Sediment corers Dissection microscope

Dishes Mounted needle/tweezers

Lenses Labelling material

Photography equipm ent

For fu rth e r d e ta ils  on  e q u ip m e n t p lea se  refer to  L in co ln  a n d  S heals (1979).

Pers onne l
Personnel will need specialist identification skills and may need to be accredited, e.g. NMBAQC for sed­
iment specimens.

Method

Field c o l l e c t i o n  

Intertidal macrofauna collection
C ollec tions sh o u ld  be m ad e  d u rin g  a sp rin g  tide . Care sh o u ld  be tak en  to ex am in e  th e  sh o re  th o ro u g h ­
ly  as m an y  organ ism s re trea t in to  crev ices at lo w  tid e , e sp ec ia lly  w h e n  th is  co in c id es  w ith  day ligh t. 

P ro ced u res  for rock  substra ta :

• N on-sessile  an im a ls  w h ic h  are large en o u g h  to  see by  eye or h a n d  len s  are p ic k e d  off b y  h a n d  or b lu n t 
forceps

• S essile  an im als  sh o u ld  be tak en  w ith  th e  sm all p iece  of rock  or seaw eed  to  w h ic h  th e y  are a tta ch ed
• D isp lace  th e  seaw eed  to  reveal m o tile  fauna
• T urn  over b o u ld e rs  to  expose  th e  fauna  b e n e a th  th em
• C o llect a v a rie ty  of seaw eed  to  be ex am in ed  th o ro u g h ly  at th e  lab o ra to ry
• A n im als  in  rock  crev ices m ay  be in d u c e d  to  re lease  b y  sq u irtin g  w ith  a w eak  so lu tio n  of fo rm alin , or 

if  n ecessa ry  o b ta in ed  b y  b reak ing  o p en  th e  c rev ice  w ith  c row bar
• C o llect fau n a  in  ro ck  po o ls  u s in g  a fine m esh ed  h a n d  n e t an d  a w ide-bo re  p ip e tte
• U se a long  h a n d le d  scrap e  n e t for s teep  ro ck  faces an d  o ther re la tiv e ly  fla t su rfaces

For fu rth e r in fo rm a tio n  on  co llec tin g  fish  in  rock p o o ls  see W ild ing  e t al. (2000a).
P ro ced u res  for se d im e n t substra ta :

• T u rn  over la rger cobbles an d  b o u ld e rs  to  expose  th e  fau n a  b e n e a th  th em
• Dig ou t or core sec tio n s of se d im e n t for s iev ing  b ack  at th e  lab o ra to ry
• U se cores co llec ted  for c o m m u n ity  sam p lin g  to  e lim in a te  re p e titio n  an d  red u ce  th e  q u a n tity  of m a te ­

ria l rem o v ed  from  th e  shore

P u d d le  se d im e n t in  sieves as sw irlin g  of se d im e n t w ill dam age d e lica te  sp ec im en s.

M eiobenthic infauna collection
S ed im en t substra ta :

• W h en  tid e  is ou t dig a sm all p it  in  se d im e n t (2 -3 m )w ith  a n u m b e r of ch an n e ls  rad ia tin g  from  it for a 
d is tan ce  of 2 -3 m . A llo w  w ate r to  accu m u la te  in  th e  p i t  a n d  th e n  filte r off free sw im m in g  an im als  w ith  
a fine  sieve  (62pm  pore  d iam eter)

• Take a sm all core of se d im e n t to  sam p le  less active a n d  sessile  m eio fau n a . A  n u m b e r of te ch n iq u es  
can  be u se d  for sep a ra tin g  th e  an im a ls  (see L inco ln  a n d  S heals 1979 for details)
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Subtidal benthic fauna collection

R o c k y  su bstra ta  T he  sam e m eth o d s  as d e ta iled  above for in te r tid a l rock  su b s tra tu m  can  be u se d  by  
d ivers to  rem ove  fau n a  an d  flora from  su b m erg ed  rock. T h e  u se  of an aes th e tic  to  d isp lace  organism s 
m ay  be w id e ly  e m p lo y ed  in  th e  su b tid a l zone s in ce  tim e  is of g reater im p o rtan ce  an d  th is  m ay  fac ilita te  
faster co llec tio n . D ivers m ay  also  w ish  to u se  a ‘s lu rp  g u n ’ (L inco ln  an d  S heals 1979) to  su ck  fau n a  ou t 
of crevices.

S e d im e n t su bstra ta  D ivers m ay  em p lo y  su c tio n  sam p lin g  to  co llec t se d im e n t in fau n a  (see R ostron  
2000). E p ifau n a  an d  flo ra  can  be h a n d -c o lle c ted  b u t th e  d iv e r w ill be lim ite d  to  flora a n d  re la tiv e ly  slow - 
m oving  or sessile  fauna.

D redging  an d  traw lin g  can  be  e m p lo y ed  to  co llec t ep ifau n a  rem o te ly  (see W ild ing  e t al. 2000b) 
a lth o u g h  in d iv id u a ls  are often  dam aged  b y  m ech an ica l ab rasion .

G rabs an d  corers can  be em p lo y ed  to co llec t in fa u n a  rem o te ly  (see T hom as 2000).

Plankton collection
To en su re  th a t a c ro ss-sec tio n  of th e  p la n k to n  c o m m u n ity  in  an  area is sam p led , sam p lin g  sh o u ld  occur 
at severa l d iffe ren t d ep th s . If a th e rm o c lin e  is p re se n t th e n  sam p lin g  sh o u ld  occur b o th  above an d  b e lo w  
th e  th e rm o c lin e . E ither a to w -n e t or H an sen  n e t can  be u se d  to co llec t a genera l p la n k to n  sam ple . 
C o n sid e ra tio n  sh o u ld  be g iven  to  th e  m e sh  size of th e  p la n k to n  n e t w ith  regard  to w h a t m in im u m  bo d y  
size of p la n k to n  is to  be sam pled .

Special considerations for algae collection
It is im p o rta n t to  co llec t a rep re sen ta tiv e  sam p le  of sp ec im en s  (seasonally), b e ing  carefu l to  co llec t th e  
en tire  p la n t ( in c lu d in g  ho ld fast) as w e ll as rep re sen ta tiv e  p la n ts  from  v ario u s  h ab ita ts , n o tin g  in fo rm a­
tio n  abou t th e  h a b ita t for th e  label.

C rustose co ra llin e  algae sh o u ld  be ta k e n  w ith  th e  rock  th e y  are a tta ch ed  to , so as to  p rev en t 
dam age to  th e  sp e c im e n  (fu rth e r in fo rm a tio n  on  c o ra llin e  a lgae c o lle c tio n  can  be  fo u n d  at 
http ://www.botany.uwc. ae .z a/clines/ ).

L ab o ra to ry  p r e s e r v a t io n  of  f a u n a
M any fau n a  are h ig h ly  c o n trac tile  an d  n e e d  to  be re lax ed  w ith  an  an aes th e tic  before  d e a th  a n d  fixation . 
A n ae s th e tisa tio n  sh o u ld  n o t be p ro lo n g ed  since  it  c an  cau se  tis su e  b reak d o w n .

T he p ro cess  of fix a tio n  stab ilises  th e  p ro te in s  in  tissu e  so th a t after d ea th  an d  su b se q u e n t trea tm en t, 
th e  tissu es  g en era lly  re ta in  th e  form  th e y  h e ld  w h e n  alive. T he re q u ire d  fixative v aries b e tw e e n  o rgan ­
ism s an d  also  d ep en d s  on  w h a t th e  tis su e  w ill be u se d  for. T he trea tm en ts  g iv en  b e lo w  are for sp e c i­
m en s w h ic h  are to  be p re se rv ed  w h o le  a n d  h e ld  in  a co llec tion .

P re se rv a tio n  by  flu id  allow s th e  m a te ria l to  be s to red  in d e f in ite ly  w ith o u t se rio u s ly  d is to rtin g  th e  
sp ec im en  or destro y in g  th e  tissu e . It is n o t a su b s titu te  for fix a tio n  a n d  sh o u ld  be c o n s id e red  as a p o s t­
fix a tio n  p rocess.

Table 2 su m m arises  ty p ica l trea tm en ts  for in v e rteb ra te  a n aes th e tisa tio n , fix a tio n  a n d  p rese rv a tio n ; for 
a m ore  co m p reh en siv e  lis t of tax a  an d  fu rth e r in fo rm a tio n  see th e  N atio n a l M u seu m  of N atu ra l H istory, 
S m ith so n ia n  In s titu tio n  (http://nmnhwww.si.edn/iz/usap/usapspec.html)

http://www.botany.uwc
http://nmnhwww.si.edn/iz/usap/usapspec.html
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Prese rv a t ion  of  f lora
S pec im en s can  be p re se rv ed  e ith e r  th ro u g h  d es icca tio n  a n d  p re ss in g  or by  p la c e m e n t in  a p rese rv a tiv e  
so lu tio n . H ow ever, th e  firs t tw o step s  are th e  sam e for b o th  p ro ced u res .

• F ixation : co lo u r of sp ec im en s  is b est p re se rv ed  by  fix ing  in  3 -5  % bu ffe red  fo rm alin  seaw ater aw ay 
from  d irec t su n lig h t. D e te rio ra tio n  of algae occurs q u ick ly  a n d  th erefo re  it  is b est to  ca rry  ou t fixa tion  
in  th e  field .

• P rep arin g  th e  sp ec im en : sp ec im en s  sh o u ld  be r in se d  free of an y  sa n d /d e b ris  u s in g  tap  w ater, artefacts 
rem o v ed  w h ic h  are n o t p a rt of th e  sp ec im en , an d  h o ld fasts  sp lit  if  th e y  are too th ic k  to  be  p ressed .

Drying specimens
• P ressin g  fleshy  seaw eeds: sp read  seaw eed  ou t in  a tray  of fresh  c lean  seaw ater. N ote de ta ils  in  p e n c il 

of lo ca tio n , co llecto r, date  a n d  id e n tif ic a tio n  if  po ssib le , o n  s tiff w h ite  cartridge  p a p e r  of su itab le  size. 
F loa t sp ec im en s  onto  p ap er, arrange p la n t an d  rem ove  p a p e r  from  tray, a llo w in g  excess w a te r to  d ra in  
aw ay. C over p la n t w ith  an  ab so rb en t liner, a n d  p lace  b e tw een  d ry  b lo ttin g  p a p e r  or n e w sp a p e r an d  
com p ress  in  a seaw eed  press. C hange d ry ing  p a p e r after 24 h o u rs  an d  again  after 2 -3  days. S p ec im en s 
sh o u ld  be d ry  after abou t 1 w eek.

• C ora lline  algae: soak  fixed  sp ec im en s  in  40%  g ly ce rin  in  3%  b u ffe red  fo rm alin  seaw ater. T h e n  dry  
a n d  p lace  in  box.

Preserving specim ens in liquid
• F leshy  specim ens sh o u ld  be p reserved  in  70%  EtOH after the  fixative has b een  r in sed  off w ith  tap  water.
• C ora lline  algae sh o u ld  be p re se rv ed  in  70%  e th an o l an d  10%  glycerol.

T he N ational M useum  of N atu ra l H istory, S m ith so n ian  In s titu tio n  (http://www.immh.si.edu/botany/proj- 
ects/algae/Alg-CoPr.htm) co m p reh en siv e ly  covers fu rther in fo rm ation  on the  d ifferen t p reservatives and  
general in fo rm atio n  on  algae co llec tion  an d  p reservation . For specific  in fo rm atio n  on  cora lline  algae 
p reserv a tio n  refer to http://www.botany.uwc.ac.za/clines/colpres.htm .

Data analysis

U se s ta n d a rd  tax o n o m ic  guides.

Accuracy testing

The accuracy of the collection depends on the correct identification of the specimens. This in  turn 
depends on the experience of the identifier and also the care taken w ith preparing specimens. Quality 
of specimens can be affected by the m ethod of extraction, transportation and laboratory processing.

QA/QC

To ensure that the quality of specimens collected is high, collectors should be made aware of the im por­
tance of removing an intact specimen. To this end, sufficient training should be given in  the use of 
equipm ent for the removal of specimens, e.g. the ‘slurp gun’. Care should be taken w hen sieving fauna 
from sediment and large rocks and fauna should be removed before the sediment is agitated. This 
should reduce damage to specimens.

Correct use of chemicals is important for the preservation of intact specimens. Workers should be 
aware that fixative solutions that are too weak will not protect tissue adequately and similarly preser­
vative solutions m ust be strong enough to prevent rotting. Containers should be checked to ensure that 
they are airtight since neglect of this can cause specimens to go dry and rot.

Identification of specimens and labels should be checked by an experienced individual. If the identi­
fier is unsure which species the specimen belongs to, this should be noted on the label and sent to some­
one who can identify it.

http://www.immh.si.edu/botany/proj-
http://www.botany.uwc.ac.za/clines/colpres.htm
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Label l ing
Specimens should be labelled directly w ith name and code. All specimens returned to the MNCR for 
deposition in  museums should be properly labelled, in  indian ink and on paper suitable for storage in 
alcohol. Temporary field labels should be retained with the specimen.

• S pecies n am e an d  a u th o rity  (accord ing  to  H o w son  an d  P ic to n  1997)
• Determinor
• Date determined
• Collector
• Date collected
• Location (site name)
• Area (including county or region)
• OS grid reference or latitute and longitude
• Height or depth collected (in metres from chart datum)
• Habitat details (e.g. under boulder; clean shell gravel)

Where possible, specimens should be identified to species level. Where the identification is uncertain, 
this should be indicated, w ith notes on the label where appropriate.

Storage

Wet specimens are best kept in  glass airtight containers, although glass jars w ith ground glass stoppers, 
or Copenhagen glass jars w ith plastic caps are very expensive. Small specimens can adequately be 
stored in  glass soda vials w ith airtight plastic caps. Larger specimens can be stored more cheaply in 
polystyrene screw cap jars (particularly suitable for fieldwork, as these are light and non-breakable), 
though alcohol tends to evaporate from these with time.

Health and safety

The use of chemicals in  the field should be lim ited and COSHH procedures should be followed. Many 
of the chemicals used in the preservation process may be listed as environm entally hazardous. It is sug­
gested that all work w ith chemical solutions should be conducted in a fume cupboard, and that lab per­
sonnel wear appropriate eye protection, gloves and a chemical apron. Follow COSHH procedures.
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http://www.botany.uwc.ac.za/clines/ Coralline algae -  methods of preservation and collection
http://www.nmnh.si.edu/botany/projects/algae/Alg-CoPr.htm) National Museum of Natural History, Smithsonian 
Institution -  algae collection and preservation techniques
http://nm nhwww.si.edu/iz/usap/usapspec.htm l National Museum of Natural History, Smithsonian Institution -  
invertebrate specimen processing procedures
http://www.nhm.ac.uk Natural History Museum, London
http://www.ulstermuseum.org.uk The Ulster Museum -  see reference to Howson and Picton above.

http://www.botany.uwc.ac.za/clines/
http://www.nmnh.si.edu/botany/projects/algae/Alg-CoPr.htm
http://nmnhwww.si.edu/iz/usap/usapspec.html
http://www.nhm.ac.uk
http://www.ulstermuseum.org.uk

