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Foreword

A q u a tic  E nv ironm en t M on ito rin g  Report No. 58 co llec ts  

to g e th e r w o rk  carried ou t In 2003-04  by Cefas sc ie n tis ts  

in su p p o rt o f our m o n ito rin g  and su rve illance  du ties  

(see overleaf). The in fo rm a tion  p resen ted  covers both 

env ironm en ta l su rve illance  at o ffsh o re  and coastal s ites  

and s ite -sp e c ific  w o rk  carried  ou t In su p p o rt o f risk 

assessm e n ts  and regu la to ry  procedures. S om e o f th e  

sc ience  repo rted  here fo rm s  part o f w id e r e ffo rts  to  

In tegra te  data fro m  D epa rtm e n ts  and A genc ies  In th e  UK 

to  provide a com prehens ive  p ic tu re  o f th e  qua lity  o f th e  

m arine e n v iro n m e n t via th e  UK National M arine M on ito ring  

P rogram m e (N M M P ). O the r com p o n e n ts  are un ique to  

Cefas due to  our requ irem en t to  understand  ecosys tem  

response  resu lting  from  po ten tia l p ressures fro m  deposit, 

ex trac tion  and d ischarge ac tiv ities .

The s tra te g y  fo r th e  N M M P  Is described  in pub lica tions 

co m m iss io n e d  by th e  M arine  E nv ironm en t M on ito ring  

G roup (M E M G ). The p rog ram m e manual, know n  as th e  

G reen Book, Is available in dow n loadab le  fo rm a t fro m  th e  

S co ttish  E nvironm enta l P ro tection  A g e n cy 's  w e b s ite  at: 

w w w .se p a .o rg .u k /m a rln e /

The p rog ram m e seeks to  deve lop  tim e  trend  data fo r 

a lim ited  n um ber o f s ites  around th e  UK and th is  w o rk  Is 

a ugm en ted  by specia l su rveys o f com pounds like ly to  pose 

sp e c ific  risks, or fo r w h ich  fe w  data exist.

D uring 2005, Cefas has deve loped  a n e w  fra m e w o rk  

w ith in  w h ich  our sc ience  is o rgan ised. In th is  report, th e  

various chapters  are o rgan ised under headings re lating  to  

th e  th re e  n e w  sc ience  th e m e s , E cosystem  In te ractions, 

O rgan ism  Health and Resource M anagem ent.

W ith in  th e  th e m e  o f E cosystem  In te ractions, s tud ies  
have sh o w n  th a t m app ing  th e  d is tribu tion  o f se d im e n ts  

and th e  biota th e y  su p p o rt at d iffe re n t spatia l scales w ill 

su p p ort m arine spatia l p lanning (C hapter 1). For th e  firs t 

t im e , ex tens ive  regional sam p ling  o f ben thos in th e  N orth 

Sea has a llo w e d  a critica l eva luation  o f th e  re la tionsh ip  
b e tw e e n  th e  n em a tode  fauna and th e ir  s e d im e n ta ry  

hab itat and o th e r , larger-sized, faunal groups, Including 

m a c ro b e n th lc  Infauna, Inve rte b ra te  ep ifauna  and fish  
(C hapter 2).

W ith in  th e  th e m e  o f O rgan ism  Health, w e  have been 

able to  quan tify  th e  add itiona l risk o f death from  In fec tious 

d isease o f increased b lubber levels o f ch lo rob ipheny ls  in

porpo ises (C hapte r3), a n d o b s e rv e d th a t p lasma v ite llogen in  

levels in m ale flounder, p robably linked to  con tam ina tion  

by o es trogen ic  com pounds, rem ain e leva ted  in several 

UK estuaries. H ow ever, d o w n w a rd  tren d s  are ev iden t 

in severa l key estuaries  and th e se  are linked to  Im proved 

sew a g e  tre a tm e n t fac ilitie s  (C hapter 5).

W ith in  the  th e m e  o f Resource M anagem ent, results 

from  a radiological assessm en t o f the  disposal o f d redged 
m ateria l from  W hitehaven  Harbour Indicated th a t radiation 

doses associated w ith  th e  operation w e re  likely to  be low  

and b e lo w  leg is la tive " d e  m in im is "  levels o f exposure 

(Chapter 9). A lso, levels o f 137Cs in UK coastal w a te rs  

con tinue  to  exh ib it a s lo w  d o w n w a rd  trend . In contrast, the  

in fluence o f 3H d ischarges from  nuclear es tab lishm en ts  in 

th e  Bristol Channel and Irish Sea rem ains apparent (Chapter 

11). A  sm all-scale survey suggested  tha t levels o f a range 

o f vo la tile  organic com pounds in th e  River Tees have 

declined s ince 1992 (Chapter 12). W e  explored a variety 

o f biological indicators from  th e  standpo in t o f th e ir u tility  in 
m ee ting  both sc ien tific  and m anagem ent criteria govern ing 

e ffec tiveness  (Chapter 14). The firs t survey undertaken fo r 

one o f the  chem ica ls on th e  OSPAR Priority List fo r Action, 

2,4,6-trl-fe/T-butylphenol, has found  it to  be present in som e 

estuarlne sed im en ts  at lo w  concentra tions (Chapter 16). 

A cous tic  surveys undertaken at th e  Inner Gabbard dredged 

m ateria l disposal s ite  suggests  tha t fine  dredged material 
is accum ula ting w ith in  the  s ite  (Chapter 18). A  rev iew  of 

seabed ind icators derived from  acoustic  ou tpu ts  resu lted in 

an assessm en t o f the  potentia l o f each techn ique  evaluated 
against agreed criteria govern ing the ir u tility  (Chapter 21).

D uring th e  period under report, Cefas has also ass is ted  

Defra In th e  preparation o f th e ir  s ta te  o f th e  seas report 
"C h a rtin g  P rog ress", w h ich  Is available fo r dow n load ing  

from

w w w .d e fra .g o v .u k /e n v lro n m e n t/w a te r/m a rln e /
u k /s ta teo fsea /index .h tm

This report, earlier reports  in th e  A E M R  series  and o ther 

pub lica tions are also available in dow n loadab le  fo rm a t from  

th e  Cefas w e b s ite
w w w .c e fa s .c o .u k

Robin Law  

Lindsay M urray

http://www.sepa.org.uk/marlne/
http://www.defra.gov.uk/envlronment/water/marlne/
http://www.cefas.co.uk


Background to the work

A s an Executive  A gency  o f th e  D epa rtm en t fo r E nvironm ent, 

Food and Rural A ffa irs  (Defra), Cefas carries out w o rk  in 

su p p ort o f D e fra 's  five  s tra te g ic  prio rities, all o f w h ich  
underp in  th e  overarch ing  a im  o f p rom o ting  susta inab le  

deve lopm en t:

•  C lim ate  change and energy
•  Susta inab le  consu m p tio n  and p roduction

•  Natural resource  p ro tection

•  Susta inab le  rural co m m u n itie s
•  A  susta inab le  fa rm in g  and food  sec to r, inc lud ing  animal

health and w e lfa re .

W ith in  th e se  p rio rities, env iro n m e n t w o rk  at Cefas 

Is d irec ted  at research, m on ito ring  and a ssessm en t of 

th e  Im pact o f po ten tia lly  harm fu l substances or ac tiv itie s  

on th e  q u a lity  o f th e  m arine, coastal and estuarlne  

env iro n m e n ts . W e  are Involved d irec tly  in advis ing on 
UK and In ternational leg is la tion and in deve lop ing  policy 

re lating  to  m anagem en t o f th e  aquatic  e nv ironm en t. W e  

provide  advice to  G overnm ents , e n fo rce m e n t agencies and 

po licym akers  th ro u g h o u t th e  w o rld  on th e  deve lo pm e n t 
and Im p le m e n ta tio n  o f m o n ito r in g  and a sse ssm e n t 

p rog ram m es and con tro l m easures.

An Im portan t co m p o n e n t o f our w o rk  Is to  prov ide  advice 

to  Defra M in is te rs  and o th e r G ove rnm ent D epa rtm en ts  on 

all aspects  o f non-rad ioactive  con tam ina tion  o f th e  aquatic 

env iro n m e n t. S pecifica lly  under Part II o f th e  Food and 

E nv ironm en t P ro tection  A c t (1985) (FEPA) (Great Britain 

- Parliam ent, 1985a), Defra has th e  respons ib ility  to  licence 

and con tro l th e  depos it o f m ateria l to  sea. Fo llow ing  

th e  cessation o f th e  d isposal o f sew a g e  s ludge to  sea, 

licensed m ateria ls  are p redom inan tly  sed im en ts , derived  

fro m  m ain tenance  and capital d redg ing  ac tiv itie s  in coastal 

w a te rs . D isposal at sea is a lso regu la ted  In te rna tiona lly  by 

OSPAR, and our w o rk  enables th e  U K to  fu lfil its ob liga tions 
as a C on tracting  Party.

The Cefas Inspecto ra te  eva luates sc ie n tif ic  and techn ica l 

aspects  o f licence app lica tions and m akes regu lar v is its  to  

licence ho lders to  ensure  tha t any s tip u la ted  cond itions 
are being m et. C onducting  m on ito ring  p rog ram m es in 

su p p ort o f risk a ssessm en ts  enables Defra to  ensure  th e  

e ffe c tive n e ss  o f th e  asse ssm e n t process and prov ides a 

basis fo r dec is ions on fu tu re  po licy fo r th e  m anagem ent 

o f m arine  resou rces . C efas s c ie n tis ts  m o n ito r th e  

env ironm en ta l cond itions  at m arine d isposal s ite s  and 

com pare  th e  resu lts  w ith  th o se  ob ta ined  during m ore 
genera l m on ito ring  s tud ies , a llo w in g  action  to  be taken 

if unexpec ted  im pacts  shou ld  occur. This, to g e th e r w ith  
underp inn ing  R &  D, a lso prov ides a feedback loop w h ich  

ensures th a t risk assessm e n ts  undertaken w ith in  the

licensing  p rocess incorpora te  th e  m os t recen t research 

find ings.

Sew age d ischarges are consen ted  under th e  W a te r 

R esources A c t (1991), G reat Britain Parliam ent, 1991) 

as am en d e d  by th e  E nv iro n m e n t A c t (1995), (G reat 

Britain Parliam ent, 1995). U nder th e  C ontro l o f Pollu tion 

(A pplica tions, A ppea ls  and R egisters) Regula tions 1996 

regu la tion 5(1 )(b), (Great Brita in Parliam ent, 1996), th e  

E nv ironm en t A gency  is requ ired  to  consu lt th e  Secretary 

o f S ta te  fo r th e  E nv ironm en t. Defra M arine  &  E nv ironm en t 
D iv is ion (M ED) Is a s ta tu to ry  consu ltée  fo r all d ischarges 

to  con tro lled  (tidal) w a te rs . Cefas sc ie n tis ts  assess th e  

fish e ry  Im plica tions o f app lica tions fo r consent to  d ischarge 

pe rm its  on behalf o f Defra M ED, and m ake d irec t co m m e n t 

to  th e  E nv ironm en t A gency.

W e  also provide advice to  th e  D epa rtm en t o f Trade 

and Industry  (DTI) and th e  O ffice  o f th e  D epu ty  Prim e 
M in is te r (O D PM ) concern ing  th e  con tro l o f po llu tion  In 

o the r areas a ffe c ting  th e  m arine e n v iro n m e n t Including th e  

ex trac tion  o f o ffsh o re  oil and gas and m arine aggregate . 

The s ta tu to ry  O ffsh o re  C hem ical N o tifica tion  Schem e 

and th e  G ove rnm ent V ie w  on th e  w in n in g  o f aggregates, 

respective ly , con tro l th e se  activ ities , and th e  regu la to ry 

reg im e fo r aggrega tes is p resen tly  a lso changing to  a 
s ta tu to ry  schem e.

On D e fra 's  behalf, Cefas is respons ib le  fo r m on ito rin g  

in te rm e d ia te  and o ffs h o re  s ta tio n s  w ith in  th e  UK N ational 

M arine  M on ito r in g  P rog ram m e (N M M P ), w h ich  seeks  to  
in te g ra te  nationa l and in te rna tiona l m on ito r in g  p ro g ra m m e s  

fo r all UK agenc ies . Each year, w e  co lle c t sam p le s  o f 

s e a w a te r, s e d im e n t and b io ta  fo r  ch e m ica l ana lys is  

and dep loy  a n u m b e r o f b io log ica l e ffe c ts  te ch n iqu e s , 

inc lud ing  w a te r and s e d im e n t b ioassays and fish  d isease  

su rveys . The cu rre n t phase o f th e  N M M P  (phase II) is 
fo cu se d  on th e  d e te c tio n  o f long -te rm  te m p o ra l tre n d s  

In c o n ta m in a n t c o n c e n tra tio n s  and th e  d e v e lo p m e n t 

and d e p lo y m e n t o f a w id e r  range o f b io log ica l e ffe c ts  

te c h n iq u e s  s tu d y in g  o rgan ism  response  at a va rie ty  o f 

ce llu la r and sub -ce llu la r leve ls . The N M M P  a llo w s  us to  

a sce rta in  th e  e ffe c tiv e n e s s  o f regu la to ry  m easu res  taken  

to  reduce th e  inpu ts  o f hazardous su b s tan ce s  to  UK 

seas. In add ition , It co n trib u te s  to  th e  U K 's In te rna tiona l 

m on ito r in g  ob lig a tio ns  to  d e m o n s tra te  UK co m p liance  

w ith  va riou s  EU D ire c tiv e s : D a n g e ro u s  S u b s ta n ce s  

D ire c tiv e  (76 /464 /E E C ); S h e llf is h  W a te rs  D ire c tiv e  

(79/923/EEC ); S he llfish  H yg iene  D irec tive  (91/492/EEC ); 

F ishery  P roducts  D ire c tive  (91/493/EEC ); th e  C om m iss io n  
D e c is io n  93 /351 /E E C  c o n ce rn in g  m a x im u m  m e rcu ry  

lim its  in f is h e ry  p ro d u c ts , and s im ila r  re q u ire m e n ts  

under OSPAR. C urren tly , a g roup  led fro m  w ith in  Cefas



is w o rk in g  to  redes ign  th e  N M M P  so  as to  ensu re  th a t 

it m e e ts  cu rre n t re q u ire m e n ts  and, as fa r as possib le , 

to  dove ta il w ith  p roposed  m o n ito r in g  to  be undertaken  

u nder th e  EU W a te r F ra m ew ork  D ire c tive  (2000/60/E C ) in 

rivers, es tua ries  and coasta l w a te rs .

In o rder to  ensure th a t th e  advice prov ided  to  Defra and 

o th e r regu la to rs is a lw ays based on th e  m os t up-to-date 

know ledge  and techn iques , Cefas carries out a w id e  range 

o f research and deve lo pm e n t to  prov ide  fo r th e  fu tu re  needs 

o f m on ito ring  and su rve illance  p rog ram m es. For exam ple ,

w e  have deve loped  n e w  and m ore sens itive  bioassay 

techn iques , analytica l m e th o d s  and una ttended  sam p ling  

and m on ito r in g  dev ices . W ith in  th e se  p ro g ra m m e s 

w e  have m ade a num ber o f s ign ifican t co n trib u tio n s  to  

env ironm en ta l p ro tec tion  and as a consequence  o f our 

w o rk  have estab lished  a w o r ld w id e  repu ta tion  In th e  fie ld  

o f aquatic  env ironm en ta l research. M ore  In fo rm ation  

on our research p rog ram m es is available on th e  Cefas 
w e b s ite : w w w .c e fa s .c o .u k .

http://www.cefas.co.uk


Glossary of terms

A N O S IM Ana lys is  o f s im ila rities
A NOVA A na lys is  o f variance

AS C O BA N S A g re e m e n t on th e  C onservation  o f Small Cetaceans o f th e  Baltic  and N orth  Seas

ASG A m m o n iu m  duodeca-m o lybdophospha te  on silica gel
BDE B rom lna ted  d iphenyl e ther

BE Q U ALM Biological E ffec ts  Q ua lity  A ssu rance  In M on ito rin g  p rog ram m e
BFR B rom lna ted  flam e  retardant
BNFL British N uclear Fuels L im ited

BTEX Benzene, Toluene, E thylbenzene and X ylenes
C EM P C o-coord inated E nvironm enta l M on ito rin g  P rogram m e
CYP1A1 C ytoch rom e  P4501A1

D A M O S Disposal A rea M on ito rin g  System

D M ECS D eve lopm en t o f a National M arine E co tox lco log lca l A na lytica l C ontro l Schem e
DNA D eoxyrlbose  N uc le ic  acid
DR-CALUX DloxIn -responslve  chem ica lly -ac tiva ted  luc lfe rase expression  assay

DRZs Diagonal Radioactive Zones
EARP Enhanced A c tin id e  Rem oval Plant (at BNFL Seilafie ld)

EDCs Endocrine D isrup ting  C hem icals
ED M AR Endocrine D isrup tion  In th e  M arine  E nv ironm ent
ELISA Enzym e Linked Im m uno-S orben t Assays
EPA Environm enta l P ro tection  A gency  (of th e  USA)
EROD E thoxyreso ru fln -O -deethy lase

EU European Union

FOA Foci o f C ellu lar A lte ra tion

F EPA Food and E nv ironm en t P rotection A c t 1985

FRS M LA Fisheries Research Services M arine  Laboratory, A berdeen

GOV Grande O uve rtu re  V ertica le

GPS Global Position ing  S ystem

GSI G onado-som atlc  Index
H &  E H aem atoxylln  and Eosln

HBCD H exabrom ocyc lododecane
IAEA In ternational A to m ic  Energy A gency

ICES 7 The sum  o f concen tra tions  o f PCB congeners CB28, CB52, CB101, CB118, CB138, CB153 and CB180, 

deve loped by ICES as a com para tive  m easure

IM S Industria l M e th y la te d  Spirit
JM P Jo in t M on ito rin g  P rogram m e (of OSPAR)
M A R P O L In ternational C onvention  fo r th e  Prevention o f Po llu tion fro m  Ships, 1973

M DS M ultl-d lm ens lona l scaling

M EM G M arine  E nv ironm en t M on ito rin g  G roup

MFO M lxed-func tlon  oxidase

M P M M G M arine Po llu tion M on ito rin g  M anagem en t G roup
NADPH ß-N Ico tlnam lde  A den ine  D lnuc leo tlde  Phosphate

NAO N orth  A tla n tic  O scilla tion

NBF N eutra l B u ffe red  Form alin

N M M P UK National M arine M on ito rin g  P rogram m e

OSPAR O slo  and Paris C om m iss ion

PACs Polycycllc A ro m a tic  C om pounds
PAH Polycycllc a rom a tic  hydrocarbon
PBDE P o lybrom lna ted  d iphenyl e ther
PCB Polych lo rina ted  biphenyl



POPs P ers is tant O rgan ic Po llu tants
PRIMER P lym outh  R outines In M u ltiva ria te  Ecological Research
PSA Particle Size Analys is
PTFE P o ly te tra fluo roe thy lene  (also know n as Teflon)
RAP R eg istry  o f A qua tic  Pathology
RELATE a m u ltiva ria te  data analysis rou tine  In PRIMER
SIM PER S im ila rity  P ercentages R outine
SIXEP Site Ion Exchange E ffluen t Plant (at BNFL Sella fle ld)

SPI S ed im en t Profile Im ages
SRD S ew age  Related Debris
TEQ Toxic equ iva lent

THORP Therm al O xide R eprocessing Plant (at BNFL Sellafle ld)
TIE T ox ic ity  Iden tifica tion  and Evaluation (or b loassay-d lrected  frac tiona tion )

UK U nited K ingdom
UNEP U nited N ations E nv ironm en t P rogram m e

VO C V ola tile  O rgan ic C om pounds

VT G V ite llogen in

YES Y east O estrogen  S creen ing Assay
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Ecosystem interactions 

1. Developing a strategy 
for seabed mapping at 
different spatial scales

1.1 Introduction
The ab ility  o f acous tic  te ch n iqu e s  to  d e tec t seabed fea tu res  

and d isc rim ina te  d iffe re n t typ e s  o f se d im e n t p resen ts  th e  

p rospect o f m aking accura te  and reliable seabed m aps th a t 

are o f great va lue In th e  conserva tion , m anagem en t and 

m on ito ring  o f th e  m arine env iro n m e n t (B row n  e t al., 2001, 

2002, 2004). H ow ever, th e ir  lim ited  spatia l coverage and 

Inability  to  d e tec t ben th ic  fauna m eans th e ir  app lica tion  In 

m app ing  seabed hab ita ts  requ ires a s truc tu re d  approach to  

su rvey design th a t can be adapted to  su it th e  requ irem en ts  

fo r m app ing  at d iffe re n t spatia l sca les. There are tw o  

m ain s teps  In th is  s truc tu re d  approach, th e  firs t be ing to  

m ap acoustica lly  d is tin c t areas o f seabed, and th e  second 

to  g round-tru th  th a t m ap to  d e te rm ine  th e  nature o f th e  

se d im e n ts  and fauna In each area. If It can be dem on s tra te d  

th a t d iffe re n t ben th ic  co m m u n itie s  are associa ted  w ith  

d iffe re n t se d im e n t types, then  th e  d is tribu tion  o f those  

se d im e n ts  can be used as a proxy to  m ap ben th ic  hab ita ts 

and b io topes (R off e ta /., 2003).

D iffe re n t spe c ie s  are adapted  to  live In d iffe re n t 

se d im e n ts , but g ross s e d im e n t type  Is not th e  only 

de te rm lnand  o f hab itat su itab ility . O the r physical fac to rs  

such as dep th  o f w a te r  and cu rren t ve lo c ity  are also 

In fluentia l In s truc tu rin g  th e  seabed (eg d iffe re n t bed fo rm s 

such as sand w aves  or m egaripp les) and th e ir  associa ted  

c o m m u n itie s  (W a rw ick  and Uncles, 1980; H o lm e and 

W ilson , 1985; Barros e ta /., 2004). C onsequently , seabed 

fac ies (d is tinc t com b ina tions  o f se d im e n t typ e  and bed form ) 

m ay prove b e tte r p roxies fo r m app ing  ben th ic  hab ita ts and 

b io topes than  gross se d im e n t type .
The sw a th e  w id th  o f s ldescan and m u ltibeam  sonar 

sys te m s  Is typ ica lly  lim ited  to  a fe w  hundred m etres, so 

to  ach ieve an acoustic  Im age o f a w id e r area requ ires 

severa l parallel s w a th e  tracks  to  be pasted to g e th e r In 

an acous tic  'm o sa ic '. A reas up to  ~ 50 sq km can be 

su rveyed  In a s ing le  day o f vesse l t im e  and th is  Is usually 

s u ffic ie n t to  cover d isc re te  s ite s  o f spe c ific  In te rest, such 

as th o se  licensed fo r aggregate  extrac tion  or d redge 

m ateria l d isposal. C onsiderab ly g rea te r tim e  and e ffo rt 

w o u ld  be requ ired  to  cover broadscale areas (~ 500 sq km) 

or regional seas w h e re  th e re  Is cu rren tly  great dem and fo r 

m aps to  underp in  m arine spatia l p lanning In itia tives, but th e  

cost o f do ing so m ay becom e proh ib itive .

The aim  o f th is  s tu d y  w a s  to  deve lop  a s tra te g y  

fo r Investiga ting  seabed cond itions  over d iffe re n t spatial 

sca les. To th is  end w e  adopted  a nested  su rvey design, 

expand ing  and deve lop ing  surveys o f th e  H astings Shingle 
Bank undertaken by B row n e ta /., (2001, 2004), and o f th e

Author: Roger Coggan

broader area b e tw e en  H astings and D ungeness (Foster- 

S m ith  e t al., 2004). These earlier s tud ies  em p loyed  a 

re la tive ly  coarse In te rp re ta tion  o f acous tic  data to  c lass ify  

seabed sed im en ts , but th e  p resen t s tu d y  fo cu sed  on 

a m ore  de ta iled  In te rp re ta tio n , su p p o rte d  by ex is ting  

geo logica l data se ts  and co m p le m e n ted  by g round -tru th lng  

techn iques , to  Investiga te  th e  feas ib ility  and u tility  o f 
m app ing  seabed fac ies . W ith  a fu rth e r v ie w  to  deve lop ing  

a c o s t-e ffe c tive  s tra te g y  fo r survey ing  larger spatia l areas, 

w e  Investiga ted  th e  de n s ity  o f s ldescan coverage requ ired 

to  produce  broadscale fac ies m aps th a t w e re  f it  fo r 

purpose.

1.2 Background
The s tu d y  s ite  com prised  a broadscale area (40 x  15 km) 

w ith in  w h ich  w a s  nested  th e  H astings s ite  ( 4 x 1 2  km) 

con ta in ing  an area o f th e  H astings Shingle Bank th a t Is 

licensed fo r aggregate  extrac tion  (Figure 1.1). B row n e t 

al. (2001, 2004) had acqu ired 100%  sldescan coverage of 

th e  H astings s ite , and recogn ised  fo u r acoustica lly  d is tinc t 

reg ions (Figure 1.2) th a t w e re  g round -tru thed  by random  

s tra tif ie d  sam p ling . The nature  o f th e  se d im e n ts  and 

th e ir  associa ted  Infaunal co m m u n itie s  w e re  de te rm ined  

fro m  se d im e n t sam p les co llec ted  by a 0.1 m 2 Ham on 

grab, w h ile  ep lfauna l co m m u n itie s  w e re  sam p led  by a 2- 

m e tre  w id e  Jenn ings beam  tra w l (Jenn ings e t al., 1999). 

S ta tis tica l ana lyses o f th e  g round-tru th  data sh o w e d  th e  

fo u r acous tic  reg ions d iffe re d  In both th e ir  physical and 

b io log ica l characte ris tics, a llow ing  each to  be described  

as a d iffe re n t b io tope  (Figure 1.2, A  = sh a llo w  w a te r 

po lychaete  dom ina ted  fin e  sand, B = coarse gravel w ith  

a ttached  eplfauna, C = d is tu rbed  (dredged) sandy gravel, D 

= deeper w a te r coarse sand). A lthough  th e  b io topes w e re  
c learly d is tin c t fro m  one another, B row n e t a!. (2001, 2004) 

no ted  tha t rep licate  sam p les from  w ith in  each acoustic  
region cou ld  be qu ite  d iss im ila r.

1.3 Methods
1.3.1 Hasting study area
The presen t s tu d y  m ade a m ore  de ta iled  In te rp re ta tion  

o f th e  original s ldescan sonar m osa ic  o f th e  H astings 

s ite , tak ing  In to cons ide ra tion  th e  bed fo rm s and transpo rt 

Ind icators and fu rth e r geophysica l data available In th e  

a rch ives o f th e  British G eological Survey. This produced a 

seabed fac ies m ap (Figure 1.3), recogn is ing  nine d iffe re n t 

fac ies and m app ing  th e  area Into > 20 regions, as opposed 
to  th e  original fou r. O verlay ing  th e  original g round-tru th
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DUNGENESS

HASTINGS

io

k ilom etres

F igure  1.1. Location of the study area off the  SE coast of England. 
The rectangle ind icates the fine scale study site o ff Hastings, 
conta in ing an area licensed fo r aggregate extraction  (orange 
polygon!. L ines indicate sidescan tra cks  fo r  the  broadscale study 
area, the seven lines of the o rig in a l survey (2000) shown in b lack 
and 'in - f il l ' lines, co llected  in subseguent surveys shown in green, 
blue and red.

pos itions on th e  n e w  fac ies m ap sh o w e d  th a t a num ber of 

d iffe re n t fac ies had been sam p led  w ith in  each acoustica lly  

d is tin c t area (Figure 1.4), w h ich  m ay account fo r th e  

variab ility  w ith in  rep lica tes noted by B row n e t al. (2001, 

2004). The s ite  w as re-v is ited  to  g round-tru th  th e  facies 
m ap using a su ite  o f sam p ling  techn iques .

The accu racy o f th e  fac ies  d e sc rip tio n s  and th e  

d is tin c tn ess  o f th e ir  boundaries w as assessed fro m  v ideo  

record ings o f seven cam era s ledge  to w s  (Shand and 

Priestly, 1999) m ade at s tra te g ic  po in ts  th ro u g h o u t th e  

s ite  (Figure 1.5, CS1 - 7). The en tire  v ideo  record  fo r each 

to w  w a s  analysed, no ting  se d im e n t typ e s  and topog raph ic  

fea tu res, and com paring  th e se  observa tions w ith  w h a t w as 

expec ted  fro m  th e  fac ies map.

Epifaunal sam p les w e re  co llec ted  from  ten  o f th e  facies 

using th e  standard 2 -m e tre  Jenn ings  beam tra w l to w e d  

over a nom inal d is tance  o f 200  m e tres  (Figure 1.5, JB1 

- 10). S am ples w e re  w ash e d  over a 5 m m  square m esh 
sieve  p rior to  ¡den tifica tion  and enum era tion , w ith  colonial 

spec ies  being recorded as 'p re s e n t'. A ssoc ia tions  be tw e en  

epifauna l assem b lages and seabed fac ies w e re  exam ined 

by un iva ria te  and m u ltiva ria te  ana lyses fo llo w in g  th e  
genera l m e th o d o lo g y  o f C larke and W a rw ic k  (1994), using 

th e  PRIM ER s o ftw a re  package (v5, Clarke and Gorley,

2001). Sam ple s im ila rities  w e re  ca lcu la ted using th e  Bray- 

C urtis s im ila rity  index based on square roo t tran s fo rm e d  

abundance data and rep resen ted  by dendrog ram s and 
non m e tric  m u lti-d im ens iona l sca ling (M DS) o rd ina tion  to  

de te rm in e  c lus te r groups. The s ign ificance  o f d iffe rences  

b e tw e en  c lus te r g roups w a s  te s te d  by an analysis of 

s im ila rities  (AN O SIM , Clarke and Green, 1988) and th e  
taxa prim arily  accounting  fo r th e ir  s im ila ritie s /d iffe ren ce s  

d e te rm in e d  using th e  s im ila r ity  pe rce n ta g e s  rou tine  

(SIMPER, Clarke, 1993). A na lyses w e re  based on num eric  

(abundance) data, so colonial taxa w e re  excluded. A 

com parison  b e tw e en  th e  tw o  s tud ies  o f th e  Blastings 

s ite  (B row n e t al., 2004  and th e  p resen t s tudy) w as m ade 

using s im ila r ana lyses on a pooled data se t. To lessen th e  
in fluence  o f rare taxa, th o se  w ith  an occu rrence  o f n < 10 in 

th e  pooled data se t w e re  excluded from  th e  analysis.

S ed im en t and infaunal sam p les w e re  co llec ted  from  
fo u r o f th e  fac ies using a 0.1 m 2 Plamon grab, w ith  a novel 

sam p ling  design being te s te d  to  investiga te  variab ility  

w ith in  each fac ies (Figure 1.6). The sam p ling  pattern  
described  an angular spiral w ith  s ides o f re lative  length  1, 2, 

3, 5 and 8, based on th e  F ibonacci se ries  o f num bers  (add 

th e  p revious tw o  to  get th e  next). W ith  ju s t s ix  sam p ling  

po in ts , 15 d iffe re n t pa ir-w ise  com parisons can be m ade



A

B

C

D

( 5 +  4 + 3 + 2 + 1), each having a d iffe re n t 'la g ' d is tance  

(separation be tw e en  points). Using th is  pattern , spatial 

va riab ility  w ith in  a fac ies can be assessed graphically, 

p lo ttin g  so m e  m easure  o f s im ila rity  (or d iss im ila rity ) 

b e tw e en  sam ple  pairs aga inst lag d is tance  in a s im p le  
Cartesian (x,y) chart. The sam p ling  pa ttern  p rovided a 

m ore  s truc tu re d  approach to  assessing  variab ility  than 

w o u ld  a random  s tra tifie d  sam p ling  design. In practice  th e  

d is tances be tw e en  sam p ling  po in ts  w e re  100, 200, 300 

e tc  m e tres . Each sam ple  w as trea te d  in th e  sam e m anner, 

w ith  a sub -sam p le  used fo r partic le  size analysis, and th e  
rem ain ing  m ateria l w ashed  over a 1m m  sieve  to  co llec t 

infauna fo r Iden tifica tion  and enum era tion .

F igure  1.2. S idescan m osaic of 
the Hastings site, show ing the 
fo u r acoustica lly  d is tinc t areas 
de te rm ined  by Brown e t at. (2001, 
2004) and the position of th e ir  
g ro u n d -tru th  sam pling  w ith  Hamon 
grabs (purp le  sguares) and 2 -m etre  
beam tra w ls  (green triang les).

S ed im en t grain size w a s  exp ressed  in w h o le  phi (0 ) 

un its  and sam p les  com pared  by graphical analysis o f th e  

s ize -fre q u e ncy  d is tribu tio n s . Spatial va riab ility  am ong 

sa m p le s  w a s  exam ined  as described  above, p lo ttin g  

Euclidean d iss im ila rity  fo r se d im e n t sam p les (based on 
square roo t tran s fo rm a tio n  o f % freq u e n cy  in each grain 

size class) and Bray-C urtis d iss im ila rity  fo r b io tic  sam p les 

(100 - Bray-C urtis s im ila rity , based on 4 th  roo t tran s fo rm e d  

abundance data, co lonia l o rgan ism s excluded). Further 

co m m u n ity  analyses w e re  undertaken using th e  PRIMER 

package to  in ves tiga te  th e  linkage b e tw e en  d iffe re n t 

infaunal assem b lages and d iffe re n t se d im e n t types, and to  

d e te rm in e  th e  spec ies  th a t ty p ify  or d isc rim ina te  be tw e en  

th e  fo u r fac ies th a t had been sam pled.

1.3.2 Broadscale study area
In th e  broadsca le  s tu d y  area b e tw e e n  Blastings and 

D ungeness, th e  earlier s tud ies  had conduc ted  a sidescan 
su rvey com pris ing  seven parallel lines at a 2 km  track  

spacing  (Figure 1.1) using a d ig ita l ch irps sidescan sys tem  

w ith  a 400  m to ta l sw a th e  w id th  (B row n  e t al., 2004, 

Foste r-S m ith  e t al., 2004). To obtain so m e  Indication o f th e  

d e n s ity  o f s idescan coverage requ ired to  p roduce a reliable 

broadscale fac ies map, th e  cu rren t p ro jec t surveyed  a 

series  o f 'In -flll' lines to  provide p rog ress ive ly  g reater 
de n s ity  coverage, reaching 100%  along a cen tra l SW - 

NE corridor. Each o f th e  sidescan lines w as Ind ividually 

in te rp re ted  to  m ark th e  fac ies boundaries, fo llo w in g  w h ich  

fo u r In te rpo la ted  fac ies m aps w e re  m ade rep resen ting  

p rog ress ive ly  g rea te r dens ity  coverage, th re e  based on 

su b se ts  o f th e  data (nam ely 4 km , 2 km and 1 km line 
spacing) and th e  fo u rth  using all available lines.

G round-tru th  sam p ling  w as undertaken concu rren tly  

w ith  th e  s idescan surveys (Figure 1.7). In th e  Initial survey, 

a series  o f 18 Sh lpek grabs (denoted  SG1-18) w e re  taken 

fo r partic le  size analysis only. In th e  cu rren t pro ject, a 

fu rth e r 20 s ta tions  w e re  sam p led  by Ham on grab (denoted  

H G 11-30) fo r PSA and Infaunal analysis fo llo w in g  standard 

p rocedures. The sam e loca tions w e re  sam p led  fo r epifauna 

using a 2 -m e tre  Jenn ings  beam  tra w l (denoted  J B 11-30) 

to w e d  fo r a nom ina l d is tance  o f 200 m; again sam p les 

w e re  p rocessed fo llo w in g  standard  procedure. The array 

o f sam p ling  s ite s  w a s  se le c te d  to  give a broad coverage of 

th e  su rvey  area, w ith  each s ite  ly ing on (or close to ) one of 
th e  s idescan lines. The in te rp re ta tion  o f th e  g round-tru th  

data w a s  used to  m ake In fe rences about th e  su ita b ility  of 

th e  broadscale fac ies m ap and to  exam ine  and com pare  

m u ltiva ria te  pa tterns  in th e  physical and b io log ica l data.
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Sandwaves

Sand

Gravel

Sand

Gravel

W â

Dredged area 

Featureless sand 

Featureless gravel 

Gravel with sand patches 

Sand waves, w = 100 - 200 m 

Sand waves, w = 20 - 50 m 

Lunate sand waves 

Megaripple, w = 10 - 30 m 

Megaripple, w < 10 m

Gravel

F igure  1.3. Four exam ples of facies in te rp re ta tio ns  fro m  sidescan sona r im ages (400 m swathe w id th ! and the seabed facies map of the 
Hastings study site derived by in te rp re ta tion  of the sidescan sonar m osaic shown in Figure 1.2. Coloured polygons delineate  ind iv idual 
facies, and lines w ith in  them  m a rk  the  crests  of ind iv idua l sand waves (w = w avelength!.
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A4 A1

A5
A3

A2 ■

C3

B3

I3  03
D4

D2 D5

F igure  1.4. Location of g ro u n d -tru th  sam pling  s ta tio n s ta ke n  
by the  p r io r  s tudy (Brown et a i,  2001, 2004] overla in  on the 
seabed fac ies m ap fo r  Hastings. Sym bols as in F igure 1.2.

JB3

CS5
le s  1|

le s  2

le s  y

B6|

B5l

e s  4

e s  3
JB9

F igure  1.5. Location of g ro u n d -tru th  sam pling  s ta tions fo r  the 
present study. B ars ind icate beam  tra w ls  (JB1 -  10), a rrow s 
ind icate cam era  sledge tow s (CS1 -  7).

F igure  1.6. Location of Ham on 
grab sam ples used fo r  g round- 
tru th in g  the  H astings facies 
map, and the  ‘F ibonacci' 
sam pling  pa tte rn  designed 
to  tes t va ria b ility  w ith in  each 
facies. The a n g u la r s p ira l has 
s ix  sam pling  points (num bered 
boxes) separated by increasing 
d istances (ita lic  num era ls), 
provid ing 15 lag d is tances in a li.
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F igure  1.7. P ositions and 
num bering  of g ro u n d -tru th  
sam pling  s ites in re la tion  
to  s idescan survey lines.
SG = Sh ipek Grabs (yellow  
stars], HG = Ham on Grabs 
(purp le  squares). Beam  tra w l 
sam ples w ere  also taken at 
each of the  HG locations.

'HG11
k ilo m e tre s

'HG13
rHG14!

HG16'

'HG15'
¡HG17!'HG21

'HG26
'HGÎHG22'

'HG27,
'HG23. TTGI 9

HG20

'HG24''HG28i

'HG25

'HG29

'HG30

1.4 Results
1.4.1 Hastings study area

Facies map
The fac ies in te rp re ta tio n  prov ided  a h igher reso lu tion  

m ap than th e  coarser in te rp re ta tion  o f th e  prev ious s tudy  

(B row n  e t al., 2001, 2004). The tw o  in te rp re ta tions  w e re  

cons is ten t, sh o w in g  sh a llo w  sand su bs tra tes  to  th e  north, 

d redged and und is tu rbed  gravel areas in th e  cen tre  and 

deeper sand su bs tra tes  to  th e  sou th , but each o f th e  non­

d redged areas iden tified  by B row n e t a!. (2001, 2004) w as 

seen to  com prise  severa l d iffe re n t fac ies (Figure 1.3). The 

sh a llo w  sand area con ta ined  long w ave le n g th  sand w aves, 

fea tu re less  sand and sho rt w ave le n g th  m egaripp les. The 

centra l area con ta ined  both fea tu re less  gravel and gravel 

w ith  sand patches, and tw o  areas o f d redged gravel. The 

deeper sands w e re  separa ted  In to tw o  m egaripp le  facies 

(short and long w ave leng th ), tw o  sand w ave  fac ies (lunate 

and sho rt w ave leng th ) and an area o f gravel (w ith  sand 

patches) at th e  e x tre m e  sou th  east o f th e  s ite , w h ich  had 

not p rev ious ly  been no ted. C onsiderab le  detail w a s  ev iden t 
In th e  de linea tion  o f boundaries be tw e en  facies, w h ich  

appear w e ll de fined .

Video assessment
There w as  a high degree o f a g reem en t b e tw e en  th e  

se d im e n t typ e s  obse rved  on th e  v ideo  record derived  

fro m  th e  cam era s ledge to w s  and th o se  expec ted  from  

th e  seabed fac ies  m ap. B oundaries b e tw e en  fac ies 

appeared w e ll de fined  on th e  video, genera lly  changing 
fro m  one type  to  a no the r In a b rie f trans itiona l zone over 

an e s tim a te d  d is tance  o f 10 to  20 m etres. O ccasionally, 

boundaries w e re  e x tre m e ly  abrupt, changing In < 5 m 

d is tance. The p resence /absence  o f m o tile  and a ttached 

ep ifauna w as no ted  and proved usefu l in characte ris ing  th e  

d iffe re n t facies.

Epifaunal analysis
A to ta l o f 70 epifauna l taxa w e re  Identified  in th e  10 traw ls , 

w ith  sam p les  fro m  gravel su b s tra tes  having no tab ly  m ore 

spec ious and abundant ep ifauna, leading to  h igher Indices of 

richness (Table 1.1). C lus te r analysis and m u lti-d im ens iona l 

sca ling  (M DS) o rd ina tion  Iden tified  th re e  m ajor c lus te rs  

am ong th e  sam p les (Figure 1.8) w h ich  w e re  s ign ifican tly  

d iffe re n t (A N O S IM , p = 0 .1% ). These th ree  c lus te rs  m ap 

to  th re e  genera l se d im e n t types, nam ely th e  sh a llo w  sands 

to  th e  north  o f th e  d redge s ite  (traw ls  1, 2 and 3), deeper 

sands to  th e  sou th  (traw ls  7, 9 and 10) and gravel subs tra tes  

(both around th e  d redge s ite  and in deeper w a te r; tra w ls  

4, 5, 6 and 8). S am ples from  deep sands proved m ost 

s im ila r (61 .5% ; Table 1.2), w h ile  th e  g rea tes t d iss im ila rity  

w a s  be tw e en  th e  sh a llo w  sands and th e  gravel c lus te rs  
(72 .2% ; Table 1.2). The m ain characte ris ing  taxa fro m  each 

c lu s te r w e re  de te rm in e d  by SIM PER analysis (Table 1.3). 

Juven ile  s w im m in g  crabs (Liocarc inus  juv.) and sh rim ps 

(C rangon  sp. and Pontoph ilus  sp.) cha racte rised  both 

sh a llo w  and deep sand substra tes , but not gravel, h ierm it 

crabs characte rised  all th re e  c lus te rs , though  Pagarus 

bernhardus  w a s  a main species on sh a llo w  sands and 

Anapagarus laevis  on deep sands. Both spec ies  w e re  also 

im portan t on gravel substra tes , a long w ith  a no the r he rm it 

crab, Pagarus p ride a u x i and its com m ensa l anem one, 

A dam sia  carcin iopados. As th e ir  com m on  nam e suggests , 

tw o  s tone  crab genera, M acropod ia  sp. and Hyas  sp. 

(fam ily  M ajidae) also cha racte rised  th e  gravel substra tes , 

as did th e  urchin Psam m ech inus m ila ris. T w o  o ther 

ech lnode rm s a lso fea tured , but w e re  less d iscrim inan t; th e  

b rittle  star, O phiura albida, w as th e  fo re m o s t characte ris ing  

spec ies  o f gravels, but w as  a lso a m ajor spec ies  on deeper 

sand substra tes , w h ile  th e  sta rfish , A ste ria s  rubens, w as  

th e  second  m os t cha rac te ris tic  spec ies  fo r sh a llo w  sands, 

and th e  8 th  fo r gravels. T raw l sam p le  and v ideo  records 

also ind ica ted  th a t a ttached epifauna (particu larly  hydro ids) 

w e re  cha racte ris tic  o f gravel substra tes .



Table 1.1. S u m m ary  s ta tis tics  fo r  the  ten  beam  tra w l epifauna 
sam ples (JB1-10) co llected  in the  present study, giving the  depth 
zone of the  sta tion , the  seabed facies, num b e r of taxa (S), num b e r of 
ind iv idua ls  (N ] and M arga le f's  index of r ichness (d).

S am ple Depth zone (m) Seabed fac ies S N d

JB1 10-15 sand w aves 18 125 3.52

JB2 10-15 fea tu re less  sand 9 58 1.97

JB3 10-15 sho rt m egaripples 12 24 3.46

JB 4 15-20 gravel w ith  sand patches 34 746 4.99

JB5 15-20 gravel w ith  sand patches 32 238 5.66

JB6 15-20 fea tu re less  gravel 29 292 4.93

JB7 25-30 long m egaripples 21 153 3.98

JB8 40-45 gravel w ith  sand patches 29 446 4.59

JB9 35-40 lunate sand w aves 14 161 2.56

JB 10 30-35 sho rt m egaripples 24 221 4.26

Table 1.2. R esu lts  from  SIMPER analyses fo r the beam tra w l 
sam ples fro m  the  H astings site, show ing the average % s im ila r ity  
w ith in  c lu s te r groups (shaded ce lls ! and the average % d iss im ila r ity  
between them .

S h a llo w  G rave ls  Deep Sand 

Sands

S hallow  Sands 56.2 -

Gravels 72.2 55.4

Deep Sands 63.3 65.0 61.5

A na lys is  o f th e  available data gave a s im ila r overall 

in te rp re ta tion  o f th e  H astings s ite  as th e  in itia l s tudy  

(B row n e t al., 2004), nam ely  th a t th e re  w e re  th re e  main 

ep ifauna l assem b lages associa ted  w ith  sh a llo w  sands, 
gravel and deeper sand. A  m ore  fo rm a l com parison  

w a s  m ade b e tw e e n  th e  tw o  s tu d ie s  by ana lys ing a 

pooled data set, w ith  colonial and rare taxa (tota l n < 10) 
exc luded. The d is tinc tion  be tw e en  th e  sh a llo w  sands, 

gravel and deep sand su bs tra tes  pers is ted , s h o w in g  a 

co n s is te n t pa ttern  over tim e , though  th e re  w as  som e 

separation o f th e  sam p les fro m  th e  d iffe re n t s tud ies  

(Figure 1.9). W h ile  dep th  appears to  be an im portan t 
fa c to r in d isc rim ina ting  epifaunal co m m u n itie s  o f sandy 

substra tes , th e  Im portance  o f se d im e n t typ e  In s truc tu rin g  

th e  co m m u n itie s  Is h igh ligh ted  by th e  associa tion o f th e  
deeper gravel s ite  (traw l 8) w ith  th e  c lus te r o f o the r gravel 

s ite s  rather than o th e r deep s ite s  (Figures 1.8 and 1.9) and 

Is fu rth e r re fle c te d  by com parison  o f th e  un ivaria te  ind ices 

am ong th e  various s ite s  (Table 1.1)

Sedim ent and infaunal analysis
The com p o s itio n  and variab ility  o f se d im e n ts  and th e ir 

associa ted  Infauna w a s  exam ined  in fo u r o f th e  seabed 

fac ies, sam p led  by 0 .1 m 2 Ham on grab fo llo w in g  th e  

spiral sam p ling  pa ttern  described  above (Figure 1.6). The 

freq u e n cy  d is tribu tion  p lo ts  o f grain size p resen ted  in 

F igure 1.10 provide an o ve rv ie w  o f se d im e n t variab ility  

w ith in  each o f th e  fac ies. S am ples from  th e  deep area of 

gravel w ith  sand patches (HG1) sh o w e d  least variab ility , 

each con ta in ing  som e  gravel (-1 to  - 5  phi) but being 

dom ina ted  by a s ing le  m ode o f m ed ium  sand grains (2 phi). 

Variab ility  w a s  g rea tes t in th e  dredged gravel area (HG3), 

som e  sam p les having a high gravel co n ten t w h ile  o thers 

(HG3.6) w e re  m os tly  fine  sand (3 phi). In th e  s h a llo w  w a te r 

m egaripp le  fie ld  (HG2) one sam ple  had a far h igher gravel 

c o n ten t than  all o thers  (HG2.6), and in th e  undredged 

gravel area (HG4) th e re  w as an appreciab le  d iffe rence  

in gravel partic le  size b e tw e en  sam p les (-3 , -4, -5 phi). 

Principal co m p o n e n t analysis sh o w e d  th a t th re e  grain size 

categories, nam ely 3, 2 and - 5  phi con trib u te d  94%  o f to ta l 

va riab ility  b e tw e en  se d im e n t sam ples.

The spiral sam p ling  pa ttern  revealed nota ble spatia l trends  

In tw o  o f th e  fou r seabed fac ies (Figure 1.10). In th e  sh a llo w  

w a te r m egaripp le  fie ld , th e  com p o s itio n  o f se d im e n ts  and 

infaunal c o m m u n itie s  becam e m ore  d iss im ila r as d is tance  

b e tw e en  sam p les  (lag d is tance) increased, w h ile  in th e  

d redged gravel area, se d im e n t d iss im ila rity  increased w ith  

lag d is tance, but faunal d iss im ila rity  rem ained con s is te n tly  
high, Ind icating a 'p a tch in e ss ' in th e  faunal d is tribu tion . 

These tw o  fac ies w e re  th e re fo re  cons ide red  to  be qu ite  

he te rogeneous. There w e re  no m arked spatia l trends  

In th e  tw o  rem a in ing  fac ies, but a co n s is te n tly  lo w  

d iss im ila rity  be tw e en  se d im e n t sam p les fro m  th e  gravel 

w ith  sand fac ies (HG1) ind icated th is  area w a s  no tab ly  

hom ogeneous.
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Table 1.3. R esu lts  of SIMPER analysis fo r  ep ifauna l sam ples fro m  
the  Hastings site (excluding co lon ia l species] giving the  average 
abundance and co n tribu tion  to  s im ila r ity  (as % and cum ula tive  %] fo r  
the  m ain charac te ris ing  taxa in c lu s te rs  representing  th ree  genera l 
sed im en t types at the  H astings site.

S e d im e n t type

Shallow w ater sands

Gravels

D eeper w a te r sands

Taxon A ve rage  abundance % C o n tr ib u tio n Cum uls

Pagurus bernhardus 19.3 21.8 21.8

Asterias rubens 8.3 18.0 39.8

Hinia sp. 7.7 16.2 55.9

Liocarcinus juv. 3.3 11.2 67.1

Pontophilus sp. 4.3 10.6 77.7

Ophiura albida 85.3 11.2 11.2

Pagurus bernhardus 24.8 8.9 20.1

Macropodia sp. 23.8 8.2 28.3

Pagurus prideauxi 16.0 7.5 35.8

Psammechinus miliaris 40.5 7.2 42.9

Adamsia carciniopados 11.8 6.6 49.5

Anapagurus laevis 20.5 5.3 54.8

Asterias rubens 17.5 4.8 59.6

Gobiidae 12.5 4.7 64.3

Buccinum undatum 9.8 4.2 68.5

Aequipecten opercularis 8.0 3.9 72.4

Hyas sp. 4.3 3.3 75.6

Liocarcinus juv. 42.0 19.4 19.4

Crangon sp. 41.3 18.3 37.8

Ophiura albida 14.7 10.7 48.5

Echiichthys vipera 13.0 10.3 58.8

Anapagurus laevis 12.3 9.3 68.1

Pontophilus sp. 9.3 8.8 76.9

F igure  1.8. D endrogram  and MDS 
o rd ina tion  of s im ila r it ie s  between 
ep ifauna l sam ples co llected  in 10 
beam  tra w l tow s (JB 1-10] fro m  the 
Hastings site. C ontours on the  MDS 
p lo t represent the  45% s im ila r ity  
line ind icated on the  dendrogram . 
Ana lys is  based on B ray-C u rtis  
s im ila r ity  index of square root 
tra n s fo rm e d  abundance data 
(co lon ia l taxa excluded).
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F igure  1.9. MDS plot fo r  the pooled 
epifauna data fro m  the present study 
and tha t of B rown e t al. (2004], based 
on B ra y -C u rtis  s im ila r ity  index fo r 
square root trans fo rm ed  abundance 
data. Contours represent s im ila r it ie s  
of 45% (solid line l and 55% (dashed 
line l. M a jo r c lus te rs  fo rm  fo r sam ples 
from  sha llow  sands (upper le ft) , 
g rave ls (upper right) and deeper 
sands (low er centre ], w h ile  m ino r 
c lus te rs  tend to separate sam ples 
from  the tw o studies. S ite labe ls are 
given in Figures 1.4 and 1.5.

A5,
A 3 B2

B3

D3

D2

S tre s s : 0 .1 4

A to ta l o f 198 taxa w e re  iden tified  from  th e  Hamon 

grab sam p les  (exclud ing colonial species). Univaria te 

Indices h igh lighted th e  gross d iffe rences In populations 

be tw een  fac ies (Figure 1.11) Indicating an Im poverished 
fauna (lo w  abundance, fe w  species) in both th e  sha llow  

m egaripp le  fie ld  (HG2) and dredged gravel area (HG3), 

but a rich and diverse co m m u n ity  in the  undredged gravel 

(HG4). M ultivaria te  analyses gave a m ore detailed Insight 

in to  these  d iffe rences and h o w  they  relate to  sed im en t 

s truc tu re . Figure 1.12 com pares the  ou tpu ts  from  non- 
m etrlc  m ulti-d im ensiona l scaling (MDS) ordination fo r the 

sed im en t grain s truc tu re  (PSA data) and Infaunal co m m u n ity  

s truc tu re  (abundance data), show ing  th ree  c luste rs am ong 

th e  sed im en ts , but fou r c luste rs am ong th e  Infauna. Both 

th e  sha llow  m egaripp le  fie ld  (HG2) and the  deeper gravel /  

pa tchy sand facies (HG1) had d is tinc t sed im en t types and 

d is tinc t com m un ities , w h ile  the  dredged and undredged 

gravel fac ies (HG3 and HG4) had a s im ila r se d im e n t 

s truc tu re  but supported  d is tinc tly  d iffe ren t com m un ities . 

The tw o  ord inations have a s im ilar spatial d is tribu tion  of 
points, and a s trong  corre lation be tw een  the ir underlying 

(d is)s im llarlty m atrices (RELATE routine  in PRIMER, rho = 

0.434, p = 0.1 %) indicated a s ign ifican t re lationsh ip  be tw een  

sed im e n t type  and co m m u n ity  s truc tu re . Ana lys is  of 

s im ila rities con firm ed  a highly s ign ifican t d iffe rence  am ong 

th e  Infaunal com m un ities  o f the  fou r facies (AN O SIM , global 

p = 0 .1% ) and tha t each had a recognlsably d iffe ren t Infaunal 

co m m u n ity  (all pa ir-w ise com parisons having R > 0.75).

S pecies tha t ty p ify  and/or d isc rim ina te  th e  d iffe re n t 

fac ies w e re  de te rm in e d  using th e  PRIMER rou tine  SIMPER, 

w h ich  Iden tifies  taxa th a t co n trib u te  m os t to  th e  s im ila rity  

w ith in  and d iss im ila rity  be tw e en  sam ple  g roups (Tables 1.4 

and 1.5). R e la tive ly fe w  spec ies  characte rised  th e  sh a llo w  

m egaripp le  fie ld  and th e  dredged gravel area, co ns is ten t 

w ith  earlier observa tion  based on un ivaria te  ind ices tha t 

th e se  co m m u n itie s  w e re  Im poverished. The o th e r facies 

su pported  m ore  d iverse  com m u n itie s , and consequen tly  

th e re  are m ore  characte ris ing  spec ies  and a m ore  even 
spread in th e ir  con tribu tion  to  th e  overall s im ila rity . For 

spec ies  th a t best d isc rim ina te  b e tw e en  facies, th e re  are 

num erous exam p les o f h igh ly  sp e c ific  spec ies  th a t occur 

in one fac ies but not ano the r (eg M age lona  jo h n s to n i 

p resen t in HG2 but not HG3), and m ore genera lis t species 

w h o se  re lative  abundance is m arked ly  d iffe re n t be tw e en  

fac ies (eg Scalib regm a in fla tu m  In HG4 vs HG3 and HG4 

vs HG2). Sam ple  s im ila rity  w a s  g rea tes t in th e  (undredged) 

fea tu re less  gravel (HG4) and least in th e  d redged gravel 

(HG3), Ind ica ting respec tive ly  th e  m os t hom ogeneous  and 

he te rogeneous  areas (Table 1.6). The g rea tes t d iffe rence  in 

infaunal c o m m u n itie s  w as b e tw e en  th e  sandy m egaripp le  

fie ld  (HG2) and th e  undredged gravel area (HG4) w ith  a 

d iss im ila rity  o f 8 8 .6% .
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HG2. Sha llow  m egaripp le  fie ld

■5 -4 -3 -2 -1 0 1 2 3 4 5 6 7+

G rain s ize  (phi)

HG3. Dredged gravel

i i  , n— h Kt «  i K -r t  ,
•5 -4 -3 -2 -1 0 1 2 3 4 5 6 7+

G ra in  s ize  (phi) 

HG4. Undredged gravel

■5 -4 -3 -2 -1 0 1 2 3 4 5 6 7+

G rain s ize  (phi) 

HG1. Gravei with sand patches

•5 -4 -3 -2 -1 0 1 2 3 4 5 6 7+

G ra in  s ize  (phi)

F igure  1.10. V a riab ility  in sed im en t p rope rties  w ith in  fo u r seabed 
facies. P artic le  size d is tr ib u tio n  (left) fo r  s ix  sam ples in each 
facies. S patia l v a ria b ility  (righ t) show ing Euclidean d is s im ila r ity  
between sed im en t g ra in  s tru c tu re  (blue) and B ray-C u rtis  
d is s im ila r ity  between fa u n a l com m un itie s  (red) p lo tted against 
lag distance between sam pling  poin ts (15 lag d istances fro m  6 
sam pling  points, see text).
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F igure  1.11. U nivaria te indices 
of in fauna l co m m un ity  s tru c tu re  
fo r  fo u r  seabed fac ies in the 
Hastings study site  (as indicated 
in F igure 1.6], show ing m ean and 
95% confidence in te rva ls  fo r  the 
num b e r of ind iv idua ls  per 0.1 m 2 
(squares] and the  num b e r of 
species (circles). F igures indicate 
the  m ean M arga le f's  richness
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F igure  1.12. MDS p lo ts  fo r  sed im en t g ra in  size (left) and fauna l 
abundance (right) fro m  the  sam e Ham on grab sam ples taken at 
fo u r  seabed fac ies in the  H astings s tudy site. M a jo r c lu s te r g roups 
are picked out by contours, representing  Euclidean distance of 4- in 
the  sed im en t sam ples and a B ra y -C u rtis  s im ila r ity  o f 30% fo r  the 
in fauna l sam ples.
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Table *\M. R esu lts  of SIMPER analysis fo r  in fauna l sam ples 
(excluding co lon ia l species] ind ica ting  taxa th a t m ost typ ify  fo u r 
seabed fac ies at the  H astings site, giving th e ir  average abundance 
and co n tribu tion  (as % and cum ula tive  %] to the  o vera ll s im ila r ity  
between replicates.

Seabed fac ies  Taxon A verage  abundance % C o n tr ib u tio n  C u m u la tiv e  %

S hallow  M egaripp le  fie ld Magelona johnstoni 13.2 40.0 40.0

(HG2) Nephtys cirrosa 2.3 25.7 65.7

Bathyporeia elegans 2.0 13.3 79.0

Spiophanes bombyx 2.3 10.0 89.0

Travisia forbesii 1.2 4.3 93.3

D redged gravel Balanus crenatus 63.0 52.0 52.0

(HG3) Lagis koreni 2.3 10.4 62 .4

Spiophanes bombyx 5.5 10.3 72.7

Urothoe elegans 1.2 9.2 82.0

Ampelisca spinipes 1.0 3.8 85.8

Lanice conchilega 0.7 3.2 89.0

Cerianthus lloydii 0.7 2.9 91.9

Featureless gravel Scalibregma inflatum 10.3 10.8 10.8

(undredged) Echinocyamus pusillus 8.8 10.1 20.9

(HG4) N em ertea 4.5 8.0 28.9

Lumbrineris gracilis 4.2 7.8 36.8

Timoclea ovata 6.0 7.8 44.6

Notomastus sp. 4.0 5.8 50.4

Polycirrus sp. 2.7 5.4 55.8

Pisidia longicornis 2.7 5.2 61.0

Lagis koreni 2.7 4.9 65.8

Ophiura juv. 3.2 4.7 70.6

Balanus crenatus 5.3 3.5 74.1

Ampelisca spinipes 3.3 3.4 77.5

Gravel w ith  sand pa tches N em ertea 3.0 12.7 12.7

(HG1) Echinocyamus pusillus 17.5 12.2 24.8

Spiophanes bombyx 5.2 12.2 37.0

Lagis koreni 19.8 10.6 47.6

Scalibregma inflatum 7.5 8.7 56.3

Spisula juv. 2.3 7.9 64.2

Ophelia borealis 1.8 7.1 71.3

Polycirrus sp. 1.2 7.0 78.3



Table 1.5. R esu lts  of SIMPER analysis fo r  in fauna l sam ples 
(excluding co lon ia l species] ind ica ting  taxa th a t m ost d isc rim ina te  
between fo u r  seabed fac ies at the  H astings site, giving th e ir  average 
abundance and con tribu tion  (as % and cum ula tive  %) to  the  overa ll 
d is s im ila r ity  between sam ples.

Seabed fac ies Taxon A verage

abundance

A verage

abundance

%

C o n tr ib u tio n

C u m u la tive  %

HG2 vs HG3 Magelona johnstoni

HG2

13.2

HG3

0.0 11.7 11.7

Balanus crenatus 87.2 63.0 11.5 23.2

Nephtys cirrosa 2.3 0.3 6.8 30.0

Bathyporeia elegans 2.0 0.0 5.9 35.9

Urothoe elegans 0.0 1.2 5.3 41.1

Spiophanes bombyx 2.3 5.5 4.9 46.0

Lagis koreni 0.2 2.3 4.4 50.5

HG2 vs HG4 Magelona johnstoni

HG2

13.2

HG4

0.0 7.1 7.1

Echinocyamus pusillus 0.0 8.8 5.5 12.5

Scalibregma inflatum 0.2 10.3 5.1 17.6

Nephtys cirrosa 2.3 0.0 4.6 22.2

Timoclea ovata 0.0 6.0 4.5 26.7

Lumbrineris gracilis 0.0 4.2 4.3 31.0

Notomastus sp. 0.0 4.0 4.1 35.1

Balanus crenatus 87.2 5.3 3.9 39.0

Pisidia longicornis 0.0 2.7 3.5 42.6

Polycirrus sp. 0.3 2.7 3.4 46.0

Ophiura juv. 0.0 3.2 3.4 49.4

Bathyporeia elegans 2.0 0.2 3.4 52.7

HG2 vs HG1 Magelona johnstoni

HG2

13.2

HG1

0.0 9.8 9.8

Echinocyamus pusillus 0.0 17.5 8.0 17.8

Lagis koreni 0.2 19.8 6.4 24.2

Spisula juv. 0.0 2.3 5.7 29.9

Scalibregma inflatum 0.2 7.5 5.3 35.2

Bathyporeia elegans 2.0 0.0 4.9 40.1

N em ertea 0.3 3.0 4.5 44.6

Polycirrus sp. 0.3 1.2 4.4 49.0

Ophelia borealis 0.5 1.8 4.3 53.3

HG3 vs HG4 Echinocyamus pusillus
HG3

0.0

HG4

8.8 6.5 6.5

Balanus crenatus 63.0 5.3 5.7 12.2

Timoclea ovata 0.0 6.0 5.4 17.6

Scalibregma inflatum 1.3 10.3 5.2 22.8

Polycirrus sp. 0.0 2.7 4.4 27.2

Pisidia longicornis 0.0 2.7 4.2 31.4

N em ertea 0.3 4.5 4.1 35.6

Notomastus sp. 0.3 4.0 4.1 39.6

Ophiura juv. 0.0 3.2 4.1 43.7

Lumbrineris gracilis 0.5 4.2 4.0 47.7

Mysella bidentata 0.2 9.8 3.6 51.3

HG3 vs HG1 Balanus crenatus
HG3

63.0

HG1

0.0 11.1 11.1

Echinocyamus pusillus 0.0 17.5 7.9 19.0

Spisula juv. 0.2 2.3 5.2 24.2

Ophelia borealis 0.0 1.8 5.1 29.3

N em ertea 0.3 3.0 4.9 34.1

Scalibregma inflatum 1.3 7.5 4.8 38.9

Polycirrus sp. 0.0 1.2 4.5 43.4

Lagis koreni 2.3 19.8 4.5 47.9

Urothoe elegans 1.2 0.0 4.3 52.2
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Table 1.5. continued. R esu lts  of SIMPER analysis fo r  in fauna l 
sam ples (excluding co lon ia l species] ind ica ting  taxa th a t m ost 
d isc rim ina te  between fo u r seabed fac ies at the  H astings site, giving 
th e ir  average abundance and co n tribu tion  (as % and cum ula tive  %] to 
the  o vera ll d is s im ila r ity  between sam ples.

Seabed fac ies Taxon A verage

abundance

A verage

abundance

%

C o n tr ib u tio n

C u m u la tive  %

HG4 HG1
HG4 vs HG1 Timoclea ovata 6.0 0.0 6.2 6.2

Ophelia borealis 0.0 1.8 5.1 11.3

Pisidia longicornis 2.7 0.0 4.9 16.2

Balanus crenatus 5.3 0.0 4.7 20.9

Spisula juv. 0.5 2.3 4.6 25.5

Notomastus sp. 4.0 0.5 4.5 30.0

Ampelisca spinipes 3.3 0.0 4.2 34.2

Lagis koreni 2.7 19.8 4.1 38.2

Gibbula tumida 3.2 0.0 4.0 42.3

Galathea intermedia 3.0 0.2 3.7 46.0

Ophiura juv. 3.2 1.8 3.7 49.7

Mysella bidentata 9.8 0.8 3.5 53.1

Table 1.6. R e su lts  fro m  SIMPER analyses fo r  the  in fauna l sam ples fro m  fo u r facies 
a t the  Hastings site, show ing the  average % s im ila r ity  fo r  six rep lica tes w ith in  each 
fac ies (shaded ce lls ] and the  average % d is s im ila r ity  between facies.

Sha llow  D redged Feature less G rave l

mega ripp le g ra ve l g rave l w ith  sand 

pa tches

Shallow megaripple 42.0

Dredged gravel 84.9 37.3

Featureless gravel 88.6 70.8 62.4

Gravel/sand patches 79.3 77.4 53.4 59.5

1.4.2 Broadscale study area
In terpo la ted facies maps
The broadscale s tu d y  cove red  an area o f - 4 0 0  sq km , w ith  

th e  H astings s tu d y  s ite  lying In th e  w e s te rn m o s t th ird  of 

th e  area (Figure 1.1). A  pa ttern  o f 13 parallel s ldescan lines 
w e re  su rveyed  In a SW -NE o rien ta tion  over a m axim um  

d is tance  o f 40  km , though  som e  w e re  fo re sh o rte n e d  due 
to  navigation hazards (s ta tic  fish ing  gear) being encoun te red  

due sou th  o f D ungeness. F igure 1.13 p resen ts  th e  resu lts  

o f th e  Individual In te rp re ta tions  fo r each o f th e  s ldescan 

sonar tracks, s h o w in g  th e  su b se ts  o f data used to  derive 

th e  fo u r co rrespond ing  In te rpo la ted  fac ies m aps. W ith  a 

to ta l sw a th e  w id th  o f 400  m fo r each track, line spaclngs 

o f 4, 2 and 1 km rep resen ted  18, 33 and 57%  dens ity  

coverage o f th e  area respective ly , leaving 82, 66 and 43%  

o f th e  fac ies m ap to  be co m p le te d  by In te rpo la tion . A t 4 

km  spacing, fe w  o f th e  fac ies In ad jacent lines appeared to  

m atch and th e  resu lting  m ap w a s  cons ide red  to  be h ighly 
specu la tive . A t 2 km spacing, m atch ing  b e tw e en  ad jacent 

lines Im proved, but rem ained poor In som e  areas. A t 1 km

line spacing, data dens ity  had Im proved to  th e  po in t w h e re  

th e  underly ing  fac ies pa ttern  cou ld  be recogn ised  a llow ing  

th e  m a jo rity  o f In te rpo la tion  be tw e en  lines to  be m ade 
w ith  a high degree o f con fidence . In th e  fina l In te rpo la tion  

based on all th e  available lines, a coverage o f nearly 100%  
had been ach ieved  along a centra l co rridor having five  lines 

spaced at 0.5 km , but th is  add itiona l coverage gave only 

m arginal Im provem en ts  to  th e  In te rpo la tion  fo r th a t area 

ach ieved w ith  1 km  line spacing. T w o  cross lines runn ing 

N-S w e re  a lso available and proved  valuable In co n firm ing  

som e  o f th e  In te rpo la ted  areas.

G round-tru th ing  -  sed im ent samples
The physica l na ture  o f th e  se d im e n ts  w a s  d e te rm in e d  by 

p a rtic le  s ize ana lys is  (PSA) on th e  sam p les  co lle c te d  by 

Ham on and S h lpek grabs (F igure 1.7). A  rapid ana lysis 

te c h n iq u e  w a s  used (no laser sizing), g iv ing  th e  sam p le  

c o m p o s itio n  c lass ifie d  by fiv e  pa rtic le  s ize g roups, nam ely  

gravel (G), coarse  sand (cS), m ed iu m  sand (mS), fin e  sand 

(fS) and m ud (M). T here  w e re  no tab le  d iffe re n c e s  In



2 7

4 km spacing

2 km spacing

1 km spacing

All lines

I  Dredged area 

■  Gravelly muddy sand 

I I Gravelly sand

I I Gravelly sand with sand patches

h  Gravelly sand with sand waves 
and megaripples

Seabed facies key 

I I Megaripple field 

D  Muddy sand 

Sand

Sand wave field

E U  Sand wave field with gravel windows E U  Sandy gravel with sand patches

Sand wave field with megaripples 

Sandy gravel

Sandy gravel with boulders.
Rock close to sea bed

F igure  1.13. Sequence of seabed fac ies m aps (righ t co lum n] 
derived by in te rp o la tio n  of in te rp re ted  sidescan lines (left co lum n], 
show ing the  e ffect of p rogressively c lose r line  spacing (top to 
bottom ].
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Figure  1.14. P artic le  size 
d is trib u tio n  of sedim en ts 
fro m  S h ipek grab (top) 
and Ham on grab  (bottom ) 
sam pling  s ta tions  (as in 
F igure 1.7). S ed im ent types 
are grave l (G), coarse sand 
(cS), m ed ium  sand ImS), fine 
sand (fS) and m ud (M).

100 r

mS
Sediment Type

mS

Sediment Type

c o m p o s itio n  o f sa m p le s  co lle c te d  by th e  d iffe re n t gears 

(F igure 1.14), th o s e  fro m  Ham on grabs s h o w in g  th re e  

m a jo r s e d im e n t fo rm s  (w e ll so rte d  fin e  sands, m o d e ra te ly  

so rte d  m ed iu m  sands and poorly  so rte d  m ed iu m /fin e  

sands) w h ile  th o s e  fro m  S h ipek grabs s h o w e d  on ly  one 

(w e ll so rte d  fin e  sands). This w a s  ev id e n t even b e tw e e n  

pa ired Ham on and S h ipek sam p le s  (íe taken  fro m  th e  

sam e s ite ; not illu s tra te d  here) and is a ttr ib u te d  to  th e  

d iffe re n t pen e tra tio n  d ep th  o f th e  tw o  sa m p ling  devices, 
be ing  - 1 0  cm  fo r S h ipek grabs and - 3 0  cm  fo r th e  

0 .1 m 2 Ham on Grab. T hese d isc repanc ies  ind ica te  som e  

ve rtica l s tra tif ic a tio n  o f s e d im e n ts  th a t m ay be im p o rta n t 

in g ro u n d -tru th ln g  th e  seabed  fac ies  m ap and h igh ligh ts

th e  im p o rta n ce  o f u n d ers tand ing  th e  ch a ra c te ris tics  o f 

d iffe re n t sam p ling  dev ices.

PSA data w e re  re -c lass ified  acco rd ing  to  th e  Folk 

c la s s ific a tio n  (grave l, sand, m ud) to  enab le  a m ore  

equ itab le  com parison  w ith  th e  d e sc rip tio n s  o f th e  seabed  

fac ies , w h ich  use th is  sam e te rm in o lo g y  (F igure  1.15). 

G enera lly , th e re  w a s  good a g re e m e n t, apart fro m  a 
cen tra l band runn ing  SS W -N N E w h ic h  w a s  sh o w n  on 

th e  fac ies  m ap as g rave lly-sand, but sa m p le s  ind ica ted  

w a s  m uddy-sand  (mS at HG 16 and 17) and s lig h tly  

g rave lly , sandy-m ud  ((g)sM  at HG24). The orig ina l PSA 

data fo r th e se  s ta tio n s  s h o w  th e  sand c o m p o n e n t w a s  

a lm o s t exc lu s ive ly  fin e  sand, and th e  n o ted  d isc repancy
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kilometres jmS

)mS,

(g)s(Kg) s
o

) s G

PSA pie charts

* 1  Gravel Sand ■ Mud

Seabed facies key

1  Dredged area Megaripple field Sand wave field with megaripples

1  Gravelly muddy sand Muddy sand 1  Sandy gravel

Gravelly sand Sand Sandy gravel with boulders.

Gravelly sand with sand patches Sand wave field Rock close to sea bed

Gravelly sand with sand waves Sand wave field with gravel w indows 1  Sandy gravel with sand patches
®  and megaripples

F ig u re  1.15. Seabed fac ies  m ap overla in  w ith  pie ch a rts  ind ica ting  
sed im en t com pos ition  in Sh ipek and Ham on grab sam ples taken 
at the  g ro u n d -tru th in g  s ta tions  show n in F igure 1.7. For c la rity , 
pie ch a rts  are o ffse t fro m  the  sam p ling  po in ts  (Shipek grabs to 
the  w est, Ham on grabs to the  eastl. L e tte rs  ind ica te  s tandard 
n om e n c la tu re  fo r  Fo lk c lass ifica tio n  of the  sed im en t (eg gmS = 
g rave lly  m uddy sand, (g)mS = s lig h tly  g ra ve lly  m uddy sand). 10 
m e tre  b a th ym e tric  con tours  are ind ica te  in b lue.

w o u ld  be co n s is te n t w ith  th e  p resence  o f a ve n e e r o f 

sand. A lte rn a tive ly , g rave lly -sands and m uddy-sands m ay 

have a ve ry  s im ila r a co u s tic  re flec tance , so  w o u ld  be 

d iff ic u lt to  d iffe re n tia te d  on th e  s idescan im age. The 

fac ies  d e sc rip to r 'm e g a rip p le  f ie ld ' does not g ive  any 

re fe re n ce  to  s e d im e n t type , but in fe rs  a p re d o m in a n tly  

sandy su b s tra te . F igure  1.15 ind ica tes th e  p resence  o f 

so m e  gravel in th is  fac ies . V ideo  o b se rva tio n s  o f s im ila r 

fac ies  in th e  b lastings area s h o w e d  th a t gravel pa rtic les  

m ay be s ca tte re d  a m ong  th e  sand and can a ccum u la te  

in th e  tro u g h s  o f th e  m ega ripp les , so  th e  fac ies  m ap and 

th e  PSA ana lyses are co n s is te n t in th is  respec t. The tw o  

sam p le s  in th e  N W  area (FIG 26 and 27) ind ica te  a gravel

c o m p o n e n t to  th e  s e d im e n t not su g g e s te d  by th e  fac ies  

m ap; again th is  cou ld  be due to  so m e  degree  o f pa tch iness 

w h ic h  se e m s  like ly  as a pa tchy, g rave lly -sand  fac ies  lies 

ju s t to  th e  w e s t o f th e  tw o  sam p le  po in ts . A t FIG 28 it 

to o k  five  a tte m p ts  to  ob ta in  even a sm all sam p le  (0.5 I), 

ind ica ting  hard g round, w h ich  is again c o n s is te n t w ith  th e  

fac ies  d e sc rip tio n  (sandy-grave l w ith  bou lders , rock c lose  

to  seabed). The sandy-grave l at FHG29 is co n s is te n t w ith  

th e  fac ies  desc rip tio n , bu t at FHG30 th e  sam p le  co m p rise d  

less gravel and a g rea te r a m o u n t o f sand than  ind ica ted  by 

th e  fac ies  m ap. This is m o s t like ly  due to  local pa tch iness  

and ind ica tes th a t fo r op tim a l ana lys is  severa l rep lica tes 

per fac ies  are requ ired .
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G round-tru th ing  - infaunal samples
A to ta l o f 236  taxa w e re  recorded from  th e  Ham on grab 

sam p les taken  In th e  broadscale s tu d y  area, Includ ing 16 

colonia l taxa th a t w e re  recorded  as 'p re s e n t' but exc luded 

fro m  th e  analysis. M any o f th e  taxa w e re  p resent In 

lo w  frequenc ies, so a data subse t w a s  se le c te d  using 

th e  criteria  th a t th e  to ta l num ber o f Ind ividuals across all 

20  sam p les w as > =  10; th is  subse t com prised  52 taxa. 

S ta tion  HG28 w as o m itte d  fro m  th e  analysis due to  th e  lo w  

sam p le  vo lu m e  (0.5 I). S im ila rities  be tw e en  sam p les w e re  

Investiga ted  In PRIMER, using c lus te r analysis and M DS 

ord ina tion  (Figure 1.16) based on th e  Bray-C urtls s im ila rity  

Index app lied  to  square  roo t tra n s fo rm e d  abundance  

data. There w e re  th re e  m ajor c lus te rs  (¡-¡¡I be low ), tw o  
fro m  s h a llo w  w a te rs  (<20  m) and one fro m  deeper w a te r 

(>20  m).

I) Fine sh a llo w  w a te r sands, com pris ing  m uddy fin e  sands 

(sam ples HG11, 16 and 17), a fine  sand (HG21) and a 

s lig h tly  m uddy m ed ium  sand (HG22). Faunal dens ity  

w as typ ica lly  high (a m ean o f 2874 Ind ividuals n r 2; 

SD = 197.5), th e  sam p les  having an average s im ila rity  

o f 39 .5%  (SIM PER analysis In PRIMER) and w e re  

characte rised  by po lychaetes, typ ica lly  having som e 

fo rm  o f sand or m ucous tube  (Lagis koreni, M age lon  

johns ton i, P oecilochaetus serpens, S p iophanes b o m b y x  

and E uclym ene  oerstedii), and th e  sm all b iva lves M yse lla  

b iden ta ta  (~3 m m  long, fre q u e n tly  com m ensa l In tubes  

and burrow s), Abra alba and Phaxas pe lluc idus.

¡I) S ha llow  m ed ium  sands, tw o  w ith  app rox im a te ly  equal 

p roportions o f m ed ium  and fine  sand (HG23 and 26) 
and th e  o the r (HG27) w ith  > 80%  m ed ium  sand. Faunal 

dens ity  w as no tab ly  lo w  (mean 230 Individuals n r 2; SD 

= 55.7), th e  sam p les having an average s im ila rity  o f 

43 .9% , w ith  tw o  active  errant spec ies  (the am ph lpod  

B athypore ia  e legans  and th e  po lychaete  N eph tys  cirrosa) 

con trib u tin g  > 20%  each to  th is  s im ila rity .

Ill) D eeper w a te r sands and coarse sed im en ts , w ith  som e 

su b -c lu s te rs  fo rm e d  by th e  g rave lly  m uddy sands 

(HG12, 13, 14 and 24) and s lig h tly  g rave lly sands (HG15, 

18 and 19) and th e  deepes t sandy gravel /  g rave lly 

sands (HG20, 25 and 29). Fauna dens ity  w as typ ica lly  

m odera te  (mean 1,331 Individuals n r 2; SD = 621.5), 

w ith  th e  g rave lly sands/sandy gravels sh o w in g  th e  

g rea test richness. S am ples had an average s im ila rity  o f 
47 .0% , w ith  th e  firs t fo u r characte ris ing  spec ies  being 

po lychaetes, Includ ing th e  d e e p -b u rro w in g  species, 

Scalib regm a in fla tum , w h ich  w a s  co m m o n  at all bu t th e  

deepest s ite s  (HG20, 25, 29) and L um brine ris  gracilis  

w h ich  Is know n to  be cha rac te ris tic  o f m uddy sands or 

gravels. The f if th  characte ris ing  species w as  th e  sm all

urchin E ch inocyam us pus illus  w h ich  Is typ ica lly  found  In

coarse sands/flne  g rave ls In deep w a te r.

D iss im ila rities  be tw e en  th e se  th re e  m ain c lus te rs  w e re  

o f th e  o rder o f 70 % . The fauna at s ta tion  HG30 appeared 

m arked ly  d iss im ila r to  tha t at o th e r s ta tions  (range 84 to  

90% ), w ith  93%  o f Ind ividuals being barnacles (Balanus  

crenatus) a ttached  to  cobb les.

G round-tru th ing  - epifaunal samples
Beam  tra w l sam p les w e re  co llec ted  at all s ta tions  except 

25 and 28, and a to ta l o f 112 epifauna l taxa w e re  recorded, 

Including 17 colonial o rgan ism s. Data analysis fo llo w e d  th e  

sam e p rocedures used fo r th e  Ham on grab sam ples, w ith  

a data subse t o f 51 taxa (having n across all sam p les >=  
10), but em p loy ing  a 4 th  root tra n s fo rm a tio n  o f abundance 

data, as so m e  taxa w e re  h igh ly num erous (m ax im um  9,104 

O phiura albida  In JB14).

The M D S ord ination  (Figure 1.17) s h o w e d  tw o  m ajor 

c lus te rs . The firs t con ta ined  fo u r s ta tio ns  (11, 17, 21 and 

14) w h e re  eplfauna w e re  typ ica lly  very abundant (max. 

11 ,204 Individuals In sam ple  JB17) being dom ina ted  by th e  

gastropod  Hinia  sp., th e  he rm it crab Pagarus bernhardus  

and tw o  spec ies  o f b rittle  star, Ophiura ophiura  and O. 

albida, w h ich  accounted  fo r 39%  o f th e  s im ila rity  be tw e en  

th e  sam p les (Table 1.7). Three o f th e se  s ta tio ns  (11, 17 
and 21) w e re  re la tive ly  sh a llo w  and had s tr ik in g ly  s im ila r 

sed im en ts , com pris ing  -8 0 %  or m ore  fin e  sand (Figure 

1.14). The second c lus te r con ta ined  13 s ta tio ns  w h e re  

th e  ep ifauna l co m m u n ity  appeared to  be fa r less abundant 

(norm ally  In th e  o rder o f 102 Ind ividuals per sam ple ) but 

w a s  cha racte rised  by m any o f th e  sam e spec ies  as th e  

f irs t c luste r, w ith  th e  no tab le  add ition  o f th e  sm all he rm it 

crab A napagarus laevis  In place o f th e  b rittle  s ta r O. ophiura  

(Table 1.7). S ed im en ts  at th e se  s ta tio ns  w e re  typ ica lly  

th e  coarser or m ixed  su b s tra tes  and th re e  m inor c lus te rs  

w e re  ev iden t (Figure 1.17 - 60%  s im ila rity  contour), one 

con ta in ing  th e  th re e  s ites  th a t had >10%  gravel co n ten t 

(13, 29 and 30). Eplfauna at s ta tion  16 w e re  qu ite  d iss im ila r 
fro m  o th e r s ta tions , having th e  lo w e s t num ber o f taxa (12) 

but th e  fo u rth  h ighest to ta l abundance (N = 2,322), 78%  

o f th e se  being th e  tube-bu ild ing  po lychaete  Lagis koreni. 

This w a s  th e  on ly  s ta tion  w h e re  th e  oph lu ro ld  A m ph iu ra  

f ilifo rm is  w a s  recorded (n=308).

S IM PER analysis Ind icated th e  tw o  m ain c lus te rs  w e re  

separa ted  largely on th e  basis o f th e  re lative  abundance 

o f th e  sam e se t o f dom inan t spec ies  (as lis ted  above), 

w h ich  tend  to  be eco log ica l genera lis ts , capable o f living 

In m any typ e s  o f hab ita t. Such spec ies  are not particu larly 

he lp fu l In m apping habitats, and It Is m ore usefu l to  Identify
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F igure  1.16. M u lti-d im en s io na l 
sca ling  (MDS) o rd ina tion  of 
s im ila r it ie s  between m acro -in fauna l 
assem blages at g ro u n d -tru th  
s ta tions  sam pled by Ham on grab 
(HG11 -  30 as in F igure 1.7), w ith  
s im ila r ity  contours  at -3 0%  (solid 
line) and 50% (dotted line). B ray- 
C urtis  s im ila r ity  index on square 
root abundance data, w here  n >=
10 across a ll sam ples, exclud ing 
co lon ia l taxa.

Stress: 0.1

22/
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F igure  1.17. M u lti-d im en s io na l 
sca ling (MDS) ord ina tion  of 
s im ila r it ie s  between m acro- 
ep ifaunal assem blages at g round- 
tru th  sta tions sam pled by beam 
tra w ls  at Ham on grab sta tions 
(HG11 -3 0 ,  as in F igure 1.7), 
w ith  s im ila r ity  contours at -50%  
(solid line) and 60% (dotted line). 
B ray-C u rtis  s im ila r ity  index on 4th 
root abundance data, w here  n >=
10 across a ll sam ples, excluding 
co lon ia l taxa.

Table 1.7. R esults of SIMPER analysis fo r  epifauna from  beam 
tra w l sam ples in the broadscale study, grouped as per the two 
m a jo r c lus te rs  indicated in F igure 1.17, lis ting  the top ten taxa, th e ir  
average abundance, the % and cum ula tive  % co n tribu tion  to average 
s im ila rity , and the average s im ila r ity  between sam ples in a cluster.

C luster Taxon Average % Cum ulative Average
abundance Contribution % s im ila rity

Hinia sp. 1071.00 14.57 14.57

Pagurus bernhardus 256.25 11.11 25.68

Ophiura ophiura 214.25 7.63 33.31

Ophiura albida 3137.50 5.97 39.28

Callionymus sp. 9.00 4.86 44.13

Macropodia sp. 16.75 4.63 48.76

Pagurus prideauxi 5.50 4.30 53.06

Aphrodita aculeata 8.50 4.13 57.19

Corbula gibba 71.25 4.10 61.29

Gobiidae 25.25 3.96 65.24

Pagurus bernhardus 92.54 12.50 12.50

Anapagurus laevis 31.85 8.90 21.40

Ophiura albida 123.92 7.74 29.14

Hinia sp. 32.00 6.77 35.91

Callionymus sp. 5.92 5.47 41.38

Macropodia sp. 10.69 4.76 46.14

Aequipecten opercularis 7.38 4.60 50.74

Pagurus prideauxi 6.69 4.49 55.23

Liocarcinus holsatus 3.92 4.25 59.48

Gobiidae 4.00 3.99 63.47
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Table 1.8. R esults of SIMPER analysis show ing d is s im ila r ity  between 
ep ifauna l sam ples in the two m a jo r c lus te rs  indicated in Figure 
1.17, using a presence/absence tra n s fo rm a tion  of abundance data 
(see textl. L isting  taxa con tribu ting  to the  firs t 40% of the overa ll 
d is s im ila r ity  (42.21 %], th e ir  average abundance in each of the sam ple 
c lus te rs  and the % and cum ula tive  % co n tribu tion  to the  overa ll 
d is s im ila r ity  between clusters.

Taxon C luster 1
Average abundance

C luster 2
Average abundance

%

Contribution
Cum ulative
%

Aphrodita aculeata 8.50 0.31 4.19 4.19

Phaxus pellucidus 4.00 0.00 3.61 7.80

Acanthocardia sp. 7.00 0.00 3.61 11.41

Limanda limanda 7.50 0.08 3.53 14.94

Abra sp. 113.25 0.08 3.41 18.35

Echinocardium cordatum 9.75 0.15 3.22 21.57

Liocarcinus pusillus 0.75 2.08 3.10 24.68

Buglossidium luteum 5.75 0.92 2.78 27.46

Echiichthys vipera 0.25 1.15 2.72 30.18

Ophiura ophiura 214.25 2.31 2.68 32.86

Aequipecten opercularis 1.50 7.38 2.53 35.39

Crangon allmanni 0.50 3.46 2.51 37.91

Psammechinus miliaris 0.00 5.15 2.45 40.36

spec ies  th a t have g rea te r hab itat fid e lity  or spec ific ity , high 

fid e lity  m ean ing  a species is a lw ays p resen t in a particu lar 

hab ita t and high s p e c ific ity  m ean ing  it is on ly  found  the re . 

C onsequently , a second SIM PER analysis w a s  pe rfo rm ed  

using p resence /absence  data, w h ich  rem oved th e  in fluence  

o f abundant spec ies  and h igh ligh ting  th o se  sh o w in g  high 

s p e c ific ity  and /o r fid e lity  to  th e  tw o  m ain c lus te rs  (Table 

1.8). Som e taxa w e re  un ique to  each c lus te r; th e  b ivalves 

Phaxus pe lluc idus  and Acan thoca rd ia  sp. In th e  firs t c lus te r 

and th e  urchin P sam m ech inus m ilia ris  In th e  second.

T w o  fu rth e r analytical s teps  w e re  in fo rm a tive . The 

s im ila rity  m atrices underly ing  th e  M DS p lo ts  fo r infauna 

and eplfauna (Figures 1.16 and 1.17) w e re  com pared  to  see 

If th e ir  pa tterns w e re  s im ilar, but no s ign ifican t corre la tion 

w a s  found  (RELATE rou tine  In PRIMER, S pearm an 's  rank 
corre la tion , rho = 0.18, p = 11 .9% ). E lowever, th e re  w e re  

s ign ifican t corre la tions b e tw e en  th e  pa ttern  in each of 

th e se  faunal e le m e n ts  and th e  m easured  env ironm en ta l 

variab les o f se d im e n t typ e  and w a te r dep th  (Infauna: rho 
= 0.438, p = 0 .4% ; Ep ifauna : rho = 0 .457, p = 0 .1% ). 

This sugges ts  little  linkage be tw e en  th e  d is tribu tion  of 

Infaunal and ep ifauna l taxa, but tha t both are s ign ifican tly  

In fluence  by env ironm en ta l fac to rs . The particu lar su ite  

o f env ironm enta l variab les th a t best exp la ined th e  b io tic  
pa ttern  fo r infauna w a s  th e  com b ina tion  o f w a te r  depth, 

% gravel, % fin e  sand and % m ud (BIO-ENV routine  
In PRIMER, S pearm an 's rank corre la tion , rho = 0.502). 

S im ilar analysis w as not cons ide red  valid fo r epifauna, as 

th e  beam  tra w l In tegra tes sam p les over a s tr ip  o f seabed 

w h e re  as th e  env ironm en ta l data re fe r to  po in t sam ples.

1.5 Discussion
1.5.1 Hastings site
R esults o f th e  s tu d ie s  in th e  H astings s ite  s h o w  th a t 

seabed fac ies m aps are a reliable spatia l represen ta tion  

o f th e  physical nature o f th e  seabed. V ideo  observa tions 

co n firm e d  th e  d is tin c tn ess  o f boundaries b e tw e en  fac ies 

and ju s tif ie d  th e ir  dep ic tion  as d iscre te  po lygons. They 

a lso co n firm ed  th e  accuracy o f th e  fac ies d escrip tions  and 
th e  underly ing  In te rp re ta tion  o f s idescan sonar m osaics. 

A  re fe re n ce  ca ta logue  o f fac ies  in te rp re ta tio n s  fro m  

d iffe re n t rem o te  sam p ling  te ch n iqu e s  (eg s idescan sonar, 

m u ltibeam  sonar and v ideo  observa tions) w o u ld  provide 

a va luable asse t in s tandard is ing  th is  p rocess and tra in ing  

o thers  in rendering fac ies m aps. The m ap produced 

in th is  s tudy  rep resen ts  a s ign ifican t advance over th e  
coarser In te rp re ta tion  o f th e  earlier s tud ies  (B row n e t al., 

2001, 2004), p rov id ing far g rea te r detail and reso lu tion  ye t 

re ta in ing  c la rity  o f p resen ta tion  at th is  spatia l scale.
E p ifauna l c o m m u n it ie s  d iffe re d  b e tw e e n  m a jor 

s e d im e n t typ e s  in a m anner th a t w as co n s is te n t w ith  
th e  earlier s tu d y  o f B row n e t al. (2001, 2004). G reater 

sam p le  rep lication  Is requ ired to  fu lly  te s t th e  d iffe re n ce  in 

ep ifauna l co m m u n itie s  be tw e en  facies, but th e  s im ila rity  

b e tw e e n  th re e  sa m p le s  co lle c te d  fro m  sandy gravel 

fac ies at d iffe re n t dep ths (JB4, 5 and 8 in F igure 1.5, 1.11 

and 1.12) Ind ica tes th a t subs tra te  typ e  is an Im portant 
con tro lling  fa c to r In s truc tu rin g  ep ifauna l co m m u n itie s .

The novel spiral sam p ling  pa ttern  based on th e  F ibonacci 

n um ber series  also proved successfu l, p rov ing  a s truc tu re d
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approach to  assessing  physical and b io tic  variab ility  w ith in  a 

fac ies and s u ffic ie n t rep lication  to  enable robust com parison  

b e tw e en  th e m . Spatial analysis iden tified  fac ies having 

d is tin c t spatia l tre n d s  In grain size and infaunal c o m m u n ity  

s tru c tu re  and prov ided  a m eans to  assess th e  degree 

o f h e te ro g e n e ity  and/or pa tch iness w ith in  fac ies. The 
sam p ling  pa ttern  can easily be ex tended  to  cover larger 

spatia l areas, and fu rth e r tria ls  w o u ld  be va luable to  

Investiga te  th e  p roperties  o f th is  sam p ling  design. The 

analysis o f partic le  size and in faunal abundance data sh o w e d  
a clear re la tionsh ip  b e tw e en  d iffe re n t se d im e n t types  

(grain s truc tu re ) and th e ir  associa ted  in faunal co m m u n itie s . 

It w a s  fu rth e r e s tab lished  th a t in faunal assem b lages  

w e re  s ig n ifica n tly  d iffe re n t be tw e en  each o f th e  fo u r 

fac ies sam p led . Together, th e se  resu lts  de m o n s tra te  th a t 

seabed fac ies are eco log ica lly  s ign ifican t un its  and va lida te  

th e ir  use in m apping seabed habitats.

1.5.2 Broadscale study
In the  series o f interpolated facies maps, lo w  density coverage 

produced som e d is tinctly linear features running parallel w ith  

the  survey track (eg the  m ost northerly sand facies in the 

central sector, Figure 1.13). The resolution of the  facies 

m ap Increased w ith  density o f sidescan sonar coverage, 

Identify ing m ore d iscrete facies and Im proving confidence in 

boundary defin ition. The dredged area due south o f blastings 

firs t appeared at 2 km line spacing and w as m ore accurately 

represented at 1 km spacing, w h ile  a sign ificant area o f sand 

lying 12 km NE o f the  dredged area only became apparent at 
1 km line spacing. Confidence in the  interpolation there fo re  

increases from  low, to  m oderate, to  high for the  4, 2 and 1 km 

interpretations. The latter of these  represents approxim ately 

50%  density coverage. Further 'In-flll' lines giving 100% 

coverage resulted in only marginal Increase in resolution that 

w ou ld  not appear to  jus tify  the  doubling of survey tim e  and 

cost w hen  m apping over th is  broad spatial scale. A t th is  site, 

a 50%  density coverage appears optimal, w h ich  equates to  
1 km line spacing fo r a sidescan system  w ith  400 m total 

sw a the  w id th .

Particle size analysis from  se d im e n t sam p les p rovided 

a va luable m eans o f c ross-check ing  th e  broadscale fac ies 

m ap and con firm ing  th a t th e  se d im e n t type  had been 

co rre c tly  ass igned. A  fe w  sam p les con ta ined  m ore  gravel 

or m ud than w a s  an tic ipa ted  fro m  th e  fac ies map, and 

served  to  h igh ligh t sp e c ific  areas th a t m igh t need m ore 
de ta iled  investiga tion , possib ly  using a com p le m e n ta ry  

m e th o d  such as v ideo  observa tion  to  ve rify  th e  tru e  nature 

o f th e  se d im e n t. The d iffe re n t sam p ling  cha racte ris tics  

o f th e  Sh ipek and Plamon grabs led to  som e  d ispa rity  in

g ranu lo m e tric  analysis, and it appeared th a t Plamon grab 

sam p les w e re  genera lly  m ore  rep resen ta tive  as th e  Shipek 

grab te n de d  to  under-sam ple  th e  larger size frac tio n s  o f th e  

se d im e n t (ie th e  gravel).

The pa ttern  o f grab and beam  tra w l sam p ling  used fo r th e  

broadscale s tu d y  fo llo w e d  a s tra te g y  th a t w o u ld  norm ally  

be em p loyed  in a p ilo t survey, se le c tin g  a regular grid of 

s ite s  to  cover th e  su rvey area w ith  a v ie w  to  p rov id ing 

p re lim ina ry  In fo rm a tion  on th e  nature o f th e  s ite . It w o u ld  

not be valid to  re ly so le ly  on th e se  sam p les to  provide 

s u ffic ie n t data fo r a hab itat map, due to  th e  w id e  spatia l 
separation o f th e  sam p ling  s ite s  and th e  lack o f rep lication . 

P lowever, th e  know ledge  gained fro m  th is  'p ilo t ' sam p ling  
Is Invaluable in p lanning and design ing  th e  fu ll g round-tru th  

survey, th e  purpose o f w h ich  Is to  ta rg e t and characte rise  

th e  d is tin c t areas Identified  by th e  fac ies m ap (as per th e  

cu rren t blastings study). The p ilo t su rvey revealed a range 

o f se d im e n t typ e s  over th e  broadscale area th a t requ ire  

d iffe re n t sam p ling  techn iques . M os t o f th e  area w o u ld  

appear to  be am enab le  to  sam p ling  by Ham on grabs, but 

Day grabs or corers m ay be m ore  su itab le  fo r th e  areas of 

sandy m ud and d rop -dow n v ideo  fo r th e  rock ou tcrops.

Faunal analysis Iden tified  som e  spec ies  th a t are com m on  

to  a va rie ty  o f hab ita ts  and o the rs  th a t s h o w  a h igher 

degree o f sp e c ific ity  and fid e lity  and w ill th e re fo re  be m ore 
im portan t in d isc rim ina ting  be tw e en  hab itats . Three m ajor 

c lus te r g roups w e re  ev iden t fo r th e  Infauna, separating 

sh a llo w  fro m  deep s ite s  and sp littin g  th e  s h a llo w  s ite s  in to  

fin e  sands and m ed ium  sands. There w a s  clear evidence  
o f fu rth e r group ing  w ith in  th e se  c lus te rs , particu larly  w h e re  

th e re  w as a m ud or gravel co m p o n e n t in th e  se d im e n t and 

m app ing  th e se  m inor c lus te rs  o n to  th e  fac ies m ap gives 

a f irs t Ind ication o f h o w  th e  spatia l re la tionsh ips be tw e en  

hab ita ts  m igh t appear once th e  fu ll g round -tru th ing  data 

are available (Figure 1.18). As th e re  w a s  not a close 
linkage b e tw e en  th e  d is tribu tion  pa tte rns o f Infaunal and 

epifauna l assem blages, th e  tw o  e le m e n ts  o f th e  biota w ill 
requ ire  separate  cons idera tion  w h e n  co n s tru c tin g  a habitat 

m ap. Epifaunal assem blages w e re  characte rised  by m otile  

carn ivorous spec ies  w h o se  habit has little  dependence  on 

se d im e n t p roperties  (eg he rm it crabs, sh rim ps, s ta rfish ) 

and so s h o w  ve ry  lo w  s p e c ific ity  to  se d im e n t type . O the r 

env ironm en ta l variab les such as dep th  and cu rren t speed 

w ill have a m ore  dom inan t In fluence  in shap ing th e ir 

d is tribu tion , a long w ith  th e  basic hab itat requ irem en t fo r 
prov is ion o f food  and she lte r. As Infaunal spec ies  live 

w ith in  th e  sed im en ts , th e ir  physical cha racte ris tics  are 

like ly to  be th e  principal env ironm en ta l fa c to r In s truc tu rin g  

infaunal co m m u n itie s .
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F igure  1.18. P re lim ina ry  
d iffe ren tia tion  of infaunal 
hab ita ts  fo r  the  broadscale 
study site, grouping sam pling  
s ites tha t lay w ith in  the  50% 
s im ila r ity  contours of Figure 
1.16. W here sta tions are 
not adjacent to each other, 
s im ila r ity  is also indicated 
by co lou r coding (eg sta tions 
15,18 and 19 a ll lie w ith in  
the same 50% s im ila r ity  
contourl.

kilometres

This s truc tu re d  approach to  su rvey ing  th e  physical and 

b io log ica l cond itions  o f th e  seabed can be adapted to  su it 

a range o f spatia l scales and is su itab le  fo r  both local and 

regional app lica tion. It is reco m m en d e d  th a t fac ies m aps 

are cons tru c te d  using acoustic  and se d im e n t data p rior to  
undertak ing  a d irec ted  g round-tru th  sam p ling  p rog ram m e 

w h ich  Is ta rg e te d  at each o f th e  apparen t seabed facies. 

Existing acoustic  data m ay be su itab le  fo r th e  basis o f th e  

fac ies map, but if it is not available a ded ica ted  acoustic  

su rvey w ill be requ ired. D irec ted  g round -tru th  sam p ling  

p rov ides m ore  e ffic ie n t use o f available resources, leads to  

h igher con fidence  in th e  resu lting  m aps and ensures th e y

are f it  fo r th e  purpose o f m arine m on ito ring  and spatial 

p lanning. It is recogn ised  th a t log istica l cons tra in ts  can 

in fluence  th e  tim in g  o f surveys and it m ay be im practica l to  

undertake  th e  acous tic  su rvey  p rior to  faunal and se d im e n t 

sam p ling . U nder th e se  c ircum stances, a m ore  In tensive 

sam p ling  p rog ram m e is recom m ended  to  ensure adequate  

de n s ity  and rep lication  o f sam p les. In th e  absence o f any 

know ledge  about th e  d is tribu tion  o f se d im e n ts  w ith in  th e  

area o f in te rest, th e  sam p ling  p rog ram m e shou ld  be based 
in a conventiona l grid design, w ith  a m axim um  spacing of 

1 km be tw e en  sam p ling  points.



2. Patterns of benthic 
communities in the 
south western North 
Sea and their link 
to environmental
parameters and . „.. , c . , .r  Authors: Michaela Schratzberger,
anthropogenic activities Karema Warr and Stuart Rogers

2.1 Introduction
D uring th e  past decade, considerab le  p rogress has been 

m ade in describ ing  s truc tu ra l aspects  o f th e  bio logical 

c o m m u n itie s  o f th e  o ffsh o re  dem ersa l e cosys tem , and 

in particu la r th e  d e te rm in a n ts  o f th e  d is tribu tio n  and 

abundance o f larger-sized, com m erc ia l species and th e  

assem b lages in w h ich  th e y  occur (Dyer e t al., 1983; 

Frauenheim  e t al., 1989; Rogers e t al., 1998; Jenn ings 

e t al., 1999; Rees e t al., 1999; C allaway e t al., 2002). 

There are fe w e r  data se ts  available fo r th e  sm aller-s lzed 

m acroben th ic  infauna and m elofauna, and no com parab le  

assessm e n ts  o f co m m u n ity  s tru c tu re  o f th e se  com p o n e n ts  

on regional scales, desp ite  th e  Im portan t con tribu tion  of 

th e se  taxa to  ben th ic  b iom ass and p ro d u c tiv ity  (Help e t 

al., 1992; Huys e t al., 1992; Künitzer e t al., 1992; Help and 
C raeym eersch , 1995).

The nem a todes  are num erica lly  th e  dom inan t anim al 

g roup  In m o s t m arine  m e lo b e n th ic  hab ita ts . The ir 

ub iqu itous d is tribu tion  as w e ll as th e ir  high abundance and 

d ive rs ity  o ften  provide m ore  robust data se ts  than  can be 

ob ta ined  from  m os t larger-sized o rgan ism s. The ecologica l 

and practica l advantages associa ted  w ith  using nem atodes 

In ben th ic  b io logical s tud ies  (sum m arised  by S chra tzberger 

e t a i,  2000) provide good reasons to  s tu d y  nem atode  

c o m m u n itie s  In th e  S o u th w e s te rn  N orth  Sea w h e re  th is  

Im portan t e cosys tem  co m p o n e n t has not been p rev iously  

s tud ied  In detail. The ob jec tive  o f th is  investiga tion  w as 

th e re fo re  to  evaluate th e  con tribu tion  m ade by th is  group 

to  th e  ben th ic  co m m u n ity  on a regional scale. S pec ific  

a im s w e re :

To prov ide  novel in fo rm a tion  on th e  species com pos ition  

and abundance o f N orth  Sea m e lob e n th ic  nem atode  

assem blages and Iden tify  th e  m ain env ironm en ta l variables, 

b logeog raph ica l fa c to rs  and p o ten tia l a n th ro p o g e n ic  

Im pacts th a t de te rm in e  th e  d is tribu tion  o f c o m m u n ity  

types.

To com pare  b io tic  data ob ta ined  from  th is  su rvey w ith  data 

from  th e  s tu d y  o f o th e r faunal groups In th e  s tu d y  area 
(inc lud ing  m acro b e n th ic  infauna, in ve rteb ra te  ep lfauna 

and fish) to  provide a m ore  com p le te  a ssessm en t o f th e  

eco logy o f th e  s o u th w e s te rn  N orth  Sea.

This s tu d y  Is part o f a larger p rog ram m e to  exam ine  

th e  feas ib ility  o f sam p ling  a broad range o f ecosys tem  

c o m p o n e n ts  In con tras ting  ben th ic  hab ita ts. The p rog ram m e 

is a im ed at advis ing UK G overn m en t on th e  m os t appropria te  

c o m p o n e n ts  o f ben th ic  fauna th a t cou ld  be sam p led  under 

long-te rm  m on ito ring  p rog ram m es fo r hab itat qua lity, based 

on an asse ssm e n t o f th e ir  sam p ling  e ffic iency , b iom ass 

and func tiona l con tribu tion  to  th e  ben th ic  co m m u n ity .

2.2 Methods
In 2000/2001, nem atode  assem b lages w e re  co llec ted  at 

19 s ta tions  In th e  s o u th w e s te rn  N orth  Sea (Figure 2.1). 

In o rder to  m in im ise  th e  po ten tia l e ffe c t o f an th ropogen ic  

ac tiv itie s  on nem atode  co m m u n itie s , m os t s ta tions  s tud ied  

w e re  located aw ay fro m  po ln t-source  Im pacts. A t each 

s ta tion , rep lica te  se d im e n t sam p les w e re  co llec ted  from  

w ith in  a 100 m range ring by m eans o f a 0.1 m 2 Day Grab. 

From  each Day Grab, tw o  sub-sam ples, one fo r partic le  

size and organ ic carbon co n ten t analysis and one fo r th e  
s tu d y  o f m elofauna, w e re  co llec ted  w ith  a perspex corer 

(7.1 c m 2 surface  area) to  a dep th  o f 5 cm . The rem ainder 

o f th e  se d im e n t w a s  reta ined fo r analysis o f m acroben th ic  
infauna.

M elo fauna sam p les w e re  w ashed  o n to  a 63 pm sieve 

and p rocessed fo llo w in g  th e  ex trac tion  p ro toco l described  

by S o m e rfie ld  and W a rw ic k  (1994). A ll nem a to d e s  

w e re  coun ted  and iden tified  to  genus or spec ies  level. 

M acrofauna sam p les w e re  w ashed  th rough  a 1000 pm 

s ieve  and reta ined ind iv idua ls w e re  coun ted  and iden tified  

to  fa m ily  or spec ies  level.

P a tte rns observed  fo r m e lob e n th ic  nem a todes  and 

m acroben th ic  infauna w e re  com pared  w ith  those  from  
larger-sized fauna, inc lud ing  inve rteb ra te  ep lfauna and fish . 

Inve rteb ra te  eplfauna in th e  s tu d y  area w as co llec ted  In 
2000 by m eans o f a 2 m beam traw l, f it te d  w ith  a chain 

m at. The tra w l w as to w e d  fo r 5 m inu tes  at app rox im a te ly  

1 knot. S am pling o f fish  co m m u n itie s  cons is ted  o f 30- 

m inu te  to w s  at 4 knots w ith  a G rande O uve rtu re  Vertica le  
(GOV) o tte r tra w l (Figure 2.1). T raw l sam p les w e re  w ashed  

th ro u g h  a 5 m m  sieve  and fauna w a s  iden tified  to  fam ily  

or spec ies  level.

The com parison o f nem atode records w ith  those  of 

th e  above m en tioned  faunal groups w as based on a grid
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F igure  2.1. Location of 
sta tions in the  southw este rn  
N orth  Sea sam pled fo r 
m e iobenth ic  nem atodes, 
m acroben th ic  infauna, 
invertebra te  epifauna and 
fish  in 2000/01.
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o f ICES rectangles as not all sam pling positions coincided. 

N em atode and m acrofauna sam pling sta tions located at the  

corner o f a rectangle w e re  assigned to  the  rectangle to  the  
northeast o f th e  original sam pling position (Figure 2.1).

A  com b ina tion  o f uni- and m u ltiva ria te  s ta tis tica l analyses 

w e re  pe rfo rm ed , based on spec ies  abundance data. For 

each o f these , appropria te  s ta tis tica l te s ts  (eg one-w ay 

analysis o f variance fo r un ivaria te  Indices or one -w ay 

analysis o f s im ila rities  fo r m u ltiva ria te  data) w e re  app lied 

to  de te rm in e  th e  s ign ificance  o f d iffe re n ce s  be tw e en  

rep lica ted  sam ples. The nature o f th e  re la tionsh ip  be tw e en  

env ironm en ta l variab les and un ivaria te  com m  un ity  a ttrib u te s  

w a s  Investiga ted  using s im p le  regression analyses. The 

re la tio n sh ip  b e tw e e n  e n v iro n m e n ta l pa ra m e te rs  and 

co m m u n ity  s truc tu re  w as assessed by ca lcu la ting rank 

corre la tions b e tw e en  s im ila rity  m atrices derived  fro m  th e  

b io tic  data and m atrices derived  fro m  various env ironm en ta l 

data (Clarke and W a rw ick , 1994).

2.3 Results
The s tu d y  area com prised  a te m p o ra lly  s tab le  sed im en ta ry  

e n v iro n m e n t decreasing  s ig n ifica n tly  In dep th  to w a rd s  
th e  sou th  (F = 4.74, p = 0.04) and th e  east (F = 9.89,

p = 0.01). C om para tive ly  lo w e r tida l cu rren ts  at h igher 

la titudes resu lted  In Increasing ly fin e r se d im e n ts  (F = 

23.00, p < 0.01). M o s t o f th e  se d im e n t s tud ied  cons is ted  

o f m ode ra te ly  to  poorly  so rte d  m uddy  sands w ith  a 

genera lly  lo w  sllt-c lay frac tion  and lo w  concen tra tions  of 

trace  m eta ls .

N e m atode  d e n s ity  and spec ies  r ichness Increased 
s ign ifica n tly  w ith  decreasing  m edian partic le  d ia m e te r of 

th e  se d im e n t. Species richness, d ive rs ity  and dom inance  

o f res iden t biota w e re  s ign ifica n tly  corre la ted  w ith  w a te r 

dep th . High d ive rs ity  assem blages w ith  a lo w  degree 

o f dom inance  w e re  typ ica l fo r deeper w a te rs  (> 60 m) In 

th e  northern  part o f th e  s tu d y  area. Spatial d iffe re n ce s  In 

env ironm en ta l param eters and b logeographlcal fac to rs  w e re  
a lso h igh ly  In fluentia l In de te rm in in g  spec ies  d is tribu tion  

pa tterns . The m os t Im portan t env ironm en ta l m easures 
w e re  w a te r depth , m edian partic le  d iam e te r as w e ll as 

th e  com pos ition  (% sand and s ilt frac tion ) and so rting  of 

th e  substra te . The concentra tion  o f m os t trace  m eta ls  

and carbon co n ten t In th e  se d im e n t bore little  re lation  to  

un ivaria te  co m m u n ity  a ttrib u te s  and observed  spec ies  
d is tribu tion  patterns.

N em atode, m acrofauna, eplfauna and fish  data se ts 

d iffe red  In te rm s  o f num ber o f taxa and species (Table 2.1).



Table 2.1. N um b e r of taxa, o rders  and species in the  data sets used.

Size range [pm ] Taxa Orders Species

M e io ben th ic  nem atodes 63 -  1000 1 4 169

M a croben th ic  infauna > 1000 10 33 179

Invertebrate  eplfauna > 5000 5 23 81

Fish n/a 1 11 39

R esults fro m  th e  m u ltiva ria te  analyses Including all 

b en th ic  com p o n e n ts  sh o w e d  th e  fo llo w in g  characte ris tics  

In th e  m u ltl-d lm ens lona l sca ling  (M D S ) o rd ina tions (Figure
2 .2 ):

•  For all Invertebra te  data se ts, a clear separation  occurred  

fo r assem blages co llec ted  In th e  no rthern  part o f th e  

s tu d y  area (area A to  I, pos itioned  on th e  le ft hand side 

o f th e  p lots) from  th o se  sam p led  In th e  sou the rn  part 

(area J to  0 ,  loca ted  at th e  right hand side o f th e  plots). 

A ssem b lages  co llec ted  In th e  sou the rn  part o f th e  s tudy  

area d isp layed a m ore  variable spec ies  com pos ition  

com pared  to  th o se  sam p led  In th e  northern  part.

•  M e lo b e n th ic  nem a tode , m a c ro b e n th ic  Infauna and 

Inve rteb ra te  eplfauna co m m u n itie s  co llec ted  In area 

A  and I, w h e re  th e  fin e s t se d im e n ts  w ith  h ighest s ilt 

co n ten t w e re  found, c lus te red  separa te ly  from  o ther 

m ore  sandy s ta tions  In th e  no rthern  part o f th e  s tudy  

area.

•  Fish assem b lages sam p led  In area F w e re  separated 

fro m  o th e r co m m u n itie s  at th e  60%  Bray-C urtls s im ila rity  
level. This sam p ling  area w a s  sh a llo w e r than  o ther 

loca tions In th e  northern  part o f th e  s tu d y  area.

G eograph ic location o f th e  sam p ling  area and associa ted  

d iffe re n ce s  In w a te r dep th  w e re  th e  m ain fac to rs  a ffe c ting

assem blage  s truc tu re . The In fluence  o f fac to rs  re lated to  
se d im e n t g ranu lo m e try  (eg m edian partic le  d iam eter, s ilt 

co n ten t etc) decreased w ith  Increasing size and m ob ility  of 

th e  faunal group.

2.4 Discussion
For th e  f irs t t im e , ex tens ive  regional sam p ling  o f ben thos 

In th e  N orth  Sea has a llow ed  a critica l eva luation  of 
th e  re la tionsh ip  be tw e en  th e  nem atode  fauna and th e ir 

se d im e n ta ry  hab ita t and o ther, larger-sized faunal groups 

Including m acroben th ic  Infauna, Invertebra te  ep lfauna and 
fish .

In te rm s  o f d ive rs ity  and spec ies  com pos ition , nem atode  

c o m m u n itie s  encoun te red  w e re  s im ila r to  th o se  occurring  

In com parab le  e n v iro n m e n ts  w o r ld -w id e . C orre la tion  

analyses o f nem atode  popula tions w ith  th e  varied subs tra te  
occurring  In th e  s o u th w e s te rn  N orth  Sea revealed tha t 

loca tions w ith  s im ila r se d im e n t typ e  and w a te r depth  

w e re  also m os t s im ila r faun ls tlca lly . This c lose associa tion 

co n firm s  prev ious s tud ies  sh o w in g  th a t th e  m edian grain 

size and th e  s ilt co n ten t o f th e  se d im e n t are o ften  

dom inan t fac to rs  th a t explain a s ign ifican t part o f th e  

variance In spec ies  abundance and d ive rs ity  (re v ie w  by 

Flelp e ta /., 1985). In add ition, w a te r dep th  w a s  po ten tia lly

F igure  2.2. N on -p a ram e tric  
m u lti-d im e n s io n a l scaling 
iMDSl o rd ina tion  based 
on trans fo rm ed  mean 
abundance of m e iobenth ic  
nem atodes, m acroben th ic  
infauna, invertebra te  
epifauna and fish. Lines 
indicate 60% B ray-C u rtis  
s im ila rity .
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im p orta n t in a ffe c ting  nem atode  assem blage s truc tu re , 

m os t like ly because It de te rm in e d  o th e r fa c to rs  such as th e  

am o u n t and nature o f phy top lankton -de rlved  food  reaching 

th e  seabed and th e  s ta b ility  o f physico-chem ica l fac to rs .

R esults fro m  th e  com b ined  analysis o f d iffe re n t faunal 

g roups In th e  so u th w e s te rn  N orth Sea revealed a notab le  

s im ila rity  b e tw e en  spec ies  d is tribu tion  pa tterns, partly 

based on co m m o n  a ffin itie s  fo r particu lar hab itat cond itions. 
The topog raphy  o f th e  N orth  Sea Is an Im portan t fa c to r In 

d e te rm in in g  th e  pa ttern  o f w a te r m o ve m e n ts  and thus  

th e  env ironm en ta l cond itions  to  w h ich  fauna and flora are 

sub jected .

O f all fauna l g roups Inves tiga ted , p a tte rn s  In th e  

assem b lage  s tru c tu re  o f ben th ic  Invertebra tes co inc ided  

m os t c lose ly  w ith  sed im e n ta ry  cond itions at th e  sam p ling  

sta tions . This Is partly  because th e  m orpho logy, physio logy 

and I Ife-h ¡story cha racte ris tics  o f th e  b en th ic  In -and eplfauna 

are also s tron g ly  In fluenced by th e  subs tra te . In con tras t to  

th e se  sm alle r-s lzed, less m ob ile  o rgan ism s, fish  d isp lay a 

w id e r range o f life h is to ries . In add ition  to  th e  sed im e n ta ry  

e nv ironm en t, fa c to rs  related to  hab ita t topography, w a te r 

flo w , p ro x im ity  to  source  popula tions and length  o f larval

life  are Im portan t In s truc tu rin g  th e se  assem blages. W h ils t 

b en th ic  Infauna and se d im e n t sam p les w e re  co llec ted  at 

com parab le  spatia l scales, th e  tra w l sam p les rep resen ted  

o rgan ism s fro m  a w id e r range o f subs tra tes . Thus, In v ie w  

o f th e  re la tive ly  sm all su rface  area sam p led  fo r se d im e n t 

ana lyses (le 0.1 m 2 Day Grab), resu lts  are not fu lly  

rep resen ta tive  o f th e  va rie ty  o f hab ita ts and env ironm enta l 

cond itions  prevailing In th e  tra w le d  areas.

As ev iden t from  sed im en t, con tam inan t and faunal 

analyses, acute e ffe c ts  o f hum an activ ities on nem atode 
populations seem  unlikely, a lthough an e ffe c t o f fish ing  on the  

nem atode fauna o f the  so u thw es te rn  N orth Sea cannot be 

ruled out. The North Sea Is one o f the  m ost environm enta lly  

d iverse regions In th e  northeast A tlan tic  and th is  generally 

precludes a separation o f th e  com bined  Influence o f natural 

environm enta l param eters from  artific ial e ffe c ts  o f human 

activ ities  on a North Sea-w ide scale. A ssessing  th e  relative 

roles o f environm enta l variables and various an thropogen ic 

activ ities, all operating  on d iffe re n t spatial and tem pora l 

scales, In con tribu ting  to  d iffe rences In biological d ivers ity  

and the  s truc tu re  o f ben th ic  com m un ities  o ffe rs  In teresting 
and challenging avenues fo r fu tu re  research.
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3. Contaminants in
marine mammals Author: Robin Law

3.1 Introduction
P o lybrom ina ted  d iphenyl e thers  are a g roup  o f flam e  

re ta rdant com pounds w h ich  have been w id e ly  used In 

recent years. Increasing ev idence  o f th e ir  env ironm enta l 

p e rs is te n ce  and po ten tia l fo r e ffe c ts  has led to  th e  

p roduction  and use o f th e  m os t e n v ironm en ta lly  m obile  

po lyb rom ina ted  d iphenyl e th e r (PBDE) fo rm u la tio n s  being 

curta iled  w ith in  th e  EU and to  a call fo r th e m  to  be added to  

th e  lis t o f p e rs is ten t organ ic po llu tan ts  (POPs) lis ted  w ith in  
th e  S tockho lm  C onvention  w h ich  cam e Into fo rce  during 

2004 (Tanabe, 2004).

M arine  m am m al b lubber sam p les w e re  co llec ted  w ith in  

th e  UK M arine M am m al S trandlngs P rogram m e and derive 

fro m  34 an im als o f tw e lv e  spec ies  s tranded be tw e en  

1992 and 2002. P ost-m ortem  s tu d ie s  fo llo w e d  s tr ic t 

p ro toco ls  and tissu e s  se lec ted  fo r analysis cam e from  

an im a ls assessed as fresh ly  dead, s lig h tly  or m odera te ly  

d e com posed  (Law, 1994). D eta ils are g iven In Table 3.1.

M o s t o f th e  bo ttlenose  do lph ins  cam e from  th e  coastal 
M oray Firth population , and w o u ld  have fed  on a w id e  

va rie ty  o f fishes, squ id  and octop l. C uv ie r's  and S o w e rb y 's  

beaked w ha les  feed  In deep o ffsh o re  w a te rs , tak ing  

fish  and squ id . R lsso 's do lph ins feed  on th e  s teep  

upper con tinen ta l s lope  and on th e  she lf, p resum ab ly  In 

response to  th e  ava ilab ility  o f th e ir p re fe rred  prey, squid. 

The no rthern  b o ttlenose  w ha le  fe e ds  In deep w a te r, 
eating  squ id  (particu larly  G onatus fabricii). Pygm y sperm  

w ha les  are th o u g h t to  reside prim arily  seaw ard  o f th e  

con tinen ta l she lf and prey on cephalopods, crustaceans 

and fish . Fin and sei w h a le s  are pe lagic spec ies  feed ing  

on euphausllds and fish . M lnke  w ha les  are m ain ly  pelagic, 

but w ill approach coasts. They eat euphausllds and a 
va rie ty  o f sm all schoo ling  fishes, Including herring, capelin 

and sandlance. E lum pback w ha les  spend  m uch o f th e  
year feed ing  In sh a llo w e r w a te rs  than o the r balanopterlds, 

usually feed ing  and breed ing on o ffsh o re  banks. They 

m os tly  feed  w ith in  50 m o f th e  surface , eating  krill and 
shoa ling  fish . Killer w ha les  occur In all oceans and m ost 

seas, and In both coastal and oceanic w a te rs . They are 

th e  la rgest o f th e  delph in idae, and have th e  m os t d iverse 

d ie t o f all ce taceans. As o p p o rtu n is tic  to p  p reda tors th e y  

take  a va rie ty  o f large liv ing prey, Including o the r m arine 

m am m als . Flooded seals breed In th e ir  p rim ary hom e 
range In th e  w e s te rn  and cen tra l N orth  A tla n tic  Ocean and 

are rare v is ito rs  to  th e  UK. They feed  on fish  and squid. 
A ll o f th e  In fo rm a tion  on feed ing  habits and d is tribu tion  Is 

d raw n from  M artin  (1990) and Reeves e t ai. (2002).

BDE ana lys is  w a s  co n d u c te d  us ing  e s ta b lish e d  

m e th o d o lo g y  w h ich  has a lso been va lidated w ith in  an 
In ternational In te rcom parlson  p rog ram m e (de Boer e t al., 

2001a). B rie fly, th is  Involves hom ogen isa tion  o f tissue  

sam ples, fo llo w e d  by S oxh le t ex trac tion  w ith  n-hexane, 

c lean-up on a lum ina and silica co lum ns, and de te rm ina tion  

o f BDEs (congeners BDE28, BDE47, BDE66, BDE85, 

BDE99, BDE100, BDE138, BDE153, BDE154 and BDE183) 

using coup led  gas ch rom atography-m ass sp e c tro m e try  
op e ra ting  In th e  e le c tro n  cap tu re  negative  Ion isa tion  

m ode. This w a s  conduc ted  using an HP5973 quadrupo le  

Ins trum ent, m on ito ring  b rom ine  at 79 and 81 Da. Full 

analytica l qua lity  con tro l p ro toco ls  Involving th e  use of 

Internal s tandards and th e  analysis o f b lanks and laboratory 

re fe rence  m ateria ls  w ith in  each batch w e re  u tilized.

The BDE concen tra tions  de te rm in e d  are g iven In Table 

3.2. BD E209 w a s  not de te rm ined , and BDE183 (often 

cons ide red  a m arker fo r th e  oc ta -m lx  po lyb rom ina ted  
d iphenyl e the r com m erc ia l fo rm u la tio n ) w as not de tec te d  

In any sam ples. The h ighest E B D E  concentra tion  (the 

sum  o f th e  BDE congeners  d e te rm ined) w a s  seen In one 

o f th e  five  k iller w ha les, 16.2 m g kg-1 w e t w e ig h t (23.8 
m g kg-1 on a lipid basis). The o th e r fo u r k ille r w ha les  

s h o w e d  m uch lo w e r E B D E  concentra tions, ranging from  

0 .49  to  2 .0  m g kg-1 w e t w e ig h t. In s tud ies  undertaken In 

Canadian and US w a te rs  from  W ash ing ton  S ta te  to  Alaska, 

tw o  d iffe re n t eco -types o f k iller w ha le , " tra n s ie n t"  and 

" re s id e n t" ,  w e re  found  to  occur In all areas (Y llta lo e t a i,  

2001). C oncen tra tions o f o rganoch lo rlne  con tam inan ts  In 

b lubber b iopsy sam p les w e re  found  to  be m uch h igher 
In tran s ie n t k ille r w ha les  (m arine m am m al eating) than 

In res iden t an im als (fish-eating), apparen tly  due to  th e ir 

d iffe re n ce s  In d ie t. EB D E  concen tra tions  In th e  bo ttlenose  

do lph ins  ranged fro m  0.85 to  11.6 m g kg-1 w e t w e ig h t (1.1 

to  15.6 m g kg-1 on a lipid basis), th e  h ighest va lue occurring  

In a fem a le  an im al (SW 1999/136A ) found  o ff  F lndochty, 
G ram pian, In 1999. L o w e r EB D E  concen tra tions  w e re  

observed  In th e  S o w e rb y 's  beaked w h a le s  (0.11 to  0.85 

m g kg-1 w e t w e igh t), and all th e  o th e r spec ies  sh o w e d  

E B D E  concen tra tions  <0 .5  m g kg-1 w e t w e ig h t. BDE47 

w a s  th e  dom inan t congener, fo llo w e d  by BDE99 and 

BDE100, and con trib u te d  23 -  100%  o f EB D E  (Table 3.2; 

Law  e t ai., 2005).

One o f the  a lm s o f the  UK M arine M am m als S trandlngs 

P rogram m e Is to  Investigate links be tw een  con tam inant 

levels In tissues and In fectious disease m orta lity . Recent w o rk  

has con firm ed  an association be tw een  PCB concentra tions 

In b lubber and death due to  In fectious disease, probably
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40 Table 3.1. Sam pling  location and b io log ica l in fo rm a tion  fo r  the  
m arine  m am m als  studied.

Reference no. Species Sex Length (cm) Date Location

S W 1995/145a B ottlenose  dolphin M 289 31/12/1995 Flllton o f Cadboll, Fllghland

S W 1996/84a B ottlenose  dolphin M 274 06/05/1996 F lndochty Flarbour, Grampian

S W 1996/1 03c B o ttlenose  dolphin M 270 17/06/1996 M u n lochy  Bay, Fllghland

S W 1998/18a B ottlenose  dolphin M 290 25/01/1998 Torrln, Isle o f Skye

S W 1999/66b B ottlenose  dolphin F 230 30/03/1999 Shandw ick, Fllghland

S W 1999/136A B ottlenose  dolphin F 260 12/07/1999 o ff F lndochty, Grampian

S W 1999/2 06d B ottlenose  dolphin M 267 21/12/1999 P ettens Links, A berdeen , Grampian

SW 2001/75a B ottlenose  dolphin M 314 02/04/2001 Gedin Tailor, Fllghland

SW 2001/111a B ottlenose  dolphin F 330 23/05/2001 W h ite n e ss  Sands, A rdesle r, Fllghland

S W 1992/168 c S ow erb y 's  beaked w ha le F 490 28/07/1992 Dunvegan, Isle o f Skye

S W 1992/180a S ow erb y 's  beaked w ha le F 504 19/08/1992 Ballntore, Easter Ross

S W 1994/136b S ow erb y 's  beaked w ha le M 472 05/08/1994 Burghead Bay, Fllghland

S W 1996/1 53b S ow erb y 's  beaked w ha le F 459 05/10/1996 B urntis land, Fife

S W 1996/1 53c S ow erb y 's  beaked w ha le M 269 06/10/1996 Flound Point, South Q ueensfe rry , Lothian

S W 2000/2b S ow erb y 's  beaked w ha le F 414 07/01/2000 Kirkcaldy, Fife

SW 2001/81 e S ow erb y 's  beaked w ha le F 450 14/04/2001 Brora Beach, Fllghland

S W 2001/210b S ow erb y 's  beaked w ha le M 459 18/09/2001 R osem arkle, Fllghland

SW 2002/201 S ow erb y 's  beaked w ha le F 444 07/06/2002 Praa Sands, C ornwall

SW 1994/56a Killer w ha le F 550 15/04/1994 Sandslde Bay, Reay, Fllghland

S W 1994/169a Killer w ha le M 610 16/11/1994 C atflrth  Voe, Shetland

S W 1994/1 77b4 Killer w ha le - - 07 /12/1994 Uyeasound, Unst, Shetland

S W 1997/135c Killer w ha le F 610 16/08/1997 N orth ton , Flarrls, W e s te rn  Isles

S W 2001 /234 Killer w ha le M 590 09/10/2001 R iver M ersey, NW  England

S W 1999/185d2 Pygm y sperm  w ha le - 208 18/10/1999 Stranraer, D um fries  and G alloway

SW 2002/2 Pygm y sperm  w ha le F 288 03/01/2002 Thurlestone, Devon

SS2000/1 05 Flooded seal F 119 24/10/2000 Skegness, L inco lnshire

SS2000/1 06 Flooded seal M 118 30/10/2000 Sea Palling, N orfo lk

S W 2002/222 C uvie r's  beaked w ha le M 565 20/06/2002 W a lco tt, N orfo lk

S W 2000/200 Fin w ha le F 1110 27/11/2000 M orecam be Bay, Lancashire

S W 2001/219 Sei w ha le - - 28/09/2001 Cumbria

SW 2001/1 20 M lnke  w ha le M 520 10/06/2001 Floly Island, N orthum berland

SW 2001/204C N orthern bo ttleno se  w ha le F 580 04/09/2001 Seallastle Bay, M u ll, S tra thclyde

S W 2001/60 F lum pback w ha le M 1066 21/03/2001 Sandw ich Bay, Kent

SW 2000/1 79 R lsso 's dolphin F 187 25/10/2000 M orfa  Nefyn, G w ynedd

due to  im m unosuppress ion  a lthough no causal link can be 

dem onstra ted  (Jepson eta l., 2005). Subsequently, w e  have 

tried  to  m ake a quantita tive  es tim a te  o f the  increased risk 

posed to  porpoises o f m orta lity  from  in fectious disease (Haii 

e t al., in press). This is th e  firs t t im e  th a t data from  a long­

te rm  m arine m am m al strand ings schem e have been used to  
es tim a te  any increase in risk. For each 1 m g kg-1 increase in 

b lubber PCB concentra tions (expressed on a lipid basis) the  
average increase in risk w as 2% , w ith  th e  risk doubling at a 

b lubber PCB concentra tion o f 45 m g kg-1 lipid.



Table 3.2. Concentrations of brommated diphenyl ether congeners in 
marine mammal blubber samples (mg kg"1 wet weight!.

Species % lipid BDE28 BDE47 BDE66 BDE85 BDE99 BDE100

B ottlenose  dolphin 74 0.01 2.7 0.01 < 0.02 0.61 0.75

B o ttlenose  dolphin 58 0.07 5.7 0.05 < 0.03 1.6 1.3

B o ttlenose  dolphin 77 0.04 3.3 < 0.02 < 0.02 0.46 0.68

B o ttlenose  dolphin 76 0.04 0.46 0.03 < 0.02 0.1 0.08

B o ttlenose  dolphin 85 0.05 2.5 0.04 < 0.02 0.67 0.64

B o ttlenose  dolphin 75 < 0.02 7.5 < 0.02 < 0.02 0.84 2.6

B o ttlenose  dolphin 85 0.04 5.9 < 0.02 < 0.02 0.92 2.2

B o ttlenose  dolphin 66 < 0.02 0.84 < 0.02 < 0.02 0.14 0.21

B o ttlenose  dolphin 66 0.05 2.6 0.03 < 0.02 0.46 0.78

S ow erb y 's  beaked w ha le 72 < 0.02 0.088 < 0.02 < 0.02 0.034 < 0.02

S ow erb y 's  beaked w ha le 83 < 0.005 0.08 < 0.005 < 0.02 0.02 0.009

S ow erb y 's  beaked w ha le 89 < 0.005 0.16 < 0.005 < 0.02 0.09 0.03

S ow erb y 's  beaked w ha le 90 < 0.02 0.13 < 0.02 < 0.02 0.06 0.03

S ow erb y 's  beaked w ha le 90 0.03 0.36 0.02 < 0.02 0.14 0.05

S ow erb y 's  beaked w ha le 87 < 0.02 0.1 < 0.02 < 0.02 0.05 0.02

S ow erb y 's  beaked w ha le 87 < 0.02 0.17 < 0.02 < 0.02 0.08 0.02

S ow erb y 's  beaked w ha le 91 0.02 0.4 0.02 < 0.02 0.23 0.08

S ow erb y 's  beaked w ha le 81 < 0.005 0.13 < 0.005 < 0.02 0.03 0.01

Killer w ha le 65 0.03 0.33 0.09 < 0.02 0.12 0.13

Killer w ha le 71 < 0.005 0.29 0.005 < 0.02 0.14 0.05

Killer w ha le 44 0.02 0.29 0.02 < 0.02 0.14 0.05

Killer w ha le 68 < 0.02 9.5 < 0.02 < 0.02 3.7 2.0

Killer w ha le 46 < 0.005 0.47 < 0.005 0.006 0.64 0.47

P ygm y sperm  w ha le 72 < 0.02 0.03 < 0.02 < 0.02 < 0.02 < 0.02

P ygm y sperm  w ha le 78 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.011

Plooded seal 91 < 0.005 0.005 <  0.005 <  0.005 < 0.005 <  0.005

Plooded seal 90 <  0.005 0.007 <  0.005 < 0.005 < 0.005 < 0.005

Species % lipid BDE138 BDE153 BDE154 BDE183 IBDE BDE47/IBDE

B ottlenose  dolphin 74 < 0.02 0.06 0.13 < 0.02 4.27 0.63

B o ttlenose  dolphin 58 < 0.03 0.12 0.21 < 0.03 9.05 0.63

B o ttlenose  dolphin 77 < 0.02 < 0.02 0.12 < 0.05 4.6 0.72

B o ttlenose  dolphin 76 0.05 0.03 0.06 < 0.05 0.85 0.54

B o ttlenose  dolphin 85 < 0.02 0.09 0.14 < 0.05 4.13 0.61

B o ttlenose  dolphin 75 < 0.02 0.17 0.45 < 0.05 11.56 0.65

B o ttlenose  dolphin 85 < 0.02 0.17 0.45 < 0.05 9.68 0.61

B o ttlenose  dolphin 66 0.26 < 0.02 0.14 < 0.05 1.59 0.53

B o ttlenose  dolphin 66 < 0.02 0.1 0.19 < 0.05 4.21 0.62

S ow erb y 's  beaked w ha le 72 < 0.02 < 0.02 < 0.02 < 0.05 0.122 0.72

S ow erb y 's  beaked w ha le 83 < 0.02 < 0.005 < 0.005 < 0.02 0.109 0.73

S ow erb y 's  beaked w ha le 89 < 0.02 < 0.005 0.007 <  0.02 0.287 0.56

S ow erb y 's  beaked w ha le 90 < 0.02 < 0.02 0.03 < 0.05 0.25 0.52

S ow erb y 's  beaked w ha le 90 < 0.02 0.02 0.03 < 0.05 0.65 0.55

S ow erb y 's  beaked w ha le 87 < 0.02 < 0.02 0.03 < 0.05 0.2 0.50

S ow erb y 's  beaked w ha le 87 < 0.02 0.03 0.03 < 0.05 0.33 0.52

S ow erb y 's  beaked w ha le 91 < 0.02 0.05 0.05 < 0.05 0.85 0.47

S ow erb y 's  beaked w ha le 81 < 0.02 < 0.005 <  0.005 < 0.02 0.17 0.76

Killer w ha le 65 0.11 0.03 0.12 < 0.02 0.96 0.34

Killer w ha le 71 < 0.02 < 0.005 < 0.005 < 0.02 0.485 0.60

Killer w ha le 44 0.03 0.03 0.03 < 0.05 0.61 0.48

Killer w ha le 68 < 0.02 0.47 0.52 < 0.05 16.19 0.59

Killer w ha le 46 0.24 0.064 0.12 < 0.005 2.01 0.23

P ygm y sperm  w ha le 72 < 0.05 < 0.02 < 0.02 < 0.05 0.03 1.00

P ygm y sperm  w ha le 78 0.026 < 0.005 < 0.005 < 0.005 0.037 -

Plooded seal 91 < 0.005 < 0.005 < 0.005 < 0.005 0.005 1.00

Plooded seal 90 < 0.005 < 0.005 < 0.005 <  0.005 0.007 1.00
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4.1 Introduction
The increasing em phasis  on th e  a ssessm en t and m on ito ring  

o f estuarine  e co sys tem s  has h igh ligh ted  th e  need to  dep loy 

appropria te  bio logical ind ices and m ea su rem en ts  fo r these  
locations. Due to  th e ir  close associa tion  w ith  con tam ina ted  

sed im en ts , ben th ic  fla tfish  spec ies  have been co m m o n ly  

used as b io ind ica to r o rgan ism s in m on ito ring  p rog ram m es 

(Stein e ta !.,  1990; M yers  e ta !.,  1998; Kirby e ta /.,  1999). 

The European flo u n de r (P la tich thys flesus) is one such 

b en th ic  m arine fla tfish  com m on  to  UK coastal w a te rw a ys , 

and consequen tly  it is rou tine ly  used as a m odel spec ies  

fo r b io logical e ffe c ts  m on ito ring  In European estuarine  

s ys te m s  (Kirby e ta /.,  1999; Lyons e ta /.,  1999; S ten tifo rd  

e t al., 2003). The fo rm a tio n  o f DNA adducts  in se lec ted  

aquatic  b io ind ica tor spec ies  has been e x tens ive ly  used as 

a b iom arker o f geno tox ln  exposure  (Varanasi e t a i,  1989; 

E rlcson e t al., 1998; Lyons e t al., 1999). The m a jo rity  of 

s tu d ie s  to  date have used th e  32P-postlabelling te chn ique  
fo r de tec tin g  DNA adducts  and s tu d ie s  w ith  fish  have 

sh o w n  th a t th e y  pers is t fo r m any m on ths  once fo rm e d  

and are th e re fo re  particu la rly  su ited  to  m on ito ring  chron ic  

exposure  to  g e no tox lc  con tam inan ts  (Gupta e t a i,  1982; 

Sikka e t a i,  1990; French e t a i,  1996).

Fish d iseases and pa tho log ies, w ith  a broad range of 

ae tio log ies , are Increasing ly being used as ind ica to rs of 

env ironm en ta l s tress  (S ten tifo rd  e t a i,  2003). A dd itiona lly , 

h isto log ica l b iom arkers provide a pow e rfu l to o l to  de tec t 

and characte rise  th e  b io log ica l endpo in ts  o f to x ica n t and 

carcinogen exposure  (M yers  e t a i,  1991; H I nton e t a i,  
1992). As such, h isto log ica l lesions in European flo u n de r 

are Increasing ly being used as ind ica to rs o f env ironm en ta l 

con tam ina tion  s ince  th e y  prov ide  a d e fin itive  bio logical 

endpo in t o f h is torica l exposure  (S ten tifo rd  e t a i,  2003).

As part o f the  DM ECS (D evelopm ent of a National Marine 

Ecotoxlco logica l Ana lytica l Contro l Schem e) program m e 

sam ples o f European flounder (P latichthys flesus) w ere  

collected in support o f the  UK's on going biological e ffec ts  

m on ito ring  requ irem en ts  as s tipu la ted  under th e  Co­

coordinated Environmental M onitoring  Program me (CEMP) 

fo r coastal and estuarine w ate rs  (OSPAR, 1995). During the 

autum n o f 2002, fish from  8 UK estuaries w e re  surveyed and 

sam ples taken fo r evaluating biological e ffec t markers and 

disease prevalence. The w o rk  presented in th is  s tudy details 

the  analysis o f hepatic DNA adducts and liver pathology.

4.2 Material and Methods
4.2.1 Sam pling strategy
Fish from  8 Inshore areas around th e  UK w e re  surveyed  and 

sam p les o f biota fo r  b io logica l e ffe c ts  m ea su rem en ts  taken. 

These areas w e re  th e  A ide  cons ide red  a clean refe rence  

s ite , and th e  industria lized  Tham es, S ou tham pton , M ersey, 

Tyne, Forth, C lyde and Be lfast (see F igure 4.1). These 
s ite s  w e re  sam p led  b e tw e en  S e p te m b e r and D ecem ber of 

2002 using a 2 m beam  tra w l. Due to  a lim ited  num ber of 

f ish  being ob ta ined  fro m  Be lfast on ly  DNA adduct data fo r 

th is  s ite  Is p resen ted  here.

F igure  4.1. Map of the UK show ing estuarine  sites sam pled 
during  th is  study.

3 2 P-postlabelling fo r the detection o f hepatic DNA 
adducts

S am ples o f liver (up to  10 per s ite , 5 m ales 5 fem a les, 

s ize range: > 15 cm ) w e re  d issected  ou t and im m ed ia te ly  
snap frozen in liquid n itrogen . H epatic DNA w as prepared
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from  crude nuclei hom ogena tes using a p heno l/ch lo ro fo rm  

ex trac tion  m ethod  essen tia lly  as described  by (Phillips and 

C astegnnaro, 1999). The DNA sam p les  from  individual 
liver sam p les w e re  then  ad jus ted  to  a fina l concentra tion  

o f 1 pig pi"1 and s to red  at -80°C prior to  P -postlabelling 

ana lys is . D N A ad d uc ts  w e re  d e te rm in e d  us ing  th e  

s tandard ised  nuclease P1 vers ion  o f th e  P -postlabelling 

assay. A pp rop ria te  negative  and pos itive  DNA con tro ls  

w e re  analysed th ro u g h o u t th e  s tud ies  as described  by 

Harvey and Parry, (1998). Dr A lan H ew er and Prof. David 

Phillips ( Ins titu te  o f Cancer Research, Su tton , UK) k indly 

p rovided th e  pos itive  con tro l, w h ich  cons is ted  o f BaP 

labelled DNA. S ta tis tica l analyses conduc ted  w e re  M ann 
W h itn e y  or one-w ay A N O V A  accord ing  to  no rm a lity  using 

th e  M initab™  s o ftw a re  package.

4.2.2 Disease assessm ent and histology
Liver pa tho logy criteria  in European flo u n de r fo llo w e d  

gu ide lines deve loped  by th e  In ternational Council fo r th e  

Exploration o f th e  Sea (ICES) (Feist e t a i,  2004). The liver 

tissu e  from  up to  50 fish  per s ite  (>15  cm ) w e re  rem oved 

and prepared fo r h is to logy.
F o llow ing  euthanasia, sam p les o f liver from  European 

flo u n de r w e re  placed d irec tly  in to  pre-labelled h isto log ica l 

casse ttes  and then  in to  10%  neutra l bu ffe red  fo rm a lin  

(NBF). In all cases, fixa tion  w as a llo w e d  to  p roceed fo r 
24 h w ith  occasional ag ita tion  to  ensure  even fixa tion  

o f spec im ens. S pec im ens w e re  then  tra n s fe rre d  to  

70%  industria l m e thy la ted  sp ir it (IM S) fo r s to rage and 
transp o rta tio n  to  th e  Cetas W e ym o u th  Laboratory.

F ixed sam p les w e re  p rocessed to  w a x  in a vacuum  
in filtra tion  p rocessor using standard p ro toco ls . S ections 

w e re  cu t at 3-5 pm  on a rotary m ic ro to m e  and resu lting  

t issu e  sec tions  w e re  m ou n te d  o n to  glass s lides before  
s ta in ing  w ith  haem atoxylin  and eosin (H &  E). S ta ined 

sec tions  w e re  analysed by light m ic roscopy  (N ikon Eclipse

E800) and d ig ita l im ages w e re  taken  using th e  Lucia™ 
Screen M ea su re m e n t S ystem  (Nikon).

4.3 Results
4.3.1 Hepatic DNA adduct analysis
The to ta l hepatic  DNA adduct levels (adducted nuc leo tides 

per 108 norm al nuc leo tides) a long w ith  rep resen ta tive  

c h ro m a to g ra m s  o f 32P-postlabe lled  hepatic  DNA from  

individual sam p les o f European flo u n de r are d isp layed 

in Table 4.1 and F igure 4.2 respective ly . O vera ll th e  

level o f DNA adducts  de tec te d  w e re  s im ila r to  those  

reported  p rev ious ly  fo r  European flo u n de r co llec ted  from  

UK estuaries (Lyons e t al., 1999). DNA adduct levels varied 

b e tw e en  th e  sam ple  s ite s  w ith  th e  English con tro l s ite  

(Aide) and B e lfast d isp lay ing th e  lo w e s t levels o f gene tic  

dam age. H ow ever, th e  resu lts  fro m  B elfast shou ld  be 
trea te d  w ith  caution as only a lim ited  num ber (n = 5) o f fish  

w e re  ob ta ined  fro m  th is  s ite .

A t th e  m a jo rity  o f con tam ina ted  s ites  (S outham pton, 

T ham es, C lyde, Tyne and M ersey) th e  p re d o m in a n t 

DNA adduc t p ro file  co n s is te d  o f d iagonal rad ioactive  

zones (DRZs), w h ich  is th e  cha rac te ris tic  p ro file  ob ta ined  

fo llo w in g  exposure  to  co m p le x  m ix tu res  o f a rom a tic  and/or 

hyd rophob ic  genotox ins , such as th o se  fo rm e d  by PAHs 

(Figure 4.2(b)). In con trast, flo u n de r co llec ted  fro m  th e  

Forth, A ide  and B e lfast lacked DRZs w ith  on ly  background 

levels o f DNA dam age being observed  (Figure 4.2(a)). 
European flo u n de r sam p les co llec ted  fro m  S ou tham pton  

con ta ined  th e  h ighest levels o f DNA adducts  (Figure 4.2(b)). 

S ta tis tica l d iffe re n ce s  w e re  observed  be tw e en  several 

o f th e  s ite s  sam p led  w ith  th e  levels (mean adducted  

nuc leo tides per 108 undam aged nuc leo tides ± SE) de tec te d  

in S ou tham p ton  (93.9 ± 37.0), Tham es (51.1 ± 19.2) and 

C lyde s ites  (36.2 ± 15.8) s ta tis tica lly  e leva ted  (p<0.05) 

over th o se  levels de tec te d  at th e  Tyne (S outham pton  and

Table 4.1. DNA adduct levels (mean adducted nucleo tides per 
10s undam aged nucleo tides ± SE, n=10, 5 m ales and 5 fem ales! 
detected in European flo un d e r sam pled from  UK estuaries in 2002. 
s ta t is t ic a lly  elevated (p<0.05l w hen com pared w ith  DNA adduct levels 
detected in the  Tyne, Forth, A ide and Belfast. S ta tis t ic a lly  elevated 
(p<0.05l w hen com pared w ith  DNA adduct levels detected in the 
Forth, A ide and Belfast. S ta tis tica l s ign ificance de te rm ined  using 
M ann W hitey and one way ANOVA. c0n ly  5 fish  available fo r  analysis.

Estuarine site

Aide Southam pton Tham es Forth Clyde Tyne M ersey Belfast

5.2 ± 1.4 93.9 ± 37 .0a 51.1 ± 19.2a 9.3 ± 2.7 36.2 ± 1 5 .8b 13.7 ± 4.9 17.4 ± 5.9 4.2 ± 0 .5C
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Tham es only), Forth, A ide  and Be lfast s ites . No in tra-site  

re lated d iffe re n ce s  In DNA adduct level w e re  de tec te d  

b e tw e en  m ale and fe m a le  fish  In th is  s tudy.

4.3.2 Flounder histopathology
Livers w e re  assessed  acco rd ing  to  th irty -o n e  lesion 

categories, ranging from  non -tox lcopa th lc  ce llu lar changes 
th ro u g h  foc i o f ce llu lar a lte ra tion  to  benign and m alignant 

neoplasia, o f w h ich  e leven w e re  observed  In th is  p resen t 

s tu d y  (Feist e ta /.,  2004). S ign ifican tly , th e  s ites  w ith  th e  
la rgest p roportion  o f flo u n de r con ta in ing  at least one of 

th e se  lesions typ e s  w e re  th e  M ersey, Tyne, C lyde and

Forth estuaries  (over 80% ). Low er p roportions w e re  

recorded In th e  Tham es and S ou tham p ton  (>70% ), w h ile  

th e  s ite  w ith  th e  lo w e s t p roportion  o f flo u n de r w ith  at least 

one lesion w as  th e  A ide  estuary  (be lo w  25% ).

M ore  deta iled  analysis o f sp e c ific  lesions typ e s  revealed 

th a t non -tox lcopa th lc  lesions such as th o se  associa ted  

w ith  ce ll tu rn o v e r (apop tos ls , necros is , regene ra tion ) 

and Im m u n e -re la te d  fu n c tio n s  ( In fla m m a tio n  and 

m elanom acrophage  aggrega tes con ta in ing  e ffe te  m ateria l, 

p robab ly  w ith in  lyso so m e s) w e re  seen In European 
flo u n de r from  all s ite s  (Table 4.2). A lthough  It Is d ifficu lt 

to  associa te  h igher p reva lence o f th e se  lesion typ e s  w ith

Table 4.2. M a jo r hepatic pathologies (%] detected In European 
flo u n d e r sam pled from  UK estuaries In 2002. aLeslons associated 
w ith  ce ll tu rn o ve r and Im m une re la ted functions. Foci of c e llu la r 
a lte ra tion  iFCAl; basoph ilic  Ibl, eos inoph ilic  lei, vacuolated Ivl and 
c lea r ce ll leei.

Lesion classification  Estuary sam pled

Aide Southam pton Tham es Forth Clyde Tyne Mersey

Coagulatlve necrosis3 0 7.0 2.0 11 2.0 10 6.0

A p o p to s ls3 0 0 8.0 7.0 0.0 2.0 2.0

M M A 3 6.0 36 48 16 0 65 27

In flam m ation3 6.0 14 16 18 8.0 22 5.0

R egeneration3 0.0 0.0 4.0 0.0 0.0 2.0 0.0

Flepatocellu lar fibril 1er 

Inclusions

0 36 16 56 84 30 63

Flepatocellu lar nuclear 

p leom orph lsm s

0 7.0 0.0 27 70 15 27

ccFCA 0.0 0.0 0.0 0.0 0.0 2.0 4.1

vFCA 6.0 2.3 4.0 2.3 2.0 8.2 6.1

eFCA 0 0.0 4.0 0.0 0.0 2.0 2.0

bFCA 2.0 0.0 8.0 6.8 2.0 0.0 8.1

(a) (b)

F igure  4.2. Representative hepatic DNA adducts p ro files  produced 
fo llow ing  32P -postlabe lling . (a) L ive r p rofile  fro m  the  A ide, ind ica ting  
a low  level o f DNA adducts representa tive  of a clean reference 
location, (b) Ind iv idual f lo u n d e r hepatic DNA sam ple  co llected  from  
S ou tham pton  d isp laying a c lea r DRZ of 32P -labe lled  DNA adducts 
ind ica ting  the  fish  has been exposed to a com plex m ix tu re  of 
genotoxins. (c) Positive co n tro l consis ting  of BaP labe lled  DNA (115 
nucleo tides p er 108 undam aged nucleo tides] run  w ith  each batch. 
K ind ly provided by Prof. David P h illip s  and D r A lan  H ew er (Cancer 
Research Ins titu te , S u tton  UK).
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sp e c ific  s ites, genera lly, th e  lo w e s t p reva lence w as seen 
in flo u n de r cap tured  from  th e  A ide  estuary, w ith  h igher 

p reva lence (particu larly o f m e lanom acrophage aggregates, 
In flam m ation  and necro tic  foc i) seen In fish  from  th e  

con tam ina ted  s ites . Since at least som e  o f th e se  lesion 

typ e s  are know n to  be associa ted  w ith  pathogen and 

parasite  In fections, care m ust be taken  w h e n  associa ting  

th e ir  p resence w ith  s ite -spec ific  fac to rs  (such as geno tox ic  
con tam ina tion ).

In add ition  to  pa tho log ies associa ted  w ith  cell tu rn o ve r 

and th e  Im m une sys tem , tw o  o th e r s ign ifican t ce llu lar 

a lte ra tio n s  o f u n kn ow n  a e tio lo gy  w e re  a lso seen  In 
European flo u n de r cap tured  from  severa l s ite s  (Table

4.2). As p rev ious ly  repo rted  by S ten tifo rd  e t a i,  (2003) 
hepatoce llu la r fib rilla r Inclusions w e re  seen In flo u n de r 

cap tured  fro m  all s ites  apart fro m  th e  A ide  estuary, w ith  th e  

h ighest p reva lence o f th is  cond ition  In flou n de rs  cap tured  

fro m  th e  M ersey, C lyde and Forth s ites . A ssoc ia ted  w ith  

th e  hepatoce llu la r fib rilla r Inclusions w a s  a high prevalence 
o f nuclear p leom orph lsm . The preva lence o f th is  lesion 

w a s  once again h ighest in flo u n de r cap tured  fro m  th e  

M ersey, Forth and C lyde estuaries  and w as not seen In 

th o se  cap tured  from  th e  A ide  or Tham es estuary.

A ll fo u r typ e s  o f foc i o f ce llu la r a lte ra tion  (FCA); basophilic

(b), eos inoph ilic  (e), vacuo la ted  (v) and clear cell (cc) w e re  

obse rved  in flou n de rs  cap tured  during th e  cu rren t s tudy  

(Table 4.2). The preva lence o f bFCA w as h ighest in 

flo u n de r cap tured  fro m  th e  M ersey, Forth and Tham es 

estuaries  (though th is  lesion w a s  a lso recorded in lo w  

preva lence in fish  cap tured  fro m  th e  A ide). The prevalence 

o f eFCA w a s  h ighest in th e  Tham es, Tyne and M ersey  

estuaries. Vacuo la ted  FCA w e re  seen at all s ite s  and w e re  

even see at re la tive ly  high p reva lence (6% ) in flo u n de r 

fro m  th e  A ide  es tuary  w h ile  ccFCA w as on ly  d e tec te d  in 

flo u n de r fro m  th e  Tyne and M ersey  estuaries. The M ersey  

w a s  th e  only es tuary  th a t con ta ined  flo u n de r th a t exh ib ited  

all fo u r ca tegories  o f FCA.

Benign and m alignant neop lasm s o f th e  liver w e re  

rarely obse rved  in th e  cu rren t s tudy . B asoph ilic  adenom a 

w a s  d iagnosed in one flo u n de r cap tured  fro m  th e  Tham es 

es tuary  w h ile  ano the r fish, a lso cap tured  from  th e  Tham es, 
exh ib ited  a pu ta tive  hepatoce llu la r carcinom a.

U.U Discussion
The resu lts  p resen ted  in th is  report fu rth e r h igh ligh t 

th e  fa c t th a t fish  popu la tions in certa in  Industria lised 

UK estuaries  are being exposed to  co m p le x  m ix tu res  

o f geno to x ic  and p o ten tia lly  ca rc inogen ic con tam inan ts . 

H epatic DNA adduct p ro files  cha rac te ris tic  o f exposure

to  co m p le x  m ix tu re s  o f a rom a tic /hyd rophob ic  genotox lns  

w e re  d e tec te d  in European flo u n de r co llec ted  fro m  th e  

S ou tham pton , Tham es, C lyde, M ersey  and Tyne estuaries. 

These fin d in g s  su p p ort p rev ious s tud ies , w h ich  have 

d e m o n s tra te d th a t European flo u n de r popu la tions Inhabiting 

industria lised  UK estuaries  are exposed  to  high levels of 

se d im e n t PAH, and th a t a p roportion  o f th e  bioavaliable 

PAHs are being m e tabo lised  to  ca rc inogen ic m etabo lites  

(Lyons e t al., 1999). The links b e tw e en  de tec tin g  DNA 

adduct p ro files, characterized by DRZs, and PAH exposure  

has been su pported  by o the r s tu d ie s  u tiliz ing ben th ic  fish  

spec ies . For exam ple , s im ila r DNA adduct p ro files  have 

been obse rved  in experim en ta l s tud ies  expos ing  English 

so le  (P leu ronectes vetu lus) to  PAH con tam ina ted  se d im e n t 

(French e t a i,  1996). O f s ign ificance  to  th is  cu rren t s tudy, 

Bann e t a i,  (1994) dem on s tra te d  th e  fo rm a tio n  o f hepatic 
DNA adducts  in European flo u n de r kept in m esocosm s 

con ta in ing  PAH sp iked  se d im e n t. F urtherm ore , th e ir  resu lts  

corre la ted  th e  levels o f DNA adducts  w ith  th e  degree of 
PAH con tam ina tion  w ith in  each m esocosm  and re flec ted  

th e  p ro file  o f hepatic  pa tho logy reported  by Vethaak e t al. 

(1996).
E uropean f lo u n d e r c o lle c te d  fro m  S o u th a m p to n  

con ta ined  th e  h ighest levels o f DNA adducts . The reasons 

behind th e  e leva ted  level o f DNA adducts  at th is  s ite  

are not Im m ed ia te ly  clear. Previous su rveys o f se d im e n t 
PAH con tam ina tion  (£1 5  PAH dry w e ig h t) in UK estuaries 

have ranked S ou tham p ton  w a te r (750 pg kg-1), behind th e  

Tyne (10,790 -  43 ,470  pg kg '1) M ersey  (1,811 -  5 ,740 

pg kg-1) and Tham es (597 - 5 ,350  pg kg-1) (W oodhead 

e t a i,  1999). F urtherm ore , 1-OH pyrene bile m etabo lite  

data (Gubbins, unpub lished  data) co llec ted  from  th e  fish  

used in th is  cu rren t s tu d y  ranks S ou tham p ton  behind th e  

M ersey, Tyne and Tham es in te rm s  o f PAH con tam ina tion . 

H ow ever, one m us t cons ider th a t in th is  case th e  ranking 

w a s  on ly  based on pyrene m etabo lites  and it is possib le  

th a t o the r ca rc inogen ic  PAHs (along w ith  o the r a rom atic  

non-PAH genotox lns) w e re  p resen t at e leva ted  levels at 

S ou tham p ton  during th is  cu rren t survey.

4.5 Possible relationship between DNA 
adducts and histopathological lesions

The resu lts  p resen ted  in th is  s tu d y  are part o f a larger 

p rog ram m e o f w o rk  th a t has a tte m p te d  to  investiga te  th e  

links be tw e en  th e  Identifica tion  o f con tam inan t related 

pa tho log ies and geno to x ic  b iom arkers o f exposure  in fish  

fro m  UK estuaries. N um erous s tud ies , as rev iew ed  by 

Ste in e t al. (1990), have estab lished  co rre la tions be tw e en  

th e  presence o f genotox lns , Includ ing po lycyclic  a rom atic
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hydrocarbons (PAHs) in th e  sed im en t, th e  fo rm a tio n  of 

DNA adducts  and th e  inc idences o f hepatic  neoplasia in 

fish  popu la tions.

W h ile  h igher level m alignant neop lastic  les ions (eg 
hepatoce llu la r carcinom a) have been no ted  in p revious 

su rveys o f European flo u n de r co llec ted  fro m  estuarine  and 

coastal w a te rs  th e y  w e re  not seen to  any s ign ifican t degree 

in th is  or p rev ious su rveys o f UK estuaries  (S ten tifo rd  e t 

a i,  2003). H ow ever, hepatoce llu la r FCAs are regarded 

as early s tage  pa tho log ies in th e  s te p w is e  fo rm a tion  

o f hepatic  neoplasia in fish  and conse qu e n tly  provide a 

h is topa tho log ica l b iom arke r o f carcinogen exposure  (H in ton 

e t a!., 1992). The resu lts  o f th is  cu rren t su rvey support th e  

fin d in g s  o f our p revious research th a t de tec te d  e leva ted  

levels o f FCAs at th o se  s ite s  deem ed  to  be th e  m ost 

con tam ina ted  by PAH (Tyne, M eresy  and Tham es). O the r 
non -spec ific  lesion types, Including hepatoce llu la r nuclear 

p leom orph lsm , w h ich  are regarded as an early stage 

lesion resu lting  fro m  exposure  to  to x ic  and ca rc inogen ic 

chem ica ls  w e re  again recorded at th e ir  h ighest levels in 

European flo u n de r co llec ted  from  con tam ina ted  s ites . Such 

les ions have prev ious ly  been associa ted  w ith  ca rc inogen ic 
exposure  in N orth  A m erican  fla tfish  spec ies  (M yers  e t 

a!., 1998). Sam ples o f European flo u n de r and v iv iparous 

b lenny (Zoarces v iv iparus) have p rev ious ly  d isp layed th is  

s p e c ific  pa tho logy at con tam ina ted  UK estuaries  and th is  

has been linked to  PAH exposure  (S ten tifo rd  e t al., 2003; 

Lyons e ta /., 2004).

A lthough It is d ifficu lt to  unequivocally asso c ia te th e  higher 

prevalence o f tox lcopa th lc  lesions w ith  th e  observation  of 

DNA adducts in th is  s tudy th e  data w o u ld  suggest th a t w h ile  

exposure to  PAHs is a possible fac to r In th e  Induction of 

certa in lesions in th e  Tham es and C lyde it does not appear 

to  s ign ifican tly  im plica ted in the ir prevalence in fish  from  

S outham pton, M ersey, Forth or Tyne. Indeed, w h ile  the  

present s tudy  has focused  on th e  types o f DNA damage 

typ ica lly  caused by PAHs, th e y  are far from  being th e  only 

source  o f carcinogenic exposure in estuaries. M on ito ring  

surveys have show n  tha t several classes o f ICES ranked 

priority  pollu tants, Including PCBs and heavy m eta ls, are 

e levated in a num ber o f con tam ina ted  s ites around th e  UK

(Cefas, 1998). It is clear from  th e  resu lts p resented in th is  

s tudy  tha t m os t o f th e  biological e ffe c ts  seen In estuarine 

and coastal env ironm ents  around th e  UK are not generally 

being caused by s ingle class o f con tam inan t. This is 

supported  by previous surveys th a t have Identified  over 70 

an thropogen ic  organic substances present in surface w a te rs  

co llected  from  UK estuaries (M atth lessen  e t al., 1993). 

A dd itiona l s tud ies  have tried  to  characterize the  classes of 

genotox ic  con tam inan ts present in estuarine ecosystem s. 

Hendriks and co w o rke rs  utilised the  Salm onella  (Am es) 
assay on w a te r extracts from  the  Rhine estuary In G erm any 

and dem onstra ted  the  m ajority  o f the  m utagen ic ity  de tec ted  

w as recovered in th e  m odera te ly  hydroph ilic  fractions of 

th e  w a te r extracts tha t w ou ld  not contain PAH residues 

(Hendriks e t al., 1994). Sim ilarly, Thom as and co w orkers  

used th e  m utagen ic screen ing assay M utatox™  to  assess 

th e  genotox ic  ac tiv ity  associated w ith  sed im en t sam ples 

co llec ted  fro m  five  UK estuaries, Includ ing th e  Tyne, 

Tham es, M ersey and Southam pton  (Thomas e t al., 2002). 

In th is  s tudy  th e y  Identified  at least one sed im e n t sam ple  

(organic extract) from  each estuary th a t contained potentia l 

genotox lns. A  bioassay d irected  fractiona tion  procedure 

w as then  used to  iden tify  genotoxlns Including, PAHs, 

alkyl sub s titu te d  PAH, n ltro -po lycyclic a rom atic  com pounds 

(PACs), polycyclic a rom atic  ke tones and oxygenated-PACs. A 

rem ain ing proportion th e  potentia lly  genotox ic  con tam inan ts 

could not be Identified.

4.6 Summary
In sum m ary, th is  s tu d y  investiga ted  th e  links be tw e en  

th e  Iden tifica tion  o f con tam inan t re la ted pa tho log ies and 

geno to x ic  b iom arkers o f exposure  in fish  In o rder to  

estab lish  th e  health s ta tus  o f UK estuaries. W h ile  links 

b e tw e en  such pa tho log ies and geno to x ic  b iom arkers are 

not de fin itive  th e  research adds to  th e  g ro w ing  database of 

b io log ica l e ffe c ts  param eters fo r UK estuaries. C ontinu ing  

research Is requ ired if w e  are to  establish  th e  s ign ificance  

o f th e se  find ings, and d e te rm in e  in fu ll th e  po ten tia l 

e cosys tem  e ffe c ts  o f chron ic  con tam inan t exposure  in th e  

UK m arine env ironm en t.



5. Plasma vitellogenin 
and intersex in male 
flounder from UK 
estuaries

5.1 Introduction
In recen t years a great deal o f research e ffo rt has been 
expended  on th e  Investiga tion  o f endocrine  d is rup tion  

In fish . Evidence o f th e  Im pact o f endocrine  d is rup te rs  

on th is  Im portan t g roup  has been found  In lakes, rivers, 

estuaries, coastal reg ions and o ffsh o re  (Job llng e t a l,  

1998; A llen  e t al., 1999; M a tth lessen  e t al., 1998) and In 

m any areas o f th e  deve loped  and deve lop ing  w o rld . This 

e ffo rt re fle c ts  th e  Im portance  o f fish , both as a resource 

and as p ivotal com p o n e n ts  o f th e  e co sys tem  o f m ost 

aquatic  env iro n m e n ts . W h ile  m ore recen t concern  has 

been raised as to  th e  po ten tia l e ffe c ts  o f androgenic, 

an tl-and rogen lc  and an ti-o e s trog e n ic  (Katsladakl e t al., 

2001) endocrine  d is rup te rs  (Including e ffe c ts  a ttribu tab le  

to  pu lpm lll d ischarges) th e  m os t w idesp read  evidence of 

env ironm en ta l e ffe c ts  rem ains w ith  th e  fém in isa tio n  of 

m ales th o u g h t to  be caused by o es trogen ic  exposure.

The perce ived  dom inance  o f o e s trogen ic  endocrine  

d is rup tion  In th e  env iro n m e n t Is Ind icative o f th e  m any 

c lasses o f u b iq u ito u s  co n ta m in a n ts  th a t have been 

sh o w n  to  d e m o n s tra te  an o e s trogen ic  capacity Including; 

a lky lphenols, phtha la tes, som e  pestic ides, PCBs, certa in 

b rom lna ted  flam e  re ta rdants and, o f course, syn th e tic  

o e s tro g e n s  be ing  re leased  via s e w a g e  o u tfa lls  as a 

consequence  o f norm al hum an excre tion  and th e  use of 

th e  con tracep tive  pill. A  num ber o f fe m in is ing  e ffe c ts  have 

been no ted  In m ale fish  In th e  env iro n m e n t as a po ten tia l 

consequence  o f exposure  to  these  substances Including; 

th e  p roduction  o f th e  fem a le  sp e c ific  yo lk  pre-cursor 

pro te in  v ite llogen in  (VTG) (A llen e ta /., 1998), th e  presence 

o f th e  o vo tes te s  and certa in  m orpho log ica l changes (Kirby 

e t al., 2003). The m os t w id e ly  used o f th e se  fém in isa tio n  

b lom arkers Is th e  p resence o f VTG In m ale blood plasma 

w h ich  has been sh o w n  to  be se ns itive  and m easured 

re la tive ly  easily  used enzym e  linked  Im m u n o -so rb e n t 

assays (ELISA) or rad lo -lm m uno  assay (RIA) techn iques .

In th e  U n ited  K ingdom , th e  e a rlies t exam p les  o f 

o e s trogen ic  endocrine  d is rup tion , both In te rm s  o f VTG 

Induction and th e  p resence o f ovo tes tls , w as d iscovered  In 

certa in  fre s h w a te r based s tud ies  o f roach (R utilus rutilus) 

(Job llng e ta !., 1998). Surveys sam p ling  flo u n de r (P la tich thys  

flesus) (M a tth le sse n  e t al., 1998), conduc ted  by Cefas, 

s h o w e d  th a t th e se  e ffe c ts  o f o e s trogen ic  exposure  w e re  

a lso p resen t In th e  estuarine  e nv ironm en t. F urtherm ore , 

th e  levels o f plasm a VTG In m ale flo u n de r w e re  h ighest In 

th o se  estuaries m os t associa ted  w ith  Industria l a c tiv ity  or 

h igh Inputs o f d o m e s tic  sew a g e  e fflu en t.

In response to  th e  g ro w ing  evidence  th a t species 

Inhabiting estuarine and coastal w a te rs  w e re  being exposed

Author: Mark Kirby

to  su ffic ie n tly  high concentra tions o f oestrogen ic  substances 

to  e lic it s ign ifican t responses, th e  'Endocrine  D isruption 

In th e  M arine E nv ironm en t' (EDM AR) program m e w as 

In itiated In 1998. The EDM AR program m e had a w id e  rem it 

to  Investigate th e  e ffe c ts  o f endocrine d isrupting chem icals 

(EDCs) In the  UK m arine env ironm en t and to  deve lop new  

techn iques and b lom arkers fo r fish  and Invertebrates. A 

s ign ifican t part o f th e  pro ject a llow ed fo r th e  continued 
sam pling o f flounder from  several UK estuaries to  fo llo w  up 

on th e  resu lts reported In previous stud ies. C oncentra tions 

o f plasma VTG In m ale flounder and the  occurrence of 

ovo tes tls  w e re  Investigated from  1996 to  2001 and have 

fo rm e d  a short t im e  series w h ich  Is co llective ly  presented 

here. Positions o f sam pling s ites are show n  In Figure 5.1.

5.2 Results and discussion
These surveys have dem onstra ted  tha t m ale flounder In 

m any UK estuaries are show ing  e levated plasma VTG 

concentra tions as a result o f oestogen lc  exposure (Kirby e t 

a l,  2004). Results are show n  In Table 5.1. Elowever, In m ost 

estuaries, th e  degree o f e levation does not appear to  be as 

high as w hen  sam pling w as firs t carried out In 1996. This Is 

particularly apparent at the  Dabholm  Gut s ite  on th e  Tees, 

but Is a lso true  o f s ites  on th e  M ersey and Tyne. How ever, 

th e  tem pora l dataset also provides good evidence of a 

decline In VTG concentra tions at o ther s ites In th e  M ersey 

and Tyne. (Figure 5.2). The tem pora l trend  fo r VTG In fish 

from  Eastham Sands on th e  M ersey Is a good exam ple, w ith  
a reduction  In mean concentra tion  from  approxim ate ly  107to  

104 ng m l-1 over the  5 year s tudy period.

The apparent d o w n w a rd  tren d  In th e  m ean VTG levels Is 

su pported  by a genera l Increase In th e  p roportions o f fish  
s h o w in g  no Induction and a reduction  In h igh ly Induced 

spec im ens. O f particu lar s ign ificance  are th e  changes 
seen during 2000 w h ich  s h o w  large reductions In plasma 

VTG concen tra tions  In sam p les fro m  th e  Tyne and Clyde 

and th e  su rvey resu lts  from  2001 s h o w  little  evidence  

o f any s ign ifican t VTG response In m ale flo u n de r from  

th e  Forth and C lyde. F urtherm ore , nearly 60%  o f th e  

sp ec im ens at th e  once 'h o t ' s ite  o f H ow don  on th e  Tyne 

s h o w e d  no ev idence o f Induction  In 2001.

The s ite s  th a t dem o n s tra te d  th e  sm o o th e s t d o w n w a rd  

VTG tren d  over t im e  are Eastham  Sands on th e  M ersey  

and H ebburn on th e  Tyne (Figure 5.2). These s ite s  are 
associa ted  w ith  con tam ina tion  from  severa l d iffu se  sou rces 

and th e re fo re  m ay act as a m on ito r o f general o es trogen ic  

con tam ina tion  o f th e  estuary. As such th e  d o w n w a rd  trend  

m ay re flec t an overall Im pro ve m e n t In con tam inan t levels 

In th e se  rivers.
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LO

Forth

Port Edgar

Tyne

R osnea th

P illa r B ank

Clyde

Bowling

Mersey

E astham  S ands

St Anthonys

F igure  5.1. S am pling  loca tions in UK estua ries

Howdon
•  •

Hebburn

Dabholm
Gut

North o f Orford .

One o f th e  reasons it has been d iff ic u lt to  reach any 
conclus ion  on d o w n w a rd  tren d s  in o the r s ite s  is our 

d iscove ry  o f sh o rt-te rm  variation in VTG concen tra tions  in 

m os t o f th e  estuaries (includ ing even th e  con tro l estuary  -  

th e  A ide). Exam ination o f th e  2000 and 2001 data Ind icates 
th a t m ales caught In S ep tem ber have u n ifo rm ly  low e r 

concen tra tions  o f VTG than In th e  succeed ing  m on ths. 

W ith  th e  p rogress o f au tum n  and then  w in te r, average 
concen tra tions  becom e h igher and higher, reaching th e ir  

peak In M arch . Such a pa ttern  Is co n s is te n t w ith  fish  

e n te r in g  th e  co n ta m in a te d  es tu a rie s  In su m m e r and 
leaving again In th e  spring  -  w ith  th e  assum p tion  tha t, In 

S ep tem ber, th e y  are re la tive ly  free  o f con tam ina tion , but 

by M arch th e y  have had over s ix  m on ths  o f exposure  to  

oes tro g e n ic  com pounds w ith in  th e  estuaries  (w h e th e r 
d irec tly  from  th e  w a te r or th rough  th e ir diet).

The tw o  s ite s  (H ow don  and D abholm  Gut) spec ifica lly  

associa ted  w ith  p rev ious ly  Iden tified  (Thom as e t a i,  2001) 

po in t sou rces o f o es trogen ic  con tam ina tion  s h o w  d iffe re n t

tre n d  characte ris tics . The H ow don  s ite  on th e  Tyne Is 

associa ted  w ith  a m ajor sew age  e fflu e n t d ischarge. The 

plasm a VTG concen tra tions  In m ale flo u n de r rem ained 

high and co n s is te n t from  1996 to  M arch 2000 and then  

sh o w e d  a clear reduction  but once again rem ained  very 

co n s is te n t from  N ovem ber 2000 to  S e p te m b e r 2001. 

A t app rox im a te ly  th e  end o f 2000 th e  H ow don sew age  

tre a tm e n t p lant b rough t secondary  tre a tm e n t processes on 

line. W o rk  co m m iss ioned  by N o rthum brian  W a te r (Thom as 

e t al., 2002a), th e  o w n e rs  o f th e  tre a tm e n t plant, m easured 
th e  levels o f th e  m ain oestrogen  recep to r agon is ts  (17ß- 

oestrad lo l (E2), oes trone  (E1) and 17a -e thyny les trad lo l 
(EE2)) In th e  H ow don  STW  e fflu e n t during 2000/01 . As 

part o f th e  sam e s tudy, oes tro g e n ic  po tency  (as E2 

equ iva lents) o f th e  e fflu e n t w a s  a lso de te rm in e d  using th e  

In v itro  yeast oestrogen  screen  (YES). The analytica l data 

s h o w  th a t th e  secondary  tre a tm e n t o f th e  e fflu e n t w as  

able to  su cce ss fu lly  reduce m ean concen tra tions  o f E2, E1 
and EE2 from  25 ng I"1 to  5 ng I"1, 55 ng I"1 to  7 ng I"1 and



Table 5.1. N um bers, m ean leng ths  and m ean p lasm a VTG concen tra tions 
of m ale flo u n d e r sam pled fro m  each site  between 1996 and 2001.
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Estuary Site Date No. Mean plasm a VTG 

concentration (pg m l-1)
Mean length  

cm (S.E.M.)

Aide North o f O rford 26/11/96 10 0.2 24.7 (2.5)

28/1 0/97 23 0.2 25.9 (2.0)

08/1 0/99 10 0.2 17.0 (3.8)

27/03/00 13 0.8 18.9 (2.5)

19/12/00 25 0.2 24.7 (3.4)

17/09/01 15 0.2 23.4 (3.0)

Clyde Rosneath 15/03/00 2 0.2 21.6 (1.8)

28/11/00 25 0.2 21.3 (2.5)

11/09/01 5 0.2 21.1 (2.8)

Pillar Bank 02/1 0/97 19 0.2 22.1 (1.2)

30/09/99 16 0.2 20.4 (1.3)

14/03/00 11 15.3 17.5 (2.5)

28/11/00 5 3.6 20.0 (0.9)

10/09/01 18 0.2 20.9 (1.5)

Bow ling 02/1 0/97 14 0.2 20.6 (1.1)

29/09/99 17 53.9 22.1 (1.4)

14/03/00 5 275.9 16.9 (1.9)

27/11/00 29 1.0 19.9 (1.8)

10/09/01 20 0.2 21.5 (2.1)

Tees Dabholm  Gut 14/10/97 7 4265.5 23.7 (5.8)

09/11/99 2 1318.2 17.0 (3.6)

20/03/00 2 12987.5 17.1 (3.7)

20/11/00 25 3355.2 22.6 (1.7)

19/11/01 20 597.0 22.3 (2.7)

Tyne St A n tho nys 16/10/96 3 1.5 19.8 (0.9)

21/10/97 10 286.3 23.4 (5.0)

10/11/99 13 26.4 23.7 (4.5)

23/03/00 16 166.7 22.2 (1.6)

23/11/00 14 1.8 23.1 (2.6)

13/02/01 12 66.3 23.3 (1.6)

09/10/01 13 0.2 23.1 (3.5)

Hebburn 16/10/96 9 113.0 23.4 (4.9)

16/10/97 9 448.3 24.6 (5.2)

10/11/99 14 39.7 21.1 (4.3)

22/03/00 12 6.9 20.6 (1.9)

22/11/00 18 6.3 24.4 (1.3)

13/02/01 21 0.9 23.3 (1.8)

09/10/01 21 0.5 23.4 (2.9)

H ow don 16/10/96 11 116.2 23.4 (4.6)

16/10/97 15 90.3 19.7 (2.7)

11/11/99 18 150.7 24.7 (4.7)

22/03/00 20 238.8 20.2 (1.7)

22/11/00 23 2.1 24.6 (1.3)

12/02/01 23 2.8 24.0 (2.8)

09/10/01 24 1.9 24.5 (2.4)

M ersey Eastham Sands 02/1 2/96 14 19226.2 26.3 (3.1)

02/09/97 28 1239.5 26.1 (5.0)

06/09/99 6 307.5 18.5 (3.4)

01/11/00 20 194.0 23.8 (3.9)

20/02/01 17 1268.5 22.8 (2.8)

25/09/01 18 3.5 20.8 (3.2)

Forth Port Edgar 16/03/00 7 55.6 20.6 (2.3)

01/12/00 15 0.2 22.6 (3.4)

28/02/01 10 2.0 22.6 (1.8)

22/10/01 10 0.2 17.9 (2.2)
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Aide (North of Orford) Clyde (Bowling) 
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Mar 00 
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Sept 01

Oct 97 Nov 99 
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Tyne (Howdon)
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<D 40 
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Oct 96 
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Oct 97 Nov 99 Mar 00 Nov 00 Feb 01 Oct 01 
(Eastham Sands)

Oct 96 Oct 97 Nov 99 Mar 00 Nov 00 Feb 01 Oct 01 
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Sampling date

Sept 99
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F igure  5.2. P roportions  of p lasm a v ite llogen in  concen tra tions at 
a range of induction  leve ls in m ale flo u n d e r fro m  UK estuaries 
-  1996 to  2001 trends.
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en

6 ng I"1 to  2 ng I"1, respective ly . F urthe rm ore  th e  o e s trogen ic  

po tency  (E2 equ iva lents) w a s  g rea tly  reduced from  a mean 

ac tiv ity  o f app rox im a te ly  80 ng E2 I"1 to  <4  ng E2 I"1. The 
c lose re la tionsh ip  b e tw e en  th e  In troduction  o f secondary 

tre a tm e n t, th e  reduction  In oestrogen  recep to r agon ist 

concen tra tions  and th e  reduction  In plasma VTG In m ale 
flo u n de r Is s trik ing .

The survey s ite  at Dabholm  Gut on th e  Tees Is associated 

w ith  m ultip le  d ischarges conta in ing s ign ifican t quantities of 

both Industrial and dom estic  e ffluen ts . The high oestrogen ¡city 

o f th e  Dabholm  Gut e fflu en t has been associa ted w ith  high 

levels o f Industrial con tam inan ts  such as nonylphenol as 

w e ll as th e  stero idal agents (le e thynylestrad lo l, estrone, 

oestradlo l etc) tha t have been show n to  be th e  prim e cause 

o f oes trogen lc lty  In dom estic  e fflu en ts  such as at F lowdon 

(Thomas e t al., 2001). There have been cons is ten tly  high 
plasma VTG response In male flounder from  th e  Dabholm  

Gut s ite  be tw een  1997 and 2000. In th e  m ost recent 
sam pling, N ovem ber 2001, th e  mean plasma VTG level 

w as th e  low est so  far recorded at > 2 0x  less than th e  peak 
levels seen earlier. F lowever, the re  Is not ye t any firm  

ev idence fo r a susta ined reduction In the  VTG levels In 

fish  from  th is  s ite . This Is s ligh tly  surpris ing as It Is know n 

th a t the  main Industrial e fflu en t containing a lkylphenols 

and the ir e thoxylates, has had Its con ten ts  o f nonylphenol, 

octy lpheno l and related e thoxylates s ign ifican tly  reduced 

over th e  s tudy period. Furtherm ore, the  large m unicipal 

sew age  e ffluen t d ischarg ing to  Dabholm  Gut has, like the  

e fflu en t at F lowdon on the  Tyne, undergone secondary 

tre a tm e n t since late 2000. The fact tha t a m ore s ign ifican t 

reduction  In m ale plasma VTG, such as tha t observed at 

F lowdon, has not occurred m ay be because; the re  are other, 

unknow n, oestrogen ic chem ica ls causing m uch o f the  VTG 

Induction; the  e fflu en t trea tm e n t reg im es are not reducing 

th e  load o f oestrogen ic  chem ica ls su ffic ien tly ; or, th e  h istoric 

oestrogen ic  contam ination at th is  site, perhaps associated 

w ith  th e  sed im en ts , Is m uch m ore pers is ten t than In o ther 

sam pled  areas.

The earlier s tud ies  o f plasma VTG and the  occurrence 

o f ovo testls  In flounder revealed no close relationsh ip  

be tw een  th e  tw o . S tudies from  1996 (Allen e t al., 1998) 

dem onstra ted  th a t th is  In tersex cond ition  occurred so le ly In 

flounder from  the  M ersey (5/30 = 17% ) and fu rth e r surveys 
In 1997 revealed th e  condition In both th e  M ersey (6/62 = 

9 .2% ) and Tyne (5/65 = 7 .5% ). The resu lts p resented here 

(Figure 5.2) s h o w  tha t these  estuaries con tinue  to  be the  

'h o ts p o ts ' even though, In som e areas, th e  VTG response 

In m ale fish  appears to  be decreasing. It rem ains d ifficu lt

to  d raw  any firm  conclusions w ith  respect to  th e  presence 

o f ovo testls  and contam ination by EDCs. F lowever, the  

consis tent, If re lative ly low , prevalence o f th e  ovo testls  

cond ition  In th e  Tyne and M ersey co incide w ith  areas of 

know n historical oestrogen ic contam ination  as show n by the  

plasma VTG data p resented here. W ha t Is m ore d ifficu lt to  
explain Is th e  apparent lack o f ovo testls  In fish taken from  

th e  Tees. This suggests  tha t, If th e  cond ition  Is caused 

by exposure to  EDCs (a h ighly likely supposition), It may 

not s im p ly  be due to  oestrogen lca lly  active com pounds In 

general but rather to  spec ific  classes o f substances tha t have 

been m ore prevalent In th e  Tyne and M ersey. It m igh t be 

s ign ifican t tha t th e  discharge at Dabholm  Gut has been m ore 

readily associated w ith  th e  oestrogen lc lty  o f a lkyphenollc 

com pounds than at th e  o ther s ites. It Is also recognized 

th a t because the  num bers of spec im ens caught In th e  Tees 

Is low e r than In th e  o ther estuaries th e  apparent lack of 

o vo testls  m ay be an a rte fac t o f th e  sam pling success.

5.3 Conclusions
Plasma VTG concen tra tions  In m ale flo u n de r have rem ained 

e leva ted  over th e  period 1996-2001 at som e s ite s  In several 

Industria l estuaries  In th e  UK (eg Tees, M ersey  and Tyne).

T im e series  data co llec ted  s ince  1996 s tron g ly  suggests , 
how ever, th a t the re  has been a long-te rm  reduction  In 

o es trogen ic  con tam ina tion  (m easured  by VTG Induction In 

m ale flounder) at s ite s  In th e  Tyne and M ersey.

Ana lys is  o f data from  2000 and 2001 Ind ica tes tha t, fo r 

m os t estuaries, VTG concentra tions  fro m  fish  caught In th e  

w in te r  m on ths  are Invariably h igher than th o se  from  fish  

caught In th e  au tum n  m on ths . This Is p resum ed  to  be due 
to  m ig ra to ry  behaviour o f th e  flounder.

O estrogen ic  con tam ina tion  (again m easured by VTG 

Induction) In the  Clyde and Forth has reduced to  near baseline 

levels In the  latest surveys by com parison w ith  2000.
The reducing  VTG tren d s  In fish  caught near F low don 

S TW  are associa ted  w ith  reduced levels o f oes trogen ic  
con tam ina tion  In th e  F low don d ischarge w h ich  appear 

re lated to  th e  In troduction  o f secondary  tre a tm e n t at th e  

plant. No m ajor change In m ean plasm a VTG concentra tions  

In m ale fish  from  near th e  D abholm  G ut d ischarges w as 

no ted  over th e  s tudy  period.

O ccurrence  o f o vo tes tls  In m ale flo u n de r con tinues at 

a re la tive ly  lo w  but co n s is te n t level. Fish from  th e  Tyne 

and M erse y  con tinue  to  provide th e  bulk o f cases In th is  

spec ies  a lthough  a fe w  exam p les have been observed  

e lsew he re .
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Resource management

6. Seabed habitat 
mapping: a useful 
tool for monitoring 
and management of 
a dredged material
disposal site Author: Silvana Birchenough

6.1 Introduction
F o llow ing  th e  Bergen declara tion (20-21 M arch, 2002) 

at th e  5th N orth  Sea C onference , It w as recogn ised  th a t 

all an th ropogen ic  ac tiv itie s  th a t can po ten tia lly  adverse ly  

a ffe c t th e  N orth  Sea shou ld  be s tr ic tly  m anaged to  ensure 

conserva tion  o f b io logica l b iod ive rs ity  and env ironm en ta l 

sus ta inab ility  (M E M G , 2003).

D redged m ateria l Is se d im e n t excava ted  by m echanica l 

or hydrau lic  m eans fro m  a sea, river or lakebed. This 

p rocess a llow s th e  m aln ta lnance o f navigable w a te rw a ys  In 

coastal areas. Processes such as d redg ing  and th e  aquatic  

d isposal o f dredged m ateria l can have d irec t Im pacts on 

th e  env ironm en t, prim arily  on th e  sea floor and benth lc  

hab ita ts  (Valente, 2004).

W orldw ide , dredged material disposal at sea Is an 

a c tiv ity  w h ich  Is Increasing as a consequence of econom ic 

deve lopm ent In coastal areas. As a consequence, th is  has 

s tim ula ted  a num ber of studies, w h ich  have focused  on 

th e  e ffec ts  resulting from  dredged material disposal on 

ben th lc  com m un ities  (Fredette and French, 2004; Cruz- 

M otta  and Collins, 2004; Valente, 2004; Z im m erm an e t al., 

2003; Sm ith and Rule, 2001 am ong others). M ore recently, 
th e  need fo r seafloor m apping fac ilita ting  a m ore e ffec tive  

dredged m ateria l m on ito ring  and m anagem ent s tra tegy 

has em erged (Preston e t al., 2003; Rhoads and Germano, 

1990; D A M O S ://w w w .n a e .usace.a rm y.m il/envlronm /dam os/ 

dam os_contrlbutors.asp:).

In England and W ales, th e  d isposal o f d redged m ateria l 

Is licensed under th e  Food and P ro tection  (FEPA) act 1985a 
Part 2, fo llo w in g  gu ide lines laid dow n  by In ternational 

C onvention , (Great Brita in - Parliam ent 1972a, b; 1985a). 

This act con tro ls  depos its  In th e  sea b e lo w  th e  m ean high 
w a te r spring  tid e  level In o rder to  p ro tec t hum an health, 

th e  m arine e n v iro n m e n t and leg itim a te  uses o f th e  sea 

and Is regu la ted  by th e  D epa rtm en t fo r E nvironm ent, 

Food and Rural A ffa irs  (Defra). S c ien tific  asse ssm e n t of 
each d redge m ateria l licence Is undertaken  on behalf o f 

Defra by Cefas In accordance w ith  th e  requ irem en t o f th e  
OSPAR C om m iss ion  (1988). Prior to  Issuing a d isposal 

licence, a lte rna tive  d isposal op tions m us t be exp lo red  

by th e  app lican t (M urray, 1994). This Includes benefic ia l 

uses o f th e  d redged m ateria l, such as fo r beach recharge,

coastal de fence  and hab itat enhancem en t (W aldock e t 
al., 2002). F low ever, In m any cases, open w a te r d isposal 

In des ignated  s ite s  Is th e  best p racticab le  env ironm en ta l 

op tion  and a lso th e  on ly  econom ica lly  viab le one. Criteria 

w h ich  m us t be sa tis fie d  be fore  a licence Is gran ted  to  

d redge and d ispose  m ateria l at sea Include th e  chem ica l 

qua lity  o f th e  m ateria l, th e  qu a n tity  to  be d isposed of, Its 

nature and orig in  and Its p red ic ted  Im pacts at th e  area of 

d isposal (Rees e ta /., 2002).

In th e  past, s c ie n tis ts  have re lied  on trad itio n a l 

sam p ling  to o ls  (eg grabs, corers and d redges) to  quan tify  

se d im e n ts  and th e ir  associa ted  b en th lc  fauna (m acrofauna 

and m elofauna) (eg Boyd e t al., 2002; E le ftherlou  and 

M c In ty re , 2005). F low ever, recen t d e v e lo p m e n ts  In 

a cous tic  te ch no lo g y  have, to g e th e r w ith  trad itiona l su rvey 

techn iques , a llow ed  sc ie n tis ts  to  m ap th e  sea floor at high 

reso lu tion  (P lckrlll and Todd, 2003). The hab itat m aps 

genera ted  In th is  w a y  prov ide  essentia l In fo rm ation  fo r th e  

susta inab le  m anagem en t o f o ffsh o re  resources (Kenny e t 

al., 2003; Plckrlll and Todd, 2003). The m ain bene fits  of 

seabed m app ing  te ch n iqu e s  are th e  o p p o rtu n ity  to  conduct 

co s t-e ffe c tive , w ide -sca le  reconnaissance surveys, w h ich  

m ay serve  a num ber o f Im portan t purposes (le Iden tifica tion  

o f resources, s ite  fea tu res  and conserva tion  areas; sam p ling  

des igns and m u ltip le  uses o f th e  seafloor).

A n um ber o f acous tic  te ch n iqu e s  (especia lly sldescan 

sonar and, m ore  recently , m u ltibeam  echosounders) have 

been w id e ly  em p loyed  to  m on ito r physical d is tu rbance  

o f seabed hab ita ts  (eg B row n e t al., 2004, 2001, 2002; 

Todd e t al., 1999, 2000; L Im penny e t al., 2002). Kenny 

e t al. (2003) p rovided a clear o ve rv ie w  o f tech no lo g ie s  

fo r accura te ly  described  th e  cha racte ris tics  o f seabed 

m app ing  te ch no lo g ie s  fo r app lica tion  In m arine habitat 
c lass ifica tion .

The Increasing a ccess ib ility  o f th e se  acoustic  te chn iques  

has s tim u la te d  large-scale hab itat m app ing  p ro jects. These 
Include In ternational In itia tives such as th e  Irish National 

Seabed M app ing  p ro jec t (Parsons e ta !., 2004) and Canadian 

G eoscience  fo r  O ceans M anagem en t p rog ram m e. A t 

a national level, th e  U.K has a lso learned from  overseas 

research . C urren tly , tw o  large-sca le  hab ita t-m app ing  

p rog ram m es In th e  O u te r B risto l Channel and th e  Eastern 

English Channel are being deve loped . The o u tpu ts  from

http://www.nae.usace.army.mil/envlronm/damos/


F igure  6.1. A  s im p lified  
hab ita t m apping procedure.
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th e se  tw o  p rog ram m es w ill de live r th e  firs t reglonal-scale, 

h lgh-reso lu tlon  ben th lc  hab ita t m aps fo r  th e  UK (Jam es e t 

a l,  2005; P h llpo tt e t al., 2005).

H abitat m app ing  can be cons ide red  as th e  p re fe rred  too l 

to  prov ide  spatia l represen ta tion  o f described  and c lass ified  

hab itat un its  (Valente e t al., 2004). Several researchers 

have adopted  th e se  to o ls  (K osty lev e t a l„  2001, 2005; 

B row n e t al. 2001) fo r genera ting  hab itat m aps. There are 

severa l s teps In th e  p roduction  o f a hab itat m ap. F igure 1 

p resen ts  a sum m arised  vers ion  o f th is  p rocess. For a m ore 

com prehens ive  descrip tion  o f th is  p rocedure see "A 1 0 3 3  
approach fo r  p roducing  a seabed hab itat m a p " In Boyd e t 

al. 2006.

O nce a s ite  o f In te rest has been Identified , an acoustic  

su rvey shou ld  be undertaken. The firs t s tage  Involves th e  
p roduction  o f an Initial acous tic  basem ap. This basem ap 

Is used to  de fine  acous tlca lly -d ls tlnc t areas o f th e  seabed 

based on th e  physical p roperties  o f th e  se d im e n ts  and 

th e  top og ra p h ic  fea tu res  characte ris ing  each d is tin c t area. 

O nce th e  acoustica lly  d is tin c t areas are de lim ited , th e  

use o f th e  acoustic  basem ap Is v ita l to  plan th e  'g round - 

t ru th ' su rvey design (co llection  o f sam ples) to  aid a robust 

characte risa tion  o f th e  acous tlca lly -d ls tlnc t areas p rev iously  

de linea ted . The g round-tru th  su rvey Is an Im portan t spatial 

va lida tion o f th e  b io logica l and physical cha racte ris tics  

w ith in  each o f th e  acous tlca lly -d ls tlnc t areas Iden tified  from  
th e  basem ap.

There Is a w id e  sp e c tru m  o f te ch n iqu e s  available fo r 

g round -tru th  surveys. These range fro m  po in t sam p les (le 

grab, d rop  dow n  cam era, se d im e n t p ro file  cam era) to  to w e d  

gear, w h ich  provide coverage o f sec tio n s  o f th e  seabed 

(le traw ls , cam era s ledge). The a lm s o f th e  p ro jec t and 

budge t qu ite  o ften  d ic ta te  th e  su ite  o f te ch n iqu e s  available 

to  g round -tru th  th e  acoustic  basem ap. C urrently , the re  

are a lim ited  num ber o f exam p les w h e re  a com b ina tion  of 

m ore  than  2 g round-tru th  te ch n iqu e s  have been used to  

va lida te  acous tic  In fo rm a tion  (Zajac e t a l,  2003; D AM O S, 

2004). For exam ple , th e  use o f optica l te ch n iqu e s  (such 

as v ideo  Im ages or se d im e n t p ro file  Im ages (SPI)) enable 

th e  cap ture  o f in -s itu  Im ages o f th e  seabed hab itats w h ich  

s h o w  th e  re la tionsh ip  o f su rface  se d im e n ts  and Inhabiting 

c o m m u n itie s  (eplfauna) d irec tly  (K osty lev e t a l,  2001).
The m ajor b e n e fits  o f ado p tin g  a co m b in a tio n  of 

g round -tru th  te ch n iqu e s  are th e  clear ev idence  provided 
(from  a com b ina tion  o f co llec tive  data sets), co rrobora tion  

(one te ch n iqu e  co n firm in g  fea tu re s  d e tec te d  by another) 

and c la rifica tion  (the exposure  o f data a rte fa c ts  during 
co m p o s ite  In te rp re ta tion). R esults fro m  an In tegra tion of 

approaches to  characte rise  an area licensed fo r dredged 

m ateria l d isposal w e re  com b ined  p rov id ing clear bene fits  

fo r th e  m on ito ring  and po ten tia l m anagem en t o f an area 

licensed fo r  d redged m ateria l. The case s tu d y  Is p resen ted  

In C hapter 17 o f th is  report.
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7. Licensing of deposits
Ín the SeS Authors: Andrew Dixon and Chris Vivian

7.1 Introduction
This section  g ives in fo rm a tion  about th e  licensing  of 

depos its  in th e  sea around th e  coasts o f England and 

W a les in 2004 under Part II o f th e  Food and E nv ironm en t 

P ro tection  A c t 1985 (as am ended) (FEPA) (Great Brita in - 

Parliam ent, 1985a). In o rder to  prov ide  a co m p le te  p ic tu re  

fo r th e  UK as a w ho le , licensing  s ta tis tic s  fo r S cotland and 

N orthe rn  Ireland are also included in th is  section .

7.2 Legislation and licensing authorities
The d e p os it o f su b s ta n ce s  and a rtic les  in th e  sea, 

princ ipa lly  th e  disposal o f d redged m ateria l (as opposed  to  

d ischarge in to  th e  sea via p ipe lines) and th e  use o f m ateria l 

during m arine cons tru c tio n  and coastal de fence  w orks, 

is con tro lled  by a sys te m  o f licences issued under Part II 

o f FEPA. Certain ope ra tions (eg th e  depos it o f sc ie n tif ic  
eq u ip m e n t or navigation aids) are exe m p t fro m  licensing 

under th e  D eposit in th e  Sea (E xem ptions) O rder 1985 

(Great Brita in - Parliam ent, 1985b).
F o llow in g  d e vo lu tion  in 1999, Defra (then M AFF) 

con tinued  to  license depos its  in th e  sea around th e  W e lsh  

coast on behalf o f th e  W e lsh  A sse m b ly  G ove rnm ent. In 

Scotland, th e  licensing  fu n c tion  becam e th e  respons ib ility  
o f th e  S co ttish  E xecutive  (then SERAD). In N orthern  

Ireland th e  issu ing o f licences rem ained th e  respons ib ility  

o f th e  E nv ironm en t and H eritage Service, an agency o f th e  

D epa rtm e n t o f th e  E nv ironm en t fo r N orthern  Ireland.

7.3 Enforcement
S c ien tis ts  fro m  th e  Cefas Burnham  Laboratory have th e  

p o w e rs  to  en fo rce  L icence p rov is ions. V is its  are m ade to  

cons tru c tio n  s ite s  and d isposal vesse ls . S am ples are taken 

and records, inc lud ing  logbooks, are checked. S c ien tific  

s ta ff carried out 6 inspections in 2004.

O ffice rs  o f th e  D e p a rtm e n t's  M arine F isheries A gency  

(M FA) are charged w ith  en fo rc ing  th e  p rov is ions o f FEPA 

(Part II) and undertake  regu lar inspections fro m  a n e tw o rk  

o f port o ffice s  in England and W ales. The M FA (then th e  

Sea F isheries Inspecto ra te) carried out 128 inspections in 
2004 in re lation to  cons tru c tio n  w o rks  and th e  d isposal o f 

w a s te  m ateria ls  (dredged m ateria ls  and a sm all am oun t 

o f she llfish  w as te ) at des ignated  d isposal areas. Further 

deta ils  are given in Table 7.1.

Table 7.1. I nspection activ ity  by the SFI during  2004.

District No. of inspections No. of
------------------------------------------  infringem ents
Construction Disposal

Eastern 6 4 1

H um ber 7 2 0

London 3 0 1

N orth Eastern 9 1 1

N orth W este rn 2 1 0

South Eastern 34 5 4

South W este rn 9 16 5

W ales 26 3 4

T o ta l 9 6 32 16

In England and W a les 2 w r itte n  w a rn ing  le tte rs  w e re  

issued fo r apparent b reeches o f licensing con tro ls  in 2004. 

D eta ils are as fo llo w s :

•  Investiga tions in to  un licensed cons truc tion  w o rks  in 
H e lford  C reek C ornw all resu lted  in an o ffic ia l w a rn ing  

being issued in N ovem ber 2004.

•  Investiga tions in to  un licensed cons tru c tio n  w o rks  on 
th e  Penryn River resu lted  in an o ffic ia l w a rn ing  being 

issued in D ecem ber 2004.

In England and W a les in 2004 th e re  w e re  no success fu l 

p rosecu tions  fo r illegal m arine w o rks  w ith  one case being 

d ropped and a fu rth e r case being ad journed until 2005. The 

deta ils  are as fo llo w s :

•  Investiga tions in to  un licensed d isposal and cons truc tion  

w o rks  at M ostyn , F lin tsh ire  resu lted  in th e  case being 

ad journed until 2005.

•  Investiga tions in to un licensed construction  w o rks  at 

Pwhelli, North W ales resulted in the  case being dropped.

In Scotland, certa in  au tho rised  s ta ff o f th e  F isheries 
Research S ervices (FRS) M arine Laboratory, A berdeen  and 

th e  S co ttish  F isheries P rotection A gency  (SFPA) hold s im ila r 

e n fo rce m e n t pow ers . The FRS m ade 9 e n fo rce m en t v is its  

in 2004. The SFPA m ade 2 e n fo rce m e n t v is its  in 2004.

In N orthe rn  Ireland th e  E nv ironm en t and H eritage 

Service (ERIS) m ade 11 e n fo rce m en t v is its  in 2004. EHS 
a lso carried out 14 investiga tion  v is its  in 2004 w h ich  

resu lted  in 6 w a rn ing  le tte rs  being issued to  te rm in a te  th e  

un licensed ac tiv ities .



Table 7.2. S um m ary  of dredged m a te ria l licensed and disposed of at 
s e a ,2000-2004.
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Country Year Licences
issued

Licensed
quantity
(tonnes]

W et
tonnage
deposited

Dry
tonnage
deposited

Quantities of m etal contam inants in w astes  

deposited (tonnes]

Cd Cr Cu Hg Ni Pb Zn

England 2000 119 55,902,025 28,257,192 14,077,169 8.76 1,043 663 4.78 485 1,099 2,948
and W ales 2001 124 39,297,549 29,660,448 14,881,254 7.61 1,040 731 5.84 478 1,099 3,310

2002 124 72,851,190 27,884,495 14,725,603 5.53 912 457 4.67 409 1,166 2,664

2003 97 31,836,123 29,544,681 15,812,482 5.42 929 498 12.73 443 1,183 2,694

2004 80 21,268,369 28,516,645 14,949,123 5.27 886 513 4.35 412 1,190 2,648

Scotland 2000 30 6,135,400 4,155,018 2,034,213 0.51 87 80 1.79 73 139 298

2001 29 3,307,800 2,217,981 1,162,856 0.36 79 48 0.74 36 77 165

2002 21 2,959,045 2,203,016 1,188,129 0.33 59 46 0.85 29 69 134

2003 29 3,573,981 2,764,020 1,647,881 0.61 70 57 1.40 41 101 175

2004 23 2,412,670 1,484,408 742,204 0.19 27 19 0.51 14 31 54

N orthern 2000 3 3,950,000 640,815 455,222 0.13 45 7 0.05 13 14 42

Ireland 2001 3 183,000 3,420,411 2,495,714 0.72 246 37 0.42 66 76 226

2002 8 1,161,500 976,102 458,108 0.46 31 19 0.19 19 26 86

2003 2 189,900 115,404 73,382 1.47 8 4 0.06 3 2 12

2004 4 432,904 111,208 79,135 0.04 3 1 0.06 1 1 7

UK Total 2000 152 65,987,425 33,053,025 16,566,605 9.39 1,176 750 6.63 571 1,252 3,289

2001 156 42,788,349 35,298,840 18,539,824 8.69 1,365 816 7.01 579 1,251 3,701

2002 153 76,971,735 31,063,613 16,371,841 6.31 1,003 522 5.70 457 1,261 2,884

2003 128 35,600 ,004 32,424,105 17,533,744 7.50 1,006 540 5.75 487 1,270 2,882

2004 107 24,113,943 30,112,261 15,770,462 5.50 917 533 4.92 427 1,223 2,709

Notes: Tonnages deposited re la te  to  quan tities  in the  ca lendar ye a r 2003, w h ich  m ay be covered by 2 o r  m ore licences, inc lud ing  one o r m ore 
issued in previous years.

7.4 Licensing of dredged material
Table 7.2 give deta ils  fo r th e  period 2000 to  2004 o f th e  

n um ber o f sea d isposal licences Issued, th e  qu a n tity  of 

w a s te  licensed and th e  quan tity  actually  depos ited , to g e th e r 

w ith  In fo rm a tion  on th o se  con tam inan ts  In th e  w a s te s  

w h ich  th e  UK Is requ ired  to  report In te rna tiona lly  to  m ee t 

ob liga tions under th e  OSPAR and London C onventions. A 

p roportion  o f th e  trace  m eta ls  In th is  dredged m ateria l Is 

natural, bu t th e  m inera l s truc tu re  Is such th a t It w ill no t be 

available to  m arine organ ism s.

Figure 7.1 sh o w s  th e  main d isposal s ite s  used In 2004 

and th e  quan tities  used at each s ite . A lthough  app lica tions 

fo r licences are requ ired  to  s h o w  ev idence  th a t th e y  have 

cons ide red  a lte rna tive  d isposal op tions  Including benefic ia l 

use, th e  p rob lem s o f having s ilty  m ateria ls, and m atch ing  

th e  tim in g  o f dredg ing  cam paigns and th e  dem and fo r 

sed im en ts , have m eant th a t m os t o f th e  fin e r m ateria ls, In 

particu lar, are depos ited  at sea.

7.5 Other licensed activity
U nder Part II o f FEPA, licences are a lso requ ired  fo r certa in 

o the r ac tiv itie s  or depos its  m ade b e lo w  th e  m ean high 
w a te r springs m ark fo r  cons truc tion  purposes. Each licence 

app lica tion  Is ca re fu lly  considered , In particu lar, to  assess 

th e  Im pact on th e  tida l and In tertida l habitat, hydro logica l 

e ffe c ts , po ten tia l In te rfe rence  to  o the r users o f th e  sea 

and risk to  hum an hea lth. D eta ils o f th e se  licences Issued 
In 2004 are sh o w n  In Table 7.3.

F u rth e r a c tiv it ie s  Invo lve th e  use o f trace rs , th e  
app lica tion  o f b iocides, and burial at sea. G enera lly th e  

an tic ipa ted  env ironm en ta l Im pact from  th e se  depos its  Is 

m in im a l and little  or no m on ito ring  Is requ ired. D eta ils o f 

th e se  licences Issued In 2004 are also sh o w n  In Table 7.3.

Such licences have a lso au tho rised  th e  disposal o f a 

sm all am o u n t o f fish  w as te , deta ils  g iven In Table 7.4.
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Figure  7.1. A m oun ts  of dredged m a te ria l disposed at sea in 2004, 
in d ry  tonnes

Table 7.3. O ther ca tegories of licences issued in 2004.

Licence category England and W ales Scotland N orthern  Ireland Total

C onstruction  - ne w  and renewal 180 110* 6 296

Tracers, b iocides etc 4 0 0 4

Burial at Sea 13 0 0 13

*  Inc ludes 70 O utfa ll licences



Table 7.4. S u m m ary  of fish  w aste  licensed and disposed of at sea 2000-2004.

Country Year Licences
issued

Licensed
quantity
(tonnes)

W et
tonnage
deposited

Dry
tonnage
deposited

England 2000 1 1,000 1,559 1,559

and W ales 2001 3 938 687 687

2002 2 2,200 808 808

2003 1 6,000 953 953

2004 0 0 1,834 1,834

Scotland 2000 1 200 45 36

2001 0 0 66 53

2002 0 0 0 0

2003 0 0 0 0

2004 0 0 0 0

N orthern 2000 0 0 0 0

Ireland 2001 0 0 0 0

2002 0 0 0 0

2003 0 0 0 0

2004 0 0 0 0

UK Total 2000 2 1,200 1,604 1,595

2001 3 938 753 740

2002 2 2,200 808 808

2003 1 6,000 953 953

2004 0 0 1,834 1,834

Notes: For in fo rm a tion  on licensed quan tities  and tonnages deposited see foo tno te  to  Table 7.2.
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8. Swanage Bay dredgings 
disposal ground survey 
2004 -  a preliminary 
assessment of status

8.1 Introduction
The Sw anage Bay d redg ings d isposal g round is located 

som e  5 km  east o f Swanage at a dep th  o f about 20 m and 

has been used fo r th e  disposal o f d redged m ateria l from  

Poole harbour fo r m ore than  50 years. In recen t years, an 

average o f about 250 ,000  w e t to n ne s  per annum  has been 

depos ited  w ith in  th e  disposal g round (Table 8.1). The aim  

o f th e  2004 su rvey  w a s  to  co llec t baseline In fo rm a tion  on 

th e  s ta tus  o f th e  area, both w ith in  and around th e  d isposal 

ground, p rior to  th e  proposed depos it o f 2 m illion  tonnes  

o f capita l d redged m ateria l at th e  s ite  over th e  2005-2006 

w in te r  period. This is to  accom m o d a te  th e  deepen ing  of 
Poole harbour to  a llo w  larger sh ipp ing  Into th e  port (Royal 

H askonlng, 2004). The area w a s  su rveyed  on 13 June 2004 

using th e  RV Cefas E ndeavour (Figure 8.1). Survey e ffo rt 
inc luded conventiona l g rab-sam pling tech n iqu e s  along w ith  

acous tic  m e th o d s  to  ass is t in Iden tify ing  th e  p resence  and 

d is tribu tiona l boundaries o f eco log ica lly  im portan t spec ies  

th a t cou ld  be a ffe c te d  by th e  increased d isposal. It w as 

expec ted  tha t th e se  w o u ld  include m aerl (P hym a to lithon  

calcareum ), a cora lline  red alga, and th e  ree f-bu ild ing  

w o rm , Sabellaria sp inu losa, w h ich  have p rev iously  been 

recorded  fro m  th is  area (Collins, 2003).

8.2 Methods
8.2.1 Survey design
The grab-sam pling  su rvey  w a s  des igned  to  take  in to  

account th e  m os t like ly rou te  o f any d ispe rs ing  m ateria l 

aw ay fro m  th e  d isposal ground, due principa lly to  tida l 

action . The s ta tio ns  w e re  pos itioned  in areas o f probable 
se d im e n t depos ition  derived  from  d ispers ion  m ode lling  

data o f th e  area (Royal H askonlng, 2004). Four s ta tions  

w e re  sam p led  in trip lica te  fo r ben th lc  m acrofauna and 

se d im e n ts  to  provide a p re lim ina ry  asse ssm e n t o f th e  

e x te n t o f any e ffe c ts  o f d isposal ac tiv ity .

The acoustic  su rvey w a s  des igned  to  acqu ire  In fo rm ation  

on th e  ba thym e try  and sed im e n ta ry  fea tu re s  o f th e  area 

both w ith in  and around th e  d isposal g round (Figure 8.1). 

S ed im en t sam p les and v ideo  foo tage  o f th e  seabed w e re  

co llec ted  at s ix  s ta tio ns  to  aid in g round -tru th lng  th e  

acous tic  data. The a im s w e re  to  id e n tify  any evidence  of 

depos ited  d redged m ateria l w ith in  or ou ts ide  th e  d isposal 

g round and to  characte rise  acoustica lly  d is tin c t reg ions 

w ith in  th e  su rvey area.

Authors: Mathew Curtis, Hubert Rees, 
Dave Li m pen ny, Becky Smith, 
Sarah Campbell, Marie Pendle and 
Koen Vanstaen

Table 8.1. Recent dredge d isposings h is to ry  of Swanage Bay d isposa l 
ground,

Year Total tonnage disposed

1990 293,291

1991 535,937

1992 1,103,379

1993 151,353

1994 104,751

1995 224,091

1996 167,575

1997 310,724

1998 87,072

1999 158,994

2000 76,927

2001 250,755

2002 40,941

2003 62,966

8.2.2 Field sam pling procedure
R eplicate sam p les o f se d im e n ts  fo r th e  later analysis of 

b en th lc  m acrofauna and se d im e n t partic le  size d is tribu tion  
w e re  co llec ted  using a 0.1 m 2 Ham on grab. Fo llow ing  

e s tim a tion  o f sam p le  vo lum e, a sub -sam p le  w a s  rem oved  

fo r partic le  size analysis. The w h o le  sam ple  w a s  then  

w ash e d  over 5 m m  and 1 m m  s ieve  m eshes to  rem ove  

fin e  se d im e n t. The tw o  frac tio n s  w e re  com b ined  and 

back-w ashed in to  an appropria te  con ta ine r and fixed  in 4 

- 6%  bu ffe re d  fo rm a ld e h yde  so lu tion .

S e d im e n t fro m  th e  g ro u n d -tru th ln g  s ta tio n s  w e re  
co llec ted  w ith  a 0 .04  m 2 Shlpek grab. A  sub-sam ple  from  

th e  grab w a s  rem oved  fo r  partic le  size analysis.

The acoustic  sys te m  used fo r th is  s tu d y  w as a 300kHz, 
Kongsberg Sim rad™  E M 3000D  dual-head " t ru e "  m u ltibeam  

sys te m , w h ich  used transduce rs  m ou n te d  in 'V ' fo rm a tio n  

on th e  d rop  keel o f th e  Cefas Endeavour. P osition ing 

o f th e  data w a s  ach ieved using a Thales 3011™ / Fugro 

SeaStar™  sa te llite  d iffe ren tia l GPS sys te m . Vesse l, p itch, 

roll and heave w e re  m easured  w ith  a Kongsberg/Seatech™  

M R U 5 m otion  refe rence  unit. These param eters w e re  
co rrec ted  in real t im e  w ith in  th e  E M 3000D  processing  

unit, w h ich  then  o u tpu t th e  data to  a T riton Isis™  logg ing
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Figure 8.1. Swanage Bay 
survey 2004. Reproduced 
fro m  A d m ira lty  Chart 
2454 by perm iss ion  of the 
C on tro lle r of H er M ajesty 's 
S ta tionery  Office and the  UK 
H ydrograph ic  Office (www. 
ukho.gov.uk). Not to  be used 
fo r  navigation.
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package. Sound ve lo c ity  at th e  sonar head w a s  m easured 

w ith  a Reson™  sound ve lo c ity  probe. The data w e re  then  

Im ported  Into CARIS™  HIPS w h e re  fu rth e r co rrec tions 

w e re  m ade using p red ic ted  tida l data and sound ve lo c ity  

pro files . E rroneous sound ings w e re  filte re d  and a co rrected  

XYZ da taset w a s  produced fo r th e  survey. These XYZ grids 

w e re  then  Im ported  Into th e  3D v isua lisa tion  so ftw a re  

package F lederm aus™ , w h e re  co loured, sun -lllum lna ted  

topog raph ic  Im ages dep ic ting  th e  su rface  o f th e  seabed 

w e re  produced.

V ideo  foo tage  o f th e  seabed w as co llec ted  using a 

0.1 m 2 Ham on grab f it te d  w ith  a v ideo  cam era and light. 

The cam era w a s  low e red  c lose to  th e  seabed as th e  vessel 

d rifte d  w ith  th e  tide . V ideo  Im ages w e re  recorded on to  

both h lgh-reso lu tlon  SVHS and d ig ita l tapes.

8.2.3 Laboratory procedure
In th e  laboratory, m acro fauna sam p les fro m  each Ham on 

grab w e re  f irs t w ashed  w ith  fre s h w a te r over a 1 m m  

sieve  In a fu m e  cupboard to  rem ove excess fo rm a ldehyde  

so lu tion  and then  placed on p lastic  trays and exam ined 

under an Illum inated  m agn ifie r. S pec im ens w e re  p icked 

fro m  th e  trays and placed In labelled Petri d ishes con ta in ing  

a p reserva tive  m ix tu re  o f 70%  IM S fo r Iden tifica tion  and 
enum era tion .

The s e d im e n t sub -sa m p le s  fro m  each grab w e re  

analysed fo r th e ir partic le  size d is tribu tions . S am ples w e re  

firs t w e t-s ieve d  on a 500 pm s ta in less  s tee l te s t s ieve 
using a s ieve shaker. The < 5 00  pm se d im e n t frac tion  

passing th rough  th e  s ieve, w as  a llow ed  to  se ttle  from  
suspens ion  In a con ta iner fo r 48 hours. The superna tan t 

w a s  then  rem oved  using a vacuum  pum p and th e  rem ain ing 

< 500  pm se d im e n t frac tion  w a s  w ashed  Into a Petri dish, 

frozen fo r 12 hours and freeze-drled . The to ta l w e ig h t of 

th e  freeze-drled  frac tion  w a s  recorded. A  sub-sam ple  of 
th e  < 5 00  pm frac tion  w a s  then  analysed using a laser sizer. 

The > 500  pm frac tion  w a s  w ashed  fro m  th e  te s t s ieve  Into 

a fo il tray  and oven dried at ~90°C  fo r 24 hours. It w as  then  

d ry s ieved  on a range o f s ta in less s tee l te s t sieves, placed 

at 0.5-phl Intervals, dow n  to  1 phi (500 pm). The se d im e n t 

on each s ieve  w as w e ig h e d  to  0.01 g and th e  values 

recorded. The resu lts  fro m  these  ana lyses w e re  com b ined  

to  give fu ll partic le  size d is tribu tio n s  fo r each sam ple .

8.3 Results
8.3.1 Sedim ents
S ed im en t partic le  size cha racte ris tics  fo r th e  m acrofauna 

and g round -tru th lng  s ta tions  are sum m arised  In Tables 8.2 
and 8.3, su m m a ry  descrip tion  fro m  th e  cam era s tills  and

Table 8.2. Mean va lues (±SD| of sed im en t partic le  size 
chara c te ris tics  at sta tions sam pled fo r  the  benthic m acrofauna.

Station code Mean partic le Sorting Skewness Kurtosis Sand % S ilt/c la y  %
size [mm ]

HG1 0.17 (±0.03) 2.25 (±2.67) -0.07 (±0.7) 5.35 (±0.81) 79.47 (±0.72) 15.31 (±2.02)

HG2 0.39 (±0.12) 1.36 (±0.31) -1.83 (±0.63) 7.10 (±3.0) 91.85 (±5.72) 0.00 (±0.0)

HG3 0.59 (±0.4) 3.08 (±0.58) -0.18 (±0.3) 2.96 (±0.9) 54.89 (±14.23) 23.35 (±22.76)

HG4 1.27 (±0.05) 2.10 (±0.18) 0.74 (±0.09) 5.23 (±0.4) 51 .94 (±0.31) 3 .35 (±0.89)
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60 Table 8.3. Mean va lue of sedim ent partic le  size charac te ris tics  at 
g rou n d -tru th in g  sta tions.

Station code Mean partic le  

size (mm )
Sorting Skewness Kurtosis Gravel

%

Sand
%

S ilt /
%

GT1 1.49 2.67 0.39 3.18 43.94 52.02 4.03

GT2 0.34 0.97 -2.71 13.16 3.55 96.45 0.00

GT3 0.65 0.88 -0.72 3.36 5.46 94.54 0.00

GT5 0.55 0.86 -0.73 3.80 3.45 96.55 0.00

v ideo  im ages at th e  g round -tru th ing  s ta tio ns  are given in 

Table 8.4 and F igure 8.2. These s h o w  th a t th e  se d im e n t 
becom es coarser fro m  north  to  sou th  w ith  gravel and 

cobb les ove rly ing  sand at th e  w e s te rn  s ta tions .

Station HG3 w as characterised by a poorly-sorted m uddy 

gravelly sand, suggesting evidence of dredged material disposal 

activity at th is station. Station HG2 consisted of slightly gravelly 

m edium  sand w ith  no clay/silt com ponent, w hich suggests the

Table 8.4. V isua l d escrip tions  taken fro m  the  drop cam era at 
g rou n d -tru th in g  sta tions.

Station Visual description Station Visual description

GT1 Gravel and cobbles in te rspersed w ith  maerl and

shell fragm ents . Red algae, Flustra sp. and red 
encrusting sponge a ttached to  cobbles.

GT4 Gravel and cobbles in te rspersed w ith  maerl and

shell fragm ents . Red algae, Flustra sp. and red 
encrusting sponge a ttached to  cobbles.

GT2 Rippled sand w ith  she ll fra gm e n ts  in the  trough

and occasional cobble. Sparse algae.

GT5 Rippled sand w ith  shell fra gm e n ts  on surface
and in troughs. Occasional cobble  o r bou lder 

w ith  Flustra sp. attached.

GT3 Clean coarse she lly  sand. R ippled fin e  sand

overly ing coarse sand in patches.

GT6 Large boulders heavily encrusted  w ith  dead-
m an 's  fingers, Alcyonium digitatum, and 

sponges.

C /E N D  
fc U h  , N

GT4 GT5 GT6

Figure 8.2. im ages taken fro m  the  drop cam era at the  g round- 
tru th in g  stations.
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co

absence of any influence of the fine com ponent of dispersing 

dredge material. The sedim ents at stations GT2, GT3 and 

GT5 comprised m edium  sands w ith  no silt/clay component, 

indicating the absence of any accumulation of fine particulates, 

probably as a consequence of current action.

8.3.2 Acoustics survey
The m u ltibeam  su rvey prov ided  both a b a thym e try  and 

backsca tte r m ap o f th e  sea floor around th e  S w anage Bay 

d isposal g round (Figures 8.3 and 8.4).

H in d fa«

W M th c u  m

Grounds

Figure 8.3. B a thym e try  
m osaic of Swanage Bay 2004. 
Reproduced fro m  A d m ira lty  
Chart 2615 by perm iss ion  
of the  C on tro lle r o f H er 
M ajesty 's S ta tionery  Office 
and the  UK H ydrograph ic 
Office (www .ukho.gov.uk). Not 
to  be used fo r  navigation.

FW«! &9y-
T ^O b tvf

14,
n is h in  H ra il

Grounds

Figure 8.4. B acksca tte r 
m osaic of Swanage Bay 2004. 
Reproduced fro m  A d m ira lty  
C hart 2615 by perm iss ion  
of the  C on tro lle r of H er 
M ajesty 's S ta tionery  Office 
and the  UK H ydrograph ic 
Office (w ww .ukho.gov.uk). Not 
to  be used fo r  navigation.
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A d isc re te  patch o f m ob ile  se d im e n t is apparent w ith in  

th e  centra l and no rth -easte rn  part o f th e  disposal ground 

(Figure 8.5: A). These sand w aves  Indicate a net no rth ­

easte rly  tran sp o rt reg im e th a t Is co n s is te n t w ith  local 

bed -sed im en t pa thw ays. It is possib le  th a t th e se  se d im e n ts  

are p resent as a resu lt o f d isposal a c tiv ities . This region Is 

also characte rised  by an area o f uneven topog raphy  th a t 

m ay re flec t th e  presence o f residual d redged m ateria l at 

th e  seabed (Figure 8.5: B). M ob ile  se d im e n ts  are p resen t 

ju s t ou ts ide  th e  sou th -easte rn  m argin o f th e  d isposal 

g round (Figure 8.5: C) and m ay be an th ropogen ic  or natural

In orig in. The ir a sym m e tric  s tru c tu re  ind ica tes a n o rth ­
easte rly  transpo rt d irec tion , again co n s is te n t w ith  know n 

s e d im e n t tran sp o rt pa thw ays.

In th e  eastern  part o f th e  disposal site , m u ltibeam  

b a th y m e try  Ind ica tes th e  p resence  o f a n u m b e r o f 

"d ou g h n u t-sh a p e d " fe a tu re s  at th e  seabed (Figure 8.6). 

The "d o u g h n u ts "  are app rox im a te ly  30  m In d iam e te r and 

th e  ou te r ring Is app rox im a te ly  1 m In he igh t. Features 

such  as th e se  are c o m m o n ly  obse rved  at o the r UK 

d redged m ateria l d isposal s ite s  and are a cha racte ris tic  

resu lt o f Individual d isposal even ts .

F igure  8.5. B a thym etry 
¡mage show ing m obile 
sedim ent (Al and uneven 
topography (Bl w ith in  the 
disposa l ground and mobile 
sedim ent (Cl jus t outside the 
sou th -easte rn  m argin  of the 
d isposa l ground.

F igu re  8.6. B a thym etry  
¡mage show ing doughnut 
shaped fea tu res  caused by 
ind iv idua l dredging d isposal 
events w ith in  the d isposal 
ground.
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F igure  8.7. Map show ing the 
seven acoustica lly  d is tinct 
regions de te rm ined  fro m  the 
m u ltibeam  data. Reproduced 
from  A d m ira lty  Chart 
2615 by perm iss ion  of the 
C on tro lle r of Her M ajesty's 
S ta tionery  Office and the UK 
Hydrograpic Office (www. 
ukho.gov.ukl. Not to be used 
fo r navigation.

From  th e  m u ltibeam  data seven acoustica lly  d is tinc t 

reg ions w e re  d iffe re n tia te d  and described  (Figure 8.7).

Region A  cons is ts  o f a hard fla t subs tra tum , w h ich , at 

s ta tion  GT1, w as sh o w n  to  be s lig h tly  m uddy  grave lly  sand 

(Table 8.3). G round-tru th lng  v ideo  fo o tag e  taken at s ta tions  

GT1 and GT4 sh o w e d  gravel, cobb les and she ll frag m e n ts  

ove rly ing  th e  fine r se d im e n t (Table 8.4). The cobb les w e re  

seen to  be heavily encrus ted  w ith  algae, bryozoans and 

sponges. The v ideo  fo o tag e  also s h o w e d  th e  p resence  of 

m aerl In th e  area.

Region B con ta ins  a large part o f th e  Sw anage d isposal 

g round Including th e  n o rth w e s t quadrant w h e re  a large 

proportion  o f th e  m ain tenance  dredged m ateria l d isposal 

takes place. The area cons is ts  p redom inan tly  o f m ob ile  

sand w aves  and ripp les o rien ta ted  at right ang les to  th e  tida l 

ve c to r and an area o f sand ribbons, w h ich  Ile parallel to  th e  
tida l vec to r; th e se  overly  a genera lly  coarser sub s tra tu m . 

An area o f uneven ba thym e try  w as seen w ith in  the  

d isposal ground, w h ich  appears to  re fle c t prev ious d isposal 

ac tiv ity . A t s ta tion  HG3, In th e  n o rth w e s t corner o f th e  

d isposal ground, th e  se d im e n t w a s  sh o w n  to  cons is t o f 

grave lly  m uddy  sand (Table 8.2). No overall sha llow ing  of 

th e  area w a s  seen due to  th e  disposal ac tiv ity .

Region C Is an area o f uneven sea floor w h e re  th e  

underly ing  bedrock con tro ls  th e  topog raphy  o f th e  surface  

se d im e n ts  to  a large e x te n t. A  s lig h tly  deeper channel 
(~2 m) runs th rough  th e  m idd le  o f th e  region In a rough ly 

NE /S W  d irec tion . The area con ta ins areas o f sand ribbons 

parallel w ith  th e  tida l vec to r, pa tches o f m ob ile  sand w aves 

and patches o f sand ripples o rien ta ted  at right angles to  th e

tida l vecto r; th e se  overly  a genera lly  coarser sub s tra tu m . 

The backsca tte r and b a thym e tric  data s h o w  s truc tu re s  

th a t m ay be ree f-fo rm in g  Sabellaria  In th is  area, but our 

know ledge  o f th e  nature and fo rm  o f th e  acous tic  s igna ture  

o f th e se  s truc tu re s  Is lim ited , and fu rth e r g round -tru th lng  

w o u ld  be requ ired  to  con firm  th is  poss ib ility .

Region D cons is ts  o f an ex tens ive  area o f m ob ile  sand 

w aves  and sand ripp les o rien ta ted  at right ang les to  th e  
tida l ve c to r (Figure 8.8); th e se  overly  a genera lly  coarser 

su b s tra tu m . A t both s ta tio ns  GT3 and GT5 th e  se d im e n t 

w a s  seen to  cons is t o f coarse sand w ith  ripp les o f fine  

sand overly ing  th e  coarse sand In patches at s ta tion  GT3 

and occasional cobb les and bou lders at s ta tion  GT5 (Table 

8.4); here th e  underly ing  bedrock begins to  con tro l th e  

topog raphy  o f th e  surface  sed im en ts .

Region E cons is ts  o f an area o f uneven sea floor w ith  raised 

strata  o f underly ing  bedrock th a t ou tc rop  occasionally w ith  

a fe w  pa tches o f sand ripp les and possib le  Isolated sand 

w aves . The ba thym e try  a lso sugges ts  th e  p resence of 

bou lder ree fs In th is  area.

Region F cons is ts  o f a hard fla t subs tra tu m  w ith  patches 

o f s o fte r sed im en t.

Region G cons is ts  o f an uneven area o f exposed bedrock 
and bou lder ree fs w ith  s o fte r se d im e n t cove ring  th e  rock 

In places (Figure 8.9). The g round -tru th lng  v ideo  taken 

at s ta tion  GT6 sh o w e d  th e  presence o f bedrock heavily 

encrus ted  w ith  dead-m an 's  fingers , A lcyo n iu m  d ig ita tum , 

and sponges (Table 8.4).
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_______

Figure 8.8. Exam ple of a 
ba thym etry  im age fro m  
Region D show ing an area 
of m obile  sand w aves and 
ripp les.

Figure 8.9. Exam ple of a 
ba thym etry  im age fro m  
Region G show ing an area of 
b ou ld e r reef.

8.3.3 Benthic m acrofauna
A to ta l o f 128 taxa w e re  Identified  from  s ta tions  HG 1, HG2, 

HG3 and HG4 o f w h ich  43 occurred  on ly  once. Polychaetes 

w e re  th e  dom inan t spec ies  o f w h ich  H a rm o th o e  spp., 

N eph tys  spp., Spiophanes bom byx, N o to m a s tu s  la tericeus, 

Lanice conch ilega  and Thelepus c inc inna tus  w e re  th e  m ost 

abundant. The s lippe r lim pet, Crepidula forn icata , and 

th e  am ph lpod , A m pe lisca  spp., w e re  both p resen t In high 

num bers  at s ta tion  HG1 w ith , respective ly , 519 and 94 

Individuals encoun te red .

S ta tions HG2 and HG3 had reduced average num bers  

o f spec ies  and Individuals com pared  w ith  s ta tions  H G 1 and 

HG4 (F igures 8 .10  and 8.11); one -w ay A N O V A  o f th e  data 

s h o w e d  th e se  d iffe re n ce s  to  be s ign ifican t (p < 0.05).
M ultl-d lm ens lona l sca ling analysis w as p e rfo rm ed  using 

PRIM ER V.5 (Clarke and G orley, 2001) (Figure 8.12). This 

sh o w e d  th a t th e  rep lica tes fro m  each s ta tion  c lus te red  

to g e th e r re la tive ly  c lose ly  but w e re  separated from  th e  

o the r s ta tions . S ta tion  HG3 sh o w e d  a high degree of

variab ility  b e tw e en  rep licates, w h ich  can be an Indicator 

o f d is tu rbance  (W a rw ick  and Clarke, 1993). A na lys is  of 

s im ila rities  (A N O S IM ) (Clarke, 1993) w as p e rfo rm ed  on 

th e  data and th is  co n firm e d  th e  pa ttern  seen In th e  M DS 

plot, nam ely  th a t all s ta tions  w e re  s ign ifica n tly  d iffe re n t 

fro m  each o th e r (p < 0.05) In te rm s  o f specles-abundance  

re la tionsh ips.

The s im ila rity  pe rcen tages  p rogram  (SIM PER) w as  

used to  Ind icate w h ich  taxa con trib u te d  th e  m os t to w a rd s  
s im ila rity  b e tw e en  rep lica tes fro m  w ith in  each sta tion  

(Table 8.5). S ta tion HG3 w as dom ina ted  by c lrra tu llds  and 

cap lte lllds, w h ich  are com m o n ly -c ited  Indicators o f organic 

enrich m en t and d is tu rbance  (Pearson and Rosenberg, 1978). 

The suspended  d e tritu s  feeders , S piophanes b o m b y x  and 

Lanice conch ilega  dom ina ted  s ta tion  HG2; th e se  and o ther 

cha racte ris ing  spec ies  are typ ica l o f exposed  Inshore 

sandy env iro n m e n ts . The reduced dom inance /absence  

o f en rich m e n t/d is tu rb a nce  Indicators su g g es t th a t natural 

In fluences prevail at th is  location.
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Figure 8.10. Mean n u m b e r of species (+s.d.) at each station. Figure 8 .11 . Mean num ber of ind iv iduals (+s.d.) at each station
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HG 2 ▼
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Figure 8.12. MDS plot of species abundance.

Table 8.5. R esults of SIMPER analysis of the benthic data show ing 
average abundance, average s im ila rity , and % con tribu tion , both 
ind iv idua lly  and accum ulatively.

Station Taxonomic group Average abundance Average s im ila rity % contribution Cum ulative %

HG1 Crepidula fornicata 12.16 10.29 18.44 18.44

Nucula 3.83 4.68 8.39 26.82

M aldanidae 3.33 3.66 6.56 33.39

Poecilochaetus serpens 3.18 3.51 6.28 39.67

Notomastus latericeus 3.23 3.14 5.62 45.29

Abra 2.61 2.36 4.22 49.51

Nephtys 2.3 2.27 4.07 53.58

HG2 Spiophanes bombyx 4.88 20.66 42.25 42.25

Lanice conchilega 2.29 8.08 16.53 58.79

Nephtys 1.63 7.44 15.23 74.01

Spio 1.47 5.65 11.56 85.57

Ophelia 0.67 2.06 4.21 89.78

Eumida 0.8 1.25 2.55 92.34

HG3 Caulleriella 1.67 13.81 47.88 47.88

Spio 1.14 8.44 29.27 77.15

Notomastus latericeus 1.14 2.06 7.15 84.3

Ophelia 0.67 1.61 5.59 89.89

Glycera 0.67 1.46 5.05 94.95

HG4 Thelepus cincinnatus 3.66 5.16 13.33 13.33

Kefersteinia 2 3.11 8.04 21.37

Demonax 3.05 2.69 6.96 28.33

M aldanidae 1.57 2.2 5.68 34.02

Amphiura filiform is 1.57 2.2 5.68 39.7
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The g ra b -sa m p lin g  s u rv e y  s h o w e d  th a t s ta tio n  

HG3, s itu a te d  w ith in  th e  d isposa l g round, e xh ib ite d  a 

large b e tw e e n -sa m p le  va riab ility  (F igure 8.12), a fauna 

d o m in a te d  by c ir ra tu lu s  and cap ite llIds  (Table 8.5), and 

a reduced nu m b e r o f spec ies  and Ind iv iduals (F igures 

8 .10  and 8.11), all o f w h ich  are Ind ica to rs  o f d is tu rbance  
(W a rw ick  and C larke, 1993; Pearson and R osenberg, 

1978). Such Ind ica to rs  p rov ide  c lear ev idence  o f th e  

e ffe c ts  o f d isposa l a c tiv ity  a t th is  loca tion . S ta tion  PIG2 

a lso  s h o w e d  reduced  num b e rs  o f spe c ie s  and Ind iv iduals 

bu t no In fluence  o f d e p os ite d  m ate ria l w a s  ev id e n t 

fro m  th e  pa rtic le  size d is tr ib u tio n s . Natura l In fluences 

appeared  to  prevail at th is  loca tion , w h e re  th e  s e d im e n t 

co n s is te d  o f m ed iu m  sand, w h ich  p rov ided  a less d ive rse  

and probab ly  m ore  m ob ile  hab ita t co m pared  to  th e  o th e r 

s ta tio n s . S ta tions  HG1 and PIG4 s h o w e d  no d isce rnab le  

e ffe c ts  o f d isposa l a c tiv ity  Ind ica ting  th e  absence  o f fa r- 

f le ld  con se qu e n ce s  o f th e  d ispe rsa l o f f in e  pa rticu la tes  

under tida l In fluence .

8.5 Conclusion
S urvey w o rk  to  da te  has th e re fo re  Id e n tifie d  loca lised  

Im pa c ts  on th e  b e n th lc  m acro fauna  and s e d im e n ts  

a ris ing  fro m  d redged  m ate ria l d isposa l, bu t th e re  w a s  

no ev idence  o f adve rse  e ffe c ts  a ris ing  fro m  th e  tld a lly  

Induced d ispe rsa l o f f in e r p a rticu la tes  a w ay fro m  th e  

d isposa l s ite . W e  a im  to  co n d uc t a m ore  e x te ns ive  su rvey  

o f th e  area In 2006  to  te s t p re d ic tio n s  co nce rn ing  th e  

lim ita tio n  o f e ffe c ts  o f th e  p lanned Increase In q u a n titie s  

d isposed  o f to  th e  s ite .

: 3 i l i

Figure 8.13. Im ages of Sabellaria  c lum p s  taken fro m  cam era
sledge video footage fro m  Swanage Bay 2005 survey

8.4 Discussion
The ob jec tive  o f th is  account w as  to  provide a p re lim inary 

asse ssm e n t o f th e  nature and e x te n t o f any e ffe c ts  of 

d isposal a c tiv ity  In advance o f a p lanned Increase In th e  

am o u n t o f d redged m ateria l to  be depos ited  at th e  s ite . 
F urther In fo rm ation  on trace  con tam inan ts  and add itiona l 

acous tic  and g round -tru th lng  data w ill be repo rted  at a later 

date.

The acoustic  su rvey Iden tified  large and sm alFscale 

fe a tu re s  caused by bo th  a n th ro p o g e n ic  and natura l 

processes. The resu lts  o f th e  su rvey sugges t th a t the re  

Is som e evidence o f dredged m ateria l d isposal ac tiv ity  

w ith in  th e  con fines o f th e  s ite . These Include areas of 

uneven topography, d isc re te  patches o f m ob ile  sed im en t, 

"d ou g h n u t-s h a p e d " fe a tu re s  caused by Individual d isposal 

even ts  (F igures 8.5 and 8.6) and poorly  so rted  m ixed 

s e d im e n t (Table 8.2). L ittle  evidence  o f se d im e n t d ispersal 

fro m  th e  disposal s ite  w as obse rved  fro m  th e  acoustic  

su rvey w ith  m ob ile  se d im e n t seen on ly  to  th e  sou theas te rn  

m argin o f th e  d isposal g round (Figure 8.5: C).

Seven acoustica lly  d is tin c t reg ions w e re  Identified  and 
described  fro m  th e  m u ltibeam  data. G round-tru th lng  at 

Region A, w e s t o f th e  d isposal ground, Iden tified  th e  

p resence o f m aerl. No ev idence  o f Sabellaria  ree fs w as 

ob ta ined  from  th is  su rvey but our know ledge  o f th e  nature 

and fo rm  o f th e  acous tic  s igna tu re  o f th e se  s truc tu re s  

Is lim ite d  at p resen t. P re lim inary obse rva tions  from  

to w e d  cam era foo tage  taken  In su m m e r 2005 did Iden tify  

aggrega tions o f Sabellaria  tu b es  so u th -w e s t o f th e  d isposal 

g round (Figure 8.13).
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9. Radionuclide 
concentrations in
dredged sediment Author: David McCubbin

9.1 Introduction
In E n g la n d  a n d  W a le s , D e fra  Is s u e s  lic e n c e s  to  o p e ra to rs  

fo r  th e  d is p o s a l o f  d re d g e d  m a te r ia l u n d e r  th e  F o o d  

a n d  E n v iro n m e n t P ro te c t io n  A c t,  1 9 8 5  (G re a t B r ita in  

- P a r lia m e n t, 1 9 8 5 a ). T h e  p ro te c t io n  o f  th e  m a r in e  

e n v ir o n m e n t  Is c o n s id e re d  b e fo re  a l ic e n c e  Is Is s u e d . S in ce  

d re d g e  m a te r ia l m a y  c o n ta in  ra d io a c t iv ity ,  a s s e s s m e n ts  

a re  u n d e r ta k e n , w h e r e  a p p ro p r ia te ,  fo r  a s s u ra n c e  th a t  

th e re  Is n o  s ig n if ic a n t  fo o d c h a ln  o r o th e r  r is k  f ro m  th e  

d is p o s a l.  In 2 0 0 4 , a s p e c if ic  a s s e s s m e n t w a s  c a r r ie d  o u t 

fo r  th e  d is p o s a l o f  s e d im e n t  f ro m  W h ite h a v e n  E la rb o u r 

In C u m b r ia . W h ite h a v e n  H a rb o u r Is k n o w n  to  c o n ta in  

s ig n if ic a n t ly  e n h a n c e d  q u a n t it ie s  o f  a r t i f ic ia l a n d  n a tu ra l 

ra d io n u c lid e s  d u e  to  d is c h a rg e s  fro m  B N F L  S e lla f le ld  

a n d  th e  fo r m e r  M a rc h o n  P ro d u c ts  L td . p h o s p h o r ic  a c id  

p ro d u c t io n  p la n t a t S a lto m  B ay, r e s p e c t iv e ly .  A n o th e r  

s o u rc e  o f  ra d io a c t iv ity  w a s  s p il la g e s  o f  p h o s p h a te  o re  

w h i ls t  u n lo a d in g  s h ip s .

9.2 Materials and methods
S e d im e n ts  c o re s  w e re  c o lle c te d  fro m  a v a r ie ty  o f lo c a tio n s  

to  e n s u re  th e  da ta p ro v id e d  re p re s e n ta t iv e  In fo rm a tio n . 

R a d io n u c lid e  a s s a y  w a s  a c h ie v e d  u s in g  g a m m a -ra y  

s p e c tro m e try  b y  w h ic h  It Is p o s s ib le  to  s im u lta n e o u s ly  

m e a s u re  a w id e  ra n g e  o f  ra d io n u c lid e s  c o m m o n ly  fo u n d  

In ra d io a c tiv e  w a s te s . A d d it io n a l a n a lyse s  fo r  s u p p o rte d  

210Pb w e re  c a rr ie d  o u t by  ra d io c h e m ic a l s e p a ra t io n  and  

a lpha  c o u n tin g  th e  210Po d a u g h te r  p ro d u c t.

9.3 Results and discussion
R esu lts  fro m  th e  s e d im e n t ana lyses are prov ided  In Table 9.1 

T h e  a s s e s s m e n t s h o w e d  th a t th e  Im p ac t o f th e  ra d io a c tiv ity  

a sso c ia te d  w ith  th e  d isposa l op e ra tio n  w a s  lo w  and b e lo w  'd e  

m in im is ' leve ls  o f e xp o su re . 'D e  m in im is ' re la tes  to  do ses  o f 

th e  o rd e r o f 0 .0 1 0  m S v  o r less, and  g u id ance  on e x e m p tio n  

crite ria  fo r  ra d io a c tiv ity  In re la tion  to  sea d isposa l Is ava ilab le  

fro m  th e  In te rna tiona l A to m ic  E nergy A g e n c y  (In te rn a tion a l 

A to m ic  E nergy A g e n cy , 1999, 2003).

Table 9.1. R adioactiv ity in sed im en t dredged fro m  W hitehaven 
H arbour, C um bria, 2004

Area Core No. Depth (m) Radioactivity concentration (dry), Bq kg"1

6°Co 137Cs 154Eu 226Ra
(via 2UPb)111

232Th
(via 228Ac)111

238U

(via 234Th)111
24,Am

A 1 Surface 4.4 640 5.6 110 36 180 660

A 1 1 <1.0 8.6 <2.0 29 31 48 9.0

A 1 2.4 <1.0 <1.0 <2.0 16 17 26 <3.0

A 2 Surface 2.4 5400 20 210 42 380 2400

A 2 1 <1.0 55 <2.0 45 36 91 21

A 2 2 <1.0 7.4 <2.0 31 37 58 7.8

A 3 Surface 5.0 1300 2.9 120 33 360 960

A 3 1 <1.0 110 <2.0 120 36 240 180

A 3 2.3 <1.0 7.5 <2.0 31 35 62 8.0

A 4 Surface 9.0 870 5.9 90 27 190 1200

A 4 1 1.7 5000 14 200 39 480 2100

A 4 2.5 <1.0 970 4.7 170 44 360 1700

B 5 Surface 11 590 6.9 50 30 86 880

B 5 1 2.0 1500 12 110 35 340 1400

B 6 Surface 11 720 7.1 55 35 93 1000

B 6 1 2.3 3700 15 240 43 490 2700

[11 Parent nuclides not d ire c tly  detected by the  m ethod used. Instead, concen tra tions  w ere  estim ated  fro m  levels of th e ir  dau g h te r products.
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10. Distribution of seabed 
litter at coastal and 
offshore sites around 
England and Wales

10.1 Introduction
M arine litte r orig inates from  a varie ty  o f sources, ie shipping, 

tou rism , th e  fish ing  industry, sew age  tre a tm e n t w orks , 

urban run-o ff and oil installations. It varies in type, but p lastic 

is genera lly predom inant (~ 6 0 % -9 0 % , (M P M M G , 2002)) 

because o f its g lobally extensive  use and s lo w  degradability. 

L itte r can circu late in th e  sea fo r long periods o f tim e, 

depending on the  nature o f th e  item , eg its buoyancy. It is 

eventua lly  deposited  and accum ula tes in areas o f seabed 

and beaches know n as lit te r  sinks  (W illiam s e t al., 1993), 

w h ich  m ay be a considerable d istance from  th e  source of 
an item . L itte r genera lly d is in tegra tes over tim e  but som e 

item s such as m etal and plastics m ay persist fo r m any years 

and th is  in fluences th e ir  im pact (UNEP, 1990). Plastics may 

a lso be degraded in to  a lte rnative  substances som e o f w h ich  

m ay add to  the  concerns.

M arine litte r can g ive rise to  num erous adverse e ffe c ts  
inc lud ing; en tang lem en t, ingestion, sm othe ring , transpo rt 

o f invasive species, hab itat rem oval and po ison ing  by 

b reakdow n products  (M E M G , 2002). C onsequently , m arine 

litte r has been m on ito red  fo r m any years and th e re  is 

an abundance o f lite ra tu re  on th e  top ic . E lowever, th e  
m a jo rity  o f m on ito ring  undertaken cons is ts  o f beach and 

estuarine  su rveys or floa ting  debris  but th e  ava ilab ility  of 

data on subm erged  m arine litte r is very lim ited .
There are national and in te rna tiona l regu la to ry  con tro ls  

on litte r in th e  m arine env iro n m e n t. L itte r from  sh ipp ing  is 

con tro lled  under A n n e x  V o f th e  In te rna tiona l C onvention  

fo r th e  Prevention o f Pollu tion fro m  Ships 1973 (M ARPO L), 

w h ils t land sourced  litte r is con tro lled  m ain ly  by th e  

E nv ironm en t A c t 1990, covering  England, S cotland and 
W a les and th e  1994 N orthern  Ireland L itte r order.

Cefas is a C om pe te n t M on ito rin g  A u th o rity  fo r th e  UK 
National M arine  M on ito rin g  P rogram m e (N M M P ). Fish are 

co llec ted  annually under th is  p rog ram m e fo r con tam inan ts  

and b io logica l e ffe c ts  m on ito ring  and in recen t years, th e  

litte r from  each tra w l has been iden tified  and enum era ted  

as part o f th e  sam ple  co llec tion  process. Data fo r 2003 and 

2004 are repo rted  here.

10.2 Methods
N M M P  su rveys  w e re  undertaken at in te rm ed ia te  and 

o ffsh o re  s ites  around England and W ales, in June /Ju ly  

2003 and 2004, using th e  Cefas research vesse ls  Cirolana  
and Cefas Endeavour. Fish w e re  co llec ted  using a G ranton 

tra w l ( -2 5  m spread and 75 m m  m esh w ith  a lin ing in th e

Authors: John Thain and 
Jacqueline Jones

codend). A t each s ta tion , th e  tra w l w a s  to w e d  fo r 30 m in 

a t a speed o f 2 kno ts cove ring  a d is tance  o f 1 nautical m ile  
(1,848 m). L itte r w a s  rem oved  fro m  th e  catch during th e  

so rting  process and all ite m s  w e re  recorded. The num ber 

o f to w s  at each s ta tion  w as variable. L itte r w a s  recorded 

fo r all to w s , how ever, fo r com para tive  purposes, on ly  data 

fro m  th e  firs t 2 to w s  have been assessed.

Data w a s  c lass ifie d  in to  12 ca tego ries , po ly th en e  

shee ting /bags, p lastic, rope and tw in e , m eta l, glass, rubber, 

c lo th , paper/cardboard, po lys tyrene , w ood , san ita ry /sew age  

re lated debris  (SRD) and o ther, w h ich  inc luded item s such 

as shoes and a te lev is io n  se t. The litte r w as quan tified  by 
both th e  num ber o f ite m s  in each ca tegory  and th e  to ta l 

num ber o f item s per s ta tion . The dens ity  o f litte r (no. 
item s/ha) w a s  a lso ca lcu la ted fo r each s ta tion

10.3 Results
L itte r w a s  co llec ted  from  31 N M M P  s ta tio ns  in 2003 and 

26 in 2004. The to ta l num ber o f litte r item s co llec ted  per 
s ta tion  ranged fro m  O to  161.

10.3.1 Density of litte r
The den s ity  o f litte r (num ber o f item s per hectare), w as  
de te rm in e d  fo r each s ta tion  by d iv id ing  th e  to ta l num ber of 

litte r ite m s  per s ta tion  by th e  area traw led :

Area tra w le d  per to w  = Spread o f net x  d is tance  trave lled  

= 25.91 m x  1,848 m 
= 4 .79  ha

The de n s ity  o f litte r ranged from  0 -  16.81 item s/ha  

(Figure 10.1). L itte r dens ities  o f <2 item s/ha  w e re  found  

a t th e  m a jo rity  o f s ta tions . H ow ever, s ig n ifica n tly  h igher 

dens ities  occurred  (m ax im um  values) in C arm arthen Bay 
a t N M M P  s ta tion  616 (16.81 item s/ha), Rye Bay (O uter) 

N M M P  486 (11.17 item s/ha), C e ltic  Deep N M M P  605 

(6.58 item s/ha) and N orth Cardigan Bay N M M P  649 (4.81 

item s/ha).

There w as genera lly  little  year-to-year change in th e  
de n s ity  o f litte r, w ith  th e  excep tion  o f Rye Bay (Outer), 

w h e re  th e  dens ity  rose fro m  0.52 item s/ha  in 2003 to  
11.17 item s/ha  in 2004.

Table 10.1 sh o w s  th e  m ean dens ities  o f litte r by region. 

L o w e s t m ean values w e re  found  in th e  N orth  Sea and 

th e  h ighest in th e  C e ltic  Seas. (Data fo r th e  Channel is 

inconc lus ive  as it is only fo r tw o  s ta tions  in Rye Bay and th e  
b e tw e en  year varia tion at Rye Bay O u te r is ve ry  high).



Figure 10.1. D ensity of L it te r  
at NM M P sites, Ju ne /Ju ly  
2003 and 2004. S tation 
positions are shown in Figure
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s ta tions shown in Figure 10.1.
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Table 10.1. Mean dens ities  of l it te r  in d iffe ren t reg ions around 
England and Wales.

Region Nos. of stations Mean no: item s/ha

2003 2004

N orth Sea 15 0.579 0.620

English Channel 2 6.16 0.992

C eltic  Seas 14 2.47 2.57

10.3.2 Typological analysis
Table 10.2 s h o w s  th e  b reakdow n  o f lit te r  Item s by 

ca tegory. In both years, p lastic  (m ain ly po ly thene  s h e e t/ 

bags) w a s  th e  p redom inant litte r type , con trib u tin g  72%  

and 62%  o f th e  to ta l Item s, In respective  years and w as 

p resen t at 70% -8 0 %  o f all s ta tions. Rope and tw in e  

(12.8%  and 15 .9% ) and m eta  I/foil (8.4%  and 13.4% ) w e re  

th e  second  m os t p reva lent typ e s  and w e re  p resen t at 

-6 0 %  and -3 0 %  o f all s ta tions , respective ly . (N ote: th e  

quan titie s  o f rop e /tw ln e  fo r 2003 are u n deres tim a ted  as
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70 Table 10.2. Q uantities of l it te r  by category, co llected  at NM M P sites 
in 2003 and 2004.

L itte r
type

Poly
sheet
/bag

Plastic Rope/
tw ine

M e ta l/
foil

Glass S an itary Rubber Cloth 

/SRD
Wood C ard /

paper
Poly­
styrene

O ther
(e.g
shoes)

2003 No: Item s 254 37 52 34 0 1 13 11 2 3 1 2

% 62.7 9.1 12.8 8.4 0 0.25 3.2 2.7 0.5 0.74 0.25 0.5

2004 No: Item s 211 39 64 54 12 9 8 0 0 0 5 4

% 52.5 9.5 15.9 13.4 3 2 2 0 0 0 0.7 1

an add itiona l 5 bucke ts  w as co llec ted  at th e  C am arthen 

Bay s ta tion , but not quantified ) The quantities  o f litte r In 

th e  rem ain ing  ca tegories, Includ ing sew a g e  re lated debris, 

w e re  all re la tive ly  lo w  (0 % -4 % ) and w e re  p resen t at a 

m ax im um  o f 28%  o f s ta tions.

10.4 Conclusions/discussion
This Is one o f a lim ited  num ber o f s tud ies  o f seabed litte r 

In UK w a te rs  and th e  firs t s tu d y  o f th e  d is tribu tion  and 

abundance o f seabed litte r at N M M P  s ta tio ns  around 

England and W ales. The resu lts  Indicate th a t litte r Is 

ub iqu itous In UK w a te rs , but at genera lly  lo w  abundances. 

This w o u ld  sugges t th a t th e  m a jo rity  o f th e  litte r w as 

co llec ted  at In te rm ed ia te  po in ts  along litte r pa thw ays 

(M P M M G  2002). The s ign ifica n tly  h igher dens ities  of 
litte r found  at C arm arthen  Bay, N orth  Cardigan Bay, C e ltic  

D eep and Rye Bay, w o u ld  sugges t th a t th e se  are areas

o f accum u la tion , le litte r s inks. This seem s to  su p p ort th e  

fin d in g s  o f Galganl e t al., 2000, w h o  a lso repo rted  s im ila r 

zones o f accum u la tion  In th e  C e ltic  Sea and NE English 

Channel.

W o rk  at H R W a llin g fo rd  on coasta l m an a g e m en t 

sug g es ts  tha t th e  coastline  o f England and W a les  can 

be d iv ided  Into 11 m ajor se d im e n t ce lls and 47 sub-ce lls. 

These cells are de fined  as leng ths o f coastline , w h ich  are 

re la tive ly  se lf-con ta ined  as far as th e  m ove m e n t o f sand 

and sh ing le  Is conce rned . M P M M G , 2002 sug g es ts  th a t 

litte r m ay te n d  to  c ircu la te  In th e se  cells. The s ite s  at 
C arm arthen Bay, N orth  Cardigan Bay and Rye Bay are all 

located w ith in  se d im e n t sub-ce lls, w h ich  w o u ld  seem  to  

su p p o rt th is  hypo thesis .

The cu rren t da taset n o w  covers a period o f 5 years. The 

add itiona l data shou ld  enable us to  va lidate  som e  o f th e  

conc lus ions and hypo thes is  and also to  exp lo re  tren d s  In 

litte r dens ities .



11. Radioactivity in UK 
coastal waters Author: David McCubbin

11.1 Introduction
The UK g o ve rn m e n t is co m m itte d  to  p reven ting  po llu tion  
o f th e  m arine env iro n m e n t fro m  ion is ing radiation, w ith  th e  

u ltim a te  aim  o f reducing  concen tra tions  in th e  env iro n m e n t 

to  near background values fo r natura lly occurring  radioactive 

substances, and c lose to  zero fo r a rtific ia l rad ioactive 

substances (Defra, 2002). T he re fo re  a p rog ram m e of 

su rve illance  in to  th e  d is tribu tion  o f se lec ted  rad ionuclides 

Is m ain ta ined  using research vesse ls  and o th e r m eans 

o f sam p ling . Evidence to  help gauge p rogress to w a rd s  

ach ie ve m e n t o f th e  G o ve rn m e n t's  v is ion fo r  rad ionuclides 

and o the r hazardous substances Is se t out In a recent 

report (M E M G , 2005). The sea w a te r su rveys reported  

here a lso support in te rna tiona l s tu d ie s  concerned  w ith  

th e  qua lity  s ta tus  o f coastal seas (eg OSPAR, 2000) 

and provide in fo rm a tion  th a t can be used to  d is tingu ish  

d iffe re n t sou rces o f m an-m ade rad ioactiv ity  (eg K ershaw  

and Baxter, 1995).

D eta iled  h is torica l data fo r 134Cs and 137Cs In se a w a te r 

have been pub lished In a series  o f reports  so as to  aid 

m odel d e ve lo pm e n t (Cam plin and S tee le , 1991; Baxter et 

al., 1992; Baxter and Cam plin , 1993a-c) and have been 
used to  derive  d ispers ion  fac to rs  fo r nuclear s ite s  (Baxter 

and Cam plin , 1994). The data have a lso been used to  

exam ine  th e  long d is tance  tran sp o rt o f a c tiv ity  to  th e  A rc tic  
(K e rshaw  e t al., 1999) and long-te rm  tren d s  In N orthern  

European seas (Povinec e ta /., 2003).

D ischarges from  Seila fie ld  peaked In th e  m id 1970s. A 

num ber o f coun te r-m easu res  w e re  In troduced, includ ing 

th e  S ite  Ion Exchange E ffluen t Plant (SIXEP, in 1986), 

w h ich  con tro lled  Cs d ischarges, and th e  Enhanced A c tin id e  
Rem oval P lant(EARP, in 1994). E A R P a llo w e d th e tre a tm e n t 

o f m ed ium -active , s to red  liquors, w h ich  also con ta ined  " T c  

- not trea te d  by EARP- and conse qu e n tly  th e se  d ischarges 

(w h ich  are o f lim ited  radio logica l s ign ificance ) rose In 1994. 
E lowever, fo llo w in g  a success fu l tria l o f n e w  aba tem en t 

techno logy , d ischarges once again decreased In 2003 

(M ayall, 2005). D ischarges o f 129l, 90Sr, 14C, 60Co, and 3H 

a lso Increased In th e  m id 1990s, as a resu lt o f operational 

changes at th e  s ite , inc lud ing  th e  s ta rting  up o f th e  Therm al 

O xide R eprocessing Plant (THORP) In 1995.

S tud ies  o f th e  m ig ra tion  behaviour o f " T c  have a ffo rded  

o p p o rtu n itie s  to  subs tan tia te  and extend  th e  in fo rm a tion  

ob ta ine d  fro m  ea rlie r s im ila r s tu d ie s  o f 137Cs. The 

d is tribu tion  o f " T c  In w a te rs  around th e  B ritish Isles prior 

to , and im m e d ia te ly  a fte r, th e  Increased " T c  d ischarges 

(in 1994) ind icated a rapid advectlon  o f " T c  w ith in  and 

fro m  th e  Irish Sea to  th e  north  o f Scotland as com pared  

to  prev ious e s tim a te s  (Leonard e ta /., 1997a,b; M cC ubbin

e t a i,  2002). The su bsequen t transpo rt rate out o f th e  

N orth  Sea and n o rthw a rds  w ith  th e  N orw egian  Coastal 

C urren t and W e s t S p itsbergen  C urren t s lo w e d  m arkedly, 

In apparen t co rrespondence  w ith  varia tions In th e  N orth 
A tla n tic  O scilla tion  (NAO) w in te r  index (K ershaw  e t a i,  

2004).

11.2 Sampling
The research vesse l p rog ram m e on rad ionuclide  d is tribu tion  

cu rre n tly  com prises  an annual su rvey o f th e  B risto l Channel 
to g e th e r w ith  biennial su rveys  o f th e  Irish Sea and th e  

N orth  Sea. Large vo lum e  su rface  se a w a te r sam p les (50 

litres) are co llec ted , using th e  sh ips pum ped  supp ly, during 

cru ises o f th e  Cefas research vesse ls, Cefas E ndeavour 

and Corystes. S urveys o f th e  B risto l Channel, Irish Sea 

and th e  w e s te rn  English Channel w e re  carried ou t In 

S e p te m b e r/O c tob e r 2003 and o f th e  B ris to l Channel, 
N orth  Sea and w e s te rn  English Channel b e tw e en  A u g u s t- 

O c to b er 2004.

11.3 Sample analysis
S am ples w e re  filte re d  (0.45 pm ) to  separate  d isso lved  and 

particu la te  phases. A na lyses o f d isso lved  137Cs invo lved 

pum p ing  filte re d  seaw ater, ac id ified  w ith  n itric  acid, th rough  

cartridges fille d  w ith  ASG resin (am m onium  duodeca- 

m o lybd o p h o sp ha te  on silica gel) to  e x tra c t caes ium . 

A na lyses o f 3H invo lved doub le  d is tilla tion  o f w a te r  sam p les 

under alkaline cond itions  and In th e  p resence o f ho ldback 

carriers to  ensure  chem ica l separation  fro m  all g rav im e tric  

and rad iom e tric  in te rfe rence . Subsam ples o f d is tilla te  w e re  

assayed f o r 3H using a Packard Tri-Carb 2550 TR /LL liquid 
sc in tilla tion  counter.

11.4 Results and discussion
The resu lts  o f th e  se a w a te r surveys are given in F igures 
1 1 ,1(a)-(h).

11.5 137Cs distribution
The Irish Sea 137Cs data (Figure 11.1(a)) Indicate th a t th e  

concen tra tions  obse rved  along a large sec tion  o f th e  British 

coastline , ex tend ing  fro m  Liverpool Bay in th e  sou th  to  th e  

M ull o f G a llow ay in th e  north  (typ ica lly  0 .05-0 .1  Bq kg-1), 

w e re  s ign ifica n tly  g rea te r than  th o se  observed  along th e  

Irish coastline  (typ ica lly 0 .0 05 -0 .0 2  Bq kg-1). The 137Cs 

con tou rs  ex tend  parallel to  th e  Cum brian coastline . The 

overall d is tribu tion  o f 137Cs Is In line w ith  th a t expected



53°

52°

Ü.Ü1

-0 .0 0 5

K e y

• 0.002 to 0.005

• 0.005 to 0.01

• 0.01 to 0.02

• 0.02 to 0.05

• 0.05 to 0.1

• 0.1 to 0.2

54°

52°

0.004

H  Key 
0.002 to 0.004

0.004 to 0.006 

•  0.006 to 0.008

Key 
0.001 to 0.003

K e y 
0.001 to 0.003
0.003 to  0.004

Figure 11.1. A ctiv ities  (Bq k g '1 ] of 137Cs and 3H in surface 
seaw a te r fro m  the  UK con tinen ta l she lf: (a) D issolved 137Cs in the  
Irish  Sea (S eptem ber 2003]; (b) D issolved 137Cs in the  N orth  Sea 
(August 2004]¡ (c) D issolved 137Cs in the  w es te rn  English Channel 
(S eptem ber -  October 2003] and (d) D issolved 137Cs in the  w estern  
English Channel (S eptem ber -  October 2004).
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Figure 11.1. continued. A ctiv ities  (Bq k g '1] o f 137Cs and 3H in 
surface seaw a te r fro m  the  UK con tinen ta l she lf: (e) 3H in the  
Ir ish  Sea (S eptem ber 2003]; (f) ] 3H in the  N orth  Sea (August 
2004]; (g) 3H in the  B ris to l Channel and w es te rn  Eng lish  Channel 
(S eptem ber -  October 2003] and (h) 3H in the  B ris to l Channel and 
w es te rn  English Channel (S eptem ber -  October 2004).
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fro m  our know ledge  o f m ean surface  w a te r c ircu la tion 

In th e  Irish Sea (D ickson, 1987). The p redom inant f lo w  

o f w a te r  Is n o rthw a rd  via Input o f A tla n tic  w a te r  from  St. 

G eorge 's  Channel, passing to  th e  w e s t o f th e  Isle o f M an. 

A  m inor co m p o n e n t o f th e  f lo w  en te rs  th e  eastern  Irish 

Sea to  th e  north  o f A ng le se y  and m oves an tl-c lockw lse  

round th e  Isle o f Man be fore  re jo in ing  th e  m ain f lo w  to  ex it 

th ro u g h  th e  N orth  Channel. The 137Cs activ itie s  observed  

here are on ly  a sm all percen tage o f th o se  preva iling  In 

th e  late 1970s. Levels as high as 30 Bq kg-1 have been 

observed  In th e  v ic in ity  o f th e  Seila fie ld  ou tfa ll (Baxter 

e t al., 1992) during th e  period w h e n  d ischarges from  

S e lla fle ld  w e re  subs tan tia lly  greater. Indeed, d iffe rences  

b e tw e en  th e  137C s /"T c  ratio In Sella fle ld  d ischarges and 
se a w a te r Ind icate th a t 137Cs rem ob lllsa tlon , from  se d im e n ts  

con tam ina ted  by large d ischarges In th e  1970s, Is p resen tly  

th e  p redom inant ( -9 0 % ) source  te rm  to  th e  w a te r co lum n 
(M cC ubb ln  e t a i,  2002).

The 2004  137Cs data fo r th e  N orth  Sea (F igure 1 1 .1(b)) 

s h o w  ve ry  lo w  co n ce n tra tio n s  (<0.01 Bq kg-1) th ro u g h o u t 

th e  su rvey  area th a t are on ly  s lig h tly  above th e  global 

fa llo u t leve ls In N orth  A tla n tic  su rface  w a te rs  ( -0 .0 0 1 2  
Bq kg-1 In 2002, Ballly du Bols pers. co m m .). The 

d is tr ib u tio n  In th e  N orth  Sea Is typ ica l o f th a t obse rved  

In th e  last 5 years. The h ig h e s t co n ce n tra tio n s  w e re  

obse rve d  at tw o  s ta tio n s  s ite s  c lose  to  th e  N o rw eg ian  

coast, due to  th e  Input o f C he rnoby l-de rived  137Cs fro m  

th e  B a ltic  via th e  Skaggerak. In th e  p rev ious th re e  

decades, th e  Im pact o f d ischa rges fro m  th e  rep rocess ing  

p lan ts  at S e lla fle ld  and La Flague has been read ily  

apparen t, ca rried  by th e  p reva iling  residua l cu rre n ts  from  

th e  Irish Sea and th e  C hannel, resp e c tive ly  (Povlnec 

e t a!., 2003). The co n ce n tra tio n s  o f 137Cs In th e  N orth  

Sea have te n d e d  to  fo llo w  th e  te m p o ra l tre n d s  o f th e  

a fo re m e n tio n e d  d ischa rges, a lbe it w ith  a t im e  lag. The 

m ax im u m  d ischarge  o f 137Cs occu rred  at S e lla fle ld  In 

1975 and 137Cs co n ce n tra tio n s  o f up to  0.5 Bq kg-1 

w e re  m easured  In th e  late 1970s. Due to  s ig n ific a n tly  
decreas ing  d ischa rges a fte r 1978, rem o b lllsa tlo n  o f 137Cs 

fro m  co n tam in a te d  s e d im e n ts  In th e  Irish Sea appears to  
be th e  d o m in a n t sou rce  o f w a te r  co n tam in a tio n  fo r  m uch 

o f th e  N orth  Sea (M cC ubb ln  e t al., 2002).

C oncen tra tions In th e  w e s te rn  English Channel (average 

a c tiv ity  0 .002  Bq kg-1) w e re  on ly  s lig h tly  enhanced 

com pared  w ith  th e  background level resu lting  fro m  global 

fa llou t (Figures 11 .1(c) and (d)).

11.6 3H distributions
Levels o f 3FI In th e  Irish Sea (Figure 11(e)) w e re  b e lo w  
th e  lim it o f de tec tion  ( -2  Bq kg-1) over a large p roportion  

o f th e  su rvey area. F low ever, th e  Im pact o f d ischarges 
fro m  S e lla fle ld  and th e  F leysham  nuclear p o w e r plant 

w a s  apparen t a long th e  C um brian and sou the rn  S co ttish  

coastline , ex tend ing  from  M orecam be  Bay In th e  sou th  

to  Luce Bay In th e  north . A long  th is  section , 3FI ac tiv ities  

w e re  In th e  range 5 - 55 Bq kg-1.

The concen tra tions  o f tr it iu m  observed  In th e  N orth 

Sea (Figure 1 1 .1(f)) w e re  also b e lo w  th e  lim it o f de tec tion  
( - 2  Bq kg-1) over m ost o f th e  su rvey area. F low ever, 

s lig h tly  enhanced levels w e re  apparen t a long a part o f th e  

European coastline . These w e re  like ly to  be a resu lt o f 
d ischarges fro m  th e  La Flague nuclear fue l reprocess ing  

p lant In France.

In th e  B ris to l Channel (Figure 11.1(h)), th e  g rea tes t 3FI 

concen tra tions  In 2004 ( - 5  - 8 Bq kg-1) w e re  observed  In 

th e  Severn estuary  to w a rd s  th e  eastern  lim it o f th e  survey 

area. 3FI concen tra tions  decreased rapid ly w ith  d is tance  

d o w n s tre a m  o f th e  po in ts  o f d ischarge (le In a w e s te rly  

d irection). C oncen tra tions at th e  m ou th  o f th e  Bristo l 
Channel w e re  b e lo w  th e  lim it o f de tec tio n  (2 Bq kg-1). 

There w a s  m easureable  e levation  In th e  v ic in ity  o f th e  

F llnkley Point nuclear p o w e r p lant and th e  A m ersham  

rad iopharm aceutica l p lant at C ard iff. The spatia l d is tribu tion  

Is co n s is te n t w ith  conserva tive  d ispers ion  behaviour In th e  

m acrotlda l Severn estuary. Tidal cu rren t speeds genera lly  

exceed 1.5 m s-1 at sp rings and 0.75 m s-1 at neaps, 

m ean ing  th a t w a te r parcels can m ove up to  25 km  during 

a s ing le  flood  or ebb tid e  (Uncles, 1984). S im ila r trends  

w e re  apparent In data fo r 2003 (Figure 1 1 .1(g)), a lbe it th a t 

levels w e re  s lig h tly  enhanced on th e  English s ide close to  

th e  Fllnkley Point p o w e r s ta tion .

11.7 Other radionuclides
C oncen tra tions o f " T c  In sea w a te r are n o w  decreasing, 

fo llo w in g  th e  Ins ta lla tion  o f n e w  e ff lu e n t tre a tm e n t 

p rocedures at Se lla fle ld . The resu lts  o f research cru ises 

Involv ing s tud ies  o f th is  rad ionuclide  have been pub lished 

by Leonard e t al. (1997a and b, 2001, 2004) and M cC ubbln  
e t al. (2002). T rends In p lu to n ium  and a m e ric iu m  

concen tra tions  In th e  se a w a te r o f th e  Irish Sea have been 

cons ide red  by Leonard e t al. (1999). A  fu ll re v ie w  o f th e  

qua lity  s ta tus  o f th e  north  A tla n tic  has been pub lished by 

OSPAR (2000).
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12. Determination of 
volatile organic 
compounds in seawater

12.1 Introduction
Vola tile  organ ic com pounds  (VOCs) are fre q u e n tly  found  

In aquatic  sys te m s  as a resu lt o f Industria l d ischarges and 

fue l p roduction , s to rage  and use. VO Cs are re leased from  
a va rie ty  o f Industria l sources, Including th e  p roduction  and 

use o f so lven ts , adhesives and re frige ran ts  (N lkolaou e ta /., 

2002). For exam ple , ch lo ro fo rm  and 1 ,2 -d lch lo roethane 

are used as fu m ig a n ts , xy lenes are used as so lven ts  

fo r pestic ides, tr lch lo ro e th en e  Is used as a degreaser 

and te tra ch lo roe th e n e  as an Industria l so lven t. O the r 

ha logenated  VO Cs can be fo rm e d  by w a te r tre a tm e n t 

p rocesses th a t use ch lo rine . S pec ific  non-ha logenated 

VO Cs derive  from  fue l usage, w h ich  Includes spills , leaks 

fro m  s to rage  tanks, general handling and th e  use o f petro l 

In veh ic les . A ll o f th e se  sources a llo w  VO Cs en try  Into 

rivers, estuaries  and th e  sea. C oncen tra tions d e tec te d  In 

UK env ironm en ta l w a te rs  can be as lo w  as 10 ng I"1 and 

range to  th e  pigl I-1 level, how ever, a fte r a fue l spill levels 

o f th e  vo la tile , one-ring a rom a tic  com pounds  co llec tive ly  

know n as BTEX (benzene, to luene , e thy lbenzene  and 

xylenes) could be expec ted  to  be m uch h igher and m ay be 

acu te ly  to x ic  to  m arine organ ism s.

12.2 Methods
An analytica l m e thod  has been deve loped fo r th e  de tec tion  
o f VOCs, prim arily  to  enable th e  de te rm in a tion  o f BTEX 

com pounds fo llo w in g  m aritim e  oil sp ills . The m e thod  used 

a purge and trap  sys te m  w h ich  cons is ted  o f a T ekm ar 2016 
au tosam p le r w ith  a Tekm ar 3010 concen tra to r coup led  

to  a gas ch rom atography-m ass sp e c tro m e try  (GC-MS) 

In s trum en t (PolarlsQ T herm o F lnnlgan UK). Know n am oun ts  

o f Internal s tandards (d lch lorobenzene-d4; d lch lo re thane -d4. 

to lu e ne -d 8) w e re  added to  th e  se a w a te r sam ple  a liquo ts  

(25 m l) and th e  sam p les In jected In to th e  purge vesse l. 

A na ly tes  w e re  purged from  th e  purge vesse l fo r 11 m lns 
w ith  he lium  at a f lo w  rate o f 38  m l m ln -1 be fore  a 2 m ln 

d ry purge. The trap  used w as Vocarb 2000 (Supelco, UK) 

w ith  a desorp tion  tim e  o f 4 m lns at 250°C . The analytical 

cond itions  o f th e  G C-M S w e re  as fo llo w s : A  60 m x 
0 .25 m m  I.D. x  1.4 pm film  th ickn e ss  D B 624 co lum n w as 

used (J& W  S cien tific , UK). An Initial te m p e ra tu re  o f 35°C 

w a s  held fo r 3 m lns, Increased to  90°C at 8°C m ln -1, held 

fo r 4 m lns, Increased to  200°C  at 6°C m ln -1 and held fo r 10 

m lns. The M S w a s  opera ted  In fu ll scan m ode fro m  50-180 

D a ltons w ith  a 0 .85 second  cycle  tim e .

Authors: Carole Kelly, Katherine 
Langford and Lisa Johnsey

12.3 Sampling sites
F o llow ing  va lidation o f th is  m e th o d  In th e  laboratory, a sm all 

su rvey o f VO Cs In th e  R iver Tees w as undertaken, w ith  

se a w a te r sam p les being co llec ted  from  s ite s  p rev iously  
sam p led  In 1992 (D aw es and W a ldock, 1994). The 

loca tions as sh o w n  In F igure 12.1.

S am ples (2.5 I) w e re  taken  at a depth  o f 0.5 m using a 

w e ig h te d  W in ch e s te r sam ple r. They w e re  then  decanted  

Into am ber EPA vials (40 ml) w ith o u t headspace or air 

bubbles, sealed w ith  PTFE lined septa, kept In a cool box 

fo r tran s it and re frige ra ted  until requ ired  fo r analysis, w h ich  

w a s  conduc ted  w ith in  48 hours o f co llec tion .

12.4 Results
The concen tra tions  o f th e  se lec ted  VO Cs de te rm in e d  In 

th is  and th e  1992 s tu d y  are p resen ted  In Table 12.1.

12.5 Discussion
The Tees Estuary, as w e ll as supporting  a busy port, Is 

one o f th e  UK's m ost s ign ifican t Industria l areas w ith  

chem ica l and pe tro leum  Industries on both banks. In 

N orth  Teeslde the re  Is a p lant w h ich  w h ich  m anu factu res 

BTEX com pounds, w h ile  on th e  sou th  s ide th e re  Is one of 

th e  la rgest pe trochem ica l p lants In Europe m anu factu ring  

e thy lene , butad iene, p ropylene  and p-xy lene. Both these  

s ite s  are s itu a ted  b e tw e en  th e  Inner and m id sam p ling  

po in ts . N u m ero u s  o th e r po ten tia l VO C sou rces  are 

s itu a ted  along th e  Tees Estuary.

O ver th e  last 10 years, clean up o f th e  estuary  has 

becom e a high p riority . As a result, d irec t d ischarge from  

Industry  w ith o u t prior tre a tm e n t has ceased and genera lly  

th e  VOC concen tra tions  found  w e re  lo w e r than  In our 

prev ious s tudy . C oncen tra tions de te rm in e d  during th e  
1992 su rvey  ranged fro m  11 ,500 ng I"1 fo r ch lo ro fo rm  In th e  

m id  estuary  to  b e lo w  th e  lim it o f de tec tio n  fo r benzene at 

all s ites . In th e  2004 study, m os t com pounds w e re  b e lo w  
th e  lim it o f de tec tio n  o f <10  ng I"1, w ith  th e  excep tion  

o f BTEX, ch lo ro fo rm  and b rom o fo rm , th e  la tte r o f w h ich  

reached 634 ng I-1 at th e  Inshore Tees site .
In 1992 D abho lm  G ut w a s  rece iv ing  both trea te d  

and u n tre a te d  p rim a ry  s e w a g e  e ff lu e n t. F o llow in g  

Im p ro ve m e n ts  It cu rre n tly  rece ives secondary  trea te d  

e fflu e n t from  Bran Sands w a s te w a te r tre a tm e n t w o rks .
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Figure 12.1. Tees sam ple 
locations.

•  Inshore
Estuary 9  
mouth

•  Lower estuary

Mid estuary f

Inner estuary

Kilometres

Table 12.1. C oncentra tions of VOCs (ng I '1] in the  Tees Estuary; 1992 
sam ple  re su lts  com pared to  2004 sam ple  re su lts  (*n r  = not reported).

Compound Inner Tees Mid Tees Lower Tees Estuary Inshore
Estuary Estuary Estuary Mouth Tees

1992 2004 1992 2004 1992 2004 1992 2004 1992 200/

1,1 -dich loroethane 1150 <10 4020 <10 1410 <10 1210 <10 720 <10

ch lo ro fo rm 904 210 11500 186 1490 295 286 289 <10 140

1,1,1-trich loroethane 115 <10 602 <10 94 <10 30 <10 <10 <10

carbon te trach lo ride <25 <10 29 <10 <25 <10 <25 <10 <25 <10

benzene <10 67 <10 34 <10 465 <10 <10 <10 <10

trich lo roe thene 55 <10 269 <10 33 <10 <10 <10 <10 <10

c/s-1 ,3-d ichloropropene nr <10 nr <10 nr <10 nr <10 nr <10

to luene <10 45 61 17 <10 37 <10 <10 <10 <10

trans-1,3-d ich loropropene nr <10 nr <10 nr <10 nr <10 nr <10

1,1,2-trich loroethane nr <10 nr <10 nr <10 nr <10 nr <10

te trach lo roe thene 67 <10 185 <10 34 <10 <10 <10 <10 <10

ethy lbenzene <10 <10 46 <10 <10 <10 <10 <10 <10 <10

p-xylene nr 230 nr 99 nr 249 nr <10 nr <10

o-xylene <10 12 1340 <10 <10 38 <10 <10 <10 <10

brom ofo rm 78 122 101 279 113 243 71 410 63 634

The prov is ion  o f th is  add itiona l tre a tm e n t m ay have 

con trib u te d  to  th e  reduction  in sho rt chain ch lo rina ted  

com pound  concen tra tions  observed  in th e  2004 survey.

C o n ce n tra tio n s  o f BTEX co m p o u n d s  w e re  h ighes t 

a t th e  inner Tees and lo w e r Tees sam p ling  po in ts . The 

increase in BTEX com pounds  de tec te d  m ay be a ttrib u te d  

in part to  th e  increased sh ipp ing  ac tiv ity  in th e  estuary, as 

BTEX com pounds m ay be released during various sh ipp ing  

a c tiv ities , such as tra n sh ip m e n t o f oil and fue l trans fe r.

B ro m o fo rm  w a s  d e te c te d  in h ighe r co n ce n tra tio n s  

than  o th e r com p o u n d s , at th e  Tees m ou th  and th e

inshore  sa m p ling  po in t. This m ay be due to  its lo w e r 

v o la tility , enab ling  it to  trave l fu rth e r  d o w n  th e  es tua ry  

b e fo re  vo la tilisa tio n  in to  th e  a tm o sp h e re . It has a lso 

been su g g e s te d  th a t h igh co n ce n tra tio n s  m ay resu lt 
fro m  d iffu s e  b rom in a tio n  reac tions  ra the r than  d irec t 

d ischa rge , w h ic h  w o u ld  fa vo u r b ro m o fo rm  fo rm a tio n  over 

c h lo ro fo rm .

This s tu d y  has enabled us to  deve lop  and va lidate  a 

m e th o d  o f de te rm in in g  VOC concen tra tions  in w a te r, 

w h ich  w ill prove usefu l in con trib u tin g  to  th e  advice w e  

p rovide  in e m ergency  response  s itua tions.
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13. The detection of HBCD 
and TBBPÂ brominated 
flame retardants in 
estuaries and North Sea
food webs Author: Steven Morris

13.1 Introduction
B ro m in a te d  fla m e  re ta rd a n ts  (BFRs) are used to  

In h ib it c o m b u s tio n  p ro c e s s e s  and are  fo u n d  in 

e le c tro n ic  e q u ip m e n t, p o lys ty re n e  foam , te x tile s  and 
bu ild ing  m a te ria ls . Three  BFRs, d e ca b ro m od lp h e n y l 

e th e r (deca-BD E), te tra b ro m o b ls p h e n o l A  (TBBPA), 

and h e x a b ro m o cyc lo d o d e ca n e  (H BC D ) a cco u n t fo r 

app rox im a te ly  50%  o f th e  w o r ld 's  usage o f BFRs. In 1999, 

9 ,200  t  o f HBCD (OSPAR, 2001) and 13 ,800 t o f TBBPA 
(BSEF, 2000) w e re  used In th e  European Union.

The e n v iro n m e n ta l p resence  o f b ro m in a te d  flam e  

re ta rdants Isa lready w e ll know n, a lthough  env ironm enta l data 

are m ain ly  res tric ted  to  th e  po lyb rom ina ted  d lpheny le the rs . 
W h e re  in fo rm a tion  re lating  to  th e  d is tribu tion  o f HBCD 

exis ts , Its de tec tio n  is s im ila r to  th a t observed  fo r o ther 
BFR fo rm u la tio n s  such  as p e n ta b ro m o d lp h e n y l e th e r 

(penta-BDE) (de Boer e t al., 1998), and th is  a le rted  us

to  a po ten tia l env ironm en ta l concern. W e  deve loped 

analytica l m e thods  fo r th e  de tec tio n  and q uantifica tion  of 

Individual (a-, ß- and y-) HBCD d las te reo lsom ers  as w e ll as 
TBBPA by liqu id ch rom a tography  coup led  to  e lec trosp ray 

ionization, m ass sp e c tro m e try  (LC-ESI-MS). This s tu d y  Is 

th e  firs t o f Its kind to  app ly LC-MS to  th e ir  de tec tio n  and 
q uantita tion , and p resen ts  data describ ing  th e ir d is tribu tion  

am o n g s t b io tic  and ab io tic  aquatic  co m p a rtm e n ts . Further 
in fo rm a tion  can be found  In M orris  e t al. (2004).

13.2 Methods
A sam p le  location m ap o f se d im e n t and biota taken  from  

th e  rivers and estuaries  o f th e  N orth  and Irish Seas, and 

S che ld t basin is p resen ted  In F igure 13.1. S ed im en ts  

w e re  e ithe r co llec ted  by a van Veen grab or by a hand-held 

Day grab. Y e llo w  eels (Anguilla  anguilla) w e re  acqu ired 

by e ithe r e lec tro - or fyke  fish ing  techn iques . Eggs (n =

Skerne

Dublin
HumberMersey

North
Sea

Lobith

Western Keiz
Scheldt

Terneuzen» , \-p«Antwerp 
St. Martens AScheldt
i Appelsselgern > ,
Z< • /  •  ,'Dender 

\  (  Oudewaarde

M e use (

E ijsden

F igure  13.1. Location of sam pling  s ites fo r  biota and sedim ents.
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10) from  th e  com m on  te rn  (S terna hirundo), one sam ple  
o f m ysld  sh rim p  (Crangon crangon), and one o f sand 

goby (P o m a to sch is tu s  m in u tu s ) w e re  taken  In 2001. 

Inve rteb ra tes and fish  w e re  taken  during a research vessel 

(RV Pelagia) cru ise  (1999). Three w h itin g  and a s ing le  

seastar (Asterias rubens) w e re  taken  w ith in  th e  m outh  

o f th e  Tees estuary  (RV Cirolana', 1999). S am ples of 

m arine m am m als  w e re  taken  from  s tranded or by-caught 

Individuals. C orm oran t (Pha lacrocorax carbo) livers w e re  

ob ta ined  b e tw e en  1999 and 2000, and acqu ired  under 

th e  UK 's H om e O ffice  L icense. In fluen ts , e fflu e n ts  and 

se w a g e  s ludges  w e re  taken  In 2002, fro m  se le c te d  

sew a g e  tre a tm e n t w o rks  (STW s) In th e  N etherlands, UK, 

and Eire. In fluen ts  and fina l e fflu e n ts  w e re  filte re d  using 

0.45 pm polyvinyl d isc filte rs  (BDH, D orset, UK) to  obtain 

th e  d isso lved  and particu la te  phases. Leachates from  

landfill s ite s  In rece ip t o f d o m e s tic  w a s te s  w e re  sam p led  

In 2002, and from  nine loca tions In The N etherlands, th ree  

fro m  sou the a s t England, and th ree  from  Eire.

L iqu id-so lid  ex trac tions  using ace tone:n -hexane m ix tu res  

w e re  p e rfo rm ed  on se d im e n ts  and biota. A n a liquo t o f th e  

crude ex trac t w a s  then  shaken w ith  concen tra ted  su lphu ric  

acid to  degrade co-extrac ted  lipid m ateria l and th is  ex trac t 
w a s  added to  a gel perm ea tion  ch rom a tography  sys te m . 

F urther clean up w a s  app lied  using silica gel co lum n 
chrom atography.

A n a ly s is  In vo lve d  liq u id  c h ro m a to g ra p h y -m a s s  

s p e c tro m e try  (LC-M S). A  C18 LC co lum n w a s  used to  

separa te  th e  TBBPA and HBCD analytes. S e lected  Ion 

reco rd in g  o f th e  [M -H ]" Ions w a s  th e n  p e rfo rm e d . 

C oncen tra tions o f th e se  BFRs w e re  de te rm in e d  by externa l 
and Internal quan tifica tion , respective ly , and to ta l (E)HBCD 

values w e re  ob ta ined  by th e  sum m a tio n . The lo w e s t lim its  

o f quan tita tion  fo r th e  HBCDs and TBBPA w e re  0 .15 and

0.05 ng on co lum n, respective ly .

13.3 Results and discussion
Possib le sou rces o f HBCD and TBBPA re leased to  th e  

aquatic  env iro n m e n t Include e fflu e n t d ischarges fro m  STW s 

and leachates fro m  landfill s ites . For UK STW  In fluents, 

e fflu e n ts  and s ludge sam p les and, w h e re  de tec tab le , both 

E H B C D  and TBBPA w e re  p resen t In In fluen ts  and, fo r 

HBCD, levels w e re  m easured  In th e  d isso lved  phase (up 

to  24 ng I-1) as w e ll as th e  particu la te  phase [<4-29  pg kg-1 

dry w e ig h t (d.w .)]. A s a p roduct o f Its hyd roph ilic  nature, 

TBBPA cou ld  also be quan tified  (m ax im um  85 ng I"1) In 

th e  In fluen t d isso lved  phase. Levels o f both E H B C D  and 

TBBPA In th e  d isso lved  and particu la te  phases o f th e  

fina l e fflu e n ts  w e re  b e lo w  th e  lim it o f de tec tio n  and, as

expected , th e se  com pounds  w e re  enriched In se ttle d  
sew a g e  sludges. A  m ax im um  concentra tion  o f EHBCD of 

8.3 m g kg-1 (d.w .) w a s  quan tified  In a secondary  trea ted  

s ludge sam ple  from  Cork, Eire and levels o f TBBPA In 

s ludges w e re  s im ila r to  those  p rev ious ly  found  In S w ed ish  

s ludges (Ö berg e t al., 2002). Release o f HBCD fro m  dust 

(Leonards e t al., 2001) during d o m e s tic  w ash ing  processes 

m ay account, In part, fo r  th e ir  p resence In In fluen ts  and 
STW  sludges. The accum u la tion  o f TBBPA In sew age  

s ludges m ay also be exp la ined by th e  use o f recycled 
th e rm a l paper used In th e  p roduction  o f to ile t paper In 

w h ich  th e  fo rm e r has been sh o w n  to  conta in  free  TBBPA 

(Kuch e t al., 2001). Landfill s ite s  In rece ip t o f w aste , 

Including dust m ateria l, a lso rep resen t po in t sou rces fo r 

th e  d issem ina tion  o f th e se  chem ica ls . H ow ever, th e  

leachates from  th re e  UK repos ito ries  s h o w e d  no ev idence  
o f e ithe r HBCD or TBBPA. It w as on ly  In th e  particu la te  

phase o f D utch leachates th a t EH B C D  and TBBPA w e re  

found , and at concen tra tions  o f 110 and <25 pg kg-1 d .w ., 

respective ly . One leachate sam ple  y ie lded  a m ax im um  

o f 76 m g(EH BC D ) kg-1, and both a - and ß -lsom ers w e re  

p resen t In all D utch landfill sam ples.

13.3.1 HBCD and TBBPA concentrations in 
sedim ents

It w a s  found  th a t E H B C D  w a s  p resen t In all river and 

es tu a rln e  s e d im e n ts  sa m p le d  fro m  th e  UK, B e lg ium  

and th e  N ethe rlands (Table 13.1). The h ighest level 

w a s  d e tec te d  In se d im e n ts  from  th e  River Skerne, N.E. 

England (1.7 m g kg-1 d .w .), and In th e  v ic in ity  o f a s ite  of 

m anu fac tu re  at N e w to n  A yc llffe , C ounty D urham . Levels 

In se d im e n ts  from  th e  R. Rhine w e re  h igher than  those  

found  In th e  R. M euse , and a range o f concentra tions  
fro m  2.3 to  34  pg kg-1 d .w . re fle c te d  th e  Industria l ac tiv ity  

th a t Is p resen t In th e  Rhine basin. The Im pact from  te x tile  

Industries poss ib ly  u tilis ing  HBCD In th e ir  p roducts, as w e ll 
as HBCD production  or p rocessing  fac ilitie s  In th e  v ic in ity , 

w a s  ev iden t In se d im e n ts  fro m  th e  W e s te rn  Scheldt, 
A n tw e rp  harbour, and at severa l lo ca tions a long the  

S che ld t basin In Be lg ium . The 's te re o ls o m e rlc ' d is tribu tion  

In se d im e n ts  w a s  o ften  s im ila r to  th e  pa ttern  o f th e  

com m erc ia l fo rm u la tio n  (Figure 13.2(c) and (d)) In th a t 

y-HBCD p redom ina ted  and a-H BC D  w a s  < 10%  o f th e  sum  

o f th e  th re e  Isom ers. The ß -lsom er w as p resen t In th e  

lo w e s t quantities .

D uring th e  tre a tm e n t o f p roducts  and m ateria ls  w ith  

HBCD, te m p e ra tu re s  o f >160°C  are o ften  app lied and th is  

can cause a the rm a l rearrangem ent and convers ion  of 
y-HBCD, resu lting  In a considerab ly h igher percen tage  of 

a-H BC D  (Peled e t al., 1995). A t som e  locations, c lose to



Table 13.1. Range and mean concen tra tions inc lud ing  one standard 
deviation (1 s.d.] of to ta l l^ lH BC D  and TBBPA in aguatio biota (pg kg"1 ; 
lip id  w e igh t], and sewage, la n d fill leachates and sedim en ts (pg k g '1; 
d ry  w eigh t].

Sample type Location n IHBCD TBBPA

Range Mean ( Is .d . l Range Mean ( Is . i

B iota

Common whelk (whole) North Sea 3 29-47 35 (10) 5.0-96 45 (46)

Sea star (digestive system) W estern Scheldt 3 <30-84 44  (42) <1-2 4 (5 )

Hermit crab (abdomen) North Sea 9 <30 - <1-35 11 (15)

Whiting (muscle) North Sea 3 <73 - <97-245 136 (125)

Cod (liver) North Sea 2 <0.7-50 - <0.3-1.8 -

Hake (liver) Atlantic - S. Ireland 1 <0.6 - <0.2 -

Eel Scheldt basin, Belgium 18 <1.7-33000 2705 (7793) <0.1-13 1.6 (3.2)

Eel Rivers - Netherlands 11 12-850 293 (269) <0.1-1.3 0.3 (0.5)

Cormorant (liver) England 5 138-1320 796 (482) 2.5-14 7.1 (4.5)

Common Tern (eggs) W estern Scheldt 10 330-7100 1501 (1997) <0.9 -

Harbour seal (blubber) W. Wadden Sea 2 63-2055 - < 14 -

Harbour porpoise (blubber) North Sea 4 440-6800 2945 (2920) <11 -

Harbour porpoise (blubber) N. Sea - E. England 5 <5-1019 312 (422) 0.1-418 83 (187)

Sewage

Influent Netherlands 5 <3-570 114 (255) <6.9 -

Effluent Netherlands 5 <0.4-140 48 (67) 3.1-63 42 (24)

Sludge Netherlands 9 <0.4-93 35 (29) 2-600 79 (196)

Influent S.E. England 5 0-29.4 6.3 (13) <3.9-21 .7 7.5 (8)

Effluent S.E. England 5 <3.9 - <3.9 -

Sludge S.E. England 5 531-2683 1401 (814) 15.9-112 59 (41)

Sludge Cork, Ireland 6 153-9120 3322 (3942) <2.4-192 95 (83)

Landfill

Leachate water Netherlands 9 <29-67700 10074 (22788) <6-320 54 (108)

S ed im en ts

Scheldt basin 19 <0.2-260 29 (69) <0.1-67 5.4 (16)

W estern Scheldt 19 <0.1-128 18 (38) < 0 4 -3 .2 1 (1)

Estuarlne + riverine Netherlands 9 <0.5 -34 10 (13) < 0 4 -6 .9 2.2 (2.2)

Estuarlne + riverine England 22 <2.4 -1680 199 (364) <2.4-9750 451 (2077)

Dublin Bay, Ireland 9 <1.7-12 2.9 (5) - -

te x tile  Industries (R. Sche ld t near O udenaarde, Belgium ), 

th e  de tec tio n  o f h igher pe rcen tages o f both th e  a - and 

ß- Isom ers m ay have been related to  use o f th e se  flam e 

inh ib ito rs  in te x tile  m ateria ls . C oncen tra tions o f HBCD 

have been reported  p rev ious ly  (S e lls tröm  and Jansson, 
1995), and its de tec tio n  In fish  from  th e  R iver Vlskan 

(Sw eden) w as also related to  th e  presence o f te x tile  
indus try  upstream  o f th e  sam p ling  location.

D esp ite  th e  h igher p roduction  vo lu m e  o f TBBPA, th is  

com pound  w as found  in som e  but not all sam p les (Table 

13.1), and at subs tan tia lly  lo w e r levels than  EH B C D . 

C oncen tra tions o f TBBPA In D utch and UK se d im e n ts  

ranged from  2 to  9 750 pg kg-1 (d.w .).

13.3.2 Evidence of HBCD bioaccum ulation and 
biom agnification in North Sea food webs

There is ev idence  to  su g g es t th a t b iom agn lflca tion  of 

HBC Ds is occurring  In so m e  co m p o n e n ts  o f th e  N orth 

Sea food  w e b . C oncen tra tions reported  here (Table 13.1) 

have been norm alised  to  th e  lipid w e ig h t (l.w .) o f th e  

o rgan ism . The b ioaccum u la tive  po ten tia l o f EH B C D  w as 

su pported  by ev idence o f b iom agn lflca tion  fro m  m ysid  

sh rim p , via th e  gobii d fish  species, to  eggs o f th e  com m on  
te rn  In th e  W e s te rn  Sche ld t estuary. Tern eggs sh o w e d  

EH B C D  residues ranging fro m  0.3-7.1 m g kg-1 l.w . The 

b iom agn lflca tion  o f E H B C D  Is not a s im p le  p rocess to  

explain s ince, at th e  tro p h ic  levels o f fish  and top -p reda to rs ,
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Figure 13.2. LC-ESI-SIR-M S 
ch rom a tog ram s of HBCD 
d ias te reo isom ers  of (a) 
H arbou r porpoise (Phocoena 
phocoena} b lubber, N orth  
Sea, (b) Sea s ta r (Asterias  
rubens} py lo ric  caeca, N orth  
Sea, (c) r iverine  sed im en t (R. 
S kerne, N.E. England) and (d) 
HBCD com m erc ia l m ixtu re.

(a)

CD
If)C
o
Q_
If)

25 26 27 28 29 30 31 32 33 34 35
Time (min)

a-H BC D  w a s  obse rved  to  dom ina te  th e  s te re o iso m e ric  

p ro file . This can be caused e ithe r by a p re fe rentia l uptake 
o f th e  a -lsom er, or a m uch m ore  rapid e lim ina tion  o f th e  

ß- and y- Isom ers.

Eels taken  at th e  Rhine and S che ld t basin se d im e n t 

sam p ling  locations a lso s h o w e d  high HBCD levels, and a 
m ax im um  concentra tion  o f 33 m g kg-1 l.w . w as found  In 

eels from  th e  S che ld t basin. The s te re o iso m e ric  pro files 

In th e se  o rgan ism s m irro red  th e  obse rva tions fro m  o ther 

biota w h e re b y  a-H BC D  dom ina ted . L iver sam p les o f a 

top -p re da to r seabird, th e  co rm oran t ob ta ined  from  th e  

Tees estuary  in no rtheast England, con ta ined  EH B C D  in 

th e  range o f 0.1-1.3 m g kg-1 l.w ., and th e re  w as a s trong  

p reva lence o f th e  a -iso m e r (>85%  o f EHBCD).

North Sea m acro Inve rteb ra tes  y ie lded  de tec tab le  levels 

o f EH B C D , a lbe it tw o  o rders o f m agn itude  lo w e r than 

th o se  In top -p reda to rs . A  range o f <30-84  pg kg-1 l.w . w as 
found  In th e  sea sta r and o f 29-47 pg kg-1 in th e  com m on  

w h e lk  (B ucc inum  undatum ). Sea s ta rs w e re  also acqu ired 

close to  s ite s  w h e re  HBCD production  cu rren tly  takes 

place (le In th e  Tees estuary  as w e ll as In th e  W e s te rn  

S che ld t). The obse rved  leve ls  and iso m eric  p ro files

(Figure 13.2(b)) In th e se  sen tine l o rgan ism s are possib ly  

Ind ica tive  o f d ispers ion  processes from  localised industria l 

m anu fac tu re  and usage.

The h ighest levels o f EH  BCD (2.1-6.3 m g kg-1) w e re  found 
in th e  liver and b lubber o f lung-breathing, top-preda tors tha t 

cannot e lim ina te  the ir con tam inan t load to  th e  am b ien t 

seaw ater as e ffic ie n tly  as gill-breath ing aquatic organism s. 

Still, these  levels w e re  approx im ate ly  five  tim es  low e r than 

HBCD residues m easured In eels from  th e  Scheldt basin. 

The s te reo isom eric  pro files In harbour porpoise (Phocoena  

phocoena) and harbour seal (Phoca vitu lina) w e re  also 

s trong ly  dom ina ted  by a-H BCD (>80%  o f EH B C D ; Figure 

13.2(a)). It Is In teresting  to  note th a t at tem pe ra tu res  of 

160 to  200°C, the  th ree  HBCD s te reo isom ers can the rm a lly  

rearrange Into each o ther (Peled e t al., 1995). Independent 

o f the  Initial isom eric  com position , th e  final d is tribu tion  is the  

sam e w ith  th e  a-, ß-, and y- s te reo isom ers  accounting  fo r 79 

±  2, 13 ± 1, and 9 ± 1% of the  m ixture , respective ly. Thus, 

th e  m ost abundant isom er de tec ted  In aqueous biota Is also 

th e  m ost the rm odynam ica lly  stable one found at h ighest 
concentra tion a fte r an HBCD m ix tu re  has been sub jected  to  

high tem pera tu res.
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13.3.3 Levels of TBBPA in aquatic organism s
Eels from  th e  Sche ld t sh o w e d  TBBPA values o f up to  

13 pg kg-1 l.w ., w h ich  Is m ore  than  th re e  orders o f m agn itude  
lo w e r than th e  EH B C D  level (33 m g kg-1). TBBPA w a s  also 

d e tec te d  In both co rm oran ts  and porpo ises (R. Tees, UK) 

a lthough levels w e re  again up to  tw o  orders lo w e r than 

th o se  o f HBCD. Thus, th e  re la tive ly  lo w  env ironm en ta l 

concen tra tions  o f TBBPA com pared  to  HBCD m igh t be 

related to  th e  fa c t th a t TBBPA Is chem ica lly  bound to  

th e  po lym er m a trix  o f th e  p roduct In to w h ich  It Is app lied  

(S e ils tröm  and Jansson, 1995). In th is  case, po ten tia l 

em iss ions  to  th e  e n v iro n m e n t o f TBBPA from  products  are 

like ly to  be lim ited  In com parison  to  o th e r BFR com pounds  

such as HBCD and th e  PBDEs, w h ich  are 'm ix e d ' w ith  

th e  po lym er m atrix . A lte rna tive ly , th e  m ore  polar and 

reactive  m olecu la r p roperties  o f TBBPA m igh t resu lt In 
a lo w e r degree o f b ioaccum ula tion . For Instance, th e  

presence  o f th e  pheno lic  groups a llow s d irec t phase-ll 
b io trans fo rm a tion  p rocesses via con jugation  to  g lucu ron ic  

acid or su lpha te  (van Leeuw en  and H erm ens, 1995). In 

add ition  to  th is , TBBPA m ay bind to  o th e r endogenous 

com pounds such as p ro te ins ; and th e se  com p lexes  m igh t 

not be extrac tab le  w ith  th e  app lied m ethodo log ies .

13.A Conclusions
This s tudy  has genera ted  n e w  analytica l data describ ing  th e  

presence  o f Individual HBCD s te re o iso m e rs  and TBBPA In 

S TW  In fluen ts  and e fflu e n ts  and a num ber o f estuarlne, 

fre s h w a te r and se a w a te r o rgan ism s. In con tras t to  

TBBPA, cons ide rab ly  h igher concen tra tions  o f EH B C D  w e re  

d e tec te d  In th e  sam p les. Losses during HBCD production  
or p rocess ing  and, In particu lar, during app lica tion  In 

th e  te x tile  Industry  and residue d ischarge to  local w a te r 

tre a tm e n t fac ilities , m ay cause a local e leva tion  In HBCD 

concentra tions . The re ten tion  and accum u la tion  o f HBCD 

by river and estuarlne  se d im e n ts  as ab io tic  s inks, and th e  

uptake by ben th lc  Invertebra tes  has resu lted  In ev idence  of 
b ioaccum ula tion  at th a t tro p h ic  level, and b iom agn lflca tion  

In th e  ascending  aquatic  food  chain, especia lly  from  fish  to  

m arine m am m als  and fish -ea ting  birds. This s tu d y  d raw s 

s im ila r conc lus ions to  th o se  described  In (Boon e t al., 

2002). There appears to  be a p re fe ren tia l accum u la tion  of 

a-H BC D  In biota, w he re a s  th e  y- s te re o iso m e r dom ina tes 

In sed im en ts , In w h ich  th e  Isom er pa ttern  resem b les tha t 

o f th e  HBCD techn ica l fo rm u la tion .
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14. Comparative evaluation 
of biological indicators
of change in response to „ , c  . .  u  . t D*  r  Authors: Jenny Sneddon, Hubert Rees,
human activities at sea Siân Boyd and Suzanne Ware

14.1 Introduction
M arin e  e n v iro n m e n ta l m a n a g e m e n t d e c is io n s  are 

s tron g ly  in fluenced  by sc ie n tif ic  advice. To assis t in th e  
in te rp re ta tion  and co m m un ica tion  o f find ings  from  ben th ic  

eco log ica l surveys, ind icators have been deve loped  th a t 

u tilise  aspects  o f co m m u n ity  s truc tu re , such as spec ies  

richness and th e  d is tribu tion  o f abundances am ong species, 

in o rder to  sum m arise  changes fo llo w in g  an th ropogen ic  

d is tu rbances.

It is im portan t tha t such m easures should convey the  
necessary in fo rm ation  in a concise and ob jective  w ay 

to  enable reliable decis ions to  be m ade concern ing the 

p ro tection  of th e  env ironm en t. It is accepted that, in 

princip le, env ironm en ta l ind icators shou ld  be accurate, 

sensitive , easily understood  and cost e ffec tive  (Hanson, 

2003; Rees e t al., 2003). In practice, how ever, achieving 

these  criteria p resents a considerable challenge and also 
carries the  risk o f ove rs im p lify ing  com p lex  environm enta l 

s itua tions (Rees e t al., 2003).

W hen in te rp re ting  th e  resu lts o f a d ive rs ity  m easure 

it is im portan t to  recognise tha t it is un like ly tha t only 

an thropogen ic  d isturbances are expressed in the  index. 

The ben th ic  fauna are exposed to  a variety o f spatia lly  and 

tem po ra lly  d iverse natural environm enta l in fluences such 

as current ve locity, w a te r depth and sed im en t partic le size 

(Stark, 1993). The e ffe c ts  o f these  w ill typ ica lly  be re flected  

in th e  resu lts of th e  d ivers ity  m easure, w h ich  m ay com plicate  

th e  in te rp re ta tion  o f th e  an thropogen ic d isturbance under 
investigation . In ind icator applications em ploying  biological 

m easures, it is the re fo re  essentia l to  have a thorough 

understand ing o f th e  prevailing environm enta l cond itions in 

order to  com pensate  fo r the  in fluence o f natural variation, 

and fo r th is  to  be accom panied by sound sam pling design.
The European 'W a te r F ram ew ork ' D irective (European 

C om m unities , 2000) iden tified  the  requ irem en t fo r new  

m ethods to  assess th e  e ffe c ts  o f an thropogen ic d isturbances 

on th e  m arine biota. In response, Borja e t al. (2000) 

fo rm u la ted  the  B iotic C oe ffic ien t (BC), w h ich  is a m easure of 

th e  ecological quality o f so ft-b o tto m  benthos fo r European 

estuarine and coastal env ironm en ts  (Borja e t al., 2003). 

This m easure can be related to  the  B iotic Index (Bl) w h ich  

m easures th e  quality o f th e  ben th ic  habitat from  a scale 

o f 0 (unpollu ted) to  7 (ex trem e ly  polluted) using the  value 

generated by th e  BC.

An a lternative  d ivers ity  m easure w as recently fo rm u la ted  

by W a rw ick  and Clarke (1995) based on th e  branch length 

o f th e  taxonom ic  tree . This m easure assesses th e  level 

o f re latedness o f taxa w ith in  a co m m u n ity  in such a w ay

th a t th e  higher th e  value obtained, th e  greater th e  average 
evo lu tionary d istance be tw een  taxa, and hence th e  greater 

th e  level o f in trins ic  b iodiversity.

Basic in fo rm ation  such as the  num ber o f species and 

individuals can also be an im portan t w a y  o f iden tify ing  the  

e ffe c ts  o f an thropogen ic activ ities on th e  benthos. Pearson 

and Rosenberg (1978) noted th a t " th e  basic quantita tive  

param eters in a lm ost all ben th ic  ecological investigations 

are th e  num ber o f species, the ir abundance, and b iom ass". 

W ith in  a s tab le  ben th ic  com m u n ity , an equ ilib rium  is 

reached and only sm all-scale quantita tive  and qualita tive 
tem pora l changes occur (Pearson and Rosenberg, 1978). It 

fo llo w s  th a t an thropogen ic d is turbances exceeding natural 

variab ility and causing de trim enta l e ffe c ts  m ay be detectab le  

by assessing th e  prim ary s ta tis tics  o f species num ber, 

densities and/or b iomass.
The Shannon-W einer D iversity Index, orig inally developed 

from  in fo rm ation  theo ry  (Shannon and W eaver, 1949) has 

been w id e ly  used in m arine ben th ics tud ies . It isa quantita tive  

m easure o f d iversity, com bin ing  the  a ttribu tes o f species 

richness and evenness (ie th e  apportion ing o f individuals 

am ong the  species) and rem ains an appropria te choice in 

any com parative  evaluations o f ind icator perform ance.

M any o the r un ivaria te  m easures o f data s truc tu re  

are available fo r use in aquatic m on ito ring  p rogram m es 
(eg W a sh in g ton  1984), but a genera l consensus on 

th e ir  use fu lness is lacking. Hence, the re  is a degree of 

uncerta in ty  w hen  decid ing on th e  m ost e ffe c tive  d ivers ity  

m easure to  enable accurate in te rp re ta tion  o f environm enta l 

d is turbances (Danilov and Ekelund, 1999). It is not possible 

to  express every e lem en t o f b iod ivers ity  w ith in  one index 

(W arw ick  and Clarke, 1995) and d iffe rences can occur in 

th e  responses o f environm enta l indicators w hen  applied to  

d iffe re n t an thropogen ic disturbances.

This paper p resen ts  a com para tive  analysis o f se lec ted  

s u m m a ry  m easu res  o f b e n th ic  c o m m u n ity  s tru c tu re  

app lied to  fo u r se ts  o f fie ld  data in o rder to  assess th e ir 

re lative  success in th e  iden tifica tion  o f b io log ica l g rad ients. 

Evaluation o f ind ica to r u tility  is th e re fo re  not exhaustive , 

g iven th e  range o f available m easures, but an im portan t 

goal o f th e  p resen t w o rk  w as to  evo lve an appraisal sys tem  
com b in ing  s c ie n tific  and m anagem ent criteria  govern ing  

e ffe c tive n e ss . Three d redged m ateria l d isposal s ites  

around th e  England and W a les coastline  w e re  investiga ted , 
a long w ith  an aggregate  ex trac tion  s ite  in th e  English 

Channel (Figures 14.1-4), using nine d iffe re n t b io logical 

m easures. The d isposal s ite s  have rece ived m ateria l o f 

varying quantity , qua lity  and freq u e n cy  o f input. A t th e  
aggregate  ex trac tion  s ite  located w ith in  th e  centra l English
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Channel about 2 -  3 M t o f sand and gravel are rem oved 

annually (Boyd and Rees, 2002).

14.2 Methods
N ine m easures o f data s tru c tu re  w e re  evaluated, a num ber 

o f w h ich  w e re  p e rm u ta tions  o f th e  sam e overall Ind icator 

typ e . The fo u r te s t data se ts  w e re  chosen In th e  

know ledge  th a t m odera te  to  s trong  b io logica l g rad ien ts  In 

response  to  an th ropogen ic  ac tiv itie s  w e re  to  be expected . 

The m easures w e re :

1. N um ber o f spec ies  (S)

2. N um ber o f Ind ividuals (N)

3. S hannon-W elner D ive rs ity  Index H '(loge):

k
H '  =  - I  p. loge p .

¡=1

W h e re  p i Is th e  p roportion  o f th e  to ta l coun t aris ing from  

th e  /th species.

4. Average  Taxonom ic  D ive rs ity  A  (Delta):

A = [ 2 5 ^  oW l ] / [  M A M ) / 2 ]

W h e re  th e  double  su m m a tio n  Is over all pairs o f spec ies  

/a n d  j  and N equals th e  to ta l num ber o f Ind ividuals In th e  

sam ple .

5. Average  Taxonom ic  Breadth A + (D elta+):

A+ = [ oo ¡j ] /  [ S(S-1 ) /  2 ]

W h e re  S Is th e  obse rved  num ber o f spec ies  In th e  sam ple  

and th e  double  su m m a tio n  ranges over all pairs / and ƒ of 

th e se  species.

6. Total P hylogenetic  D ive rs ity  SO + (Total PD):

C um ula tive  branch length  o f th e  phy logene tic  tree  linking 

all spec ies  In a given sam ple .

7. Average  P hylogenetic  D ive rs ity  <J>+ (Average PD):

Total P hy logene tic  D ive rs ity  averaged over th e  num ber of 

spec ies  In th e  sam ple .

8. B io tic  C oe ffic ie n t (BC):

{(O x % GI) + (1.5 x  % G il) + (3 x  % G ili) +(4.5 x  % GIV) + 

(6 x  % GV)}/100

W h e re  spec ies  are assigned to  eco log ica l g roups (G I- 

GV) accord ing  to  th e ir  perce ived  s e n s itiv ity  to  organ ic 

e n ric h m e n t (le G I= S pec les  In d iffe re n t to  e n rich m e n t, 

G V =F lrst o rder o p p o rtu n is tic  species).

9. B io tic  Index (Bl) (Borja e t al., 2000):

Site Pollution 
Classification

Biotic
Coefficient

Biotic
Index

Dom inating
Ecological
Group

Benthic
Com m unity
health

Unpolluted 0.0<BC<0.2 0 Normal

Unpolluted 0.2<BC<1.2 1 Impoverlshec

Slightly
Polluted

1,2<BC<3.3 2 III Unbalanced

Meanly
Polluted

3.3<BC<4.3 3 Transitional 
to pollution

Meanly
Polluted

4.3<BC<5.0 4 IV-V Polluted

Heavily
Polluted

5.0<BC<5.5 5 Transitional 
to heavy 
pollution

Heavily
Polluted

5.5<BC<6.0 6 V Heavily
Polluted

Extremely
Polluted

Azoic 7 Azoic Azoic

14.2.1 Rationale for choice of index
The num ber o f spec ies  (S) and Ind ividuals (N) In a sam ple  

rep resen t th e  s im p le s t and m os t w id e ly  used univaria te 

e xp ress ions o f data s truc tu re , w h ile  th e  Shannon-W elner 
D ive rs ity  Index (Shannon and W eaver, 1949) com b ines  th e  

spec ies  richness and dom inance  com p o n e n ts  o f d ive rs ity . 

A ll th re e  w e re  th e re fo re  approp ria te  cho ices fo r th e  

com para tive  asse ssm e n t o f Ind icator u tility . Taxonom ic 

D is tin c tn e ss  and Taxonom ic  D ive rs ity  are recen tly  evo lved 

Indices deve loped  by W a rw ic k  and Clarke (1995) tha t 

m easure  th e  re la tedness o f spec ies  w ith in  a ben th ic  

co m m u n ity  and have th e  desirab le  p rope rty  th a t th e y  are 

re la tive ly  un in fluenced  by sam p ling  e ffo rt. P hylogenetic  

D ivers ity , a m easure  based on to ta l path length  co n s titu tin g  

th e  fu ll ta xo no m ic  tree , Is not Independen t o f sam p ling  

e ffo rt. These novel b iod ive rs ity  m easures appear to  have
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s ign ifican t m erit in eva lua tions o f m arine env ironm enta l 

qua lity  s ta tus.

The A M B I (AZTI M arine  B io tic  Index), deve loped  by 

Borja e t al. (2003), w a s  chosen as It Is th e  m os t recent 
m an ifes ta tion  o f a class o f m easures w h ich  d ra w  heavily 

fro m  em pirica l ev idence o f spec ies  responses to  hum an 

Im pacts, and has th e  po ten tia l fo r w id e r app lica tion in 

env ironm en ta l qua lity  a ssessm en t. S pecies are c lass ified  

in to  one o f five  eco log ica l groups, princ ipa lly  accord ing 

to  th e ir to le rance  to  organ ic en rich m e n t (Pearson and 
R osenberg, 1978). The resu lting  Index Is scaled fro m  0 

(unpo llu ted) to  7 (ex trem e ly  po llu ted) (Borja e t al., 2003). 

The c lass ifica tion  o f species by th e  A M B I In Its p resent 
fo rm , le depend ing  m ain ly  upon th e ir  to le rance  to  varying 

degrees o f organ ic en richm en t, c learly has th e  po ten tia l 

to  m is rep resen t an th ropogen ic  im pacts  aris ing fro m  o ther 

or con found ing  ac tiv ities , and is th e re fo re  appropria te  fo r 

pe rfo rm ance  eva luation  In th e  p resen t s tudy.

14.2.2 Data analysis
Total num ber o f spec ies  (S), to ta l num ber o f Individuals 

(N) and th e  S hannon -W e ine r d iv e rs ity  Index (H 'lo g e) 

w e re  ca lcu la ted fro m  th e  spec ies  abundance m atrices. 

A gg rega tion  files  w e re  com p iled  fo r each s ite  to  enable 

th e  analysis o f th e  ben th ic  m acrofauna using Taxonom ic 

D is tin c tn e ss  m eth o d s  deve loped  by W a rw ick  and Clarke 

(1995). For th e  m arine B io tic  Index, spec ies  w e re  a llocated 

to  each o f five  eco log ica l g roups em p loy ing  a list com p iled  

by Borja e t al. (2003); th e  % abundances o f th e se  groups 

w e re  then  de te rm in e d  to  pe rm it Index ca lcu la tion. The 

A M B I va lues fo r  all rep lica tes w e re  ca lcu la ted, and then  a 
m ean value fo r each s ta tion  w a s  ob ta ined  in o rder to  avoid 

an am b iguous resu lt (Borja e t al., 2003). The BC value 

w a s  then  used to  derive  th e  B io tic  Index value, w h ich  m ay 

range from  0 to  7.

The A nderson-D arling  s ta tis tic  w a s  used to  de te rm ine  

no rm a lity  o f th e  residua ls and B a rtle tt 's  and Levene 's  

te s t w a s  used to  te s t fo r h o m o g e n e ity  o f variance. 

A na lys is  o f Variance (ANO VA) w a s  used to  te s t fo r 

s ign ifican t d iffe re n ce s  b e tw e en  s ta tions . T ukey 's  m u ltip le  

com parisons te s t w as used in pa lr-w lse  com parisons of 

s ta tions . A ll un ivaria te  analyses w e re  carried out using th e  

s o ftw a re  package M ln ltab .

To com p lem en t in te rp re ta tions o f the  data based upon 

univariate m easures, non-m etrlc  m ulti-d im ensiona l scaling 

o rd inations o f th e  In ter-sam ple re lationships w e re  conducted, 

using th e  Bray-Curtis s im ila rity  m easure applied to  fou rth - 

root trans fo rm ed  abundance data. A ll m ultivaria te  analyses 

w e re  perfo rm ed  using th e  so ftw a re  package PRIMER.

14.2.3 Scoring of indicator attribu tes
A score  o f 1 (poor) - 5 (good) w as a lloca ted  to  each 

m easure  accord ing  to  its pe rfo rm ance  aga inst criteria  fo r 

a good ind ica to r as Iden tified  by ICES (2001), nam ely th a t 

it shou ld  be:

•  re la tive ly  easy to  understand  by non -sc ien tis ts  and o ther 

users:

•  sens itive  to  a m anageable  hum an activ ity ;

•  re la tive ly  t ig h t ly  linked in space and t im e  to  th a t 
activ ity ;

•  responsive  prim arily  to  a hum an ac tiv ity , w ith  lo w  

respons iveness to  o the r causes o f change;

•  easily and accu ra te ly  m easured, w ith  a lo w  erro r rate.

A lthough  u ltim a te ly  a su b jec tive  exerc ise, th e se  scores 

w e re  a lloca ted  fo llo w in g  a critica l eva luation o f th e  ou tcom e  

o f A N O V A  and m u ltiva ria te  (M D S ) ana lys is  fo r each 

location. For visual com parisons, th e  data w e re  expressed  

as th e  com b ined  o u tp u t from  c lus te r analyses by d ive rs ity  

m easure  and by a ttribu te .

14.2.4 S ite description
Four data se ts  fro m  Cefas su rveys at dredged m ateria l 

d isposal and aggrega te  extrac tion  s ites  around th e  UK 

w e re  analysed using a se lec tion  o f d iffe re n t m easures.

Aggregate extraction: English Channel
Data from  a su rvey conduc ted  in 2000 at an extrac tion  s ite  

(area 351) o ff  th e  Isle o f W ig h t, sou the rn  England, w e re  

em p loyed . A b o u t 2 - 3 M t o f m arine sand and gravel had 

been extrac ted  annually in th e  period prior to  th e  survey 

(Boyd and Rees, 2002). The s ite  ex tends to  10 - 20 m 

depth  and tida l cu rren t ve loc itie s  are m ode ra te ly  s trong  

(In excess o f 1 m s-1; see Boyd and Rees, 2002 fo r fu rth e r 

details).

Dredged m ateria l/so lid  industria l w aste disposal o ff 
the Tyne estuary
A 1992 data se t fro m  th e  north -east coast o f England 

encom passed  tw o  sites, licensed under th e  UK Food and 

E nv ironm en t P ro tection  A c t (Part II, 1985), fo r th e  disposal 

o f so lid  w as te s . This inc luded (at tha t tim e ) m lnes tone  

and ta ilings  fro m  co llie ries, f ly  ash fro m  p o w e r s ta tions  

and dredged m ateria l fro m  estuaries. The d isposal s ites  

in th is  area w e re  located at app rox im a te ly  40 m depth  and 

w e re  th e re fo re  re la tive ly  she lte re d  from  w ave  action. Tidal 

cu rren t ve loc itie s  are also re la tive ly  lo w  (0.3 m s-1) (see 

Rees and R ow la tt, 1994 fo r fu rth e r details).
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Figure 14.1. Aggregate 
extraction  area 351 and 
location of sam pling  sta tions 
(t=1, t500=2, 11000=3, 
t2000=4, t5000=5). Isle of Wight

\S tu d y

Area 122/3

Boundaries of 
aggregate extraction

icences

Area 351

kilometres

Dredged m ateria l d isposal at Roughs Tower (outer 
Thames estuary)
Data from  a su rvey conduc ted  in 2001 at th e  Roughs 

T ow e r d isposal s ite  w e re  analysed. This s ite  rece ived 

about 32 m illion  w e t to n n e s  o f d redged m ateria l w ith in  

a tw o -ye a r period prior to  its e ffe c tive  c losure  in M arch 

2000. It is located in sh a llo w  w a te rs  o f 10-20 m depth  

and experiences m odera te ly  s trong  tida l cu rren ts  th a t can 

reach m ore than  1 m s-1 during sp ring  tid e s  (Rees e t al., 
2002 ).

Dredged m ateria l d isposal in Liverpool Bay
Data from  a survey conduc ted  in 1991 at a d redg ings 

d isposal s ite  in L iverpoo l Bay w e re  se le c te d  fo r analysis 

The s ite  had rece ived 2 - 3 M t o f m ud and sand annually 

s ince  1982 (S om erfie ld  e t al., 1995). This location is 

s h a llo w  (10 m) and is exposed to  w ave  action  principa lly 

fro m  w e s te rly  to  no rthe rly  w in d s ; tida l cu rren t ve loc itie s  

reach up to  0 .8  m s-1 (see S om erfie ld  et al., 1995 fo r fu rth e r 

details).

14.3 Results
14.3.1 English Channel - aggregate extraction  

site
Macrofauna assemblage structure
The num erica lly  dom inan t spec ies  at th e  s ta tio ns  located 

w ith in  th e  area o f In tensive  ex trac tion  ac tiv ity  included th e  

crustaceans Balanus crenatus  and E lm in ius m odestus, th e  

am ph lpod  Lep toche irus  h irsu tim anus  and th e  annelid  w o rm  

Polycirrus. The assem blage s tru c tu re  d iffe re d  ou ts ide  th e  
e x trac tion  zone, as sh o w n  by th e  separation  o f s ites  in

kilometres

Figure 14.2. D isposal s ites o ff the R iver Tyne and sam pling  
sta tions.
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Figure K .3 . Roughs Tower 
disposa l site and location of 
sam pling  sta tions.

Study
areaFelixstoweHarwich

Roughs Tower 
disposal site

kilometres

th e  M D S p lo t o f F igure 14.5 and w a s  dom ina ted  by the  

gastropod Crepidula forn icata , th e  bivalve Nucula nucleus, 

th e  po lychaetes  P om atoce ros  lam arck i and Sabellaria  

sp inu losa  and th e  crustacean Pisidea long icorn is . Further 

deta ils  are g iven In Boyd and Rees (2002).

Ind icator measures
The se le c te d  m easu res  revea led  In co n s is te n c ie s  In 

response to  aggrega te  extrac tion  activ itie s  (Table 14.1).

The d is tribu tion  o f num bers  o f spec ies  am ong the  

sta tions  su pported  th e  separation o f th e  Im pacted  s ites  

from  th o se  ou ts ide  th e  sphere  o f Im pact In th e  M DS 

ord ination p lo t (Figure 14.5). Thus num bers  o f species 

w e re  s ig n ifica n tly  g rea te r at th e  area ou ts ide  th e  extrac tion  

s ite  than th e  area o f In tense dredg ing  a c tiv ity  w ith in  

It (F=12.69, d f= 4 , p<0.001). This w a s  also th e  case 

fo r th e  S hannon-W elner D ive rs ity  Index (F=38.45, d f=4,

p<0.001).

The num ber o f Ind ividuals also d iffe re d  am ong s ta tions 

(F=4 .47, d f= 4 , p = 0 .014 ) w ith  p a irw ise  com p a riso n s  

Ind ica ting  s ig n ific a n tly  g rea te r num b e rs  o f Ind iv iduals 

at s ta tion  3 than at s ta tion  5. This w a s  a resu lt o f the  

p resence o f large num bers  o f Balanus crenatus, w h ich  

had th e  e ffe c t o f m asking  th e  o th e rw ise  Im poverished 
fauna p resent w ith in  th e  ex trac tion  s ite  com pared  w ith  

e lse w h e re  (see Boyd and Rees, 2002).

V a lues o f A ve ra g e  T a xo n o m ic  B read th  (A+) w e re  

s ign ifica n tly  d iffe re n t b e tw e en  s ta tions  (F=3.75, d f=4 , 

p=0.026) w ith  pa irw ise  com parisons Ind icating  s ign ifican tly  

h igher va lues at s ta tio ns  1 and 3 than  at s ta tion  5. Thus the  

g rea te r A verage  Taxonom ic  Breadth at th e  Inner s ta tions 

s h o w s  th a t th e  assem blage cons is ts  o f m ore  d is tan tly

•  1 i
ly.

*
I Study

0 0.5 1
 1________i________ I

kilometres

Figure 1 UM. L iverpool Bay dredged m a te ria l d isposa l site Z 
and location of sam pling  stations.



Table 14.1. Mean values fo r  univariate m easures of m acrofaunal sta tus th rough an area exposed to tra ile r  suction hopper dredging.

Station S N H’(loge) Delta Delta+ Av. PD Total PD BC Bl

1 20 1593 0.30 7.3 89.4 65.3 1289 1.50 2

2 13 446 0.82 30.8 87.4 72.1 906 1.66 2

3 37 2027 0.44 11.2 89.1 59.7 2161 1.54 2

4 68 433 3.02 75.8 87.0 50.6 3403 1.79 2

5 51 330 2.99 74.0 84.4 49.9 2497 1.40 2

Stress: 0.12

■  3 4▲ 1 ▼ 2 •  5

Figure 14.5. N on -p a ram e tric  m u lti-d im e n s io n a l scaling 
ord ina tion  derived from  abundance data fo r  m acrofauna l 
species at a site exposed to tra ile r  suction hopper dredging. 
The key iden tifies  d istances in m etres from  the centre of 
ex trac tion  ac tiv ity  11 =0m, 2=500m, 3=1000m , 4=2000m 
5=5000m).

re lated spec ies  and can be regarded as m ore  b lod lverse  

than  s ta tio ns  ou ts ide  th e  extrac tion  area. A  s im ila r resu lt 

Is ob ta ined  from  A verage P hy logene tic  D ive rs ity  (F = 11.56, 

d f= 4 , p<0.001), le th e  average con tribu tion  th a t each 

spec ies  m akes to  th e  to ta l tre e  length. Va lues o f th is  

d ive rs ity  m easure are s ign ifica n tly  g rea te r at s ta tio ns  1 and 

2 than at s ta tions  4 and 5. These m easures sugges t th a t 

th e  residual ben th ic  assem blage  has becom e In trinsica lly 

m ore  b lod lverse  as a resu lt o f th e  ex trac tion  process, 

perhaps as a resu lt o f a change In hab itat s truc tu re . This 
m ay be con tras ted  w ith  an overall reduction  In th e  num bers  

o f spec ies  w ith in  th e  dredg ing  s ite .

Va lues o f th e  B io tic  C oe ffic ie n t w e re  not s ign ifican tly  

d iffe re n t am ong s ta tions  along th e  tran se c t. The th ree  

s ite s  w ith in  th e  aggrega te  extrac tion  area have e leva ted  

n um bers  o f th e  g roup  II spec ies  Balanus crenatus, w h ich  

are Ind iffe ren t to  en rich m e n t accord ing to  th e  spec ies  list 

deve loped  by Borja e t al. (2003) and, accord ing to  Borja et 

al. (2000), are a lw ays p resent at lo w  dens ities  w ith  non­

s ign ifican t varia tions w ith  tim e . This Is a lso th e  case fo r 

th e  G roup III spec ies  Lep toche irus  h irsu tim anus, w h ich  

Is recorded as being to le ra n t o f excess organ ic m a tte r 
e n rich m e n t. Such spec ies  m ay occu r under norm al 

cond itions, but th e ir  popu la tions are s tim u la te d  by organ ic 

en rich m e n t and s lig h tly  pe rtu rbed  env ironm en ta l cond itions 

(Borja e t al., 2000).

A lthough  th e re  w e re  no s ign ifican t d iffe re n ce s  In th e  

B io tic  C o e ffic ie n t b e tw e en  sta tions, s ta tion  5 has th e  lo w e s t 

m ean value. T here fo re  th is  s ta tion  m igh t be In te rp re ted  to  

be th e  least In fluenced by ex trac tion  p rocesses, as It Is 

fu rth e s t aw ay fro m  th e  ac tiv ity . H ow ever, th e  second 

fu rth e s t s ta tion  from  th e  ex trac tion  area has th e  h ighest 

m ean BC w h ich  sug g es ts  th a t th is  s ite  has a faunal 

com p o s itio n  Ind icative o f th e  m os t po llu ted  s ite  along th e  

transec t.

Va lues o f th e  co rrespond ing  Bl Ind icate th a t th e re  are 

no de tec tab le  d iffe re n ce s  b e tw e en  s ta tio ns  as all are 

c lass ified  as having an Ecological G roup o f 2 ( 's ligh tly  

po llu ted '). This Index th e re fo re  lacks th e  ab ility  to  ex trac t 

g rad ien ts  from  th e  data th a t are ev iden t w h e n  using th e  
num ber o f spec ies  and th e  S hannon-W iener Index w h ich , 

m ore  obviously , s h o w  decreased d ive rs ity  at s ta tions  
w ith in  th e  ex trac tion  area.

Sum m ary
The univaria te m easures o f num ber o f spec ies  and th e  

S hannon-W elner D ive rs ity  Index w e re  th e  m os t capable 

o f all th e  Indices te s te d  to  d e tec t g rad ien ts  along th e  

tran se c t at th e  English Channel aggregate  ex trac tion  site , 

com parab le  w ith  th o se  Iden tified  by Boyd and Rees (2002). 

The A verage Taxonom ic  D ive rs ity  (A) Index a lso sh o w e d  

th a t an Im pact had occurred  w ith in  th e  ex trac tion  s ite . 

A verage Taxonom ic  Breadth (A+), Average P hylogenetic  

D ive rs ity  and th e  m arine B io tic  Index e ithe r fa iled  to  

s h o w  an Im pact at th e  s ite  or s h o w e d  th a t a pos itive  (le 

apparen tly  benefic ia l) Im pact had occurred.

14.3.2 North Tyne and S outer Point - dredged  
m ateria l, co lliery  w aste and fly ash 
disposal sites

Macrofauna assemblage structure
The M DS ordination (Figure 14.6) sh o w s  th a t s ta tions 2 and 

7 from  w ith in  the  disposal s ites are m ost w id e ly  separated 

from  th e  o ther s ta tions. This Is due principally to  co lliery 

w a s te  d isposal activ ities at these  sta tions w h ich  has resulted 
In th e  dep le tion  o f fauna resulting In a high level o f biological 

d iss im ila rity . S tations 3 and 4 are bio logically d iss im ilar to  

o ther s ta tions, as dem onstra ted  by th e ir separation on the 

M DS plot. These s ta tions are located, respective ly, w ith in  

and ju s t to  th e  sou th  o f th e  N orth Tyne disposal site, and 

are likely to  have been Im pacted by th e  disposal activ ities  In 

th e  area. The th ird  pair o f d iss im ilar s ta tions (1 and 5) are 

located at e ither end o f th e  transect th rough the  N orth Tyne
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Stress: 0.05
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Figure 14.6. N on -p a ram e tric  m u lt¡-d ¡m ens¡ona l scaling 
ord ina tion  derived fro m  abundance data fo r  m acrofauna l species 
along a tra n se c t exposed to dredged m ate ria l, co llie ry  waste 
and fly  ash d isposa l o ff the Tyne estuary, NE England (pooled 
sam ples per sta tion!.

disposal s ite  (Rees and Row latt, 1994). S tations 6, 8, 9, 10 

and 11, w h ich  fo rm  a d iscre te  group to  th e  right o f th e  plot, 

w e re  dom ina ted  by th e  m ollusc  Thyasira flexuosa  and the  

annelid Prionospio  spp. The species com position  Is s im ilar 

at these  s ta tions as show n  by th e  close grouping on the  

M DS ord ination. These sta tions are located at and to  e ither 

s ide o f the  Souter Point (outer) disposal s ite  and suggest 

th a t th e  m acrofauna have not been adverse ly a ffec ted  by 

th e  disposal o f m aintenance dredg ings and o ther Inputs 

to  th is  site, w h ich  are m ainly concentra ted  at th e  Inshore 
boundary.

Ind icator measures
A one-w ay A N O V A  Indicated tha t th e re  w e re  s ign ifican t 

d iffe re n ce s  in species num ber be tw e en  certa in  s ta tions  

(F=8 .01, d f = 10, p = 0 .001 ) w ith  pa irw ise  com p a riso n s  

ind ica ting  s ign ifica n tly  lo w e r num bers  o f spec ies  at s ta tion  

7 than at s ta tions  5, 6, 8, 9 a n d  10. In add ition , th e  num bers  

o f species at s ta tio ns  2 and 3 w e re  s ign ifica n tly  lo w e r than 

a t s ta tions  6 and 8. S ta tions 2 and 3 are located w ith in  a 

d redged m ateria l and co llie ry  w a s te  disposal s ite , w h ich  

a lso rece ived fly  ash until 1990. S ta tion 7 Is at th e  w e s te rn  

edge o f a d redged m ateria l and co llie ry  w a s te  disposal 

s ite , w h ich  w a s  also a fly  ash disposal s ite  until 1990. 

There is ev idence  th a t th e  m a jo rity  o f d isposal ac tiv ity  to o k  

place here (Rees and R ow la tt, 1994). The lo w  num ber of 

spec ies  at th e se  s ites  can be exp la ined by th e  w a s te  th a t 

th e se  s ta tions  have rece ived, though  an add itiona l fac to r 

w a s  th e  d iff ic u lty  o f ob ta in ing  adequate  sam p les by Day 

grab, on account o f th e  coarse depos it found  here (Rees 

and R ow la tt, 1994).

S ign ifican t d iffe re n ce s  in dens ities  w e re  also presen t 

am ong s ta tions  (F = 11.42, d f = 10, p<0.001 ) w ith  s ign ifican tly  

g rea te r num bers  o f Ind ividuals p resen t at s ta tion  6 than  at 

all o th e r s ta tio ns  and s ig n ifica n tly  g rea te r num bers  of 

Ind ividuals at s ta tion  9 than  at s ta tions  3 and 7 (Table 
14.2).

For th e  S hannon-W einer D ive rs ity  Index, s ign ifican t 

d iffe re n ce s  w e re  also apparen t b e tw e en  s ta tions  (F=5.70, 

d f = 10, p=0.004). Pa irw ise com parisons ind ica ted  th a t 

va lues o f th e  Index w e re  s ign ifica n tly  reduced at s ta tion  7, 

w ith in  th e  S oute r Point d isposal s ite , com pared  to  s ta tions  

1, 4, 6, 8, 9, 10 and 11.

Table 14.2. Mean va lues fo r  un ivaria te  m easures of m acro fauna l s ta tus  derived fro m  a tra n se c t th rough  tw o d isposa l s ites off the  NE coast of 
England in receipt o f dredged m a te ria l, c o llie ry  w aste  and fly  ash.

Station S N H’(loge) Delta Delta+ Av. PD Total PD BC Bl

1 31 152 2.82 82.2 86.7 62.9 1742 1.36 2

2 15 37 2.38 81.3 89.5 71.8 933 2.23 2

3 19 64 2.46 80.5 85.8 69.0 1039 1.67 2

4 23 75 2.81 82.5 87.3 67.2 1333 1.50 2

5 36 169 2.99 75.1 85.6 58.2 1775 1.66 2

6 48 334 3.27 82.1 87.5 56.5 2483 1.61 2

7 10 45 1.58 65.8 89.0 78.8 667 1.11 1

8 48 172 3.17 81.8 87.1 59.5 2583 1.67 2

9 38 213 2.59 79.5 87.8 59.3 2017 2.25 2

10 43 194 3.15 80.7 88.4 58.4 2275 1.79 2

11 29 96 2.84 77.4 84.1 59.8 1583 2.11 2
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Values o f Average Taxonom ic D ivers ity  (A) do not provide 

ev idence o f a s ign ifican t Im pact at th e  d isposal s ites 

(F=2.46, d f = 10, p=0.078). This Is also th e  case fo r m easures 

o f Average Taxonom ic Breadth (F=0.48, d f = 10, p=0.870). 

A lthough  th e  s ta tio ns  w ith in  th e  disposal s ite s  have been 

sh o w n  to  have an Im poverished  spec ies  num ber and low e r 

S hannon-W e lne r d ive rs ity  com pared  to  o the r s ta tions, th e y  

are not s ig n ifica n tly  less taxonom lca lly  d ive rse  than  o ther 

s ta tio ns  th a t do not rece ive  w a s te  m ateria l.

The Total P hylogenetic  D ive rs ity  sh o w s  th a t s ign ifican t 

d iffe re n ce s  ex is t b e tw e en  s ta tio ns  along th e  Tyne tran se c t 

(F=8.65, d f=  10, p=0.001). These d iffe re n ce s  correspond 
w ith  th o se  sh o w n  In th e  M D S ord ina tion  p lot. S ta tion 6 

has a s ign ifica n tly  g rea te r to ta l ta xo no m ic  tre e  length  than 

7 and s ta tio ns  6 and 8 have a s ign ifica n tly  g rea te r Total 

P hy logene tic  D ive rs ity  than s ta tions  2 and 3. This m easure 

sh o w s  th a t th e  d isposal ac tiv itie s  at s ta tions  2, 3 and 7 

have resu lted  In a faunal com pos ition  th a t Is less d iverse 
than  th e  su rround ing  area.

There are no apparent d iffe re n ce s  b e tw e en  s ta tions  fo r 

th e  B io tic  C oe ffic ie n t (BC). F low ever, s ta tio ns  2 and 9 had 

th e  h ighest BC values, su gges ting  th a t th e  fauna at these  

s ite s  m igh t be Indicative o f th e  m os t o rgan ica lly-enriched 

cond itions, em p loy ing  th e  criteria  o f Borja e t al. (2003). 

These s ta tions  are located w ith in  d isposal s ite s  w h ich  

have rece ived  re la tive ly  large quan titie s  o f m ain tenance  

d redg ings fro m  th e  urban ised Tyne estuary, In add ition  

to  co llie ry  w a s te  and f ly  ash. The fauna at th e se  s ites  

are dom ina ted  by spec ies  c lassed by Borja e t al. (2000) 

as second o rder o p p o rtu n is tic  spec ies  p resen t In s ligh tly  

p e rtu rbed  habitats. F low ever, s ta tion  8, w h ich  Is located 

w ith in  th e  sam e dredged m ateria l d isposal s ite  as 9, has a 
lo w e r BC o f 1.67 and a faunal com pos ition  dom ina ted  by 

spec ies  classed by Borja e t al. (2000) as th o se  sens itive  

to  o rgan ic  e n ric h m e n t and p re se n t under u n po llu ted  
cond itions. In add ition, s ta tion  7, located In an area w h ich  

rece ived  s ign ifican t quantities  o f co llie ry  w a s te  and fly  

ash In add ition  to  d redged m ateria l, has th e  lo w e s t BC of 

1.11 and Is dom ina ted  by spec ies  c lass ified  by Borja e t al. 

(2000) as Ind ica tive  o f an unpo llu ted  habitat.

This resu lt con trad ic ts  th a t fro m  use o f th e  Shannon- 
W e ln e r D ive rs ity  Index w h ich  sh o w s  s ta tion  7 to  have 

th e  lo w e s t level o f d ive rs ity  and sug g es ts  th a t th e  s ite  

has been negative ly  Im pacted  by th e  d isposal opera tions. 

This Is supported  by th e  observa tions o f Rees and R ow la tt 

(1994) on th e  accum u la tions o f so lid  w a s te s  (especia lly 

m lnes tone  and ta ilings) at th is  location, accom pan ied  by 

an Im poverished b en th ic  assem blage . W h ile  th is  Is clearly 

not re fle c te d  In th e  B io tic  C o e ffic ie n t or th e  correspond ing  

B io tic  Index, w h ich  actua lly  sug g es ts  th a t It Is th e  least 

In fluenced by d isposal p ractices along th e  transec t, th e  lo w

num bers  and dens ities  o f species p resen t m ay be a factor, 

s ince  th e  robustness o f th is  Index m ay be com p ro m ised  

under such c ircum stances  (Borja e t al., 2003).

Sum m ary
The Indicator m easures at th e  Tyne w h ich  best expressed  

local Im pacts aris ing fro m  so lid  w a s te  d isposal w e re  th e  

num ber o f species, th e  n um ber o f Individuals, th e  Shannon- 

W e ln e r Index and th e  Total P hy logenetic  D ivers ity . The 

o the r m easures did not s h o w  any s ign ifican t d iffe rences  

b e tw e en  s ta tions  at and aw ay from  th e  cen tres  o f d isposal 

ac tiv ity .

14.3.3 Roughs Tower - dredged m ateria l 
disposal site

Macrofauna assemblage structure
There Is s ign ifican t w ith in -a n d  be tw e en -s ta tlo n  variab ility  In 
th e  num bers  o f taxa resu lting  p rim arily  fro m  a com b ina tion  

o f natural and d isposa l-induced variab ility  In subs tra tum  

typ e  (Rees e ta l., 2002). The re la tionsh ips be tw e en  s ta tions  

along th e  tran se c t are sh o w n  In th e  M D S ord ina tion  of 

F igure 14.7. S ta tions w ith in  and nearest to  th e  d isposal s ite  

and th o se  to  th e  sou th  w e re  dom ina ted  by th e  po lychaete  

Lanice conch ilega  (excep t s ta tion  6, w h e re  It w as  absent). 

S ta tion  1, w h ich  Is fu rth e s t north  fro m  th e  d isposal site , 

and s ta tion  6, w e re  found  to  support appreciab le  dens ities  

o f th e  m olluscs Nucula nucleus  and Abra alba. The tw o  

s o u th e rn m o s t s ta tions, 7 and 8, have a s im ila r ben th ic  

assem blage  dom ina ted  by th e  annelids Polydora caeca, 

P om atoceros lam arck i and Sabellaria sp inulosa, th e  m o llusc 

A bra  alba and th e  en ¡darla n Actin iaria .

Stress: 0.04
7

8

4

5

2

3

Figure 14.7. N on -p a ram e trlc  m u ltl-d lm e n s lo n a l scaling 
ord ina tion  derived fro m  averaged abundance data fo r 
m acrofauna l species at sta tions along a transect th rough  the 
Roughs Tower dredged m a te ria l d isposal site.
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Ind icator Measures
A one-w ay A N O V A  d e tec te d  th a t th e re  w e re  s ign ifican t 

d iffe re n c e s  in num bers  o f spec ies  b e tw e e n  s ta tio ns  

(F=4 .51 , d f= 7 , p = 0 .006 ) w ith  su b s e q u e n t p a irw ise  

com parisons ind ica ting  g rea te r num bers  o f spec ies  at 
s ta tion  7, th e  second m os t so u the rly  s ta tion, than  at 

s ta tio ns  2, 3, 4, 5 and 6. The num bers  o f spec ies  have 

th e re fo re  declined  w ith in  and su rround ing  th e  d isposal 

s ite  as a resu lt o f th e  large quan tity  o f d redged m ateria l 

d isposed o f th e re  (Table 14.3).

There are s ign ifican t d iffe re n ce s  in num ber o f ind iv iduals 

b e tw e en  s ta tions  (F=8.00, d f=7 , p<0.001) w ith  grea te r 

num bers  at s ta tion  4 th a n  at s ta tions  1, 2, 3, 5 and 6, w h ich  

can be accounted  fo r by th e  p rese n ce  o f  ¡arge num bers  o f  

ju v e n ile  Lanice conch ilega (Rees e ta !., 2002). This spec ies  

can occur natura lly at high dens ities  in re la tive ly  exposed 
sh a llo w  w a te rs , and m ay act as a p ioneer co lon ise r w h ich , 

th ro u g h  sh o rt-te rm  stab ilisa tion  o f th e  hab itat fo llo w in g  th e  

cons tru c tio n  o f a n e tw o rk  o f tubes, p rom o te s  th e  survival 

o f o the r spec ies  (Eagle, 1975).

Values o f th e  S hannon-W elner Index vary s ign ifican tly  

am ong s ta tions  (F=7.86, d f= 7 , p<0.001) w ith  pa irw ise  

com parisons ind ica ting  th a t d ive rs ity  Is g rea te r at s ta tion  

1 than at s ta tions  4 and 5, and g rea te r at s ta tion  7 than at 

3, 4, and 5. This d ive rs ity  m easure th e re fo re  Indicates th e  

p resence o f an im pact w ith in  th e  d isposal area.

Average  Taxonom ic  D ive rs ity  (A) is a lso s ign ifican tly  

d iffe re n t am ong s ta tio ns  (F=6.49, d f=7 , p=0.001) w ith  

pa irw ise  com parisons iden tify ing  s ign ifica n tly  h igher values 

at s ta tions  1 and 7 than at s ta tio ns  4 and 5. The resu lts  

em p loy ing  th is  m easure  correspond  w ith  th o se  fro m  th e

S hannon-W elner Index, ind ica ting  th a t th e  assem blage 

w ith in  th e  d isposal area Is less b io log ica lly  d ive rse  than  at 

th e  s ta tio ns  fu rth e s t from  th e  disposal s ite .

T here  are  no s ig n if ic a n t d iffe re n c e s  In A ve ra g e  
T axonom ic  B read th  (A+) b e tw e e n  s ta tio n s  a long th e  

tra n s e c t (F = 0.94, d f= 7 , p= 0.504 ). The Tota l P hy logene tic  

D ive rs ity  d iffe rs  s ig n ific a n tly  a m ong  s ta tio n s  (F=4.10, 

d f= 7 , p= 0 .009 ) w ith  s ig n ific a n tly  g rea te r va lues obse rved  

a t s ta tio n  7 re la tive  to  s ta tio n s  2, 3, 5 and 6, le th e  fauna 

th e re  e x h ib its  a s ig n if ic a n tly  g re a te r ta x o n o m ic  tre e  
leng th .

Values o f th e  B io tic  C o e ffic ie n t do not provide ev idence  

o f a 'p o llu te d ' hab ita t at th e  Roughs T ow e r d isposal s ite . 

S ta tions 2 and 6 at e ithe r s ide  o f th e  d isposal s ite  have a 

s ign ifica n tly  lo w e r BC than s ta tion  7. These s ta tions  have 

a Bl o f 1, ind ica tive  o f an unpo llu ted  habitat. H ow ever, all 
o the r s ites  Including th e  d isposal area have a Bl o f 2 w h ich , 

accord ing  to  Borja e t al. (2000), re flec ts  a s lig h tly  po llu ted  

hab itat w ith  a species com pos ition  to le ra n t to  excess 

organ ic  m a tte r en richm en t.

Sum m ary
The num ber o f species, th e  S hannon-W einer D ive rs ity  

Index, T a xo n o m ic  D ive rs ity , and Tota l P hy lo g e n e tic  

D ive rs ity  ind ica te  th a t th e re  is an Im pact at th e  disposal 

s ite  as ev idenced by a reduction  In va lues o f these  

m easures. H ow ever, th e  Average Taxonom ic  D is tinc tness  

and th e  A verage P hylogenetic  D ive rs ity  s h o w  no s ign ifican t 

d iffe re n ce s  be tw e en  s ta tions . Values o f th e  BC and Bl do 

not d isc rim ina te  be tw e en  Im pacted  and no t-so-im pacted  

s ta tions.

Table 14.3. Mean va lues fo r  univaria te  m easures of m acrofauna l s ta tus derived from  a transect th rough  the  Roughs Tower dredged m a te ria l 
d isposa l site.

Station S N H’(loge) Delta Delta+ Av. PD Total PD BC Bl

1 18 93 2.02 71.2 87.2 69.9 1133 1.29 2

2 12 103 1.19 48.1 82.6 72.9 761 1.12 1

3 12 276 0.88 41.1 88.8 72.8 811 1.48 2

4 16 836 0.33 10.6 86.7 71.0 950 1.52 2

5 12 210 0.54 19.0 90.5 78.5 761 1.69 2

6 9 56 1.32 52.0 88.3 74.4 644 0.93 1

7 39 499 1.95 63.2 88.1 63.4 2139 1.99 2

8 28 415 1.39 42.9 85.4 65.5 1650 1.33 2
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14.3.4 Liverpool Bay - dredged m ate ria l disposal 
site

M acrofauna assemblage structure
The annelid  Lagis ko re n i and th e  m o llusc  M yse lla  b iden ta ta  

dom ina te  th e  ben th ic  co m m u n itie s  w ith in  and su rround ing  

th e  d isposal s ite . O th e r spec ies  such as th e  m o llusc  

Fabulina fabula  and th e  annelid  species Spiophanes b o m b y x  

and M age lona  m irabilis, and th e  cnldarlan Edwardsia, are 

a lso p resen t at high densities.

The ord ina tion  o f fo u rth -ro o t tra n s fo rm e d  m acrofauna 

data (Figure 14.8) separates s ta tions  4 and 5 taken  from  

w ith in  th e  d isposal s ite  from  s ta tions  2, 3, 6 and 7. S tation 

1, to  th e  north  o f th e  disposal s ite , Is separa ted  from  th e  

o th e r s ta tions, su gges ting  th e  In fluence  o f som e  o ther 

env ironm en ta l fa c to r (see S om erfie ld  e t al., 1995).

Ind icator measures
Table 14.4 sum m a rise s  tren d s  In Ind ica tor m easures along 

th e  tran se c t. A  one-w ay A N O V A  d e tec te d  s ign ifican t 

d iffe re n ce s  b e tw e en  num ber o f species across th e  tran se c t 

(F = 11.68, d f=6 , p<0.001). P a irw ise com parisons Identified  

s ign ifica n tly  lo w e r num bers  o f spec ies  w ith in  th e  d isposal 

s ite  (s ta tions 4 and 5) than  e lsew he re .

N u m be rs  o f Ind iv iduals w e re  s ig n ifica n tly  d iffe re n t 

am ong s ta tions  (F=18.24, DF=6, P <0 .001 ) w ith  values 

obse rved  to  be g rea te r at s ta tion  1 than at s ta tions  5 and 

7. A lso , num bers  o f Ind ividuals w e re  s ign ifica n tly  grea te r 
at s ta tion  4 than at s ta tion  2, 3, 5, 6 and 7, on account o f 

high dens ities  o f th e  po lychaete  Lagis k o re n i (S om erfie ld  

e ta !., 1995).

Va lues o f th e  S hannon-W elner In d e xd lffe re d  s ign ifican tly  

am ong s ta tio ns  (F=25.43, d f=6 , p<0.001) w ith  pa irw ise  

com parisons sh o w in g  th a t th e  d ive rs ity  a t s ta tion  4, w ith in  

th e  d isposal s ite , Is s ign ifica n tly  lo w e r than  e lsew he re . 

A lso , s ta tion  1 has a s ig n ifica n tly  lo w e r d ive rs ity  than 

s ta tio ns  3 and 7.

F igure  14.8. N on -p a ram e tr ic  m u lti-d im e n s io n a l scaling 
o rd ina tion  of species abundance data at s ta tions  along a 
tra n se c t th ro u gh  the  L ive rpoo l Bay dredged m a te ria l d isposa l 
site.

Sim ilarly, th e  A verage  Taxonom ic  D ive rs ity  (A) d iffe re d  

s ig n ifica n tly  am ong s ta tio ns  (F = 19.09, d f= 6 , p<0.001) 
w ith  s ig n ifica n tly  lo w e r va lues at s ta tion  4, w ith in  th e  

disposal s ite , re lative  to  th e  su rround ing  area. S ign ifican t 

d iffe re n ce s  w e re  de tec te d  In A verage T axonom ic  Breadth 

am ong  s ta tio ns  (F=8.00, d f= 6 , p= < 0 .0 0 1 ) w ith  lo w e r 

va lues obse rved  at s ta tion  5 re la tive  to  all o thers  exc lud ing  
s ta tion  4.

No s ig n ifica n t d iffe re n ce s  In A ve rage  P hy logene tic  

D ive rs ity  w e re  d e tec te d  am ong s ta tions  (F=2.25, d f=6 , 

p= 0 .0 7 8 ). F low ever, s ig n ific a n t d iffe re n c e s  In Tota l 

P hy logene tic  D ive rs ity  w e re  apparen t am ong  s ta tions  

(F = 16.93, d f= 6 , p<0.001) and th e  d iffe re n ce s  observed  
m atch tren d s  In th e  num ber o f species, Shannon-W elner 

D ive rs ity  and T axonom ic  D ive rs ity , sh o w in g  th a t th e  

ta xo no m ic  tree  length  Is s ign ifica n tly  g rea te r at s ites  

o u ts ide  th e  d isposal s ite .

Table 14.4. M ean va lues fo r  un ivaria te  m easures of m acro fauna l s ta tus  derived fro m  a tra n se c t th rough  dredged m a te ria l d isposa l s ite  Z in 
L ive rpoo l Bay.

Station S N H'lloge] Delta Delta+ Av. PD Total PD BC Bl

1 39 885 2.31 70.5 87.3 57.7 2017 0.56 1

2 46 570 2.82 76.0 87.6 56.0 2321 1.12 1

3 46 580 2.92 77.3 88.4 54.8 2313 1.21 2

4 30 1301 1.40 56.5 85.5 58.9 1563 0.22 1

5 30 448 2.15 70.0 83.8 56.8 1533 0.49 1

6 42 686 2.70 73.5 86.8 56.2 2150 1.11 1

7 48 424 3.07 78.9 88.1 55.6 2417 1.51 2
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The B io tic  C o e ffic ie n t m atches changes in H ' but th e  

values are th e  reverse  o f expecta tion . Thus, s ta tions  4 

and 5 w o u ld  appear to  be th e  least po llu ted  as re flec ted  in 

th e  values o f th e  derived  Bl. The m ain reason fo r th is  is 

th a t Lagis koreni, w h ich  cou ld  be classed as an opportun is t 

in th e  Inner L iverpoo l Bay area, w as (at th e  t im e  o f th e  

p resen t analysis) des ignated  as re la tive ly  sens itive  to  

po llu tion  in th e  spec ies  to le rance  list underly ing  th e  B io tic  

C oe ffic ie n t. Thus, th e  derived  B io tic  Index does not 

c learly d isc rim ina te  be tw e en  s ta tions  at and aw ay from  

th e  d isposal s ite . In fact, both s ta tio ns  w ith in  th e  d isposal 

s ite  have an eco log ica l g roup  o f 1 tha t Is rep resen ta tive  of 

an assem blage  In an unpollu ted  habitat. This Is due to  th e  

s ite  supporting  large num bers  o f Lagis k o re n i and M yse lla  

b iden ta ta  w h ich  are both c lassed as g roup  1 spec ies  

by Borja e t al. (2000), le th e y  are p resum ed to  be very 

se ns itive  to  organ ic en rich m e n t and are genera lly  found  

under unpo llu ted  cond itions. H ow ever, a s tu d y  by Rees e t 

al. (1992b) found  Lagis ko re n i to  be capable o f success fu lly  

co lon is ing  d is tu rbed  substra ta  and w as  th e re fo re  a useful 

Ind icator o f Im pacts at or near to  th e  dredged m ateria l 

d isposal s ite .

Even though  th e  s ta tio ns  have a s im ila r d ive rs ity  as 

sh o w n  by th e  A verage Taxonom ic  Breadth, th e  s ta tions  

do not exh ib it th e  sam e apportion ing  o f ind iv idua ls am ong 

th e  spec ies  groups. Thus d iffe re n ce s  In th e  dom inance  

co m p o n e n t o f d ive rs ity  ex is t be tw e en  th e  s ta tions, as 
sh o w n  by th e  S hannon-W elner Index and th e  Average 

Taxonom ic  D ive rs ity  (A), th a t are not ev iden t from  th e  

A verage Taxonom ic  Breadth (A+) alone.

Sum m ary
Values o f th e  Bl su g g es t th a t th e  spec ies  com pos ition  

at s ta tio ns  4 and 5 re flec ts  unpo llu ted  cond itions. There 

appear to  be no de trim e n ta l organ ic en rich m e n t e ffe c ts  

at th e  s ite  o f d redged m ateria l d isposal. H ow ever, o ther 

Ind icator m easures dem o n s tra te  th a t th e re  Is a s ign ifican t 

Im pact on d ive rs ity  at th e se  s ites, w h ich  is like ly to  be 

a d irec t resu lt o f th e  d isposal ac tiv ity . There Is som e 

ev idence  to  su g g es t th a t th e  response m ay re flec t a 

com b ina tion  o f physical d is tu rbance  and th e  presence 

o f e leva ted  organ ic carbon associa ted  w ith  d ispers ing  

particu la tes (Rees e t al., 1992b).

14.3.5 Environm ental indicator attributes
The env ironm en ta l Ind ica tors w e re  scored  on a scale o f 1 
(poor) to  5 (good) accord ing to  criteria  w h ich , in sum m ary, 

requ ired  th a t an ind ica to r shou ld  be: understandab le  (to 

non-specla llsts), se ns itive  (to m anageable hum an activ ity), 

linked (w ith  th e  e ffe c ts  o f spe c ific  activ ities), responsive  

(largely to  hum an im pacts) and sub je c t to  lo w  erro r (along 
w ith  ease o f m easurem ent). Scoring o f certa in  criteria, 

Including s e n s itiv ity  and respons iveness to  a given im pact, 

can be su pported  by robust s ta tis tica l analysis resu lting  in a 

high level o f con fidence  In th e  su bsequen t score  assigned 

to  a given m etric . H ow ever, it Is recogn ised  th a t certa in 

criteria , such as com m un icab lllty , are m ore  sub jec tive  

and are, th u s , h igh ly  de p en d a n t on th e  e xp e rience  

and background o f th e  ind ividual ass ign ing  th e  scores. 

R e finem en t o f th e  scoring  process fo r th e  m ore  sub jec tive  
crite ria  is cu rre n tly  rece iv ing  a tte n tio n  th ro u g h  w id e r 

consu lta tion  o f re levan t parties (le regu la to ry  advisors as 

w e ll as eco log is ts) (W are e t al., In prep.).

C luster analysis w as em ployed as a convenient w ay 
o f displaying the  ou tcom e (Figure 14.9). Interpretation 

necessarily depends upon an overall judgem en t across the 

som e tim es  'co m p e tin g ' dem ands of the  attributes, since no 

Indicator w as an unqualified success across all. A lthough not 

a ttem pted  here, there  m ay be m erit In fu rthe r w e igh ting  of 

these  a ttribu tes w h ile  accepting that, as w ith  the  raw  scores, 

th is  m ight vary according to  the  em phasis In s tudy objectives. 

Given the  sub jective  nature o f th is  exercise, w e  do not 

consider such bias to  be unreasonable, provided that It Is 

openly stated. Thus, In our scoring o f attributes, w e  placed a 

conscious prem ium  on ease of understanding (and hence the 

facility  to  com m unica te  to  non-speclallsts), In recognition of 

the  need fo r m ore e ffec tive  science/m anagem ent Interactions 

and public accountability fo r regulated activities.

The best overall env ironm en ta l Ind icators at th e  English 

Channel aggregate  ex trac tion  s ite  (Figure 14.9(a)) appeared 

to  be th e  num ber o f spec ies  and th e  S hannon-W e lne r Index 

and, to  a lesser degree, A verage  Taxonom ic  D ivers ity . Total 

P hy logene tic  D ivers ity , B io tic  C oe ffic ien t, B io tic  Index, 

n um ber o f ind ividuals, Average Taxonom ic  Breadth and 

A verage P hy logenetic  D ive rs ity  w e re  genera lly  d e fic ie n t In 

th e ir  pe rfo rm ance  aga inst a num ber o f key a ttrib u te s  and 

w e re , accord ing ly , a lloca ted  p ropo rtiona te ly  lo w e r scores.
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F igure  14.9. Outcome of c lu s te r analysis o f scores fo r  b io log ica l m easures 
aga inst perfo rm ance  a ttr ib u te s , (a) Eng lish  Channel aggregate extraction  
s ite ; (b] Tyne dredged m a te ria l d isposa l s ites; (c) Roughs Tower dredged 
m a te ria l d isposa l site; (d) L iverpool Bay dredged m a te ria l d isposa l site.
The size of the  c irc les  correspond w ith  the  score awarded to  the  ind ica to r 
a ttr ib u te , ie the  la rg e r the  c irc le , the  b e tte r the  perfo rm ance  of the  ind ica to r 
fo r  the  a ttr ib u te  being considered.
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A t th e  Tyne dredged m ateria l d isposal s ite s  (Figure 

14.9(b)), th e  Tota l P hy logene tic  D ive rs ity , nu m b e r o f 
species, th e  S hannon-W elner Index and th e  num ber of 

Ind ividuals w e re  best able to  Iden tify  Im pacts w ith in  th e  

areas o f d redged m ateria l d isposal ac tiv ity . The Average 

P h y lo g e n e tic  D ive rs ity , A ve rage  T axo n o m ic  D ive rs ity , 

A verage Taxonom ic  Breadth and th e  A M B I fa iled  to  Iden tify  

s ign ifican t d iffe re n ce s  be tw e en  th e  Im pacted  s ite s  and th e  
su rround ing  area.

The o u tcom e  fo r th e  Roughs T ow e r dredged m ateria l 

d isposal s ite  (Figure 14.9(c)) Ind icates th a t th e  num ber 

o f species, Average Taxonom ic  D ivers ity , th e  Shannon- 

W e ln e r Index and Total P hylogenetic  D ive rs ity  pe rfo rm ed  

w e ll fo r se n s itiv ity . The m os t responsive  Ind icators w e re  

A verage T axonom ic  D ivers ity , th e  S hannon-W elner Index 

and Total P hylogenetic  D ivers ity . The num ber o f spec ies  

and th e  n um ber o f Ind ividuals w e re  also cons ide red  to  

be responsive  to  th e  d is tu rbance . The B io tic  C oe ffic ien t, 

B io tic  Index, Average  P hy logene tic  D ive rs ity  and Average  

T axonom ic  Breadth w e re  regarded as having poor se n s itiv ity  

and respons iveness and w e re  not cons ide red  to  be linked 

to  th e  an th ro p o g en ic  d is tu rbance  under Investiga tion . 

This Is rep resen ted  by th e  sm a lle r c irc les In th e  c lus te r 
d iagram .

The S hannon-W e lne r Index and th e  num ber o f spec ies  

w e re  m os t able to  d e tec t th e  occu rrence  o f Im pacts at 

th e  L iverpool Bay dredged m ateria l d isposal s ite  (Figure 

14.9(d)). The Average  Taxonom ic  D ivers ity , th e  num ber of 

Ind ividuals and th e  Total P hy logene tic  D ive rs ity  m easures 

also p e rfo rm ed  re la tive ly  w e ll. The A verage P hylogenetic  

D ivers ity , Average  Taxonom ic  B readth and th e  A M B I did 

not adequa te ly  d isc rim ina te  b e tw e en  s ta tions  In fluenced 

by dredged m ateria l d isposal a c tiv ity  and th o se  nearby.

F igure 14.10(a) sh o w s  th e  sum  o f scores a lloca ted  to  

th e  Indices fo r all d redged m ateria l d isposal s ites . The 

n um ber o f spec ies  rece ived th e  h ighest cum u la tive  score, 

re fle c tin g  good pe rfo rm ance  aga inst criteria  Im portan t fo r 

th e  co m m un ica tion  o f fin d in g s  to  non-specla lls ts  and fo r 

dec ls lon-m aklng . O the r Indices th a t p e rfo rm ed  re la tive ly  

w e ll In Iden tify ing  Im pacts at dredged m ateria l d isposal 
s ite s  w e re  th e  S hannon-W elner Index, th e  n um ber of 

Ind iv iduals, th e  Tota l P hy lo g e n e tic  D ive rs ity  and th e  

A verage Taxonom ic  D ive rs ity . The rem ain ing  Indices 

rece ived  re la tive ly  lo w  overall scores on account o f poor 

pe rfo rm ance  aga inst a num ber o f key Ind icator a ttribu tes . 

The Inclusion o f th e  English Channel aggrega te  extrac tion  

s ite  In th e  sum  o f scores (Figure 14.10(b)) does not grea tly  
a lte r th e  ranking, w ith  th e  num ber o f spec ies  and th e  

S hannon-W elner Index again d isp lay ing th e  best overall 

pe rfo rm ance .

The resu lts  o f a Principal C om ponen ts  Ana lys is  (PCA) of 

a ttrib u te  scores are sh o w n  In F igure 14.11 as an a lte rna tive  

m eans o f exp ress ing  th e  ou tcom e  o f th e  pe rfo rm ance  

a ssessm en t. For exam ple , at th e  L iverpoo l Bay s ite  (Figure 

14.11(d)) 93 .7%  o f th e  varia tion Is exp la ined by PC1 and 

PC2. The p lo t Illustra tes tha t, a lthough th e  Shannon- 

W e ln e r Index Is not regarded as easily understandab le  

com pared  w ith  o the r Ind icators such as th e  num ber of 

species, It scores w e ll In o the r respects . (The a ttrib u te  of 

ease o f unders tand ing  has an e igenvalue  o f 0 .97 and th is  

Is exp ressed  In th e  d ispos ition  o f Ind icators along PC 2). 

The Total P hylogenetic  D ivers ity , n um ber o f Ind ividuals and 

A verage Taxonom ic  D ive rs ity  w e re  m ode ra te ly  e ffe c tive  In 

th e ir  ab ility  to  d e te c t de trim e n ta l e ffe c ts  o f an th ropogen ic  

ac tiv ity , w h ile  th e  rem ain ing  Indicators, a lthough  easier to  
understand  than th e  S hannon-W elner Index, pe rfo rm ed  

re la tive ly  poorly, and th is  Is ev idenced  by th e ir  d ispos ition  

along PC 1. P lots o f th e  o u tcom e  o f PCA fo r th e  o ther 

loca tions (Figure 14.11 (a-c)) s h o w  a s im ila r overall pa ttern  

In th e  d is tribu tion  o f Indices to  th a t o f L iverpoo l Bay.

14.4 Discussion
Evaluations o f th e  Im pact o f d redged m ateria l d isposal and 

aggrega te  ex trac tion  ac tiv itie s  on th e  m arine env iro n m e n t 

are h igh ly  dependen t on th e  m e th o d s  o f assessm en t 

em p loyed . M easures such as th e  n um ber o f spec ies  and 
th e  S hannon-W elner D ive rs ity  Index c learly prov ided  s trong  

c ircum stan tia l ev idence  o f a negative  Im pact associa ted  

w ith  an th ropogen ic  d is tu rbance  at all locations. F low ever, 

A ve ra g e  T a xo n o m ic  B read th , A ve rage  P h y lo g e n e tic  

D ive rs ity  and th e  m arine B io tic  Index genera lly  sh o w e d  

e ithe r no s ign ifican t d iffe re n ce  or an Increase In b iod ive rs ity  

associa ted  w ith  th e  activ ity .

A lth o u g h  th e  p re se n ce  o f natura l as w e ll as 

a n th ropogen ic  variab ility  Is like ly to  be a con trib u to ry  

fa c to r to  th e se  Inconsis tencies, It Is clear th a t som e 

m easures y ie ld  In tu itive ly  m ore  p lausib le  o u tcom e s  than 

o thers . N one the less, an Im portan t cha racte ris tic  o f an 

env ironm en ta l Ind icator Is th a t It shou ld  possess th e  ab ility  

to  Indicate th e  cause o f change rather than  s im p ly  th e  

ex is tence  o f change (Carlgnan and VIHard, 2002) or, at 

least, p rov ide  Insight Into Its nature. Thus, fo r exam ple , 

changes In th e  to ta l n um ber o f spec ies  at a s ite , w hen  

exam ined  In Isolation, give no Im m ed ia te  Ind ication o f th e  

p rocesses w h ich  de te rm in e  th e  surviva l o f som e, but not 

o thers . N um bers  o f species m ay also be regarded as poor 

m easures o f b iod ive rs ity  as th e y  are heavily dependen t on 

sam p ling  e ffo rt (W a rw ick  and Clarke, 1995). F low ever, as 

no b e tw e en -s lte  com parisons w e re  m ade In th e  p resen t
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s tudy , th is  concern  can be d is regarded  as sam p ling  

p rocedures and e ffo rt w e re  in te rna lly  cons is ten t.

Taxonom ic  d is tin c tn ess  m easures have g rea te r po ten tia l 

to  o ffe r a m eans o f iden tify ing  response m echan ism s 

occurring  at im pacted  s ite s  (W a rw ick  and Clarke, 1995) 
but, in practice, m ay be addressing  aspects  o f evo lu tiona ry  

adapta tions to  pe rtu rba tions  w h ich  a re not d irec tly  applicable 

to  th e  im m ed iacy  o f th e  e ffe c ts  cons ide red  here. It is a lso 

ev iden t tha t, even fo r ind ices w ith  g rea te r in trins ic  po ten tia l 

fo r iden tify ing  and exp la in ing ca u se /e ffe c t re lationsh ips, 

su p p o rtin g  env ironm en ta l data, inc lud ing  m easures o f 

an th ropogen ic  pressure  (d isposa l/ex trac tion  p ractices in 

th e  p resen t con text) are essentia l.

Fo llow ing  s ta tis tica l ana lyses o f ind ica to r pe rfo rm ance  

aga ins t g rad ie n ts  o f change in th e  data, th e y  w e re  

sub je c tive ly  scored  accord ing  to  th e ir  ab ility  to  fu lf il a 

va rie ty  o f s c ie n tific  and m anagem en t criteria  gove rn ing  th e ir  

e ffe c tive n e ss  in app lied  s tud ies , in th is  instance  principa lly 

re lating  to  th e  e ffe c ts  o f physical pe rtu rba tions at th e  sea 

bed. The ind ices th a t ach ieved th e  h ighest overall scores 
w e re  th e  n um ber o f species, th e  S hannon-W einer Index, 

th e  Total P hylogenetic  D ivers ity , th e  num ber o f ind iv iduals 

and th e  A verage  Taxonom ic  D ivers ity . These ind ices w e re  

th e  m os t e ffe c tive  in deduc ing  th e  presence o f b io logical 
degradation in response to  d redged m ateria l (or o ther so lid  

w a s te ) d isposal or aggregate  extrac tion , a lthough not all 

w e re  th e  m os t transpa ren t in te rm s  o f co m m un ica ting  

fin d in g s  to  non-specia lis ts . The o the r ind ices w e re  less 

success fu l in iden tify ing  im pacts  at s ites  o f an th ropogen ic  

ac tiv ity . For exam ple , th e  resu lts  ob ta ined  w ith  th e  B io tic  

C oe ffic ie n t are not com parab le  w ith  th o se  ob ta ined  using 

spec ies  num bers  and th e  S hannon-W einer D ive rs ity  Index, 

and are coun te r-in tu itive  w h e n  cons ide red  aga inst o ther 

c ircum stan tia l evidence  fo r localisation o f an th ropogen ic  

ac tiv ities .

These fin d in g s  c o n tra d ic tth e  resu lts  o f Borja e ta l. (2003) 

w h o  investiga ted  th e  response  o f th e  BC to  d iffe re n t im pact 

sou rces includ ing drill cu ttin gs  at oil p la tfo rm s  em p loy ing  

este r-based m ud, subm arine  ou tfa lls  enriched  w ith  heavy 
m eta ls , d redg ing  p rocesses and o the r industria l and m in ing 

w a s te  inpu ts. Borja e t al. (2003) s ta ted  th a t th e  BC and Bl 

are independen t o f th e  po llu tion  source . F low ever, th is  

w a s  c learly not th e  case w hen  th e y  w e re  te s te d  against 

th e  e ffe c ts  o f d redg ings d isposal and aggregate  extrac tion  

areas in th e  p resen t s tudy: th e  BC dem on s tra te d  e ithe r 

a pos itive  im pact or no s ign ifican t d iffe re n ce  as a resu lt 

o f th e se  a c tiv ities . The lack o f corre la tion  o f th e  A M B I 

w ith  th e  ind ices th a t w e re  aw arded  h igher sco res is like ly 

to  be a resu lt o f th e  absence o f organ ic en rich m e n t as a 

principal sou rce  o f change at each o f th e  five  s ites, s ince

th e  sp e c ie s ' se n s itiv ity  scores em p loyed  in ca lcu la ting  th e  

index o w e  m uch to  th e  w o rk  in th is  area by Pearson and 

R osenberg (1978) and o thers  (see Borja e ta l.,  2003). Thus 

th e  m acrofaunal spec ies  p resen t at th e  dredged m ateria l 

d isposal s ite s  w e re  not, in general, rep resen ta tive  o f th e  

spec ies  found  fo llo w in g  an o rgan ic en rich m e n t even t and, 

th e re fo re , th e  A M B I fa iled  to  id e n tify  areas exposed  to  

o the r an th ropogen ic  inpu ts or ac tiv itie s  in th is  instance.
An im portan t, if unsu rp ris ing , conc lus ion  fro m  th e  

p resen t s tu d y  is th a t no s ing le  b io logica l ind ica to r w ill 

be capable o f prov id ing  all o f th e  in fo rm a tion  requ ired 

to  in te rp re t th e  behaviour o f an en tire  e cosys tem  in 

response  to  an an th ropogen ic  im pact (see fo r exam ple , 

Carignan and Villard, 2002). It is th e re fo re  ev iden t th a t an 

exam ina tion  o f areas o f th e  sea bed th a t have undergone 

a lte ra tions resu lting  from  d redged m ateria l d isposal and 

aggrega te  ex trac tion  ac tiv itie s  requ ires a com b ina tion  of 

appropria te  m easures o f data s truc tu re  or fu n c tion  in order 

to  im prove  con fidence  in deduc tions  concern ing  cause/ 

e ffe c t re la tionsh ips. A lth o u g h  th e  m essages conveyed  by 

th e  recen tly  evo lved  m easures o f ta xo no m ic  re la tedness 

w e re  d isappo in ting  in th e  p resen t con text, th e ir  desirab le  

p roperties  and sound theo re tica l underp inn ing  s tron g ly  
argue fo r fu rth e r exp lo ra tion  and a m ore  w ide -rang ing  

te s tin g  reg im e be fore  firm  conc lus ions can be d raw n 

regard ing th e ir  genera l u tility  in rou tine  asse ssm e n ts  of 

env ironm en ta l qua lity. Thus, fo r exam ple , C larke and 

W a rw ic k  (1994) no te  th a t th e  T axonom ic  D is tinc tness  

m easures are un like ly  to  be accurate  w h e n  th e  dom inan t 

taxa re-colon ¡sing th e  area are non-sessile , non -po lychaetous 

taxa, un rep resen ta tive  o f po llu ted  cond itions. The B io tic 

Index appears to  requ ire  fu rth e r adapta tion  to  be e ffe c tive  

in th e  eva luation o f im pacts  add itiona l to  th o se  p rincipa lly 

a ris ing from  organ ic en rich m e n t and w e  understand  th a t 
th is  w o rk  is in progress (A. Borja, pers. com m .).

14.5 Conclusions
O verall, th e  un ivaria te  ind ices th a t w e re  cons ide red  to  

exp ress th e  b io logica l data in a w a y  th a t best f itte d  th e  

des ired  criteria  fo r an env ironm en ta l ind ica to r w e re  th e  
num ber o f species, th e  S hannon-W einer Index, th e  num ber 

o f ind iv idua ls and A verage  Taxonom ic  D ivers ity . It is 

a ccep ted  th a t th e  concentra tion  on th e  e ffe c ts  o f d redg ings 

d isposal and aggregate  extrac tion , accom pan ied  by th e  

su b jec tive  nature o f th e  scoring  o f ind ica to r a ttribu tes , 

de te rm in e s  tha t th e  resu lting  ranking o f se le c te d  m easures 

m ay not necessarily  m atch th e  o u tcom e s  o f o the r s tud ies . 

N everthe less, w e  are encouraged to  no te  th a t our find ings  

are broadly com parab le  to  an appraisal exe rc ise  conducted
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by th e  UK E nv ironm en t A gency  in connection  w ith  th e  

needs o f th e  EU 'W a te r F ram ew ork  ' D irec tive  (A. M iles, 

pers. com m .). Further w o rk  is in progress to  re fine  th e  

scoring  sys te m  and to  investiga te  add itiona l ind ica tors at a 

w id e r range o f s tu d y  s ites  (W are e t al., in prep).

For b io tic  ind ices such as th e  A M B I (at least in its p resent 

fo rm ), it is clear th a t u tility  w ill be In fluenced by th e  nature of 

th e  an th ropogen ic  d is tu rbance  and a lso th e  cha racte ris tics

o f th e  rece iv ing e nv ironm en t, and m uch w o rk  s till rem ains 

to  be done on Iden tify ing  th e  to le rance  o f Individual species 

to  m u ltip le  as w e ll as s ing le  sou rces o f hum an-induced 

p ressures upon th e  env iro n m e n t. V ariab ility  in these  

fac to rs  around th e  UK coastline  In tu itive ly  sugg es ts  th e  

req u ire m e n t fo r a su ite  o f env ironm en ta l ind ica tors, som e 

o f w h ich  w ill be m ore  appropria te  than  o thers , depend ing  

on local c ircum stances.
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15. Determination of 
dioxin-like activity in 
sediments from the
East Shetland Basin Author: John Thain

15.1 Introduction
There has been g ro w ing  env ironm en ta l concern  about 

d iox ins  and fu rans, and o th e r co m p o u n d s  th a t have 

d iox in-like  p roperties . The m ajor concerns w ith  d iox in ­

like com pounds are th e ir  e ffe c ts  upon w ild life  and hum an 

health (Van den Berg e ta l. ,  1998). D ioxin-like  com pounds 

have been sh o w n  to  be both p e rs is ten t and able to  

b ioaccum u la te  (Jones and V oogt, 1999). They have also 

been sh o w n  to  produce a num ber o f to x ic  responses 

inc lud ing  Im m uno tox lc ity , deve lopm en ta l and rep roductive  

e ffe c ts , n e u ro to x ic ity  and ca rc inogenes is  (Kerkvlie t, 1995; 

B rouw er, 1991; G iesy e t al., 1994; N ebert e t al., 1993). 

D loxln-ilke  co m pounds are coplanar and th e y  all p roduce 
th e ir  to x ic ity  acting  th rough  th e  sam e aryl hydrocarbon 

recep to r (AhR) m ed ia ted  m echan ism  (Safe, 1990; Knutson 

and Poland, 1984).

D loxln-ilke com pounds are ub iqu itous in th e  env iro n m e n t 

(Clapp and O zonoff, 2000) and th e ir  p resence is prim arily  

th e  resu lt o f by-p roducts  o f hum an ac tiv itie s  Including 
industria l (Anderson and Fisher, 2002) and o the r sou rces 

(eg w a s te  Incinera tion; Dyke e t al., 2003). They, the re fo re , 

en te r In to th e  aquatic  e n v iro n m e n t via a num ber o f routes 

inc lud ing  a tm o sp h e ric  depos ition  and e fflu e n t d ischarges. 

D ue to  th e ir  h yd rophob ic  na ture , se d im e n ts  are th e  

even tua l s ink  fo r d ioxln-ilke  com pounds in th e  aquatic 

e n v iro n m e n t w h e re  th e y  p rov ide a source  o f po ten tia l 

exposure  o f d iox ins and d iox ln-ilke  com pounds to  aquatic 

o rgan ism s (Lodge, 2002). O nce p resen t in th e  food  chain, 

d iox ins and d iox ln-ilke  com pounds b ioaccum ula te , thus  

posing a th re a t to  ben th ic  o rgan ism s and th e ir  p redators 

(Berggrena e ta l.,  1999).

A t p resen t th e re  is no conce rted  approach fo r m on ito ring  

o f d iox ln-ilke  com pounds in th e  m arine env iro n m e n t. This 

is due to  th e  e x tre m e ly  lo w  concentra tions  at w h ich  

de le te rious  e ffe c ts  can be observed . In o rder to  m on ito r 

th e se  e x tre m e ly  lo w co n ce n tra tlo n s , soph is tica ted  analytical 
te ch n iqu e s  such as h igh-reso lu tlon  gas ch rom atography 

coup led  to  h igh-reso lu tlon  m ass sp e c tro sco p y  (HRGC- 

FIRMS) are required, w h ich  m akes analysis expensive. 

An a lte rna tive  approach is bio-analytical analysis using a 
recep to r-repo rte r based cell line.

15.2 DR-CALUX assay
The D ioxin R esponslve-C hem ica lly  A c tiva te d  Luclferase 
Expression (DR-CALUX) assay u tilises  a recep to r-reporte r 

gene sys te m . The assay Is m echan ism  spe c ific  and Is based

on th e  In teraction o f com pounds w ith  th e  a ry lhydrocarbon 

recep to r (AhR). The assay Is not com pound  spec ific  

and p roduces a response  w ith  all com pounds capable of 

In teraction w ith  th e  AhR  (M urk  e t al., 1996; O ve rm e lre  et 

al., 2001). The assay a llow s th e  In tegra tion o f all d loxin- 

llke com pounds p resen t and produces to x ic  equ iva lent 

concen tra tions  re lative  to  th e  m os t to x ic  congener 2 ,3 ,7,8 - 
te trach lo rod lbenzo -p -d lox in  (TCDD-TEQ calux values) fo r 

sam p les screened.

15.3 Materials and methods
15.3.1 Approach
Single se d im e n t sam p les  (n=108) w e re  co llec ted  by m eans 

o f a Day grab fro m  s ite s  across app rox im a te ly  3 ,000  square 

m iles o f th e  East Shetland Basin b e tw e en  20 Ju ly  and 3 

A u g u s t 2002. The sam p ling  pos itions o f all th e  s ite s  are 

sh o w n  in F igure 15.1.

15.3.2 Sedim ent extraction
S ed im en t sam p les w e re  a ir-dried and so lven t ex trac ted  

w ith  d lch lo rom e thane  to  produce to ta l ex trac ts . The 

sam p le  ex trac ts  w e re  then  tran s fe rre d  Into hexane before  

a liquo ts  ass igned fo r assay.

15.3.3 Assay for ‘D iox in -like ’ or Arylhydrocarbon  
receptor activity (DR-CALUX assay)

The DR-CALUX assay w a s  co n d uc te d  on both th e  to ta l 

and c leaned-up  ex tra c ts . The to ta l e x tra c t w a s  scree n e d  
to  asce rta in  th e  c o n tr ib u tio n  fro m  bo th  s tab le  and labile 

d iox in -like  co m p o u n d s . An a liquo t o f sam p le  e x tra c t 

w a s  a lso  m an ipu la ted  using a s im p le  c lean-up  m e th o d  
to  a sce rta in  th e  c o n tr ib u tio n  fro m  s ta b le  d iox in -like  

co m p o u n d s  only, w ith  th e  c leaned e x tra c t d isso lve d  In 

d im e th y l su lphox ide .

15.3.4 DR-CALUX Assay
The DR-CALUX cell line w as prov ided  under licence from  

B io d e te c tio n  S ystem s Bv., N e therlands. The cell line w as  

cons tru c te d  as described  by G arrison e t al. (1996). These 

ce lls cons is t o f th e  rat hepatom a (H4IIE) cell line th a t has 

been s tab ly  tra n s fe c te d  w ith  th e  luc lfe rase repo rte r gene 

(pG udLuc) from  th e  fire fly , Photinus pyra lis. The luc lferase 

a c tiv ity  w a s  de te rm in e d  using an a u tom a ted  lum inom e te r, 

and In te rpo la ted  w ith  a TCDD standard curve to  p roduce 

th e  TEQ calux va lues fo r th e  sam ple  extrac ts . The DR- 

C ALU X assay w as conduc ted  In accordance w ith  a se t of 

s tr ic t qua lity  con tro l (QC) criteria .



F igure  15.1. Map show ing the 
positions of a ll the  sam pling  
s ites  and offshore  production 
p la tfo rm s  w ith in  the  East 
Shetland Basin. Sam pling  
area la titude  6 0 .5 °- 61.65°N 
and long itude 0 .6°-1 .8°E  
(note one degree of la titude  
is 60 m iles).
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15.3.5 Geostatistical in terpolation technique
S om e o f th e  large spatia l data se ts  produced un d e rw e n t 

a g e o s ta tis tic a l In te rp o la tio n  te c h n iq u e  to  aid th e ir  
In te rp re ta tion . The Krlglng In te rpo la tion  m eth o d  w as 

u tilised  to  produce co n tou r m ode lling  o f th e  data se ts.

15.4 Results and discussion
Ary lhydrocarbon  receptor a c tiv ity  (DR-CALUX Assay)
15.4.1 Activity of cleaned-up extracts
The resu lts  o f th e  DR-CALUX screen ing  o f 91 sam p les 

co llec ted  from  th e  S hetland Basin Area are sh o w n  In Table 

15.1. The 24 h TEQ CALUX data fo r all th e  sam p les ranged 
fro m  0.1 pg to  34  pg TEQ CALUX g_1 w ith  a m ean o f 8.5 pg 

TEQ g_1. As a com parison , th e  m ean a c tiv ity  fo r s tab le  

com pounds In a recen t su rvey o f UK estuarlne  se d im e n ts  
w a s  24 pg TCDD TEQ g_1.

To put th e  values In co n tex t Is d ifficu lt, as th e  UK does 

not cu rre n tly  have an Environm enta l Q ua lity  S tandard 

(EQS) or E nvironm enta l Q ua lity  G uide line  (EQG) fo r dioxin 

co m p o u n d s  In se d im e n ts . O th e r co u n trie s  Includ ing 

Canada, th e  USA and th e  N e therlands have produced 
d ioxin EQGs. The Canadian, A m erican  and D utch EQGs, 

quo ted  as TCDD to x ic ity  equ iva lents, are 1, 2.5 and 13 pg 
TEQ g - \  respec tive ly  (CCME, 2002; US-EPA, 1993; Dutch 

National Health C ouncil, 1996). Using th e se  gu ide lines, 89 

o f th e  91 sam p les are above th e  m os t s tr ing e n t (Canadian) 

EQG and 17 o f th e  91 sam p les are above th e  least 

s tr in g e n t (Dutch) gu ide line  value. For th e  s ite s  breaching 

th e s e  gu ide lines , It Is like ly  th a t so m e  harm  w o u ld  

be caused to  ben th lc  o rgan ism s associa ted  w ith  these  

se d im e n ts  and a lso to  preda to r o rgan ism s. The resu lts

fro m  th e  Krlg lng analysis o f th e  stab le  d iox in-llke  ac tiv ity  
are sh o w n  In F igure 15.2 as a con tou r m ap. A reas tha t 

breached th e  least s tr in g e n t D utch gu ide line  o f 13 pg TEQ 
g_1 are sh o w n  above th e  labelled 14 pg TEQ g_1 con tou r. 

This area covers app rox im a te ly  500 square m iles (one- 

s ix th ) o f th e  area sam p led . The com pounds responsib le  

fo r th e  ac tiv ity  are like ly to  be dioxins, fu rans and coplanar 
ch lo rob lpheny l congeners, a lthough o the r com pounds  m ay 

a lso con tribu te .

15.4.2 Activity of to ta l extracts
Table 15.2 sh o w s  th e  TCDD TEQ CALUX values fo r  th e  to ta l 

ex trac ts  (n = 1 08) w ith  a 6 h exposure  period. The values 
range fro m  4 .4  ng to  122 ng TEQ g_1 w ith  a m ean o f 36 

ng TEQ g_1. A s  a com parison , th e  m ean a c tiv ity  o f to ta l 

e x trac ts  fro m  a recen t su rvey  o f UK estuarlne  se d im e n ts  

w a s  205 pg BaP un its g_1. These values are 3 o rders  of 

m agn itude  h igher than th o se  found  In th e  c leaned-up 

e x trac ts . This Is not unusual, and due to  th e  rem oval o f 
PAHs during clean-up, w h ich  s h o w  a ve ry  po ten t A rH  

a c tiv ity  com pared  to  2 ,3 ,7 ,8  TCDD. The G eosta tis tica l 

In te rpo la tion  te ch n iq u e  w a s  again co n d uc te d  on th is  

da tase t w ith  th e  d is tribu tion  o f th e  to ta l CALUX ac tiv ity  

sh o w n  In F igure 15.3.

The vast m a jo rity  o f th e  d ioxin-llke  a c tiv ity  In th e  East 

S hetland se d im e n ts  Is a ttribu tab le  to  labile com pounds 

(eg PAHs). PAHs are know n  AhR agon is ts  due to  th e ir 

coplanar con figura tion , but on ly  produce  d ioxin-llke  to x ic ity  

If exposure  Is susta ined  In an organ ism  since th e y  are 

re la tive ly  qu ick ly  m e tabo lised  In th e  cell. (Poland and 
G lover, 1974; M achala e ta /., 2001).
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Table 15.1. R esu lts  of the  CALUX screen ing  of c leaned-up  sed im en t ex trac ts  fro m  the  East Shetland Basin.

Sam ple code Latitude Longitude pg TCDD Sam ple code Latitude
°N  °E  TEQ g '1 °N

1/11 61.5142 0.6118 1.6 9/9 61.2168

1/12 61.5193 0.6630 2.1 10/1 61.1272

1/13 61.5272 0.6867 4.1 10/9 61.0428

1/15 61.5040 0.8250 5.0 10/10 61.0005

1/16 61.5365 0.8848 1.8 10/17 60.9993

2/1 61.5517 1.0387 2.3 11/1 61.1223

2/3 61.6510 1.1553 1.7 11/2 61.0238

3/1 61.5362 1.4077 1.1 11/3 61.0512

3/2 61.5933 1.4532 15 11/4 61.0595

4/10 61.4043 0.8272 12 11/8 61.0783

4/13 61.3905 0.9900 3.1 12/1 61.1608

5/4 61.4147 1.2940 3.7 12/2 61.0025

5/10 61.4843 1.1823 12 12/4 61.0445

6/1 61.4853 1.6742 17 12/7 61.0287

6/2 61.3400 1.7652 11 12/8 61.1325

6/3 61.3565 1.4335 2.9 12/9 61.1448

7/1 61.3307 0.6118 11 12/12 61.1138

7/2 61.2962 0.6572 1.9 13/1 60.9488

7/4 61.2335 0.8178 2.4 13/5 60.8635

7/6 61.1992 0.8198 5.8 13/9 60.9035

7/7 61.1683 0.6945 2.2 13/13 60.8742

8/1 61.2747 1.0038 4.0 14/1 60.8790

8/5 61.2680 1.2720 5.8 14/2 60.8448

8/6 61.2810 1.2862 5.2 14/3 60.8707

8/8 61.3327 1.3813 6.6 14/4 60.9700

8/9 61.3090 1.3837 6.6 14/7 60.9838

9/1 61.1787 1.4030 4.8 14/11 60.9272

9/2 61.2188 1.441 5 8.2 15/1 60.9615

9/3 61.3098 1.6933 0.1 15/3 60.9850

9/6 61.2935 1.7895 10 15/5 60.9840

9/7 61.2710 1.7337 0.8 15/6 60.9250

9/8 61.2353 1.6772 2.6 15/7 60.8918

15 D E T E R M IN A T IO N  OF D IO X IN -L IK E  A C T IV IT Y : EAST S H E T L A N D  B A S IN

Longitude
°E

pg TCDD 

TEQ g '1
Sam ple code Latitude

°N
Longitude
°E

pg Ti 
TEQ

1.7212 1.8 16/1 60.7497 0.9203 7.6

0.9248 10 16/3 60.8295 0.9452 30

0.9120 21 16/4 60.8298 0.7823 13

0.8575 2.4 16/8 60.7637 0.7430 8.7

0.6192 2.4 16/12 60.6958 0.6280 00 00

1.3885 11 16/16 60.6717 0.8030 11

1.3388 7.0 17/4 60.7733 1.2945 34

1.2843 11 17/7 60.7188 1.2378 12

1.1680 7.6 18/1 60.8305 1.5200 3.1

1.2345 20 18/3 60.8158 1.6415 2.0

1.7777 5.4 18/4 60.7342 1.7250 2.3

1.7972 3.5 18/5 60.6893 1.6938 2.8

1.6187 5.7 18/9 60.6990 1.5392 25

1.4672 11 18/10 60.7533 1.5065 3.8

1.6610 5.5 19/2 60.5897 0.6902 7.2

1.5595 6.6 19/4 60.5130 0.6450 7.3

1.4157 8.7 19/6 60.5227 0.8117 5.2

0.7565 2.3 19/13 60.5103 0.9862 7.5

0.6185 2.7 19/15 60.5752 0.9645 5.9

0.8782 1.9 20/4 60.6422 1.0658 9.8

0.9930 20 20/7 60.5810 1.1320 6.8

1.1172 10 20/9 60.5720 1.3523 22

1.1787 5.8 21//3 60.6550 1.4980 4.5

1.2492 19 21//4 60.6033 1.4860 6.1

1.1355 12 21//7 60.5392 1.4308 4.5

1.2692 15 21//9 60.5442 1.5447 4.7

1.3535 14 21//12 60.5032 1.7207 16

1.4488 7.0

1.5098 18 Blank Set 1 0.63

1.5802 14 Blank Set 2 1.09

1.6193 24

1.5885 21

100
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60.6-

F igure  15.2. CALUX assay 
screen ing: d is trib u tio n  
of d io x in -like  activ ity  
(pg TEQ g '1] produced from  
stab le  com pounds fro m  East 
Shetland Basin sedim en ts 
using a geosta tis tica l 
in te rp o la tio n  technique.
■  = o ffshore  production  
p la tfo rm . Sam pling  area 
la titude  60.5 °-61 .65°N  and 
long itude 0 .6°-1 .8°E  (note 
one degree of la titude  is 60 
m iles).

60.7-

101

F igure  15.3. CALUX assay 
screen ing: d is trib u tio n  
of d io x in -like  activ ity  
(ng TEQ g '1] produced 
fro m  both lab ile  and stab le 
com pounds fro m  East 
Shetland Basin sedim en ts 
using a geosta tis tica l 
in te rp o la tio n  techn ique.
■  = o ffshore  production  
p la tfo rm . Sam pling  area 
la titude  60.5 °-61 .65°N  and 
Long 0 .6°-1 .8°E  (note one 
degree of la titude  is 60 
m iles).
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15.5 Conclusions
The DR-CALUX assay has been show n to  be a useful too l fo r 

assessing the  d is tribu tion  and level o f activ ity  o f sed im en t- 

associated con tam inants In th e  East Shetland Basin. The 

stable dioxin-llke, or arylhydrocarbon receptor-based activ ity  

w as show n  to  occur at potentia lly  harm fu l levels In som e

areas o f the  East Shetland Basin, accord ing to  national 

gu ide lines from  th re e  countries. Sam ples, or s ites, show ing  

levels o f con tam ina tion  above set action lim its  w o u ld  require 

ta rge ted  chem ical analyses o f a range of know n potentia l 

candidate com pounds to  Identify  the  causative com pounds. 

B loassay-d lrected fractiona tion  procedures could also be 

used as th e  second tie r to  Identify  the  causative agents.
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Table. 15.2. R esults of the CALUX screening of to ta l

Sample code Latitude Longitude
°N °E

1/1 61.6522 0.8182

1/2 61.6457 0.7527

1/3 61.6073 0.7188

1/4 61.6125 0.7673

1/5 61.6092 0.8523

1/6 61.6262 0.8712

1/7 61.6307 0.9030

1/8 61.6200 0.9535

1/9 61.5590 0.8770

1/10 61.5510 0.6140

1/14 61.5110 0.7522

1/15 61.5040 0.8250

2/1 61.5517 1.0387

2/3 61.6510 1.1553

3/1 61.5362 1.4077

3/2 61.5933 1.4532

4/10 61.4043 0.8272

4/13 61.3905 0.9900

5/4 61.4147 1.2940

5/10 61.4843 1.1823

6/1 61.4853 1.6742

6/2 61.3400 1.7652

6/3 61.3565 1.4335

7/1 61.3307 0.6118

7/2 61.2962 0.6572

7/4 61.2335 0.8178

7/6 61.1992 0.8198

7/7 61.1683 0.6945

8/2 61.2818 1.0538

8/3 61.2712 1.1662

8/5 61.2680 1.2720

8/6 61.2810 1.2862

8/7 61.3177 1.3337

8/8 61.3327 1.3813

8/9 61.3090 1.3837

8/11 61.1765 1.3287

9/1 61.1787 1.4030

sedim ent ex tracts  fro m  the East Shetland Basin.

ng TCDD Sample code Latitude 
TEQ g'1 °N

10 9/2 61.2188

21 9/3 61.3098

20 9/6 61.2935

13 9/7 61.2710

18 9/8 61.2353

13 9/9 61.2168

27 10/1 61.1272

65 10/9 61.0428

26 10/10 61.0005

22 10/17 60.9993

11 11/1 61.1223

12 11/2 61.0238

31 11/3 61.0512

17 11/4 61.0595

6.8 11/5 61.0643

11 11/6 61.1062

16 11/7 61.0907

4.4 11/9 61.1320

50 12/1 61.1608

17 12/2 61.0025

6.2 12/4 61.0445

6.5 12/7 61.0287

19 12/8 61.1325

11 12/9 61.1448

31 12/12 61.1138

29 13/5 60.8635

20 13/9 60.9035

26 13/13 60.8742

56 14/1 60.8790

43 14/2 60.8448

26 14/3 60.8707

46 14/4 60.9700

18 14/7 60.9838

22 14/11 60.9272

49 15/1 60.9615

49 15/2 60.9573

18 15/3 60.9850

15 D E T E R M IN A T IO N  OF D IO X IN -L IK E  A C T IV IT Y : EAST S H E T L A N D  B A S IN

Longitude
°E

ng TCDD 
TEQ g'1

Sample code Latitude
°N

Longitude
°E

ng
TEI

1.4415 23 15/4 60.9942 1.5652 94

1.6933 8.2 15/5 60.9840 1.5802 99

1.7895 19 15/6 60.9250 1.6193 95

1.7337 7.6 15/7 60.8918 1.5885 70

1.6772 19 15/8 60.8803 1.6587 55

1.7212 22 15/10 60.8448 1.6217 26

0.9248 53 16/1 60.7497 0.9203 54

0.9120 28 16/3 60.8295 0.9452 48

0.8575 26 16/4 60.8298 0.7823 44

0.6192 23 16/8 60.7637 0.7430 28

1.3885 13 16/12 60.6958 0.6280 43

1.3388 55 16/16 60.6717 0.8030 28

1.2843 58 17/4 60.7733 1.2945 52

1.1680 32 17/7 60.7188 1.2378 57

1.0968 10 18/1 60.8305 1.5200 35

1.1383 19 18/3 60.8158 1.6415 52

1.1932 17 18/4 60.7342 1.7250 38

1.2055 18 18/5 60.6893 1.6938 54

1.7777 28 18/9 60.6990 1.5392 79

1.7972 36 18/10 60.7533 1.5065 94

1.6187 17 19/2 60.5897 0.6902 16

1.4672 37 19/4 60.5130 0.6450 41

1.6610 27 19/6 60.5227 0.8117 30

1.5595 28 19/13 60.5103 0.9862 51

1.4157 39 19/15 60.5752 0.9645 23

0.6185 31 20/4 60.6422 1.0658 45

0.8782 34 20/7 60.5810 1.1320 62

0.9930 97 20/9 60.5720 1.3523 73

1.1172 27 21/3 60.6550 1.4980 17

1.1787 79 21/4 60.6033 1.4860 17

1.2492 22 21/7 60.5392 1.4308 22

1.1355 21 21/9 60.5442 1.5447 10

1.2692 78 21/12 60.5032 1.7207 32

1.3535 122

1.4488 28 Blank Set 1 0.0:

1.5018 48 Blank Set 2 0.0:

1.5098 117
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16. Preliminary 
investigations 
into 2,4,6-tri- t e r t -

butylphenol |246tfBP) in A u th o rs : C a ro le K e U /i K a the rine

marine sediments LangfordPhilip Melior and Stephanie
Rowland

16.1 Introduction
The substance  246 tfB P  is on th e  OSPAR lis t o f chem ica ls  

fo r p rio rity  action. OSPAR Inv ited th e  w o rk in g  group 

on concentra tions, tren d s  and e ffe c ts  o f substances In 

th e  m arine env iro n m e n t (S IM E) to  exam ine  th e ir  d ra ft 

background d o cu m e n t on 246 tfB P  and report back th e ir  
find in g s  regard ing m on ito ring  data, q uan tifica tion  o f sou rces 

and a ssessm en t o f th e  e x te n t o f p rob lem s (OSPAR, 2002). 

The conc lus ions d raw n w e re  th a t th e re  are no m easured 

data cu rre n tly  available fo r 246 tfB P  In sam p les  from  

th e  m arine e n v iro n m e n t and so p red ic ted  env ironm enta l 

concen tra tions  (PECs) had been used Instead (OSPAR

2002). As th e  UK leads on th is  chem ica l w ith in  OSPAR, 

w e  w e re  asked to  deve lop  a m e th o d  and analyse a range 

o f p rev ious ly  co llec ted  se d im e n t sam p les to  gauge th e  

degree o f 246 tfB P  con tam ina tion  In m arine sed im en ts . 

OSPAR has Identified  five  po ten tia l m e th o d s  o f 246 tfB P  

exposure  to  th e  env iro n m e n t from  Its use:

•  as a chem ica l In te rm e d ia te  In th e  p ro d u c tio n  o f 

an tlox ldan ts,

•  as a lubrica ting  agent,

•  as a by-p roduct produced during th e  syn th es is  o f A -te rt 

bu ty lpheno l,

•  as an add itive  fo r  gaso line  and fue l oil d is tilla tes

•  In th e  o ffsh o re  oil Industry.

W ith  respect to  d ischarges to  th e  m arine env ironm en t, 
d ischarge  o f w a s te w a te r fro m  land based p roduction  

p rocesses Is th e  m os t like ly exposure  route  (OSPAR,
2003). There Is one com pany In th e  UK m anu factu ring  

246 tfB P , so Investiga tion  o f po ten tia l Inputs from  th is  

source  m ay be required. The possib le  use o f 246 tfB P  In 

th e  o ffsh o re  oil Industry  w as Investiga ted  by search ing th e  

O ffsh o re  C hem icals  N o tifica tion  S chem e database, held by 

Cefas, w h ich  co n firm e d  th a t It Is not cu rren tly  licensed fo r 

use on th e  UK C on tinen ta l Shelf.

There Is ev idence  th a t 246 tfB P  causes cy to to x ic  ac tiv ity  

(Salto e t a i,  2001) and a lso exh ib its  ch ron ic  to x ic ity  

(M a tsu m o to  e t a!., 1991). In Japan, 246 tfB P  has been 

d e tec te d  at trace  levels In m eat liver and a lso In fish  

m usc le  (N em o to  e t a!., 2001) h igh ligh ting  th e  po ten tia l fo r 

hum an exposure . C urren t data also sugges t th a t 246 tfB P  

m ay be pe rs is te n t and b loaccum u la tlve . D esp ite  th is , th e

risk to  th e  m arine e n v iro n m e n t Is cons ide red  to  be lo w  
as 246 tfB P  production  w ith in  th e  EU Is reported  as being 

on ly  o f th e  o rder o f 10 to n n e s  per annum  (OSPAR, 2003). 

Local con tam ina tion  m ay be expec ted  to  occur via any 

d irec t d ischarges, a lthough the re  Is not any data cu rren tly  

available to  support th is  hypo thes is .

16.2 Method
D ete rm ina tion  o f 246 tfB P  has been Included w ith in  a 

m od ifie d  vers ion  o f our standard  a lky lphenols  (AP) m ethod . 

This Involved cold so lve n t extrac tion  o f th e  com pounds 

o f In te rest from  se d im e n t sam p les  by shaking; ex trac ts  

w e re  then  cen trifuged , th e  so lven t decanted  and passed 

th ro u g h  a so lid  phase extrac tion  c lean-up. The extrac ts  

w e re  concentra ted  to  300  pi by rotary evaporation , placed 

In an au tosa m p le r vial and analysed by coup led  gas 
ch rom a tography  - m ass sp e c tro m e try  (GC-MS) In e lec tron  

Im pact Ion isation m ode.

16.3 Results
S am ples w e re  se le c te d  fro m  se d im e n ts  p rev iously  co llec ted  

as part o f national and N M M P  surveys. F igure 16.1 sh o w s  

th e  loca tions o f th e  tw e n ty - tw o  sam p les analysed. They 
w e re  chosen due to  th e ir  p ro x im ity  to  urban or Industria l 

land areas, as th e se  w e re  cons ide red  th e  m os t like ly to  be 

con tam ina ted  by 246 tfB P .

D e te rm ina tions  o f oc ty lpheno l (OP), nonylpheno l (NP) 

and b lsphenol-A  (BPA) w e re  m ade In th e  sam e sam p les 

and all th e  resu lts  are g iven In Table 16.1.

16.6 Discussion
C oncen tra tions  o f 246 tfB P  found  In th e se  se d im e n ts  

ranged fro m  0.01- 0 .09  m g kg-1 dry w e ig h t. Table 16.2 

sh o w s  h o w  th e se  va lues relate to  th e  PECs, w h ich  w e re  
es tim a te d  by OSPAR using The European Union S ystem  

fo r th e  Evaluation o f S ubstances (EUSES) m od e lling  

p ro toco l. This Illustra tes th a t th e  levels found  In th e  

se d im e n ts  analysed w ith in  our s tu d y  w e re  com parab le  to  

th e  p red ic ted  concentra tions.

246 tfB P  has a log Kow value o f 6 .06  and so  Is poorly 

w a te r-so lub le . The high log Kow value o f 246 tfB P  Indicates 

th a t adso rp tion  to  organ ic m a tte r and/or se d im e n ts  Is
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F igure  16.1. 246ttBP  sam ple  
s ta tion  locations.

Tyne T Dock

River W ear Roker Park 
Tees Dabholm Gut 
Tees Dabholm Gut 1

Tees Midlesborough Dock

Tees Transporter Bridge 
Tees Transporter Bridge 1

Humber
Anchorage

Tyne Northumberland 
Dock

Tyne Heburn
Tyne 

International 
Paints

Tees ICI
Belfast Lough
Stn 10

Belfast Lough 
Stn 9 Dawsons

W harf

Burbo Bight
Burbo Bight 
Stn 31

Mersey Anchorage 

Mersey Sandon Dock

River Dee
Stn 132 River Dee

Stn 131

Thames
Southend

Anchorage

Ki ometres

Table 16.1. C oncentra tions (mg k g '1 d ry  w e igh t] of 246ttBP, 
oc ty lpheno l (OP), nonylpheno l (NP) and b ispheno l-A  (BPA) in selected 
sed im en t sam ples.

Sam ple Site 246UBP OP NP BPA

Tees, D aw sons W harf 0.02 0.14 1.28 <0.01

Tees, T ransporte r Bridge 0.01 0.04 0.44 <0.01

Tees, T ransporte r Bridge 1 0.09 0.53 3.32 1.14

Tees, M idd lesbrough Dock 0.08 0.12 1.12 <0.01

Tees, ICI w o rks 0.01 0.08 0.89 0.46

Tees, Dabholm  Gut 0.01 0.2 4.23 1.06

Tees, Dabholm  Gut 1 0.01 0.47 5.88 0.16

Tyne, Internationa l Paints <0.01 <0.01 <0.01 <0.01

Tyne, Hebburn <0.01 0.01 <0.01 <0.01

Tyne, N orthum berland Dock 0.01 0.01 <0.01 <0.01

Tyne Dock 0.01 0.02 <0.01 <0.01

River W ear, Roker Park 0.01 <0.01 0.07 <0.01

H um ber A nchorage 0.01 <0.01 <0.01 <0.01

Tham es, S outhend A nchorage <0.01 <0.01 <0.01 <0.01

M ersey, Sandon Dock 0.08 0.04 <0.01 <0.01

M e rsey  A nchorage 0.02 0.01 0.05 0.03

Burbo B ight 0.01 0.01 0.09 <0.01

Burbo B ight, S tation 31 <0.01 <0.01 <0.01 <0.01

River Dee, Stn 131 <0.01 0.17 0.23 0.02

River Dee, Stn 132 <0.01 <0.01 0.04 <0.01

B e lfast Lough, Bridge Station 9 0.01 0.01 0.04 <0.01

B e lfast Lough, Station 10 0.01 <0.01 <0.01 <0.01



Table 16.2. P redicted env ironm en ta l concen tra tions  fo r  246tfBP 105

PECs fo r w a te r  

(m icrogram  p er litre ]
PECs fo r sedim ent 
(mg kg '1 w et wt)

PECs fo r W W TP organisms  

(m icrogram  p er litre ]

Local -  P roduction 0.061 0.136 0.71

Local -  Form ulation 0.025 0.0547 0.2

Local -  P rocessing 0.022 0.0477 0.25

Regional 0.021 6.88E-04

C ontinenta l 4.95E-05 1.5E-04

th e  m os t like ly fa te  p rocess In aquatic  sys te m s . The 
provis iona l n o -e ffec t concentra tion  PNECsedirnent Is 0 .0334 

m g kg-1 w e t w e ig h t (OSPAR, 2003). C onverting  th e  resu lts  

fro m  th is  s tu d y  to  w e t w e ig h t va lues, Tees M idd lesb rough  
Dock, T ransporte r bridge 1 and M ersey  Sandon dock 

s ite s  all have concen tra tions  o f 0 .04  m g kg-1 w e t w e ig h t 

Ind icating  th a t so m e  to x ic  e ffe c ts  m ay be observed, In 
particu lar fo r b en th lc  species liv ing In or on th e  sed im en ts . 

A ll o the r s ite s  sam p led  had concen tra tions  lo w e r than  th e

P N E C se d im e n tV a lu e -
A lth o u g h  data are lim ited , th is  su rvey sug g es ts  tha t, 

as 246 tfB P  Is m anu fac tu red  In very sm all quan tities  and 

Is not used In all areas (as sh o w n  by non-de tects  In th e  

Tyne sam ples), It does not pose a s ign ifican t concern  to  
th e  open sea. H o w eve r It m ay p resen t an Issue In certa in

areas such as th e  Tees and M ersey, or w ith in  estuaries 
In o th e r OSPAR reg ions c lose to  s ite s  o f p roduction  or 

use. The levels o f a lky lphenols found  In th is  s tu d y  also 

Indicate areas o f usage. The concentrations ranged from  

< 0.01 to  5.88 m g kg-1 w ith  th e  Tees area, sho w in g  th e  m ost 

c o n s is te n tly  high values. Sam ples from  th e  M ersey, 

Roker Park, R iver Dee and at th e  B e lfast Lough Bridge also 

contain  de tectab le  levels o f a lky lphenols, w ith  all o ther 

s ta tio ns  sh o w in g  resu lts  o f close to  or b e lo w  th e  lim it o f 

de tec tion . These resu lts  are s im ila r to  th o se  w e  found  

p rev ious ly  In 1999. (Cefas, 2003).

G iven tha t th is  pre lim inary survey has produced som e 

positive  results, It m ay prove useful fo r OSPAR to  conduct 
a w id e r sam pling survey, obtain ing sed im en ts  from  o ther 

locations w h ich  m ay have received Inputs o f th is  chem ical.
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17. Integration of ground- 
truthing approaches to 
characterize an area 
licensed for dredged 
material disposal off 
the north east coast of 
the UK

17.1 Introduction
Historica lly, large am o u n ts  o f Industria l w a s te s  (especia lly 

co llie ry  w a s te  and fly  ash) w e re  d isposed  o f from  sh ips at 

licensed s ite s  o ff th e  no rtheast coast o f England (eg Bustos- 

Báez, 2003; H errando-Pérez and Frld, 1998; 2001; Frld e t 

al., 1996; Khan and G arw ood, 1995; Bam ber, 1984; Eagle 

e t a i,  1979). In m os t cases d isposal o f th e se  m ateria ls  

s ta rted  w e ll be fore  s ta tu to ry  con tro ls  fo r th e  p ro tec tion  of 

th e  m arine e n v iro n m e n t w e re  en fo rced  (Eagle e t a!., 1979). 

The d isposal o f Industria l w a s te s  and sew age  s ludge w as 

phased ou t In 1990.

Presently, sea d isposal from  sh ips Is largely con fined  to  

d redged m ateria l, but th e  env ironm en ta l consequence  of 

th is  a c tiv ity  has been th e  focus  o f Increasing a tte n tio n  from  
gove rnm ent, th e  genera l pub lic  and Industry  (for rev iew  

see Bolam  and Rees, 2003).

TY070 Is a licensed d redged m ateria l d isposal s ite  

(D M D S ) located 5.7 km  o ff th e  N o rthum berland  coast 

rece iv ing  m ain tenance-d redged  m ateria l from  th e  Tyne 

Estuary, w h ic h  s o m e tim e s  exceeds  150 ,000  to n n e s  

annua lly (Figure 17.1). S ince th e  c o m m e n ce m e n t of 

d isposal opera tions, th e  M in is try  o f A g ricu ltu re  F isheries 

and Food (M AFF) (Eagle e t a!., 1979) and subsequen tly , 

th e  C entre  fo r E nv ironm ent, F isheries and A quacu ltu re  

S cience (Cefas) have In te rm itte n tly  surveyed  env ironm en ta l 

cond itions  at th is  s ite  (eg Cefas, 2003; M AFF, 1994).

Author: Silvana Birchenough

M on ito rin g  at m arine d isposal s ite s  Is undertaken 
w ith  a v ie w  to :

(I) characte ris ing  pre-d isposal cond itions  at n e w  s ites; 

(¡I) assessing  com p liance  w ith  licence cond itions;

(III) p rov id in g  data on e n v iro n m e n ta l co n d itio n s  to  

p e rm it In fo rm ed  dec is ions regard ing th e  con tinued  

a ccep tab ility  o f a particu lar d isposal opera tion ; and 
(lv) In fo rm ing  and ass is ting  In th e  a ssessm en t o f any 

fu tu re  app lica tion  fo r d isposal licences.

In th e  past, s c ie n tis ts  have relied on trad itiona l 

sa m p ling  to o ls  (eg grabs, co re rs  and d redges) to  

Investiga te  s e d im e n ts  and th e ir  assoc ia ted  b en th lc  
fauna (m acrofauna and m elofauna) (eg Boyd e t al., 2002; 

E le ftherlou  and M cIn ty re , 2005). This In fo rm a tion  only 

re lates to  a spe c ific  po in t on th e  seabed fro m  w h ich  

th e  sam ple  w a s  co llec ted  and, th e re fo re , In ferences 
regard ing th e  w id e r d is tribu tion  o f substra ta  and th e  

associa ted  fauna m ay be unrea listic, especia lly  In patchy 

e n v iro n m e n ts  (B row n e t a i,  2002). W h ils t th e re  are 

sound reasons fo r con tinu ing  to  app ly such approaches 

(eg Rees e t a i,  1990), w ith  Im pro ve m e n ts  In te ch no lo g y  

th e re  Is Increasing In te rest In using acous tic  and optica l 

te c h n iq u e s  fo r  asse ss in g  a n th ro p o g e n ic  e ffe c ts , 

particu la rly  In areas o f know n  hab itat he te rogene ity .

For exam p le , a nu m b e r o f a co u s tic  te ch n iq u e s  

(especia lly s ldescan sonar and m ore  recen tly  m ultibeam

F igure  17.1. Wet w eigh t 
in tonnes of m a in tenance- 
dredged m a te ria l licensed fo r 
o ffshore  d isposa l at TY070 
DMDS iDefra unpublished 
datai.
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F igure  17.2. Map show ing the 
location of the  Tyne dredged 
m a te ria l d isposa l s ite  (TY070] 
o ff the  northeast coast of 
the  UK.

North Sea

Dredged material 
disposal site

River Tyne

b a th ym e try ) have been w id e ly  e m p lo ye d  to  m o n ito r 

physical d is tu rbance  o f seabed hab ita ts  (eg B row n e t 
al., 2004, 2001; 2002; U m p en n y  e t al., 2002). H ow ever, 

an ongoing  cha llenge Is to  estab lish  th e  e x te n t to  w h ich  

such te ch n iqu e s  used In con junction  w ith  appropria te  

g round -tru th lng  m e th o d o lo g y  and optica l m e thods  can 

be used to  m ap both th e  d is tribu tio n  and s ta tu s  o f 

ben th lc  co m m u n itie s  In re lation to  natural and m an-m ade 

In fluences. Such tech n iqu e s  Include:
I) acoustic  m e thods  such as s ldescan sonar, m u ltibeam  

b a thym e try  and acoustic  g round d isc rim ina tion  sys te m s 

(eg Q TC ™  and RoxAnn™ );

¡I) und e rw a te r rem o te  sens ing  tech n iqu e s  (eg v ideo  and 

d ig ita l s tills  photography) and;

III) S ed im en t Profile  Im aging (SPI).

A  lim ite d  num ber o f s tud ies  fu rth e r serve  to  Illustra te  

th e  co m b ined  use o f acoustic , optica l and trad itiona l 

m e th o d s  fo r sea floo r m app ing  and Im pact a ssessm en t 

(K osty lev e ta /.,  2005; Kostylev, e t a i,  2001; Zajac, e t a i,  

2003,1998 ; D A M O S  2004). The a lm s o f th e  p resen t s tudy  

w e re  to  assess th e  advantages o f com b in ing  conventiona l 

grab sam p ling  m ethods, acoustic  techn iques , and optical 

Im aging devices to  d e te rm ine  sea floor cond itions  resu lting  

fro m  th e  d isposal o f dredged m ateria l at a licensed s ite  

o ff  NE England. This In fo rm ation  has th e  po ten tia l to  

co n trib u te  to  th e  d e ve lo pm e n t o f Im proved m on ito ring  

approaches w ith in  UK w a te rs .

17.2 Methods
17.2.1 Study site and data collection
The Tyne dredged m ateria l disposal s ite  (TY070 the rea fte r, 

Figure 17.2) w as surveyed over th e  period 2001 to  2004 

w ith  a com bina tion  of equ ipm en t (see Table 17.1 fo r spec ific  

details). During 2001, a pilot survey w as  conducted  covering 

only th re e  sta tions (duplicate), tw o  located Inside th e  disposal

Table 17.1. S u m m ary  of survey techn iques applied at TY070 DMDS. 
SSS=sidescan sonar survey conta ins the  num b e r of sw aths used to 
cover the  area. Camera=video s tills  used fo r  th is  w ork. G rab=num ber 
of g rabs co llected during  each survey.

Year SSS Multibeam Grab Camera SPI

2001 7 6

2002 9 21 3

2003 11 1 21 5 15 (trip licate)

2004 11 21 5

site) and one to  th e  northeast. There w e re  sam pled In order 

to  assess th e  he te rogene ity  o f th e  area. The resu lts from  

th e  pilot su rvey conducted  In 2001 are lim ited  In com parison 
to  those  rem ain ing surveys (le 2002-2004). Sam pling w as 

undertaken using RV Cirolana and RV C orystes  (2001 and 
2002, respective ly) and RV Cefas Endeavour (2003-2004). 

The fu ll area w as approxim ate ly  2.7 km by 1.9 km In size. 

Firstly, the  acoustic  survey w as undertaken w ith  sldescan 

sonar covering the  fu ll area and provid ing a 100%  m osaic of 
th e  site . Secondly, g round-tru th lng  w as conducting  using 

a 0.1 m 2 Ham on grab fo r co llection o f m acrobenthos and 

sed im e n t sam ples. Thirdly, a camera s ledge w as also used 

to  provide a visual characterisation o f th e  se d im en ts  In the 

area. Finally, In 2003, a S ed im ent Profile Im aging (SPI) 

camera w as available to  the  program m e and brought the  

opportun ity  to  com p lem en t previous techn iques used fo r 
characterisation o f th e  area.

17.2.2 Acoustic survey
A nnually , TY070 w a s  su rveyed  using a D atasonlcs SIS 

1500 d ig ita l ch irps sys te m  w ith  a T riton  Isis data logger. 

D e lphm ap  post-p rocess ing  so ftw a re  w a s  used to  m osaic 

th e  Im agery and c lass ify  te x tu ra lly  d iffe re n t areas o f th e  

seabed. The sys te m  w a s  opera ted  on a 400  m sw a th e
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F igure  17.3. Ind ica tion  of 
the  g ro u n d -tru th  (GT) poin ts 
sam pled over 2001-2004 at 
Dredged M a te ria l D isposal 
S ite (TY070).

lOTA'Homl

metres

range, and su rvey lines w e re  spaced at 400  m Intervals In 
a no rth /sou th  o rien ta tion  to  enson lfy  app rox im a te ly  100%  

o f th e  su rvey area. Vesse l pos ition ing  w a s  prov ided  by 

D iffe ren tia l G lobal Position ing  S ystem  (DGPS) and to w e d  
senso r pos ition  ca lcu la ted by vesse l heading, cable layback 

and to w fls h  depth , all o f w h ich  w e re  logged In real t im e  by 

th e  Isis sys tem .

A cam era s ledge w a s  dep loyed  at severa l s ta tions  

across th e  area surveyed  to  provide a characte risa tion  

o f th e  se d im e n t and hab itats p resen t In th e  area and 
a lso to  aid In te rp re ta tion  o f th e  s ldescan sonar data. In 

add ition  during 2002 an acoustic  g round d iscrim ina tion  

sys te m  Q TC ™  (Q ueste r Tangent C orpora tion , Sydney, 

BC) w a s  run s im u ltan e o u s ly  w ith  th e  s ldescan sonar 

su rvey using a Furuno s ing le  beam  hu ll-m oun ted  echo 

sounde r at frequenc ies  o f 200  kPlz and 50 kPlz (Boyd e t al., 

2005). A dd itiona lly , In 2003, a m u ltibeam  su rvey w as also 

conduc ted  In th e  area, deta ils  o f both su rveys (QTC and 

m u ltibeam ) are p resen ted  In C hapter 5 (Boyd e t a i,  2006).

17.2.3 Benthic survey
The su rvey w as des igned  to  encom pass th e  to ta l area 

enson lfled  by th e  s ldescan sonar survey. The main 

sam p ling  to o l w a s  a 0.1 m 2 Plamon grab f it te d  w ith  a v ideo  

cam era th a t prov ided  an Im age o f th e  und is tu rbed  surface  

o f th e  se d im e n t ad jacent to p  th e  grab bucke t at each 

sam p ling  s ta tion  (Boyd, 2002). This device w as em p loyed  

since  It has been sh o w n  to  be particu la rly  e ffe c tive  on 

coarse substra ta  (Kenny and Rees, 1996, 1994; Se lderer 

and N ew ell, 1999) and It w a s  th e re fo re  cons ide red  su itab le  

fo r sam p ling  th e  he te rogeneous  se d im e n ts  and depos ited  
m ateria ls  (eg co lliery, f ly  ash and d redged m ateria l) know n 

to  be p resent In th e  area. A  sub-sam p le  w as a lso taken 

fro m  th e  grab fo r se d im e n t analysis (partic le  size analysls- 
PSA the rea fte r). The PSA w a s  conducted  accord ing  to  th e  

m e th o d o lo g y  s ta ted  In th e  gu ide lines fo r  th e  conduc t of 

b en th ic  s tud ies  at aggrega te  d redg ing  s ite s  (Boyd, 2002).

A to ta l o f 3 (dup lica te  sam ples) w e re  co llec ted  during 

th e  p ilo t su rvey In 2001. D uring th e  rem ain ing  t im e  of 

th e  p rog ram m e a m ore  ex tens ive  num ber o f sam p les (22 
sam ples) co llec ted  each year from  2002-2004 along TY070 

area w e re  used to  provide a deta iled  characte risa tion  o f th e  

s ite  (Figure 17.3).
The grab sam p ling  su rvey w a s  conduc ted  w ith  a random  

sam p ling  design w ith in  each o f th e  acous tic  reg ions based 

on th e  o u tpu ts  fro m  th e  sldescan sonar survey. The 

num bers  o f s ta tio ns  w ith in  each region w a s  a llocated In 

proportion  to  th e  size o f th e  area. O nce th e  sam p le  had 

been co llec ted , th e  con ten ts  o f th e  grab w e re  pho tographed 

on th e  to p  o f th e  s iev ing  tab le  be fore  th e  sam ple  w as  

processed. This pho tog raph ic  Im age w as a lso em p loyed  

to  co m p le m e n t add itiona l visual In fo rm a tion  (le v ideo  and 

SPI Images) fo r th e  In te rp re ta tion  o f th e  acous tic  survey. 
S ieving, so rting , preserva tion  and labora tory processing  

o f sam p les w e re  conduc ted  fo llo w in g  th e  m eth o d o lo g y  

described  In Boyd (2002).

17.2.4 Sedim ent Profile Imaging
A SPI cam era w a s  used to  su rvey TY070 and su rround ing  

areas In 2003. In Ju ly  2003, 12 s ta tions  located In th e  

Inside and In th e  Im m ed ia te  v ic in ity  o f th e  d redged m ateria l 

d isposal s ite  w e re  surveyed  w ith  a rem o te ly  ope ra ted  SPI 

cam era th a t prov ided  und isturbed , in situ , p ro file  Im ages 

o f th e  upper - 2 0  cm  o f th e  se d im e n t co lum n. P lowever, 

on ly  a lim ited  num ber o f th e se  s ta tio ns  are reported  In th is  

sec tion . The cam era used w a s  a N ikon F-801s, and th e  

s o ftw a re  used to  p rocess th e  Im ages w as Im age A na lys t 

fo r M ac in tosh  vers ion  9.0.3. Three rep lica te  Im ages 
w e re  taken  at each sam p ling  s ta tion . From each Image, 

s e d im e n t type , s e d im e n t boundary  roughness  (SBR), 

apparen t redox po ten tia l d isco n tin u ity  (aRPD) dep th , th e  

O rgan lsm -S ed lm en t Index (OSI, Rhoads and Germ ano, 

1986) and th e  B enth ic  Flabltat Q ua lity  Index (BPIQ, N ilsson 

and Rosenberg, 1997) w e re  calcu la ted.
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17.2.5 Data analysis
U nivaria te analysis based on to ta l num ber o f Individuals 
(exc lud ing  co lon ia l spec ies) and th e  to ta l nu m b e r of 

spec ies  w e re  ca lcu la ted from  th e  Ham on grab sam p les to  

provide a q uantita tive  a ssessm en t o f ben th ic  assem blages 
w ith in  each acoustic  region o v e rt im e .

Additiona lly, m ultivaria te  analyses of data w e re  conducted 

w ith  PRIMER (P lym outh Routines In M ultivaria te  Ecological 
Research so ftw are ), version 6 fo r W in d o w s . Follow ing 

square root transfo rm a tion  o f the  abundance data (excluding 
colonial taxa), non-m etric  m ultl-d lm enslona l scaling ordination 

(MDS) o f Bray-Curtls s im ila rity  m easures w as used to  assess 

changes In species com pos ition  (Clarke and W arw ick , 

1994). Pairw ise A N O S IM  (Analysis o f S im ilarities, Clarke, 

1993) w as  also conducted  to  te s t fo r s ign ifican t d iffe rences 

in m acrobenth ic  assem blage com position  over tim e  and 

am ong acoustically d is tinc t areas.

The SIM PER rou tine  (s im ila rities  percentages) w ith in  

PRIM ER w a s  used to  d e te rm in e  th e  co n trib u tio n  o f 

Individual spec ies  to w a rd s  th e  d iss im ila rity  b e tw e en  years 

and s ta tio ns , w h ile  th e  B IO -ENV (B io ta -E nv ironm en t) 

ana lysis w a s  used to  fin d  th e  best m atch  b e tw e en  

th e  m u ltiva ria te  sam ple  pa tte rns o f an assem b lage  and 

env ironm en ta l variab les associa ted  w ith  th o se  sam p les 

(Clarke and Gorley, 2006) over t im e  at s tu d y  s ites. The 

env ironm en ta l variab les te s te d  w e re  % gravel, % sand 

and % s ilt/c lay  and annual quan titie s  o f licensed dredged 

m ateria l d isposed  o f to  th e  area.

Particle size d is tribu tio n s  w e re  analysed using Principal 

C om ponen t A na lys is  (PCA) to  assess spatia l and tem po ra l 

changes at th e  s ta tio ns  .The variab les used w e re  th e  

so rting  co e ffic ie n t, % gravel, % sand and % s ilt/c lay  of 

Individual se d im e n t sam ples.

17.3. Results
17.3.1 Acoustic survey in terpretation
The s ldescan sonar m osa ic from  each o f th e  acoustic  

su rveys Is sh o w n  in F igure 17.4. Five acoustica lly  d is tinc t 

areas w e re  de linea ted  over th e  en tire  s tudy  s ite  (Figure 

17.5). The ba thym e try  in th e  area s loped g en tly  from  

around 30 m depth  in th e  w e s t to  50 m in th e  east 

(ba th ym e tric  su rvey reported  In Boyd, e t al. 2006). The 

sea floo r to  th e  w e s t o f th e  d isposal s ite  had a h u m m ocky  
topog raphy  (Figure 17.4 section  D), w he re a s  th e  sea floor 

topog raphy  to  th e  east w as  m uch s m o o th e r (Figure 17.4 

section  A). Tem pora l com parison  o f th e  s ldescan sonar 

records sh o w s  th a t th e re  w a s  little  change In th e  broad 

d is tribu tion  o f se d im e n ts  and fe a tu re s  w ith in  th e  survey 

area b e tw e en  2001 and 2004.

The surfic la l se d im e n ts  In th e  o ffsh o re  area east of 

th e  d isposal s ite  w e re  so ft In nature and dom ina ted  by 

re la tive ly  fea tu re less , hom ogeneous  sandy m uds w ith  

sm all am o u n ts  o f she ll m ateria l at th e  su rface  (Figures 17.4- 

A  and 17.6-A). The v ideo  s tills  sh o w e d  th a t bu rrow ing  and 

tu b e -fo rm in g  fauna inhab ited th e se  se d im e n ts  ( Turrite lla , 

sp. and A n ta lis  sp.). O ccasionally, harder linear fea tu res  

w e re  a lso observed  over th is  sub s tra tu m . These linear 

fe a tu re s  m ig h t be a ttribu tab le  to  o th e r im pacts  (eg dem ersa l 

fish ing  activ ity). A t th e  inshore area, th e  se d im e n ts  

w e re  observed  to  be coarser and m ore he terogeneous, 

w ith  a band o f she llle r m uddy sands and sandy m uds, 

in te rm ixed  w ith  coal and clay, dom ina ting  th e  centra l part 

o f th e  su rvey area (Figure 17.6-B). In th e  w e s te rn  part, a 

m ix tu re  o f sand, m ud, coal and o the r rocks are freq u e n tly  

e ncoun te red  and can be linked w ith  coal m easures know n 

to  be p resen t In th is  area.

A t th e  d isposal s ite  Itse lf se d im e n ts  w e re  very m ixed. 

The cen tre  o f th e  s ite  Is cha racte rised  by a lo w e r acoustic  

backsca tte r and se d im e n ts  m ain ly  cons is t o f sandy m uds 

and m uddy  sands. The sou the rn  and cen tra l part o f th e  

s ite  w as genera lly  m uddy In nature, w ith  so m e  coarse 

sand p resen t. The s ldescan sonar im agery portrays th is  

as a patch o f p redom inantly  fin e r se d im e n t w ith  areas of 
coarser, m ixed  m ateria l at th e  periphery, w h ich  appears 

to  rep resen t th e  aco u s tic  fo o tp r in t o f th e  d e p os ite d  

se d im e n ts . The rem a inder o f th e  s ite  Is m ain ly  shelly, 

m uddy sand w ith  vary ing  quan titie s  o f co llie ry  w a s te  and 

th e  p resence  o f A lcyo n iu m  d ig ita tum , th e  b rittle s ta rs  

A m p h iu ra  sp., and Ophiura  sp., hydro lds and bryozoans 

(Figure 17.6-C). U nde rw a te r pho tog raphy sh o w e d  an area 

o f m ixed  se d im e n t ex tend ing  aw ay from  th e  s o u th w e s t 

boundary o f th e  licensed area w ith  th e  p resence  of 
A lcyo n iu m  d ig ita tum  (Figure 17.6-D). It w as apparent 

th a t th e  coarser co m p o n e n t o f th is  sub s tra tu m  cons is ted  

o f gravel and cobb le-s ized coal partic les w ith in  a m uddy 

sand m atrix . Patches o f fin e r se d im e n t (m uddy sand/ 

sandy m ud) a lso appear w ith in  th is  area. From th e  visual 

asse ssm e n t prov ided  by th e  v ideo  and SPI th is  appeared 

to  be a com b ina tion  o f both d isposal ope ra tions and natural 

coal depos its  w h ich  w e re  exposed at th e  seabed.

17.3.2 Sedim ent
In th e  firs t year o f s tu d y  (2001) th e  se d im e n t com pos ition  

w a s  obse rved  to  be an a d m ix tu re  o f sand, s I It/c lay 

and gravel at all th e  s ta tions. In th e  cen tre  o f th e  

d redged m ateria l d isposal s ite  th e  se d im e n ts  w e re  m ainly 

a com b ina tion  o f sandy m ud and m uddy sands, w he reas  

east o f th e  licensed area, se d im e n ts  w e re  p redom inantly  

com posed  o f m uddy sand.
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—  ■■— iWi I il

F igure  17.4. Tem pora l change (2001-2004) of the  sidescan so na r m osaic 
at TY070 DMDS. Le tte rs  are used to labe l areas: A= hom ogenous sand, 
B =heterogeneous sedim ents, C= centre of the  DMDS, D= hum m ocky area and 
E=licensed dredged m a te ria l d isposa l site.

F igu re  17.5. S idescan sonar 
image illu s tra tin g  delineation  
of acoustica lly  d is tinc t areas 
leg A -E l at TY070.
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* * * * * *

« u m . . .  e f  # %

Figure 17.6. Close-up sídescan sona r records fo r  loca tions A-D 
In F igure 17.4, along w ith  video Im ages show ing seabed types: A] 
hom ogeneous sandy mud In the  o ffshore  part of the  survey area 
(area shown Is approx 200m x 400m l; Bl heterogeneous sedim en ts 
com posed of she lly  m uddy sand, sandy mud, coal and clay (area 
shown Is approx 800m x 1600ml; Cl she lly  m uddy sand w ith  co llie ry  
waste, present Inside the  d isposa l site. A lso evident are linea r 
tra w lin g  m a rks  and possib ly ancho r drag scars (area shown Is approx 
300m  x 600m l and Dl d iscre te  patches of soft m a te ria l (a rrow edl to 
the  w est of the d isposal site (area shown Is approx 600m x 1200ml.

The cen tre  o f the  licensed area is characterised by the 

presence o f sandy m uds and m uddy sands. The area to  the  

east of th e  disposal s ite  (area E) Is characterised by m uddy 

sands. S ed im ents to  th e  w e s t o f th e  survey area (area B) 

w ere , In contrast, p redom inantly  com posed  o f sandy gravel 

over tim e . Area A w as observed to  be com posed o f patchy 

sandy gravels w ith  m uddy sands. Principal C om ponents  

Analysis (PCA) o f the  sorting  coe ffic ien t, % gravel, % sand 

and % silt/c lay sho w e d  th e  W -E changes in sam ples over 

tim e  (Figure 17.7—A). Sam ples are spread in th e  ordination 

w ith  som e tendency  o f c lustering (le ft s ide o f the  ordination) 

by sam ples from  2002, 2003 and 2004 (Figure 17.7—A). The 

d is tribu tion  o f th e  sam ples along th e  PC1 axis accounted 

fo r 63%  o f th e  variab ility and could be explained by the  

Inverse variation In % sand. PC2 represen ted  31%  o f the

variability, w h ich  w as m ainly accounted  fo r th e  % s ilt/c lay 

con ten t. The spatial representa tion o f acoustica lly d is tinct 

areas can also be seen In Figure 17.7-B. There is a tendency 

fo r c luste ring  on th e  le ft s ide o f th e  p lot o f the  m ajority  of 

sam ples from  the  acoustic  areas E, C and D.

17.3.3 Biological composition
A to ta l o f 172 taxa w e re  Identified  over th e  fo u r years o f th e  

s tudy. In 2001, th e  p ilo t su rvey o f th e  area w a s  designed 

to  assess d iffe re n ce s  b e tw e en  th e  cen tre  o f th e  licensed 

d redged m ateria l d isposal s ite  and ad jacent areas. Plamon 

grab sam p les w e re  co llec ted  to  ta rg e t and g round -tru th  th e  

acoustica lly  d is tin c t areas and also to  provide an Indication 

o f th e  s ta tus  o f m acroben th lc  assem blages. F igure 17.8 

sh o w s  th e  va lues o f to ta l abundance o f Individuals and
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F igure  17.7. (a) P rinc ipa l Com ponents A na lys is  (PCA) of sedim ent 
ch a ra c te ris tics  (sorting , % gravel, % sand and % s ilt/c lay ) fo r  g round- 
tru th  sam ples at TY070 over 2001-2004. (b) PCA o rd ina tion  based on 
acoustica lly  d is tin c t a reas delineated at TY070.

F igure  17.8. Tem pora l 
changes in the  m acrobenthos 
co llected  at the  Tyne DMDS 
over 2001-2004. (a) Total 
abundance of ind iv iduals, (b) 
Total n u m b e r of species.
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F igure  17.9. la] N o n -m e tr ic  m u ltid im en s io na l sca ling ordina tion  
using B ray C urtis  s im ila r it ie s  m easure com puted fo r  double 
sgua re -roo t tra n s fo rm e d  species abundances fo r  2003, lb] 2004, 
le] MDS fo r a ll years overla in  w ith  dredged m a te ria l guan tities 
(extracted from  Figure 17.11 and (dl MDS fo r a ll years overla in  w ith  
% gravel.

to ta l num ber o f spec ies  fo r th e  d iffe re n t acous tic  areas 

sam p led  over th e  4 years o f th e  s tudy. In 2001, s ta tions  

w e re  only co llec ted  fro m  w ith in  4 acous tic  areas (le areas 

B, C, D and E). O ver these  5 d is tin c t acoustic  areas th e  

values o f to ta l abundance o f Ind ividuals ranged fro m  45- 

374  per 0.1 m 2 and th e  to ta l num ber o f spec ies  ranged 

fro m  20-50 per 0.1 m 2. Low er va lues o f both univaria te 

m e trics  w e re  obse rved  at area B (w e s t o f th e  dredged 
m ateria l d isposal site) In com parison  w ith  areas C, D and 

E over 2002-2004.

For s im p lic ity , th e  resu lts  o f m u ltid im ens iona l scaling 

using Bray-C urtls s im ila rity  co e ffic ie n ts  w e re  separated 

over years to  assess th e  pa ttern  o f variation . There Is 
an E-W o rien ta tion  In both o rd ina tions fo r 2003 and 2004 

(F igures 17.9(a) and (b)). An aggregation  o f sam p les from  

th e  d isposal s ite  and ad jacent areas Is observed  to  th e  

right s ide  o f th e  o rd ination, w h ile  o th e r sam p les fro m  th e  

d isposal s ite  w e re  m ore  w id e ly  d ispe rsed  In both years 

(F igures 17.9(a) and (b)).

R esu lts sh o w e d  th a t co m m u n ity  com pos ition  w a s  best 

rep resen ted  by a com b ina tion  o f depos ited  m ateria l, % 

gravel, and % s ilt/c lay  (B IO -E N V ana lys is ; r=0 .483). F igures 

17.9(c) and (d) s h o w  th e  faunal data overla in w ith  these  

env ironm en ta l variab les (eg d redged m ateria l quan tities  

and % gravel). The spec ies  d is tribu tion  su rround ing  th e  

d isposal s ite  appears to  be In fluenced by th e  d isposal

opera tion . This Is Ind icated by th e  separation o f sam p les 

located In th e  d isposal s ite  and Im m ed ia te  v ic in ity  (Figure 

17.9(c)). A dd itiona lly , e leva ted  % gravel (Figure 17.9(d)) 

w a s  no ted  at areas w ith in  th e  d isposal s ite  Itse lf and also at 

areas A and D. The resu lt o f th e  tw o -w a y  nested  A N O S IM  

provided  ev idence  o f s ign ifican t d iffe re n ce s  (r-s ta tis tlc=  

0 .26; p<0.002) over tim e  and over acoustica lly  d is tinc t 

areas (r=0 .31; p< 0.001) during th e  s tu d y  period.

S IM PER resu lts  (see Boyd e t al., 2006) sh o w e d  tha t 

th e  h ighest va lues fo r overa ll d iss im ila rity  w e re  found  fo r 
th e  com parison  be tw e en  2001 and 2002 (72 .11% ) and 

2001 versus 2004 (73 .72% ). It Is clear th a t th e  d iffe rences  

observed  over tim e  are a ttribu tab le  to  th e  changes In 
abundance o f a num ber o f taxa over tim e , resu lting  from  

th e  d isposal ac tiv itie s  at th e  s ite . Exam ples o f species 

s h o w in g  appreciab le  changes Include th e  po lychaete  Lagis 

koreni, w h ich  has a high average abundance during th e  

firs t year o f th e  s tu d y  and lo w e r abundances subsequen tly . 

The d iss im ila rity  be tw e en  th e  acoustica lly  d is tin c t areas 

w a s  a lso  ana lysed. The h ighes t overa ll d iss im ila rity  

w a s  encoun te red  In com parison  b e tw e en  areas C and 

B (73 .62% ) and E versus B (72 .80% ). It Is clear tha t 

decreased abundance  at area B can be a ttrib u te d  to  th e  

typ e  o f sub s tra tu m  encoun te red  (le sandy gravel) and th e  

high abundance o f th e  carn ivorous po lychaete  Lum brine ris  

gracilis.
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F igure  17.10. S ed im ent p rofile  im ages fro m  the  Ju ly  2003 survey at 
TY070.

17.3.4 Sedim ent Profile Imaging
SPI Im ages fro m  Ju ly  2003 are sh o w n  In F igure 17.10 fo r 

s ta tio ns  located In th e  cen tre  o f TY070 and su rround ing  

areas. The s e d im e n t d is tr ib u tio n  appears  to  be 

p redom inan tly  com posed  o f fin e  sand In th e  surface  layers 

o f th e  se d im e n t. S om e m ed ium  sand and fin e  m uddy 

m ateria l Is seen th ro u g h o u t m os t o f th e  s ta tions  sam pled . 

A  vary ing  she lly  frac tion  Is a lso v is ib le  at th e  se d im e n t 

su rface  at m any o f th e  s ta tio ns  surveyed . This m ateria l can 

be seen as th e  h igh ly  re fle c tive  frag m e n ts  sca tte red  across 

th e  s e d lm e n t/w a te r In te rface  In th e  surface  pho tographs. 

There w as  a certa in  am o u n t o f re-suspenslon o f fine  

m ateria l at m any o f th e  s ta tio ns  sam p led  (an a rte fac t o f SPI 

tech no lo g y : R. Va len te  pers com m .). An obvious exam ple

o f th is  w a s  obse rved  In th e  surface  and p ro file  Im ages 
taken  at s ta tion  19 (Figures 17.10 and 17.11). Coarser 

se d im e n ts  w e re  recorded at s ta tions  22 and 25, w h ile  
bou lder fie ld /bed rock  ou tc ropp ing  w e re  also recorded at 

s ta tion  36, 37 and 39 ,to  th e  w e s t o f th e  d isposal area.

Surface boundary roughness Ind icates unevenness of 

th e  se d im e n t surface  as a resu lt o f physical ac tiv ity  and 

b lo tu rb a tlo n  p rocesses (Rhoads and G erm ano, 1986). 

Values ranged fro m  a lo w  o f 0.33 (the very fla t se d im e n t 

su rface  p resen t at s ta tion  33 In th e  disposal area) to  a high 

value o f 1.58 (a b logen lca lly-roughened se d lm e n t-w a te r 

In te rface  at s ta tion  30, located to  th e  east o f th e  disposal 

area). W h e re  high roughness values are recorded  In th e  

p resen t survey, It Is clear th a t th e se  are largely a ttribu tab le



Table 17.2. R esults from  the analysis of SPI Images, includ ing 
sed im en t type, penetra tion, S ed im ent Boundary Roughness (SBR], 
apparent redox d iscon tinu ity  depth (ARPD], Stage (calculated from  the 
B enth ic  Quality Index! and O rganism  sedim ent index (OSIl

Stations Sedim ent type Penetration
(cmj

SBR ARPD depth Stage OS

22 >3-2 phi 5.80 1.00 4.93 ll- lll 10
25 >4-3 phi 13.43 0.69 5.62 II 9

33 > 4phl 15.39 1.63 2.58 5

34 > 4phl 12.96 1.00 1.96 Azoic 2
36 > 4phl — - - - - l-ll 2
37 >4-3 phi — - - - - l-ll 2
39 >3-2 phi — — — l-ll 2

to  b iogen ic  fea tu res . For exam ple , in pho tog raphs taken at 

s ta tion  18 (Figure 17.10 and 17.11), th is  is m ain ly  due to  

th e  bu rrow ing  ac tiv itie s  o f decapods w h o se  bu rrow s are 

ev iden t in severa l SPI and surface  pho tographs (S ta tions 

18, 30, and 32) or to  tu b e  fo rm a tio n  and b io tu rba ting  ac tiv ity  

o f infaunal an im als eg po lychaetes and ho lo thurians.

The apparen t redox  po ten tia l d is c o n tin u ity  (aRPD) 

dep ths  (the v is ib le  line b e tw e en  oxygena ted  and reduced 

sed im en t) recorded from  th e  SPI Im ages is p resen ted  

In Table 17.2. It is ev iden t th a t aRPD depth  Is grea tly  

dependen t on th e  p resence /absence  o f b io tu rba ting  fauna. 

The aRPD presence can be gauged using th e  com b ined  

In fo rm a tion  from  both th e  p ro file  and th e  surface  Im ages. 

W h e re  such an im als are p resen t (s ta tions 18, 19, 21, 30 

and 32) th e  aRPD layer Is re la tive ly  deep and uneven, w ith  

re -w ork ing  o f se d im e n t observed  in th e  se d im e n t pro file  

and oxygena ted  vo ids genera lly  p resen t at depth  w ith in  

th e  sed im en t.
A t s ta tio ns  w h e re  th e  excavating, Irrigation, bu rrow ing  

and fe e d ing  ac tiv itie s  o f such an im als are absent (s ta tions 
28, 29 and 33) a sh a llo w e r aRPD layer occurs, re flec ting  

th e  presence o f reduced se d im e n t recen tly  placed during 
a dredged m ateria l d isposal opera tion . S ta tion  29 reveals 

a ve ry  lim ited  am oun t o f oxygena ted  se d im e n t present, 

w ith  an associa ted  lo w  level o f b io log ica l ac tiv itie s  (Figure

17.10). These s ta tio ns  are all located Inside th e  d isposal 

s ite  boundary. It is a lso re levant tha t, due to  th e  presence 

o f coa rse /rocky substra ta , it w a s  not possib le  to  gauge th e  

dep th  o f th e  aRPD layer at s ta tions  36, 37 and 39 (Figure

17.10). It is im p orta n t to  h igh ligh t th e  varia tion In d iffe re n t 

aRPD dep ths w ith in  th e  d isposal s ite  itse lf, w ith  both 

re la tive ly  high and re la tive ly  lo w  values recorded. This m ay 

be a ttribu tab le  to  th e  degree o f h is torica l d isposal ac tiv ity  

at th e  s ite .

The s ta tio ns  located ou ts ide  th e  d isposal s ite  re tu rned  

co n s is te n tly  high aRPD values (Table 17.2). The presence 

o f bu rrow s (a ttribu tab le  to  th e  excava ting  ac tiv itie s  of 
severa l Infaunal species) can be clearly seen In m any o f th e  

p ro file  Im ages (eg s ta tion  34 w ith  faunal ac tiv ity  at depth); 

in som e  cases substan tia l sec tio n s  o f th e se  bu rrow s are

v is ib le . A  large decapod (Figure 17.11 Im age 19 d) and a 

pelican fo o t shell (A porrha is  pespe lecan i) are also v is ib le  

on th e  se d im e n t p ro file  Im age fo r s ta tion  26 (Figure 17.10). 
C o lon ies o f th e  anthozoan A lcyo n iu m  d ig ita tum  (so ft coral) 

are v is ib le  in th e  surface  Im ages at s ta tion  27, 36 and 37 

(Figure 17.11). These ind ica te  th e  p resence  o f su itab le  

substra ta  fo r  a tta chm e n t ie gravel, she lly  m ateria l or coal, 

a lthough  th is  s ta tion  Is located to  th e  so u th -w e s t o f th e  

licensed area. In th e  su rface  Im age taken at s ta tion  30, 

surface  tracks  produced by th e  w h e lk  B ucc inum  sp. are 

ev iden t (Figure 17.11 Im age 30  E).

The b en th ic  Flabitat Q ua lity  Index w a s  ca lcu la ted fo r th e  

s ta tio ns  surveyed  fo llo w in g  th e  m eth o d o lo g y  proposed by 
N ilsson and R osenberg (1997) (Table 17.2). Successiona l 

s tages varied fro m  stage  I e n v iro n m e n ts  (s ta tions 26, 29 

and 33, located w ith in  th e  d isposa l-s ite  w e re  characte rised  

by sh a llo w  aRPDs and th e  absence o f d isce rn ib le  b iogenic 

fea tu res) to  s tage  III (s ta tions 18, 30 and 32, located 

o u ts ide  th e  d isposal area) w ith  th e ir  cha racte ris tica lly  deep 

aRPDs, w e ll-deve loped  faunal co m m u n itie s  and p rom inen t 

b iogen ic  fea tu re s  such as bu rrow s and feed ing  m ounds.

17.4 Discussion
M arine  ben th ic  hab ita ts  are vu lnerab le  to  th e  In fluence  o f a 

w id e  range o f an th ropogen ic  ac tiv ities  (eg dredged m ateria l 

disposal, aggrega te  extrac tion , w ln d fa rm  deve lopm en ts , 

oil and gas e xp lo ita tion  and fish in g  Im pacts). Recent 

d e v e lo p m e n ts  in seabed m app ing  te c h n iq u e s  driven 

by con tinuous  Im pro ve m e n ts  in acoustic  sys te m s  o ffe r 

th e  po ten tia l to  radica lly Im prove s ing le -po in t sam p ling  

approaches to  m on ito r th e  im pac ts  o f such ac tiv ities . 

These o p p o rtu n itie s  provide ben th ic  eco log is ts  w ith  n e w  

avenues fo r  s tu d y in g  th e  s tru c tu re  and dynam ics o f 

ben th ic  c o m m u n itie s  at m u ltip le  spatia l scales (Zajac e t 

a i,  2003). The Tyne dredged m ateria l d isposal s ite  is used 
as an exem p la r to  estab lish  th e  e x te n t to  w h ich  such a 

com b ina tion  o f te ch n iqu e s  cou ld  be used in th e  fu tu re  

rou tine  env ironm en ta l m on ito ring  p rog ram m es undertaken 

In UK w a te rs .
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Figure 17.11. Surface ¡mages fro m  Ju ly  2003 at the  Tyne 
DMDS. B=decapod, C =A lcyonium  d ig ita tu m , D= coarse 
subs tra tum  and E= Buccinum  sp.

A co u s tic  tech n iqu e s  have been rou tine ly  em p loyed  fo r 

m any years as a to o l In disposal s ite  m on ito ring  but th e  

reso lu tion , a ffo rd a b ility  and access ib ility  o f th e  te ch no lo g y  

has g rea tly  increased in recen t years (Kenny e t al., 2003; 

Van Lancker e ta !., 2003). In th is  s tu d y  th e  u tility  o f acoustic  

te ch n iqu e s  w as dem on s tra te d  by: 

i) th e  fa c ility  fo r rapid coverage o f large areas o f seabed,

¡i) fa c ilita tin g  th e  de linea tion  o f se d im e n tlo g ica lly  and

b io log ica lly  d is tin c t areas and 

III) providing in form ation on the  foo tp rin t o f disposal activity.

Exam ination o f th e  data fro m  grab sam p les co n firm ed  

a d is tin c t area o f th e  seabed w ith in  th e  d isposal s ite , 

cha racte rised  by se d im e n ts  w h ich  w e re  largely m uddy in 

nature, but also included patches o f coarse sand. O the r 

substra ta  p resen t over th e  su rvey area a lso dem on s tra te d  

ag reem en t b e tw e en  th e  partic le  size d is tribu tion  and SPI 

im ages. The partic le  size d is tribu tion  data prov ided  th e  

q uantita tive  In fo rm a tion  to  g round-tru th  th e  se d im e n ts  

o f th e  area. The use o f SPI co m p le m e n ted  th e  PSA 
In fo rm ation  w ith  an in s itu  represen ta tion  o f se d im e n t 

s tru c tu re  and qua lity  at each s ta tion .

On a sm a lle r spatia l scale, a v ideo  cam era a ttached  

to  th e  Ham on grab p rovided ins tan taneous In fo rm ation  

on th e  und is tu rbed  Im age o f th e  surface  sed im en ts , 
inc lud ing  any associa ted  epifauna. This In fo rm a tion  only 

gave a localised and genera l Ind ication o f th e  fo o tp r in t 

o f th e  d isposal ac tiv ity . H ow ever, th e  Im ages at certa in  

s ta tio ns  in th e  v ic in ity  o f th e  d isposal s ite  reveal apparen tly  

und is tu rbed  cond itions  at th e  se d im e n t surface . Evidence 

o f a legacy o f th e  disposal a c tiv ity  w as prov ided  by th e  

ve rtica l SPI im ages, and th e  com b ina tion  o f th e  tw o  
sou rces o f In fo rm a tion  w a s  he lp fu l in eva lua ting  overall 

seabed sta tus.

The Ham on grab (covering 0.1 m 2) prov ided  po in t-sam ple  
In fo rm ation  on fauna and se d im e n t com p o s itio n . These 

data a llo w e d  a q uantita tive  analysis over th e  d iffe re n t areas 

and, to  a degree, Identified  changes occurring  w ith in  and in 

th e  near v ic in ity  o f th e  d isposal s ite  be tw e en  2002-2004. 

A  decline  in num ber o f Ind ividuals and spec ies  over tim e  

w a s  obse rved  fo r area B (to  th e  w e s t o f th e  d isposal site), 

w h e n  com pared  to  areas C, D and E. M u ltiva ria te  analysis 

ind ica ted  a certa in  degree o f s im ila rity  in te rm s  o f faunal 

d is tribu tion  o v e rt im e  Includ ing so m e  o f th e  s ta tio ns  located
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at th e  cen tre  o f th e  disposal s ite  (Figure 17.9). F low ever, 

s ta tio ns  located w ith in  th e  w e s te rn  and sou the rn  parts of 

th e  d isposal s ite  w e re  re la tive ly  d iss im ila r; th is  w a s  also 

obse rved  In th e  s ldescan Im ages. As expected , th e  BIO- 

ENV Iden tified  an In fluence  on th e  assem blage  associa ted  

w ith  th e  d isposal o f d redge m ateria l and se d im e n t type  (eg 

especia lly  variab ility  In % gravel and s ilt/c lay) o f spec ies  

com p o s itio n  w ith  se d im e n t type . The d isposal s ite  w as 

d irec tly  In fluenced by a com b ina tion  o f coarse and so ft 

se d im e n ts . The areas ou ts ide  and In th e  Im m ed ia te  v ic in ity  

o f th e  disposal s ite  w e re  m ain ly  com posed  o f s o ft m ateria l 

(le m uds) and m ed ium  sands.

SPI has found  w id e  app lica tion  w o r ld w id e  (eg U.S.A. 

a clear exam ple  Is th e  D isposal Area M on ito rin g  S ystem  
program  (D AM O S), F redette  and French, 2004, Solan, 

e t a i,  2003; Keegan e t a!., 2001 O 'C onno r e t al., 1989; 

Rum ohr, 1995) but has only been used to  a lim ited  ex ten t 

In th e  UK. The p resen t p ilo t s tu d y  o ff th e  Tyne co n firm ed  

th a t SPI can provide va luable In fo rm a tion  to  ass is t In 
In te rp re ting  Im pacts occu rring  both w ith in  and In th e  near 

v ic in ity  o f th e  d isposal s ite  w h ich  cou ld  not be d iscerned  

fro m  th e  s ldescan sonar or grab sam ple  data alone. The 

a ttrib u te s  o f SPI Include:

I) ass is ting  In m apping th in  layers o f depos ited  dredged 

m ateria l w h ich  are not c learly d e tec te d  by acoustic  

techno logy ,
¡I) p rov id ing  co m p le m e n ta ry  In fo rm a tion  on behaviour and 

d is rup tion  o f ben th ic  o rgan ism s and se d im e n t qua lity  

s ta tus,

III) p rov id ing  near rea l-tim e data return  and lv) fa s t and clear 

return  o f data. There fore , by Incorporating th e  use of 

SPI In fu tu re  su rveys w e  can envisage a m ore  In fo rm ed 

and e ffic ie n t m on ito ring  exerc ise .

W e  conc lude  th a t th e  co m b in a tio n  o f approaches 

e m p lo ye d  In th is  s tu d y  has th e  po ten tia l fo r w id e r 
app lica tion  around th e  UK coast. W ith  th e  excep tion  

o f SPI, th e  te ch n iqu e s  em p lo ye d  In th is  s tu d y  have 

been w id e ly  used at o th e r d isposal s ite s  a round th e  UK 

coast, a lthough not a lw ays In synch rony. P rocedures fo r 

In tegra ting  th e se  approaches, exe m p lifie d  by th e  p resen t 

s tudy, appear to  o ffe r s ign ifican t bene fits . C learly, th e  

scope fo r all com b ina tion  surveys w ill be lim ited  by local 

c ircu m s ta n ce s  (eg th e  p resence  o f bed rock prov ides 

an obvious cons tra in t on SPI use) and th e  ob jec tives  of 
th e  Investiga tion . F low ever, th e  capability  to  link point 

sam p ling  w ith  a w id e r spatia l p e rspec tive  shou ld , In 

general, be h igh ly  advantageous.

In th e  particu lar case o f th e  Tyne, th e  s tu d y  p rovided 
c o m p le m e n ta ry  ev idence  o f th e  localisation o f Im pacts 

aris ing fro m  disposal, but a lso p rovided add itiona l Insights 

In to th e  he te rogeneous  characte r o f th e  e n v iro n m e n t In 
th e  w id e r region and th e  In teraction b e tw e en  natural and 

an th ropogen ic  In fluences, Includ ing th o se  a ttribu tab le  to  

earlier d isposal ac tiv ities .
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18. Acoustic monitoring 
of the Inner Gabbard 
dredged material 
disposal site

18.1 Introduction
The Inner Gabbard d redged m ateria l d isposal s ite  (TH052) 

cu rre n tly  serves th e  m arine d isposal requ irem en ts  fo r 
m ain tenance  dredged m ateria l fro m  th e  H arw ich Haven, 

SE English coast.

The Harw ich Haven Is fo rm ed  at th e  con fluence  of 

th e  estuaries o f th e  River S tour and the  River O rw ell and 

encom passes the  Port o f Felixstow e, th e  largest container 

port In the  UK, and Harw ich International Port. There have 

been a num ber of port expansions and consequent capital 

d redging p ro jects undertaken In th e  area In recent years. 

B e tw een  1998 and 2000, In excess o f 30 m illion w e t tonnes 

o f p redom inantly  capital d redged m ateria l w as  rem oved 

during w o rks  associa ted w ith  th e  deepening o f the  port 

approach channel. The m ajority  o f th is  m ateria l w as placed 

at th e  Roughs T ow er disposal site . This s ite  had been used 

rou tine ly  fo r m any years fo r th e  disposal o f m aintenance 
and capital m ateria l arising from  Harw ich, F e lixstow e and 

o ther east coast ports. H ow ever, ongoing m on ito ring  at 

Roughs T ow er dem onstra ted  tha t, as a consequence o f the  

capital disposal program m e, th is  s ite  had reached Its fu ll 

capacity and th a t a n e w  s ite  w as required to  receive material 

arising from  fu tu re  m aintenance dredging operations w ith in  

Harw ich Haven. Therefore  a n e w  s ite  w as characterised 

and Defra (then MAFF) granted a FEPA licence to  dispose 

o f m aintenance dredged m ateria l at the  n ew  Inner Gabbard 

s ite  w h e re  disposal com m enced  In 1998.

The Inner G abbard d isposa l s ite  Is loca ted  o ff  th e  east 

coast o f England, 30  km  east o f H a rw lch /F e llx to w e  and

Authors: David Limpenny and Andrew 
Birchenough

8 km  s o u th -w e s t o f th e  Inner G abbard sandbank (F igure 

18.1) and fo rm s  a po lygon  sh o w n  In F igure 18.2. The s ite  
Is loca ted  In w a te r d e p th s  o f 30  -  40 m b e lo w  chart da tum  

and lies on th e  w e s te rn  fla n k  o f a deep  w a te r channe l th a t 

runs In a rough ly  n o rth -e a s t/s o u th -w e s t d irec tio n .

Tidal cu rre n ts  In th e  v ic in ity  reach up to  1 m s-1 and as 

a resu lt It w a s  dec ided  th a t fin e r m ateria l d isposed  o f at 

th e  Inner G abbard s ite  w o u ld  no t a ccu m u la te  ove r tim e , 

bu t w o u ld  be d ispe rsed  ove r th e  w id e r area by natura l 

hyd ro d yn a m ic  p rocesses. T he re fo re , m ateria l p laced at 

th e  s ite  Is, as fa r as poss ib le , f in e  In na ture  and large ly  

co m p o se d  o f m a in tenance  d redg ings.

The d isposa l licence  con ta ins  certa in  c o n d itio n s  to  

ensu re  th a t:
(I) d e p os ition  o f m ate ria l a t th e  s ite  Is undertaken  In a 

m anne r such  th a t m ate ria l Is p laced even ly  ove r th e  

area o f th e  s ite ;

(¡I) th e  rate o f d e p os it Is no t to  exceed  2000 m 3 per 

m in u te  w h ils t  th e  d isposa l vesse l Is u n d e rw a y  at a 

speed  o f not less than  4 kno ts  th ro u g h  th e  w a te r 

and:

(III) th e  lice n ce  h o ld e r u n d e rta ke s  a p ro g ra m m e  o f 

m on ito r in g  to  d e m o n s tra te  th a t th e  use o f th e  de p os it 

area Is no t having a long -te rm  adverse  e ffe c t on th e  

b io log ica l resou rces  or th e  le g itim a te  a c tiv it ie s  o f 

o th e rs  In th e  area.

The licence  c o n d itio n s  a lso  a llo w  fo r th e  d isposa l o f 

cap ita l m ate ria l to  th e  s ite  on th e  co nd ition  th a t It Is d i s ­

a gg rega ted  p rio r to  d isposa l, th e re b y  ensu ring  th a t It w ill 
behave In a s im ila r w a y  to  m a in tenance  m ateria l.

F igure  18.1. Location of the 
in n e r Gabbard site.



Figure 18.2. Local 
b a thym etry  su rround ing  the  
in n e r Gabbard site. WA
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The dredged m ateria l d isposed o f at th e  s ite  by th e  

H arw ich  Haven A u th o rity  arises as a resu lt o f 4 or 5 

annual dredg ing  cam pa igns from  H arw ich  and F e lixs tow e  
Harbours, th e  navigation channel and H arw ich  In ternational 

Port. B e tw een  1998 and 2003, over 13 m illion  to n ne s  of 

m ateria l w a s  depos ited  at th e  s ite  (Table 18.1).

18.2 Site monitoring
Cefas has undertaken m on ito ring  surveys at th e  Inner 

G abbard disposal area s ince  It becam e active  In 1998, 

w ith  th e  m os t recent su rvey  being co m p le te d  In 2005. 

These su rveys are In tended to  provide check m on ito ring  

fo r com parison  aga inst m ore  com prehens ive  m on ito ring  

p rog ram m es carried out by H arw ich  Haven A u th o rity  

as part o f th e ir  licence cond itions . Cefas su rveys have 

Incorporated  a num ber o f m ethodo log ies , Including grab 
sam p ling  fo r Infauna and con tam inan t analysis, underw a te r 

pho tog raphy and a range o f acoustic  techn iques . This 

report describes th e  resu lts  o f th e  s ldescan sonar surveys 

conduc ted  at th e  s ite  be tw e en  2001 and 2004.

18.3 Methods
Sldescan sonar surveys provide In fo rm ation  about th e  

te x tu re  o f th e  seabed w ith in  a su rvey area. From th is  

te x tu ra l In fo rm ation , It Is possib le  to  p red ic t th e  particu la te  

nature o f th e  se d im e n ts  and conse qu e n tly  assign se d im e n t 

d e scrip tions  to  reg ions o f th e  seabed. In general, so ft 
se d im e n ts  provide a lo w  re flec tion  s tren g th  w h ich  Is 

rep resen ted  on a s ldescan sonar Im age as a ligh te r seabed 

than  coarser se d im e n ts  th a t m igh t su rround  th e m . A very 

hard seabed, com pris ing  coarse gravel and cobb le , w ill s h o w  

up as a dark, te x tu re d  re fle c to r and bou lders and bedrock 

can o ften  be observed  as Individual hard, dark ta rg e ts  or 

linear fea tu res . These p red ic tions are genera lly  co n firm ed  
using conventiona l sam p ling  techn iques , such as grabs

Table 18.1. Total am ount of m aintenance dredg ings disposed of to the 
Inne r Gabbard site between 1998 and 2003.

Y ear of disposal Disposal quantity (tonnes)

1998 657,064

1999 2,745,679

2000 1,244,423

2001 2,674,549

2002 2,903,108

2003 3,468,655

Total 13,693,478

and cam eras. Surveys o f th is  typ e  can d is tingu ish  be tw e en  

areas o f sand, m ud, gravel and rock, and repeat su rveys of 

th e  sam e area have th e  po ten tia l to  m on ito r tem p o ra l and 

spatia l changes In th e  d is tribu tion  o f se d im e n ts . S ldescan 

sonar can a lso d iscern  top og ra p h ic  fea tu re s  such as sand 

w aves  and ripp les and scour m arks, and th is  In fo rm ation  

can be used to  p red ic t se d im e n t tran sp o rt pa thw ays. 

A n th rop o g e n ic  fea tu res  such as tra w l m arks and aggregate  

d redg ing  tracks  can also be Identified  and m apped using 

th is  te ch no lo g y  (L im penny e t al., 2002).

S ldescan sonar data w e re  co llec ted  using th e  Benthos™  

SIS 1500 d ig ita l CHIRP (190-210 kHz) s ldescan sonar 
sys te m  In con junction  w ith  th e  T riton Isis™ data acqu is ition  

s o ftw a re . Data w e re  p rocessed, g e o re fe re n ce d  and 

m osa lced  using th e  T riton Isis™ so ftw a re  package to  

produce  con tinuous  acoustic  m aps o f th e  area surveyed. 

The vesse l position  w a s  prov ided  by a DGPS sys te m  and 

th e  pos ition  o f th e  s ldescan to w fls h  w a s  ca lcu la ted by 

using vesse l heading, vesse l o ffse ts , to w ca b le  layback 

and to w fls h  dep th . Survey line spacing w a s  des igned  to  

produce  100%  coverage o f th e  areas o f In te rest, using a 

400  m acoustic  sw a th e  w id th .
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G round-tru th ing o f the  acoustic  m osaic w as achieved 
using sam ples co llected  w ith  e ithe r a 0.1 m 2 Hamon grab or 

a Shipek grab. Photographs w e re  taken o f th e  grab sam ples 

and these  provided useful re trospective  In form ation fo r the  
subsequen t in te rp re ta tion  of th e  sldescan sonar m osaics. 

Further In form ation on m e thodo logy is given In Boyd, 2002.

18.4 Results
Figures 18.3 to  18.5 and also Figure 18.8 s h o w  the  sidescan 

sonar m osaics created from  the  surveys conducted be tw een 

2001 and 2004. The sam ples w h ich  w ere  used for ground- 

tru th lng  are overlain on to  each mosaic. These samples, along 

w ith  the  sidescan sonar Images them selves, w e re  used to  

define the  area of the  seabed tha t w as covered to  a large 

extent by dredged material fo r each of the  survey years. This 

area has been delineated by a blue polygon In each Image. 

The exception to  th is  is the  Image produced in 2002 w here  

the  coverage of dredged material Is less pronounced. The 

results from  each year are d iscussed below .

18.4.1 Survey results  - 2001
F igure 18.3 sh o w s  th e  nature o f th e  se d im e n ts  at th e  

seabed so m e  3 years a fte r d isposal began at th e  s ite . The 

s idescan Im age s h o w s  an area o f s o ft se d im e n ts  (polygon 

= 0.7 km 2) cen tred  on th e  d isposal s ite , w h ich  ex tends 

over 500  m to  th e  north and sou th  o f th e  s ite  itse lf. O nly 

a lim ited  num ber o f g round-tru th  sam p les w e re  available 

in 2001, but se d im e n t descrip tions  fo r G3 ind icate  th e  

p resence o f flu id  m ud and hard clay w ith in  th e  d isposal s ite  

and se d im e n ts  at G2 and G4 are described  as g rave lly sand 

over m ud (Table 18.2).

18.4.2 Survey results  - 2002
In 2002, th e  p resence  o f so ft m ateria l over th e  w id e r 

area w a s  less ev iden t than  In 2001. L inear fea tu res  to  th e  

w e s t o f th e  s ite  appear to  be com posed  o f rippled sandy 

s e d im e n ts  Ind ica ting  th a t th e y  are dynam ic  fea tu res . 

The s idescan sonar Im age does not su g g es t th a t large 

quan titie s  o f so ft m ateria l are p resen t at th e  seabed w ith in  
or su rround ing  th e  disposal s ite , and g round-tru th  data

Table 18.2. S edim ent descrip tions  fro m  grab sam ples co llected  in 2001.

Cruise Station Sedim ent description

CIR 5a/01 G1 No descrip tion

CIR 5a/01 G2 Gravelly sand ove r mud

CIR 5a/01 G3 Flard clay w ith  a sm all am oun t o f gravel. Fluid m ud present

CIR 5a/01 G4 Gravelly sand ove r mud

CIR 5a/01 G5 Gravelly sand ove r mud

Figure 18.3. Sidescan sona r 
m osaic of the  In n e r Gabbard 
s ite  and the  su rround ing  
seabed in 2001. The red dots 
show  the  location of g round- 
tru th  grab sam ples.



Figure 18.4. Sidescan sona r 
m osaic of the  Inne r Gabbard 
site and the  su rround ing  
seabed in 2002. The red and 
blue d iam onds show  the  
location of g ro u n d -tru th  grab 
sam ples.

121

fro m  IG1, IG2 and A35 con firm  th e  absence o f flu id  m ud gravels, w ith  som e  conso lida ted  clay m ateria l p resent

In th is  area. The se d im e n ts  over th e  w id e r area are largely w ith in  th e  sam p les (Table 18.3). 

com posed  o f m uddy g rave lly sands and m uddy  sandy

Table 18.3. Sed im en t descrip tions  fro m  grab sam ples co llected  in 2002.

Cruise Station Sedim ent description

CIR 3a/02 A 14 M u ddy  she lly  gravel

CIR 3a/02 A16 C om pacted  g rey clay lum ps w ith  m ud and shell

CIR 3a/02 A17 Sandy gravel w ith  clay lum ps

CIR 3a/02 A18 No descrip tion

CIR 3a/02 A21 M ud and g rey clay w ith  som e shell and gravel

CIR 3a/02 A27 M u ddy  she lly  sand

CIR 3a/02 A28 M u ddy  gravel

CIR 3a/02 A 30 M u ddy  sandy gravel and clay lum ps

CIR 3a/02 A 34 M u ddy  sandy gravel

CIR 3a/02 A 3 5 S lightly  m uddy she lly  sand w ith  clay lum ps

CIR 3a/02 A36 M u ddy  she lly  gravel

CIR 3a/02 A5 M u ddy  sandy gravel

CIR 3a/02 G6 M u ddy sandy gravel

CIR 3a/02 G7 M u ddy  she lly  gravelly sand

CIR 3a/02 IG1 M u ddy  gravelly sand

CIR 3a/02 IG2 A nox ic  m uddy gravel

CIR 3a/02 IG3 No descrip tion

CIR 3a/02 IG4 S lightly  m uddy sandy gravel

CIR 3a/02 IG5 M u ddy  sandy gravel
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Figure 18.6. Exam ple of the  soft, flu id  s u rfic ia l sed im en ts 
co llected  fro m  IG3 in 2003.

18.4.3 Survey results  - 2003
The sidescan sonar im age fro m  2003 (Figure 18.5) sugges ts  

tha t, once again, s o ft m uddy se d im e n ts  are p resen t at th e  

seabed both w ith in  and su rround ing  th e  d isposal s ite . 

The area o f th e  seabed covered  by th e se  s o ft se d im e n ts  

(rep resen ted  by th e  blue polygon) is 1.4 km 2, a lm ost double 

th a t p resen t In 2001. These se d im e n ts  are d is tribu te d  up 

to  1.4 km  to  th e  north, and 2.3 km to  th e  sou th  o f th e  

cen tre  o f th e  d isposal s ite  and are a ligned rough ly  parallel 

to  th e  tida l vecto r. S ed im en ts  co llec ted  from  IG1, IG2, IG3 

and IG4 w e re  described  as p redom inan tly  m ud w ith  sm all 

co m p o n e n ts  o f o the r m ateria l (Table 18.4), w h ich  co n firm ed  

s idescan sonar In te rp re ta tions. The surface  se d im e n ts  
cove ring  th e  w id e r area are, as in 2001 and 2002, genera lly  

com posed  o f m uddy sandy gravel and m uddy grave lly  sand 

w ith  som e  conso lida ted  clay m ateria l.

A t th e  sou the rn  e x te n t o f th e  s o ft se d im e n ts , pairs 

o f tracks m ade by dem ersa l tra w le rs  can be seen on 

th e  s idescan m osa ic (Figure 18.7). Each pair o f tracks  is 

app rox im a te ly  20 m apart, 4 m w id e , and sugges ts  th a t th e  
heavy ground-gear o f a beam  tra w l has punctu red  th e  so ft 

m uddy  layer, revea ling  th e  coarser substra ta  beneath.

18.4.4 Survey results  -  2004
In 2004, fin e  se d im e n ts  w e re  again w id e ly  d is tribu ted  

w ith in , and in th e  v ic in ity  of, th e  d isposal s ite  (Figure 18.8). 

The area o f coverage by fine  sed im en ts , as de fined  by th e  

b lue polygon, Is app rox im a te ly  1.7 km 2, w h ich  rep resen ts  

a com parab le  coverage to  th e  p revious year. G round-tru th  

data again con firm  th e  fine r nature o f th e se  sed im en ts , 

particu la rly  at G6 and G10 (Table 18.5). S am ples co llec ted  

at G7 have Identified  th e  presence o f th e  're e f ' fo rm  o f th e  

tu b e  d w e llin g  w o rm , Sabellaria sp inu losa  (Figure 18.9).

kilometres

Figure 18.5. Sidescan sonar 
m osaic of the  Inne r Gabbard 
site and the  su rround ing  
seabed in 2003. The red dots 
show  the  loca tion  of g round- 
tru th  grab  sam ples.



Table 18.i* . S ed im en t descrip tions  fro m  grab sam ples co llected  in 2003.

Cruise Station Sedim ent description

END 4a/03 G4 M u ddy  gravelly sand

END 4a/03 G7 Gravelly m ud w ith  clay lum ps

END 4a/03 IG1 Thin layer o f sand. O verlying th in  layer o f m ud (dark 

grey).

END 4a/03 IG2 S lightly  gravelly mud

END 4a/03 IG3 M ud ove r m uddy gravelly sand

END 4a/03 IG4 Sandy gravelly m ud w ith  clay lum ps

END 4a/03 IG5 M u ddy  gravel w ith  lum ps o f light b row n  clay

END 4a/03 IG6 S oft dark grey m ud w ith  streaks o f black m ud. Terrestria l 
clay present

END 4a/03 IGS1 M u ddy  gravelly sand

END 4a/03 IGS2 M uddy, gravelly sand

END 4a/03 IGS3 Gravelly, very m uddy sand

END 4a/03 IGS4 s o ft mud, anoxic at depth

END 4a/03 IGS5 s o ft m ud ove r grave lly  m ud

END 4a/03 IGS7 m uddy sandy gravel w ith  clay lum ps

END 4a/03 IGS7 m uddy sandy gravel w ith  clay lum ps

END 4a/03 IGS8 m uddy sandy gravel ove r anoxic sandy m ud

END 4a/03 ISG6 m uddy gravelly sand

END 4a/03 ISG6 gravelly m uddy sand w ith  lum ps o f hard clay

Figure 18.7. S idescan sonar 
im age fro m  2003 show ing the  
tra c k s  on the  seabed made 
by beam  tra w le rs .
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Table 18.5. Sedim ent descrip tions  from  grab sam ples co llected in 2004.

Cruise Station Sedim ent description

END 6/04 G1 Very gravelly m uddy sand

END 6/04 G2 M u ddy  grave lly  sand

END 6/04 G3 Gravelly m uddy sand

END 6/04 G4 M u ddy  grave lly  sand w ith  Sabellaria

END 6/04 G5 Clean gravelly sand

END 6/04 G6 S oft m ud and clay

END 6/04 G7 M u ddy  sand ove r conso lidated clay, Sabellaria reef

END 6/04 G8 Gravelly m uddy she lly  sand

END 6/04 G9 Gravelly m uddy sand w ith  Sabellaria

END 6/04 G10 Sandy s ligh tly  she lly  mud

END 6/04 G 11 S lightly  m uddy s ligh tly  gravelly sand

END 6/04 G12 M u ddy  grave lly  sand

Figure 18.8. Sidescan sonar 
m osaic of the Inne r Gabbard 
s ite and the su rround ing  
seabed in 2004. The red dots 
show  the location of g round- 
tru th  grab sam ples.

Beam tra w l tracks  can be seen on th e  seabed to  th e  

north  and sou th  o f th e  disposal s ite . H ow ever, w h ils t 

som e  o f th e  tracks  appear to  have penetra ted  th e  so ft 

m uddy  se d im e n ts  at th e  surface, o thers  tracks  w h ich  w e re  

fo rm e d  on coarser su bs tra tes  seem  to  be In-filled w ith  so ft 

se d im e n ts  (Figure 18.10).

18.5 Discussion
G rou n d -tru th e d  s idescan sonar data have sh o w n  th a t 

f in e  se d im e n ts  are p resen t In a d isc re te  area w ith in  and 

s u rro u n d in g  th e  Inner G abbard s ite  w h ich  appears to  be 

la rge ly  a ttr ib u ta b le  to  d e p os ite d  d redged  m ate ria l. The 

f in e  m ateria l w a s  less In e v idence  In 2002, and th is  m ay 

be due to  th e  pe riod ic  tra n s p o rt o f th e  m ateria l a w ay  fro m  

th e  s ite  by tid e s  and w a ve s . H ow eve r, fin e  se d im e n ts
Figure 18.9. S abe lla ria  reef co llected  fro m  G7 in 2004, using a 
S h ipek grab.
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Figure 18.10. Beam tra w l 
tra cks  on the  seabed to the 
north  of the d isposal site 
in 2004. The lig h te r tra cks  
appear to be in filled  w ith  soft 
sedim ents.

w e re  again w id e sp re a d  in 2003 and 2004  su g g e s tin g  th a t 

th e  s ite  a ccu m u la te s  th is  m ateria l, at least ove r re la tive ly  

sh o rt tlm e sca le s . T raw l tracks  have p e n e tra te d  th e  
fin e  m ateria l in a nu m b e r o f p laces su g g e s tin g  th a t th e  

cove rage  Is re la tive ly  th in  In th e se  loca tions. The Inner 

G abbard d isposa l s ite  w a s  chosen to  be d isp e rs ive  in 

na ture  and th e  resu lts  o f th is  w o rk  s u g g e s t th a t th is  is 

la rge ly  th e  case.

M ultibeam  bathym etry surveys conducted over the  site  
may shed fu rthe r light on the  longer te rm  potential fo r 

accum ulation of material In the  area. These data w ill be 

reported subsequently. Furtherm ore, s a m p lln g fo rth e  benthos 

and chem ical contam inant analysis has been conducted by 

Cefas approxim ately annually at the  site  since 1998 and these 

data are also being w orked  up. This Inform ation w ill also be 

reported subsequently  and should help to  fu rthe r validate 

the  acoustic data. It w ill also provide a fu lle r picture of the 

biological and physiochem lcal status o f the  site.
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19. Maintenance dredged 
material for habitat 
restoration: furthering 
our understanding 
of invertebrate 
recolonisation 
processes

19.1 Introduction
The d isposal o f m ain tenance  dredged m ateria l co n s titu te s  

one o f th e  m os t im p orta n t p rob lem s in coastal zone 

m anagem en t (OSPAR, 1998; Bolam  e t al., in press). 

Furthe rm ore , s ince ocean d isposal o f Industria l w a s te  and 

sew a g e  s ludge has been phased out, th e re  is g rea te r focus 

on behalf o f conce rned  citizens, th e  m edia and leg is la tive  

bodies on d redged m ateria l d isposal (Vogt and W alls , 1991 ). 

This has resu lted  in a g rea te r em phasis on th e  relocation 

o f fine-g ra ined  m ain tenance dredged m ateria l In such a 

w a y  as to  derive  env ironm en ta l be n e fits  (M urray, 1994; 

Bolam  e t al., 2003). As a resu lt, a num ber o f 'bene fic ia l 

use ' op tions have deve loped  w h e re b y  th e  m ateria l Is 

regarded as a po ten tia l resource and used to  recharge or 

recrea te  in te rtida l hab ita ts . In th e  USA, dredged m ateria l 

has been used succe ss fu lly  to  create  n e w  m ud fla ts  (Ray, 

2000) and sa ltm arshes (LaSalle e t al., 1991 ; S treever, 2000) 

w h ich  u ltim a te ly  fu n c tion  like natural sys te m s . In th e  UK, 

concerns over th e  eventua l fa te  o f th e  m ateria l and th e  

eco log ica l consequences o f placing fine-g ra ined  m ateria l 

on to  in te rtida l hab ita ts have lim ited  th is  practice  to  sm all- 

scale fie ld  tria ls . C urrently , less than 1% o f th e  40 - 50 

m illion  m 3 o f dredged m ateria l p roduced annually in th e  UK 

is used benefic ia lly  (Bolam  e t a i,  2003).

O ver recen t years, th e  large n u m b e r o f s tu d ie s  
inves tiga ting  Invertebra te  recovery fo llo w in g  a num ber of 

in te rtida l d is tu rbances has resu lted  in a good unders tand ing  

o f th e  po ten tia l in ve rteb ra te  recovery rates and m echan ism s 

(Evans e t a i,  1998; Beukem a e t a i,  1999; Bolam  and 
Fernandes, 2002; Bolam  e t a i,  2002, 2004; S chratzberger 

e t a i,  2004a). In general, reco lon isa tion  o f som e  spec ies  

can be rapid, a lthough th is  depends on th e  spatia l scale 

and tim in g  o f th e  d is tu rbance , to g e th e r w ith  th e  life  h is to ry  
cha racte ris tics  o f th e  reco lon ls ing  fauna. P lowever, apart 

fro m  a sm all num ber o f m on ito ring  s tu d ie s  o f variable 

quality, th e re  have been ve ry  fe w  s tud ies  Investiga ting  

th e  m acrofauna l recovery o f fine -g ra ined  benefic ia l use 

sch e m e s  in th e  UK (A tk inson  e t a i,  2001; Bolam  and 

W h o m e rs le y , 2003, 2005). F urthe rm ore , th e re  have, 

as ye t, been no pub lished s tu d ie s  regard ing m eiofauna 

in th is  respect. This, to g e th e r w ith  concerns over th e  

even tua l fa te  o f th e  m ateria l, p resents  a m ajor barrier to  

th e  large-scale use o f d redged m ateria l fo r hab itat c rea tion / 

Im pro ve m e n t fo r th e  fo reseeab le  fu tu re .

Authors: Stefan Bolam, Michaela 
Schratzberger and Andrew Kenny

W hen dredged material Is placed on to  an Intertidal 

m udfla t, th e  resident invertebra tes are sm othe red  and 

recovery occurs vlaa com bination o f adu lt/juven ile  se ttle m e n t 
and lateral and/or vertica l m igra tion (Bolam, 2003; Bolam e t 

a i,  2004; Schratzberger e t a i,  2004b). W h ich  m echanism  

predom ina tes in any Instance depends upon th e  tim ing, 

rate, depth and spatial scale o f the  recharge, to g e th e r w ith  

changes in th e  p roperties of th e  sed im en t itse lf. Flere 

w e  present th e  initial find ings o f a research p ro jec tw h lch  

investiga ted  th e  physical and biological recovery processes 

o f a large-scale in tertida l p lacem ent o f m aintenance dredged 

materia l. This o ffe red  a unique opportun ity  to  fu rth e r our 

understand ing of th e  fac to rs  con tribu ting  to  a successfu l 

ou tcom e  as th e  p lacem ent Involved m uch larger quantities 

o f m ateria l than previously conducted  in th e  UK, and the  

m ateria l w a s  placed in d iffe re n t recharge areas, each 

d iffe ring  In physical characteristics (prim arily tidal he ight and 

w ave  exposure). The early resu lts from  ecological m odelling  

o f m acrofaunal changes w ith  physical and physico-chem ical 

variables are also presented.

19.2 Material and methods
19.2.1 Study area
The s tu d y  area w as located on th e  O rw e ll Estuary, close 

to  its con fluence  w ith  th e  S tour Estuary, on th e  sou theas t 

coast o f England (Figure 19.1). The recharge w as carried 

ou t in phases and in d is tin c t areas. A ll s tu d y  s ite s  w e re  

recharged in S ep tem ber 2003 w ith  uncontam ina ted  f in e ­
gra ined m ateria l fro m  m ain tenance  dredg ing  at F larw lch 

harbour. Each area o f p lacem en t had a reta in ing  bund 

or bunds, cons tru c te d  to  help retain th e  pum ped  m uddy 

m ateria l. The bunds cons is ted  o f e ithe r in -s itu  bed m ateria l 
(s ite  1), ex is ting  g rave lly m ateria l (s ite  2) or clay m ateria l 

aris ing from  a capital d redg ing  opera tion  (s ites 3 and 4).

19.2.2. Data and sam ple collection
The co llec tion  o f b io logica l sam p les s ta rted  one w e e k  a fte r 

th e  d redged m ateria l recharge w as co m p le te d  and w as  
repeated  at m on th  1 (O ctober 2003), m on th  3 (D ecem ber

2003), m on th  6 (M arch 2004) and m on th  12 (S ep tem ber

2004) post recharge.
On every sam p ling  occasion, five  m acrofaunal (0.01 m 2, 

15 cm  depth) and th re e  m eiofauna l (0.027 m 2, 5 cm  depth) 

rep lica te  sam p les w e re  co llec ted  at each o f th e  fou r
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F igure  19.1. Location of the 
study site  on the  east coast 
of the  United K ingdom . 
S chem atic  d iag ram  of 
the  position  of the  fo u r 
recharge areas and spatia l 
d iffe rences in se lected mean 
(±SE, n = 3 ] env ironm en ta l 
va riab les  averaged over 
the  12-m onths  study 
period. These are re la ted 
to  the  elevation (bed level), 
dens ity  (density surface), 
conso lida tion  (max. 
penetra tion) and exposure 
(wave height) of recharged 
m ate ria l.
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recharge areas. The sam p les w e re  then  fixed  using 

b u ffe re d  fo rm a lin  so lu tion  (10% ) w ith  a 0 .01%  Rose 
Bengal sta in  and s to red . In th e  laboratory, th e  m acrofaunal 

sam p les w e re  w ash e d  over a 500 pm m esh sieve, th e  

Inve rteb ra tes w e re  so rted  under a d issec ting  m icroscope, 

Iden tified  to  th e  lo w e s t possib le  ta xo no m ic  reso lu tion  and 

coun ted . The m elofauna l sam p les w e re  firs t decanted  

five  tim e s  o n to  a 63 pm sieve, then  th e  fauna w as 

e x trac ted  fro m  th e  se d im e n t w ith  Ludox™  40  fo llo w in g  

th e  m ethod  described  In S om erfle ld  and W a rw ic k  (1994). 

The extrac tion  w a s  repeated  th re e  tim e s . S ub-sam ples of 

5%  o f th e  extrac ted  m ateria l w e re  evapora ted  s lo w ly  In 

anhydrous g lycero l and m oun ted  even ly spread on s lides 
fo r Identifica tion  and coun ting . N em atodes, com pris ing  

> 90%  o f to ta l m elofauna abundance, w e re  Iden tified  to  

genus or spec ies . One percen t o f all nem atodes In th e  

sam p les co llec ted  at th e  fou r recharge s ites  w e re  random ly 

se lec ted  fo r th e  de te rm ina tion  o f Individual length  (except 

long, filifo rm  tails, w h e re  present) and w id th  using Im age

A na lys is  (Im age Pro Plus v 4.5).

For each sam pling point, a num ber o f non-blologlcal 

va riab les w e re  ca lcu la ted  e ith e r fro m  d irec t in -s itu  
m easurem ents  or derived from  hydrodynam ic m odels. These 

Include tida l flo w , bed shear stress, bed density, sed im en t 

partic le size d is tribu tion  and redox potentia l, topography and 

e levation, w a te r depth and w ave  characteristics.

19.2.3 Invertebrate  infauna
N on-m e trlc  m u ltl-d lm ens lona l sca ling (M D S) using th e  

Bray-C urtls s im ila rity  m easure  based on un trans fo rm ed  
(m elo fauna) or roo t-trans fo rm ed  (m acrofauna) abundance 

data w a s  conduc ted  and 2-d lm enslona l o rd ination  p lo ts 

p roduced. In such p lots, po in ts  (sam ples) c lose to  each 

o the r have m ore  s im ila r b io logica l co m m u n itie s  than  those  

fu rth e r aw ay. T w o -w a y  crossed  analysis o f s im ila rities  

(A N O S IM ) te s ts  w e re  carried out (m elo fauna only) to  te s t 

th e  s ign ificance  o f spatia l (le fo u r sam p ling  s ite s  averaged 
over all sam p ling  occasions) and tem po ra l (le five  sam p ling
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occasions averaged over all sam p ling  s ites) d iffe re n ce s  in 

faunal com m u n itie s .

The nature o f th e  co m m u n ity  g roup ings Identified  in 
th e  M D S ord ina tion  w as exp lo red  fu rth e r by app ly ing  th e  

s im ila rity  percen tages program  (SIMPER) to  de te rm ine  

th e  co n trib u tio n  o f Ind iv idual spec ies  to  th e  average 

d iss im ila rity  be tw e en  sam ples. A ll m u ltiva ria te  analyses 

w e re  carried  out using PRIMER vers ion  6ß (Clarke and 
W a rw ick , 1994).

19.2.4 Modelling
The design o f th e  s tu d y  is such th a t it m axim izes th e  

am o u n t o f varia tion In th e  observed  b io tic  and ab io tic  

a ttribu tes , ie, a n um ber o f recharge s ite s  have been sam p led  

cove ring  a broad range o f physica l cond itions , th e  repeated  
sam p ling  g iv ing  good te m p o ra l reso lu tion . The purpose  

o f th e  eco log ica l m ode lling  Is to  exp lo re  th e  re la tionsh ips 

b e tw e e n  th e  m easured  b io tic  and ab io tic  pa ram eters  so 

as to  de fine  poss ib le  g rad ien ts  in c o m m u n ity  response  

bo th  In space and tim e , and to  exp lo re  sp e c ific  spec ies  

responses to  a range o f env iro n m e n ta l a ttrib u te s .

D e fin in g  q u a n tita tiv e  re la tio n s h ip s  b e tw e e n  th e  

num erous  variab les and cases requ ires  a m u ltiva ria te  

approach. O ur Initial ana lysis re lies on Canonical O rd ina tion  
to  bring to g e th e r o u tp u ts  based on regu lar o rd ina tion  and 

m u ltip le  reg ress ions. Canonical o rd ina tion  te ch n iqu e s  

(such as Canonical C o rrespondence  A na lys is  (CCA)) are 

d e s ig n ed  to  d e te c t th e  p a tte rn s  o f va ria tion  In th e  

spec ies  data th a t can be exp la ined  best by th e  observed  

env iro n m e n ta l variab les. The resu lting  o rd ina tion  d iagram s 

not on ly  exp ress a pa ttern  o f va ria tion  In spec ies  but a lso 

th e  m ain re la tions b e tw e en  th e  spec ies  and each o f th e  

env iro n m e n ta l variab les. The m ode lling  ana lyses w e re  

co n d uc te d  using th e  s o ftw a re  package CAN O C O .

19.3 Results
19.3.1 Meiofauna
Tota l nem a tode  (m e io fauna) dens ity , num ber o f spec ies  

and to ta l nem a tode  b iom ass w e re  all s ig n ifica n tly  h igher 

at recharge area 1 (Figure 19.2(a - d)). Both de n s ity  

and to ta l b iom ass  increased  s ig n if ic a n tly  ove r t im e . 

N e m a to d e  d e n s ity  at area 1 tr ip le d  w ith in  th e  firs t 

m on th  post-recharge  w h e re a s  at areas 3 and 4, m os t 

m arked  increases w e re  obse rved  in th e  second  half o f 

th e  s tu d y  period (ie in th e  6 - 1 2  m on th s  post-recharge  

sam p les). Total nem a tode  abundance  at area 2 peaked 

3 - 6 m on th s  post-recharge , be ing s ig n ifica n tly  reduced 

a fte r 12 m on th s . W h ils t spatia l d iffe re n ce s  in average 

ind iv idua l nem a tode  b iom ass w e re  not s ig n ifica n t at th e

95%  p robab ility  level (Figure 19.2(d)), th e  num ber o f larger 
sp e c im e n s  w a s  h igher In D e cem ber 2003 (m on th  3) than  

a t any o th e r sam p ling  occasion . Table 19.1 ind ica tes th a t 

th e se  un ivaria te  param eters  changed s ig n ifica n tly  over 

t im e  (excep t num ber o f spec ies) and spa tia lly  b e tw e en  

recharge areas (excep t Ind iv idual b iom ass).

The actual c o m p o s itio n  o f n e m a tode  assem b lages  

m irro red  th e  spatia l and te m p o ra l changes in un ivaria te  

c o m m u n ity  a ttr ib u te s . The M D S p lo t reveals th a t th e  

m e io fauna l c o m m u n it ie s  o f recharge  areas 3 and 4 
w e re  s tru c tu ra lly  s im ila r at each sam p ling  period. The 

m eio fauna l c o m m u n ity  fo u nd  at area 1, on th e  le ft o f th e  
o rd ina tion , had th e  sm a lle s t te m p o ra l varia tion  but is c learly 

separa ted  fro m  th e  o thers . The c o m m u n ity  o f recharge 

area 2 e xh ib ite d  g rea t te m p o ra l va riab ility , how e ve r, 

a fte r 12 m on ths , its s tru c tu re  w a s  s im ila r to  th a t a fte r 1 
m on th  post-recharge . R esu lts fro m  th e  tw o -w a y  A N O S IM 

te s t revea led th a t s ig n ifica n t d iffe re n ce s  in co m m u n ity  

s tru c tu re  ex is ted  both b e tw e e n  areas (R = 0.55, p < 0.01) 

and m on th s  (R = 0.43, p < 0.01). N em atode  assem b lages 

d iffe re d  s ig n ifica n tly  b e tw e e n  all s ites , excep t areas 3 and 

4, and all sam p ling  occas ions exce p t w ith in  th e  firs t m on th  

o f th e  s tudy.

R esu lts fro m  m u ltiva ria te  ana lyses revea led a s ta tis tica lly  

s ig n ifica n t im pact o f fa c to rs  re la ted to  th e  e leva tion  (le bed 

level: rs = 0 .155, p = 0 .003; average w a te r d ep th : rs = 

0 .108, p = 0.020), d e n s ity  (ie bed den s ity  In 0 - 10 cm  

dep th : rs = 0 .230, p = 0.001), conso lida tion  (le m ax im um  

penetra tion  dep th : rs = 0 .239, p = 0 .001) and exposure  

(le s ig n ifica n t w ave  he igh t: rs = 0.152, p = 0.002) o f bed 

m ateria l on th e  spatia l d is tribu tio n  pa tte rns o f nem atode  

spec ies .

D aptonem a  e xh ib ited  a spec ie s -sp e c ific  response  to  th e  

e leva tion  o f th e  bed m ateria l. The re lative  abundance  o f 
D ap tonem a  h irs u tu m  decreased w ith  Increasing e leva tion  

and decreas ing  average w a te r d ep th . C onverse ly , high 

p ropo rtions  o f D ap tonem a  oxycerca  w e re  cha rac te ris tic  o f 

h igh bed leve ls at s ite  2. In con tra s t to  D ap tonem a  oxycerca, 

th e  dom inance  o f Tersche lling ia  long icaudata  increased in 

s tab le , conso lida ted  se d im e n ts . Spatia l d iffe re n ce s  in 

th e  tro p h ic  s tru c tu re  o f nem a tode  assem b lages w e re  

p rim arily  exe rted  via changes in th e  dom inance  pa tte rns 

o f se le c tive  de p os it fe e de rs  ve rsus non-se lec tive  depos it 

and e p ig ro w th  fe e de rs . The decrease  o f tro p h ic  d ive rs ity  

w ith  Increased w ave  he igh t w a s  p rim arily  re lated to  th e  

dec line  o f se le c tive  de p os it fe e de rs  (eg Tersche lling ia  

long icaudata) and p reda tors. N on -se lec tive  depos it fe e de rs  

(eg D. h irs u tu m ) and e p ig ro w th  fe e de rs  (eg C hrom adora  

m acro la im a ) w e re  abundant at w a ve -d o m in a ted  loca tions 

such  as s ite  3 and 4.
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F igure  19.2(a-d). Changes 
in m eio faunal univaria te 
pa ram e te rs  over tim e  in 
recharqe areas 1-4 (+SD, 
n =3).
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Table 19.1. R esu lts  of the  K ru ska l-W a llis  one-w ay analysis of variance 
by ranks  fo r  spa tia l and te m p o ra l d iffe rences of un ivaria te  com m un ity  
a ttribu tes .

Recharge area Tim e

T P T P

Total abundance [sam ple-1] 25.65 < 0.01 13.03 0.01
N um ber o f species [sam ple-1] 25.65 < 0.01 4.70 0.32

Total b iom ass [pig w w  sam ple-1] 19.37 < 0.01 12.31 0.01
Individual b iom ass [pig w w  Individual-1] 0.90 0.83 15.27 < 0.01
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Figure 19.3. N o n -m e tr ic  m u ltid im en s io na l sca ling (MDS] plot 
of u n transform ed  nem atode data fo r  areas 1 -  4 fro m  1 w eek 
to 12 m onths post-recharge  (replicates averaged].

19.3.2. Macrofauna
The to ta l num bers  o f m acrofaunal ind iv idua ls, spec ies  and 

d ive rs ity  at each area fo r th e  firs t 12 m on ths  are sh o w n  in 

F igure 19.4(a - c). These resu lts  ind ica te  th a t th e re  w e re  
clear d iffe re n ce s  in th e  num bers  o f m acro fauna reco lon is ing  

th e se  areas, even a fte r 1 w e e k : high abundances w e re  

sam p led  at area 1, m odera te  num bers  at area 2, w h ile  very 

fe w  ind iv idua ls w e re  found  at areas 3 and 4. B e tw een  

1 w e e k  and 6 m on ths, s lo w  increases w e re  observed  In 

areas 3 and 4 w h ile  abundances rem ained re la tive ly  s tab le  

at area 2. A fte r  12 m onths, th e re  w e re  d ram atic  Increases 

In abundances In th e  m acrofauna in areas 3 and 4, and to  

a lesser e x te n t at area 1. This w as not apparen t at area 2 

w h e re  num bers  rem ained app rox im a te ly  40 -  50 per core.

The m ean num ber o f spec ies  per core w a s  con s is te n tly  

h igher at area 1 until 12 m on th s  post-recharge  w h e n  th e  

large Increases In abundance at areas 3 and 4 also resu lted  

in large Increases In spec ies  num bers  (mean = 12 and 16 

fo r areas 3 and 4, respective ly). N um bers  o f spec ies  per 

core rem ained con tinua lly  lo w  at recharge area 2 (3 -  4 per 

core). There w e re  less obvious d iffe re n ce s  in th e  d ive rs ity  

va lues b e tw e en  th e  recharge areas over th e  firs t 12 m on th : 

a lthough area 1 had th e  g rea test d ive rs ity , areas 3 and 4 

a tta ined  com parab le  levels 12 m on ths  post-recharge, w h ile  

d ive rs ity  decreased at th is  tim e .

Figure 19.5 s h o w s  th e  o rd ina tion  p lot p roduced from  

all 4 recharge areas over t im e  (rep lica tes averaged). The 

p lo t ind ica tes tha t areas 1 and 2 are m ore  s im ila r to  each 

o the r than  th e y  are to  3 and 4 (at least in th e  early stages). 

A reas 1 and 2 have sh o w n  a re la tive ly  sm all degree of

tem p o ra l variab ility , w h ile  th a t o f 3 and 4 Is large, m ov ing  

fro m  th e  le ft (very d iffe re n t co m m u n ity  s truc tu re s  fro m  1 
and 2) to  th e  right a fte r 12 m on ths, resu lting  In th e m  having 

co m m u n itie s  rather s im ila r to  area 1. N oticeab ly, areas 

3 and 4 have undergone very s im ila r tem pora l sh ifts  and 

have con tinua lly  had s im ila r co m m u n itie s  as w as seen fo r 
th e  m eiofauna.

Table 19.2 revea ls  th e  m o s t In flu en tia l taxa In 

characte ris ing  each o f th e  4 recharge areas based on th e  

12 m on th s  post-recharge  co m m u n itie s . A  large spatial 

(replicate) variab ility  at recharge area 2 Is ev iden t, w ith  an 

average w lth ln -g ro u p  s im ila rity  o f 7 .2%  com pared  to  th e  

w lth ln -g ro u p  s im ila rities  > 50%  fo r each o f th e  o ther 3 

areas. A n o th e r Im portan t fea tu re  is th a t fo r each o f th e  

areas (less so fo r area 2), a s ign ifican t p roportion  o f th e  

a rea 's  id e n tity  can be exp la ined by a s ing le  species, and 

> 70%  can be exp la ined by 2 spec ies  (excep t fo r  area 

2, 57%  Is exp la ined by 2 species). The tube-bu ild ing , 

su rface  depos it-feed ing  w o rm  S treb losp io  sh ru b so lii is 

an Im portan t d isc rim ina ting  spec ies  fo r areas 1, 3 and 4, 

be ing found  at co n s is te n tly  high abundances th ro u g h o u t 

th e  rep lica tes in th e se  areas. S pecies w h ich  are typ ica l 

o f high In tertida l areas d isc rim ina te  area 2, no tab ly  D iptera 

and C hironom idae, both Insect larvae.

19.3.3 Ecological m odelling  -  in itia l resu lts  
(recharge area 1)

F igure 19.6 reveals th a t fo llo w in g  Principal C om ponen ts  

A na lys is  (PCA), th e  1st principal axis m axim iz ing  th e  

co m m u n ity  variation b e tw e en  sam p les can largely be 

exp la ined by th e  n um ber o f hours exposed during th e  tida l 

cycle. This is obv ious ly  re lated to  e leva tion  (m O D N ) In 

th e  tida l fram e. Varia tion along th e  second o rder axis is 

m ore  d iff ic u lt to  explain, but s ign ifican t w ave  he igh t (FIs) 

accounts  fo r som e  o f th e  b io logica l variation observed.
Taking th is  observa tion  fu rth e r and Investiga ting  th e  

sp e c ific  re la tionsh ip  b e tw e en  hours o f tida l exposure  

and se lec ted  spec ies  responses, w e  see a good fitt in g  

response m odel em erge . For exam ple , in F igure 19.7 

th e  de n s ity  o f H ydrob ia  sp., a gastropod  th a t grazes on 
un ice llu la r algae, is sh o w n  to  vary along th e  firs t o rd ination  

axis (hours o f tida l exposure) and tha t th is  can be exp lic itly  

de fined  as a quadra tic  response  curve fo r  a range o f taxa 

as sh o w n  In F igure 19.8.

F igure 19.8 ind icates th a t H ed is te  sp. and H ydrob ia  sp. 

occur In g rea tes t dens ities  in areas o f th e  shore  th a t are 

exposed  fo r b e tw e en  6 and 10 hours (covered fo r less than 

6 hours) w he re a s  Cossura  sp. occurs in g rea tes t dens ities  

w h e n  exposed fo r less than 4 hours (or conve rse ly  covered  

b e tw e en  6 - 1 0  hrs). C irratu lid  w o rm s  (A phe locheata  sp.

S tre ss  0.07

R e cha rge  3

R e cha rge  4

R e cha rge  1
R e cha rge  2
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Figure 19.4(a-c). Mean 
m acrofauna l ind ividuals, 
species and S hannon-W iener 
d ive rs ity  p e r core (+/-SE, n 
= 5] fo r  recharge areas 1-4 
fro m  1 w eek to  12 m onths 
post-recharge.
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Figure 19.5. N o n -m e tr ic  M u lti-D im en s ion a l Scaling of 
m acro fauna l data based on a B ra y -C u rtis  s im ila r ity  m a tr ix  
w ith  ro o t-tra n s fo rm ed  data. A rro w s  indicate te m p o ra l 
changes fro m  1 w ee k  to  12 m onths  post-recharge.

S tre ss : 0 .09

R e c h a rg e l

R e cha rge  4

*  yv^v ÿ
R e cha rge  2R e cha rge  3

Table 19.2. The m ost in flu e n tia l taxa (and th e ir  % con tribu tion ] 
charac te ris ing  each recharge area 12 m onths  post-recharge. The 
average s im ila r ity  of sam ples w ith in  each area is a lso given.

Recharge 1 (71.7%) Recharge 2 (7.2%) Recharge 3 (54.9%) Recharge 4 (69.9%)

Streblospio shrubsolii 53.3% Hydrobia ulvae 33.5% Streblospio shrubsolii 55.2% Streblospio shrubsolii 49.1 %

Tubificoides benedii 33.6% DIPTERA 24.1 % Pygospio elegans 27.9% Pygospio elegans 21.9%

Pygospio elegans 4.5% Chironomidae 23.1 % Hydrobia ulvae 5.6% Paranais litoralis 13.4%
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Figure 19.6. Canonical 
C orrespondence Analysis 
(CCA] of area 1 sam ples from  
1 w eek (Al to 12 m onths (El 
post-recharge. N um bers 
indicate rep licate  num bers of 
each sam pling  period.

Hs

D3 A 5

EA
H rs

DJ
C 3

A4

B3
B v

A 2
B s

0 .5 2.0

Hs = significant wave height 

B V  = bed velocity

H rs  = hours o f exposure 

B s = bed shear stress

Figure 19.7. Density of 
Hydrobia sp. fo r  each sam ple 
in the ord ina tion  shown in 
Figure 19.6.

6 .50  6.83

.673.58

10.17

and Tharyx sp.), as w e ll as N eph tys  sp., s h o w  unim odal 

responses de m o n s tra tin g  increased dens ities  at sp e c ific  

pos itions in th e  tida l fram e.

19.4 Discussion
The sam p ling  o f m acro- and m eio fauna l co m m u n itie s  from  

fo u r d is tin c t recharge areas (yet recharged concu rren tly  
w ith  th e  sam e m ateria l) w ith in  a m ud fla t sys te m  over a 

12-m onth  period, accom pan ied  by parallel de te rm ina tion  

o f a w id e  range o f physical and sed lm en to log lca l variables, 

has enabled us to  evaluate tem p o ra l changes In co lon is t 

c o m m u n itie s  and th e ir  po ten tia l causes. O ur s tu d y  

de m o n s tra te d  th a t species-rich  and d iverse  assem blages 

can be es tab lished  on m ud fla ts  w h ich  had been enhanced 

using dredged m ateria l. F o llow ing  th e  recharge o f dredged 

m ateria l, th e  orig inal in ve rteb ra te  popu la tions w o u ld  have 

been sm o th e re d  and reco lo n isa tio n  p roceeded  fro m  

th e  se d im e n t surface , e ithe r by p lankton ic  rec ru itm en t 

(m acro fauna), s e tt le m e n t o f resu sp e n d e d  a d u lts  or

1
Cossura"

H ydrob ia

Nephtys

a></)c
oQ.
COa>
O'

Hediste

Apheloch

•Tharyx

0.2
2 12Hrs Inundation

Figure 19.8. Selected species response curves show ing the 
re la tionsh ip  between species d ens ity  and tid a l inundation  
(exposure] fo r  recharge area 1 th ro u gh o u t the  study. 
Response curves are fitted  quad ra tic  functions.
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juven iles  fro m  th e  w a te rco lu m n  (m elofauna), or active  

adu lt Im m ig ra tion  (m acro- and m elofauna). The rapid 

reco lon isa tion  o f all rep len ished  s ites  can be a ttrib u te d  

p a rtly  to  th e  res ilience  o f m ud fla t co m m u n itie s , th e  

re la tive ly  sm all scale o f each recharge sch e m e  and th e  

rapid de -w a te ring  a ffo rd e d  by th e  bunds used to  retain th e  

d redged m ateria l (Bolam  and W h o m e rs le y , 2003, 2005).

The m ode lling  o f th e  physical variab les w ith  bio logical 

cha racte ris tics  has enabled a fu rth e r unders tand ing  of 

th e  fac to rs  a ffe c ting  bio logical reco lon isa tion . The resu lts  

th u s  far, fo r recharge area 1, have Ind ica ted th a t th e  m ost 

Im portan t fa c to r (In th e  firs t 12 m on ths) Is tida l Im m ers ion. 

F o rth e  o th e r recharge areas, w e  have found  la rge rte m p o ra l 

va riab ility  (eg F igure 19.5), th is  Ind ica tes th a t fac to rs  
o th e r than tida l Im m ers ion  (w h ich  Is re la tive ly  te m p o ra lly  

constan t) are like ly to  be m ore Im portan t In fluentia l fac to rs  

fo r th e  b io logy. In th is  w ay, d iffe re n t m ode ls  are like ly to  

be appropria te  fo r th e  d iffe re n t recharge areas (although 

th e  tw o  w ave-exposed  s ites, 3 and 4, are qu ite  like ly

to  be respond ing  to  s im ila r facto rs). C onsequently , w e  

hope to  gain an Im proved unders tand ing  o f th e  m ost 
Im portan t fac to rs  a ffe c tin g  bio logical reco lon isa tion  under 

d iffe re n t c ircum stances . The response m ode ls  derived 

fro m  tem p o ra l data at area 1 can be used to  p red ic t 

responses o f th e  sam e spec ies  at th e  o the r s ites, both 

In space and tim e . The response m ode ls  can th e re fo re  

be te s te d , Im proved and va lidated, m aking th e m  su itab le  

e s tim a te s  o f b io logica l response fo r fu tu re  recharge even ts  

w h e re  th e se  spec ies  occur. Further analysis w ill Involve 

using CCA on updated env ironm en ta l and m acrofauna l 

data, as It becom es necessary, on each recharge area over 

t im e  (as fo r area 1 p resen ted  here), across all recharge 

areas at each tim e , and across all areas and sam p ling  

t im e s . W e  a lso a im  to  trea t th e  m eio fauna l data w ith  th e  

sam e rigorous analysis as fo r th e  m acrofauna. In th is  w ay, 

w e  aim  to  estab lish  m ean ing fu l re la tionsh ips be tw e en  

b io tic  and ab io tic  variab les w h ich  can be app lied  to  o ther 

benefic ia l use schem es.
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20. Monitoring polycyclic 
aromatic hydrocarbons 
in sediments from the 
Rame Head dredged 
material disposal site

20.1 Introduction
Rame Head has been used fo r m any years as a d isposal 
s ite  fo r  d redged m ateria l from  th e  R iver Tam ar, P lym outh 

Sound, docks and areas associa ted  w ith  th e  Port o f 

P lym outh . Local conce rns and consequen t m edia In te rest 
(particu larly fro m  th e  W e s te rn  M orn ing  N ew s o f Friday 

22 O c to b er 2004) have Im p lica ted  Rame Head as a 

possib le  source  o f con tam ina tion  In nearby W h ltsa n d  Bay. 

Cefas has conduc ted  su rveys In th is  area s ince  2001, 

w ith  th e  resu lts  o f benth lc, acous tic  and cam era surveys 

reported  p rev ious ly  (Cefas, 2005). Ana lys is  o f chem ica l 

con tam inan ts  In se d im e n ts  fro m  th e  d isposal g round and 

su rround ing  area w e re  a lso carried ou t and th is  report deals 

w ith  th e  resu lts  from  th e  po lycyc lic  a rom atic  hydrocarbon 

(PAH) survey.

PAH e n te r th e  env iro n m e n t fro m  both oil and com bustion  

sou rces. C om bustion  sources Include th e  burn ing o f foss ii 

fue ls , road run -o ff and th e  d ischarge o f Industria l and 

sew a g e  e fflu e n ts . Inputs fro m  oil sou rces derive  from  

sh ipp ing  ac tiv ities , opera tiona l and acciden ta l d ischarges 

during th e  use, tran sp o rt and d isposal o f oil and Its 

p roducts . PAH are know n to  have both acu te  and chron ic 

to x ic ity  to  o rgan ism s and m any o f th e  larger PAH can fo rm  

ca rc inogen ic  m e tabo lites .

20.2 Methods
The se d im e n t sam p les w e re  co llec ted  using a Day grab 

or, fo r th o se  s ite s  c lose to  th e  shore, a hand held 

van Veen grab. Sam ples, co llec ted  In glass jars, w e re  

frozen Im m ed ia te ly  a fte r co llec tion  and not d e fro s te d  until 

requ ired  fo r analysis.

Each hom ogen ised  w e t se d im e n t sam p le  w as extrac ted  

us ing  a lka line  sa p o n ifica tio n  fo llo w e d  by llq u ld /llq u ld  

ex trac tion . The sam p le  extrac t w as then  passed th rough  
an a lum ina ch rom a tography  co lum n In o rder to  rem ove 

polar com pounds, concen tra ted  to  1 m l and sealed In a vial. 

A  su ite  o f a lkyla ted and parent PAH w e re  then  de te rm ined  

using coup led  gas ch rom atography-m ass sp e c tro m e try  

(GC/MS). Q uantifica tion  w a s  by m eans o f deu te ra ted  
Internal s tandards added p rior to  d igestion, w ith  analytical 

qua lity  con tro l sam p les being run w ith in  each sam ple  

batch. Full de ta ils  can be found  In Kelly e ta !.  (2000).

Authors: Carole Kelly, Kerry Baker and 
Stephanie Rowland

20.3 Results
C om parisons  o f th e  PAH co n tam in a n t co n ce n tra tio n s  

and p ro file s  w e re  m ade b e tw e e n  sam p les  fro m  th e  

d isposal s ite , th e  po in t o f d redg ing  and th e  surround ing  

area. The m ain sou rces o f PAH In th e se  sam p les w e re  

Investiga ted  by a p p o rtio n m e n t o f th e  PAH com pounds 
to  oil or co m b u s tio n  ca tegories  In re lation to  th e ir  m ajor 

sou rces (Law  e ta /., 1999).

F igure 20.1 sh o w s  th e  sum  o f PAH at th e  Rame Head 

s ite  along w ith  th e  Cefas s ta tion  codes.

Total (sum m ed) PAH concen tra tions  In th e  dredged 

se d im e n ts  w e re , In th e  range o f 5 ,000 -30 ,000  pg kg-1 

dry w e ig h t. These PAH w e re  found  to  be p redom ina te ly  
com bustion  derived.

The levels o f PAH found  at th e  d isposal s ite  Itse lf w e re  

low er, In th e  range 400-6 ,400  pg kg-1 dry w e ig h t and, 
a lthough  oil has occasionally  been observed  In sam p les 

taken  at th is  s ite  (station G18 In 2001), again th e se  PAH 

w e re  p redom ina te ly  com bustion  derived . The on ly  o ther 

s ite  In th is  su rvey  w h e re  o ily  sam p les have been co llec ted  

Is at s ta tion  G37, w h ich  Is loca ted  close to  th e  Scylla ree f 

and so th e  p resence o f oil m ay be as a resu lt o f d ive or 

fish ing  boat a c tiv ity  In th is  area.

PAH concen tra tions  ou ts ide  th e  d isposal s ite  w e re  
genera lly  lo w e r a lthough w ith  occasional high values. 

S ta tion  G28, fo r exam ple , s h o w e d  an e leva ted  to ta l PAH 
concentra tion  o f 5 ,500  pg kg-1 dry w e ig h t.

The to ta l PAH concentra tions  at s ta tions  c lose to  th e  
beach w e re  m uch low er, ranging from  10-154 pg kg-1 

dry w e ig h t. H ow ever, th e  concentra tion  at s ta tion  RH4 

w a s  h igher than  w o u ld  usually be expected  fo r sandy 

se d im e n ts  (W oodhead e t a i,  1999). The sam e Is tru e  fo r 

sam p les taken  s lig h tly  to  th e  w e s t, w ith  s ta tion  RH5 (also 
a sandy sed im en t) having a to ta l PAH concentra tion  of 

2 ,218  pg kg-1. H igher concen tra tions  In sandy se d im e n ts  

cou ld  be a ttrib u te d  to  e n rich m e n t o f th e  organ ic carbon 

con ten t, fo r  exam p le  as a resu lt o f d ischarges o f un trea ted  

or prim ary trea te d  sew age . The E nv ironm ent A gency  

d ischarge loca tions database sh o w s  tha t In 2004 the re  

w e re  2 un trea ted  sew age  d ischarges and 2 em ergency  

s to rm  w a te r sew age  o ve rflo w s  w ith in  W h ltsa n d  Bay.



F igure  20.1. £PAH at the 
Rame Head site.
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20.4 Discussion
The resu lts  s h o w  tha t th e  PAH p ro file  In sam p les w ith in  

th e  area s tu d ie d  w a s  p redom ina te ly  com bustion -de rived , 

w h ic h  m ig h t su g g es t a m ore  ge n e ric  le, urban and 
Industria l source  o f con tam ina tion  rather than  one related 

to  sh ipp ing  ac tiv itie s  alone.

The so u rce  o f th e  PAH c o n ta m in a tio n  In th e  area 

ca n n o t y e t be d is c r im in a te d . To fu r th e r  In ve s tig a te

th e s e  p re lim in a ry  f in d in g s  a d d itio na l s e d im e n t sa m p le s  
are be ing  c o lle c te d  d u rin g  2005. O ur In te n tio n  Is to  

b e tte r  d e fin e  th e  e x te n t o f th e  PAH co n ta m in a tio n  In 

th is  area, and 't ra c k ' th e  co n ta m in a tio n  and th e  so u rce s  

o f PAH. W e  a im  to  ach ie ve  th is  by co m p a rin g  th e  PAH 

p ro file s  In s e d im e n ts  fro m  H am oaze (In th e  lo w e r R iver 

Tam ar o f f  D e vo n p o rt -  an area w h ic h  Is d re d g e d  to  
m a in ta in  n av iga tion ) to  Looe, P lym ou th  Sound, th e  Ram e 

Head d isposa l g round  and W h lts a n d  Bay.
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21. Seabed indicators 
derived from acoustic 
outputs: review and
forward look Author: Koen Vanstaen

This re v ie w  and fo rw a rd  look prov ides an eva luation  o f th e  

hope fo r fu rth e r deriva tion  o f ind ica to rs m easures from  

various acous tic  sys te m s  cu rre n tly  available. Particular 

a tte n tio n  is paid to  po ten tia l app lica tions at d redged m ateria l 

d isposal and aggregate  ex trac tion  s ites . S um m aries  o f th e  

m ain ca tegories  o f acous tic  te ch n iqu e s  are, in each case, 

accom pan ied  by an a ssessm en t o f th e ir ind ica to r po tentia l, 

by eva lua tions aga inst agreed criteria  govern ing  ind ica to r 

u tility  (Sneddon e t a i,  C hapter 14 in th is  vo lum e; Suzanne 
W are, personal com m un ica tion ).

21.1 Introduction
A co u s tic  su rvey ing  o ffe rs  th e  advantage o f co llec ting  

in fo rm a tion  on th e  seabed rem o te ly  and covering  large 

areas in a re la tive ly  sho rt t im e . A co u s tic  su rvey te chn iques  
have been in use s ince early in th e  20 th  C entury. A fte r  

W o rld  W a r I th e  firs t s ing le  beam  echosounders  w e re  
deve loped  and during W o rld  W ar II s idescan sonar sys te m s  

w e re  used fo r m ilita ry  purposes. In th e  early 1970s, 

m u ltibe a m  echosou n d e rs  w e re  in tro d u ce d  to  p rov ide  

ba thym e tric  data fro m  a sw a th  along th e  seabed (NOAA, 

2005a).

Three m ain g roups o f acous tic  sys te m s  ex is t to  co llec t 

data fro m  th e  seabed  su rface . T hese are acou s tic  

g round d isc rim ina tion  sys te m s  (AGDS), sidescan sonars 

and m u ltibeam  echosounders . A  fo u rth  g roup o f acoustic  

sys te m s  d iscussed in th is  report are sub -b o tto m  pro file rs. 

These la tte r on ly  prov ide  in fo rm a tion  on th e  s truc tu re  

o f th e  subsurface  o f th e  se d im e n t. A  re v ie w  o f these  

acous tic  su rvey sys te m s  is p resen ted  in th e  docum en t: 
an in troduc tion  to  th e  opera ting  princip le  is g iven fo r each 

techn ique , fo llo w e d  by a d iscussion  o f th e ir  re levance 

and fu tu re  po ten tia l in th e  de riva tion  o f qua n tita tive  

env ironm en ta l acoustic  ind icators. None o f th e se  m ethods  

w a s  spec ifica lly  used or te s te d  in fie ld  e xp e rim e n ts  fo r 

ind ica to r purposes. F urther research in to  th e  relevance 

and po ten tia l o f acoustic  ind ica tors is ongoing.

A co u s tic  m e th o d s  are p rim arily  su ited  to  s tu d y  th e  

physical im pacts  on th e  seabed and th e ir  e ffe c ts  on seabed 

na ture , seabed  m o rp h o lo g y  and seabed  b a th ym e try . 

A lth o u g h  th e s e  fa c to rs  can cu rre n tly  not be d ire c tly  

re lated to  th e  s ta tus  o f th e  seabed e n v iro n m e n t (po llu ted  

or unpo llu ted) th e y  cou ld  po ten tia lly  id e n tify  areas of 

change and m os t s ign ifican t change, level o f d is tu rbance, 

d iss im ila rity  fro m  th e  su rround ing  env ironm en t, e tc . Unlike 

b io log ica l ind ices th is  is a fa irly  n e w  fie ld  o f research 

and w ill requ ire  fu rth e r deve lo pm e n t to  derive  th e  m ost 

su itab le  acoustic  ind ica tors.

21.1.2 Single beam Acoustic Ground 
Discrim ination System s (AGDS)

Principle
Since th e  d e ve lo pm e n t o f s ing le  beam  echosounders  in 

1919, th e y  have been th e  prim ary in s tru m e n t to  p roduce 

and update  b a th ym e tric  m aps fo r sa fe  navigation  of 

rivers and seas. The sc ie n tif ic  co m m u n ity  recogn ised  

th e  value to  th e ir  w o rk  early on and hence echosounders  

played a s ign ifican t role in sc ie n tif ic  d iscove ries  (eg o f th e  

M id -A tlan tic  Ridge Rift Valley in 1959) and app lica tions. 

In itia lly  th e y  prov ided  on ly  dep th  m ea su rem en ts  along th e  

track  o f th e  ship, but techno log ica l advances led to  th e  

d e ve lo pm e n t o f A co u s tic  G round D iscrim ina tion  S ystem s 

(AGDS) prov id ing  in fo rm a tion  on th e  nature o f th e  seabed.

S ingle beam  echosounders  e m it an acoustic  beam  to  

m easure  th e  d is tance  be tw e en  th e  transduce r and th e  

seabed. This acoustic  beam has a conical shape and is 

d o w n w a rd  o rien ta ted . Signal p rocessing  and analysis of 

th e  acous tic  return  a llow s a s tu d y  o f th e  nature o f th e  

seabed. The s tren g th  o f acoustic  echo re tu rned  by th e  

seabed and th e  w a y  in w h ich  th e  acous tic  signal decays 

w ith  t im e  depends on th e  nature  o f th e  seabed (Foster- 

S m ith , 2005). There fore , analysis o f th e  acoustic  return 

can be used to  d is tingu ish  be tw e en  d iffe re n t seabed types. 

Flard surfaces w ill re turn  a s trong  acous tic  echo, w he reas  
a s o fte r seabed w ill re turn  a w e a k  acous tic  signal (Bates 

e ta !., 2001).

RoxAnn™ , QTC VIEW ™  and Echo Plus are th e  th re e  

m ajor com m e rc ia lly  available AG DS sys te m s . The th e o ry  

behind th e se  sys te m s  can be found  in (Chivers e t al., 

1990, Burns e t al., 1989, Collins, 1996). These sys te m s  

have proven th e ir  success in various app lica tions such 

as ben th ic  habitats, fish  habitats, she llfish  hab ita ts and 
seabed typ e  m apping (Foste r-S m ith  e ta /., 2004, K loser e t 

al., 2001, M orrison  e t a i,  2001, Davies e t al., 1997, Preston 

e t al., 1999).
In te rp re ta tion  o f th e  AG DS data requ ires g round -tru th ing  

to  characte rise  th e  nature o f th e  acoustic  reg ions. W ith o u t 

th e  co llec tion  o f seabed sam p les it is unrea lis tic  to  ach ieve 

reliable seabed m aps using AGDS.

Relevance as an acoustic ind ica tor
The num erica l va lues recorded by an AG DS and re lated to  

th e  seabed nature  are expected  to  be th e  m os t su itab le  

o u tp u t fro m  th e  AG DS fo r  use as an acoustic  ind icator. The 

a cous tic  param eters are in fluenced  by changes in seabed 

hardness and roughness and AG DS can th e re fo re  be an 

ind ica to r fo r th e  im pact o f th o se  hum an ac tiv ities  changing 

th e  physical p roperties  o f th e  seabed. For exam ple , m arine
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aggregate  ex trac tion  leaves an im pacted  seabed w ith  

increased roughness, w he re a s  d redged m ateria l d isposal 

m ay resu lt In s o fte r  se d im e n ts  being p resen t at th e  seabed 

surface .

A lth o u g h  th e  acous tic  pa ram eters  recorded  by an AGDS 

m ay be su itab le  acou s tic  ind ica to rs, so m e  lim ita tio ns  

are inhe ren t to  th e  sys te m s  te m p e rin g  th e  su ita b ility  of 

th e se  param eters. A  m ajor d isadvantage o f th e  sys te m  

is th e  o u tp u t o f unca lib ra ted va lues. This p reven ts  th e  

com parison  o f th e  actual acoustic  va lues recorded  by 

th e  sys te m , but still a llow s  th e  s tu d y  o f re la tive  changes 

in a co u s tic  pa ra m e te rs . F u rth e rm o re , th e  a co u s tic  

param eters are know n to  vary w ith  th e  env ironm enta l 

cond itions  preva iling  during th e  acoustic  survey, eg tida l 

cu rren t, concentra tion  o f suspended  sed im e n t, su rvey 

speed. Calibration p rocedures cou ld  be adopted  but it is 
not know n h o w  w e ll th e y  pe rfo rm  w h e n  com paring  resu lts  

fro m  d iffe re n t su rveys and Ins trum ents .

The in te rpo la ted  and in te rp re ted  m aps w h ich  are o ften  

th e  resu lt o f AG DS su rveys m ay be m ore  su itab le  to  

m on ito r or m ap th e  area im pacted  by hum an activ ities , but 

th e se  o ften  requ ire  a s ign ifican t inpu t o f s u b je c tiv ity  and 

th e re fo re  no longer rep resen t an Ideal acous tic  Indicator.

Relatively easy to  understand by non-sc ientis ts  and 
o ther users
The num erica l va lues reco rded  by A c o u s tic  G round 

D isc rim ina tion  S ys tem s (AGDS) cannot be in te rp re ted  

w ith o u t g round-tru th  sam p les. O nce ca lib rated fo r a 

sp e c ific  su rvey area, it is possib le  to  m ap th e  d is tribu tion  

o f th e  seabed se d im e n ts . T here fo re  th e  raw  ou tpu ts  

fro m  these  sys te m s  are hard to  understand  fo r both non­

sc ie n tis ts  and o th e r users.

Sensitive and re levant to  a manageable human 
ac tiv ity
Fluman ac tiv itie s  are like ly to  im pact th e  physical nature 

o f th e  seabed. Especia lly fo r th o se  ac tiv itie s  changing 

th e  hardness and roughness o f th e  seabed, AG DS could 

provide an acoustic  ind ica to r re lated to  th e  change or 

d is tu rbance  at a s ite .

T igh tly  linked to  the human a c tiv ity  bu t not to  other 
causes o f change
AG DS are expec ted  to  be sens itive  to  th e  im pacts  resu lting  

fro m  hum an a c tiv itie s . F low ever, as d iscussed above, 

changes in th e  AG DS o u tpu t are sens itive  to  prevailing 

cond itions  during survey. This w ill have an Im pact on 

th e  s tren g th  o f th e  re tu rned  echo  de fin ing  th e  acoustic

param eters. As a resu lt it w ill not be possib le  to  s tudy  

changes in actual acous tic  param eters over tim e .

Easily and accurately measured, w ith  a low  error rate
A cqu iring  AG DS data is easy, does not requ ire  expensive  

e q u ip m e n t and can be easily dep loyed  fro m  sm all vesse ls  

o f opp ortu n ity . There is no ex tens ive  calibration required, 

reducing  th e  m ob ilisa tion  t im e  and co m p le x ity  o f th e  
operation.

A lthough  th e  accuracy o f th e  dep th  m easu rem en ts  

can be assessed easily, it is m ore  d iff ic u lt to  assess th e  

accuracy o f th e  acoustic  param eters. This is possib le  by 

com paring  th e  data va lues fro m  d iffe re n t su rveys fo r th e  

sam e area or looking at th e  co ns is tency  o f th e  acoustic  

param eters w ith in  a c lass ified  area. F low ever, th is  m ay 

be In fluenced by changes in su rvey cond itions. There fore  

Foste r-S m ith  and Sotheran (2003) conc luded  th a t poor 

AG DS accuracies shou ld  not necessarily  Im ply th a t AGDS 

te ch n iqu e s  have fa iled.

A lthough  AG DS are p robably th e  easiest w a y  to  acqu ire  

acous tic  su rvey data, th e  lo w  accuracy and th e  lack o f a 

m e th o d  to  assess th e  accuracy o f th e  data are a m ajor 

d isadvantage to  th e  use o f AG DS sys te m s as a m eans to  

derive  reliable env ironm en ta l ind ica to rs.

A ffo rdab le  and feasible in term s o f data collection 
and m anipu la tion
The basic nature o f th e  sys te m  m akes it one o f th e  m ost 

a ffo rdab le  seabed survey ing  sys te m s  around. L ittle  m ore 
than  a vesse l w ith  DGPS, an echosounder, a p rocessing 

un it and co m p u te r are requ ired  to  carry out an AGDS 

survey. The data p roduced by th e  sys te m s  can be analysed 

by co m m o n ly  available s o ftw a re  (eg M ic ro so ft Excel™ ) and 

m ore  advanced s o ftw a re  such as ERDAS Im agine™  and 

IDRISI™ , as w e ll as GIS sys te m s. T here fo re  th is  m akes 

AG DS sys te m s  a ve ry  a ffo rdab le  and feas ib le  too l w ith  

w h ich  to  derive  acoustic  ind icators.

Provide early w arn ing
AG DS sys te m s  can provide w a rn ing  w h e n  physical changes 

d e tec tab le  by th e  sys te m  spec ifica tio ns  have occurred  
in an area. A ssu m in g  th a t sm all changes w ill Im pact 

th e  acous tic  param eters prov ided  by AGDS, com paring  

th e se  values fro m  success ive  su rveys cou ld  prov ide  early 
w a rn ing  o f tem p o ra l changes at a s ite . F low ever, as 

ind ica ted  above, th e  variab ility  o f th e  acoustic  param eters 

w ith  su rvey cond itions, obscuring  th e  cause o f th e  change, 

m ay lim it th e  e ffe c tiven e ss  o f th e  acous tic  param eters  as 

ind icators.
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21.2 Sidescan sonar
Principle
A sidescan sonar isa  survey instrum ent that provides an image 

o f the  seabed using acoustic waves. A  sidescan sonar fish is 

to w e d  behind a vessel, close to  the  seabed (Figure 21.1). The 
lo w  grazing angles a llow  the  detection o f small fea tures on 

the  seabed. The sidescan to w fish  w ill send out an acoustic 

pulse at e ither side of the  tow fish . These acoustic beams 

are narrow  In a horizontal plane and w ide  in the  vertical plane. 
This a llow s the  system  to  Insonlfy and gather Inform ation of a 

narrow  stretch  o f the  seabed in the  horizontal plane but over a 

w id e  distance from  the  to w fish . This provides a w id e  sw athe  

o f seabed Inform ation, the  extent o f w h ich  Is related to  the 

frequency o f the  acoustic pulse.

Sidescan sonar sys te m s  are available at a va rie ty  of 

acous tic  frequenc ies . For sh a llo w  w a te r opera tions th e y  
genera lly  vary b e tw e en  100 and 500 kHz. Lo w  frequency  

s ys te m s  w ill be able to  ach ieve  longer ranges and thus  

cover larger areas o f th e  seabed. H ow ever, to  ach ieve 

longer ranges th e  pulse leng th  w ill have to  be longer and 

th e re fo re  th e  reso lu tion  w ill decrease (Table 21.1).

The in te raction  at th e  seabed b e tw e en  th e  acoustic  

pu lse and th e  seabed su rface  w ill In fluence th e  s tren g th  

and characte r o f th e  re tu rned  acous tic  pu lse de tec te d  

by th e  s idescan rece ivers. Hard re fle c to rs  such as rock 

ou tc rops  can be d iffe re n tia te d  easily fro m  s o ft m uddy 
seabeds w h ich  w ill on ly return  a w eak  acoustic  return . In 

add ition  to  th e  in te n s ity  o f th e  re tu rned signal, th e  te x tu re  
o f th e  backsca tte r Im age can prov ide  add itiona l In fo rm ation  

to  aid th e  in te rp re ta tion  o f th e  seabed nature.

Table 21.1. R elation between frequency, w ave length  (re lated to 
reso lu tion ! and range of com m on sidescan sona r system s (Fish and 
Carr, 19901.

Frequency Wavelength Range

10 kHz 15 cm 10,000 m

100 kHz 1.5 cm 600 m

500 kHz 0.3 cm 150 m

1,000 kHz 0.15 cm 50 m

F igure  21.1. Acoustic 
surveying using a towed 
sidescan sona r (NOAA, 
2005b). h ttp ://oceanexp lo re r. 
noaa.gov/exp lo ra tions/
04-f i re /background /h i rez/ 
m u lti_sonar_h ires .jpg

http://oceanexplorer
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S om e care needs to  b e take n  w h e n  in te rp re tin g  s idescan 

sonar im agery. A lthough  high backsca tte r in tens ities  

are genera lly  re lated to  th e  seabed roughness, h igher 

backsca tte r va lues can a lso be th e  resu lt o f a seabed 
s lope  fac ing  to w a rd s  th e  s idescan fish  (Figure 21.2). In 

add ition , s ince th e  s idescan sonar is to w e d  close to  

th e  seabed, acoustic  sh a dow s can be crea ted  behind 

obstac les. A co u s tic  sh a dow s are rep resen ted  on th e  

sonar record as a w e a k  acous tic  return  and can th e re fo re  

be con fused  w ith  a so ft, m uddy  seabed. For th is  reason it 

Is advisab le  fo r s idescan sonar records to  be In te rp re ted  by 

experienced  users.

Relevance as ind ica tor
A s idescan sonar w ill m easure  th e  s tre n g th  o f th e  

backsca tte r re tu rned  by a sw a th  along th e  seabed. The 
backsca tte r s tren g th  is a ffe c te d  by (In decreasing  o rder of 

Im portance) (B londel and M urtón , 1997):

•  G eom e try  o f senso r-ta rge t sys te m  (angle o f Incidence, 

local s lope, etc),

•  Physical ch a rac te ris tics  o f th e  su rface  (m icro -sca le  

roughness, etc), and

•  In trins ic  nature o f th e  su rface  (com position , density , 

etc).

Im pacts  as a resu lt o f hum an ac tiv itie s  w ill in fluence  th e  

above p roperties  and th e re fo re  s idescan sonar cou ld  be a 

po ten tia l ind icator.
The b acksca tte r s tre n g th  reco rded  by th e  sys te m  

Is exp ressed  as an a m p litude  value. The am p litude  

is unca lib ra ted and th e re fo re  th e  backsca tte r s tren g th  

m ay be d iffe re n t during d iffe re n t su rveys. F urtherm ore , 

sys te m  s e ttin g s  such as a d iffe re n t base gain m ay a lte r 
th e  am p litu d e  values. W hen  using s idescan sonar fo r 

com para tive  purposes th is  w o u ld  requ ire  ca lib ration  of 
th e  sys te m  fo r each su rvey  by com paring  backsca tte r 

a m p litudes  over th e  sam e re fe rence  area.
A n o th e r cha racte ris tic  o f s idescan sonar, te m p e rin g  

Its su itab ility  as an indicator, is the  conversion o f the  

backscatter am p litudes to  a 256 point grey scale fo r display 

purposes. Therefore  a sidescan m osaic does not give 

backscatter am p litude  values but only greyscale levels (0 fo r 

black, 255 fo r w h ite ). During th is  process th e  data range Is 

o ften  reduced from  16-bit to  8-bit (256 data values), losing 

part o f th e  resolution o f the  original data, and o ften  the  

dynam ic range Is s tre tched  to  im prove  the  con trast o f the  

Image (histogram  equalisation, Figure 21.3). As a result the  
backscatter values m ay d iffe r be tw een  surveys In the  sam e 

area as a result o f th e  post-processing corrections.

Reflet-lion

Shadow Zone

Shadow Zone

F igure  21.2. On a
hom ogeneous seabed, 
shadow  zones w il l  be 
charac terised  by a w eak 
acoustic  backscatte r, 
w hereas a strong re flec to r 
w il l  produce a high 
backsca tte r in tens ity  (Fish 
and Carr, 1990).

F igure  21.3. Dynam ic 
range of a s idescan sonar 
backsca tte r m osaic (left) and 
h is tog ram  a fte r  equa lisa tion  
to  im prove contrast of the 
backsca tte r m osaic (right) 
(adapted fro m  B londe l and 
M urtón, 1997).

Dynamic ranae

255 255
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There fore  care shou ld  be taken  during p rocessing  of 

th e  data and It m ay requ ire  th e  p roduction  o f d iffe re n t 
backsca tte r m osaics. For exam ple , one w ith  m ax im um  

con tras t pos t-p rocess ing  se ttin g s  fo r m apping purposes 

and one w ith o u t co rre c tio n s  s p e c ifica lly  fo r Ind ica to r 
s tud ies . This la tte r m ay a llo w  a re la tive  com parison  o f th e  

backsca tte r grey scale values.

In addition to  com paring the  abso lu te  grey scale levels, 

a potentia l Indicator can be derived from  th e  relative grey 

scale levels. For exam ple, the  he te rogene ity  o f an area can 

be assessed by tex tu ra l analysis o f the  backscatter mosaic.

Relatively easy to  understand by non-sc ientis ts  and 
o ther users
A fte r  a s idescan sonar survey, a backsca tte r m osa ic w ill be 

p roduced w h ich  p rov ldesan  Im age o fth e s e a b e d . This visual 

Im age a llow s d is tin c tio n s  to  be m ade be tw e en  d iffe re n t 

areas by non -sc len tls ts  and o the r users. Experienced 

users can derive  In fo rm a tion  on seabed nature fro m  th e  
backsca tte r m osaic, a lthough  g round -tru th  sam p les  are 

requ ired  to  va lidate  th e  In te rp re ta tion .

Sensitive and re levant to a manageable human 
ac tiv ity
Fluman ac tiv ities  are like ly to  Im pact th e  fac to rs  In fluencing  

th e b a c k s c a tte ra m p lltu d e v a lu e s . T h e re fo re th e b a c k s c a tte r 

o f s idescan sonar Im ages w ill be sens itive  to  th e  changes 

caused by m anageable hum an ac tiv itie s  such as aggregate  
extrac tion  and d redg ing  disposal.

T igh tly  linked to  the human a c tiv ity  bu t not to  other 
causes o f change
Changes In backsca tte r am p litu d e  can occur a resu lt o f 

hum an a c tiv ities . F low ever, as d iscussed  above, o ther 

fac to rs  m ay a ffe c t th e  backsca tte r a m p litude  during th e  

su rvey (seabed s lope, gain se ttings , e tc) or during po s t­

p rocessing  o f th e  backsca tte r m osaic. The re fore  care 
shou ld  be taken  during acqu is ition  and post-p rocess ing  of 

th e  s idescan data.

Easily and accurately measured, w ith  a low  error rate
Sidescan sonars have been used as su rvey sys te m s 

fo r a long t im e  and are one o f th e  m os t popular seabed 

su rvey ing  too ls . One o f th e  reasons fo r th is  Is th e  ease In 
ope ra ting  and acqu iring  th e  data, not requ iring  expensive  

se t-ups or com p lica ted  calibration p rocedures. A lthough  

easy to  m easure, It Is m ore  d iff icu lt to  assess th e  accuracy 

o f th e  backsca tte r am p litudes , due to  th e  unca lib ra ted 

backsca tte r va lues. This m igh t be a d isadvantage fo r 
s idescan sonars as an Ind ica tor too l.

A ffo rdab le  and feasible in te rm s o f data collection 
and m anipu la tion
S idescan sona rs  are re la tive ly  Ine xpe n s ive  su rve y  

Ins tru m e n ts  and a lso w id e ly  available am o n g s t com m erc ia l 

and non-com m erc ia l o rgan isa tions. The data acqu ired 

can be easily p rocessed Into m osa ics o f th e  seabed 

su rface  and can be analysed by expe rts  or using so ftw a re  

packages. For use In Ind icator w o rk , so ftw a re  packages 

th a t can analyse th e  backsca tte r g rey leve ls w ill be 

requ ired. G enera lly available rem o te  sens ing  so ftw a re  or 

GIS are such too ls , and th e re fo re  m ake It an a ffo rdab le  and 

feas ib le  Ind ica tor too l.

Provide early w arn ing
The sm alle r th e  change th a t th e  s idescan can de tect, 
th e  earlier th e  acoustic  Ind icator can prov ide  w a rn ing  of 

changes In th e  m arine e nv ironm en t. F low ever, because 

o f th e  lim ita tio ns  o f th e  sys te m  d iscussed  above, these  

changes are not necessarily  a resu lt o f hum an ac tiv ities . 

T he re fo re  abso lu te  greysca le  levels m ay not be a su itab le  
Ind ica tor p rov id ing early w a rn ing  o f Im pacts on th e  m arine 

env iro n m e n t. F low ever, Ind icators derived  fro m  th e  relative 

greysca le  levels m ay have fu tu re  po ten tia l a su itab le  

Indicator, and w ill be th e  sub jec t o f fu tu re  Investiga tion  by 

Cefas.

21.3 Multibeam echosounder
Principle
M u ltib e a m  ech o sou n d e rs  can s im u lta n e o u s ly  p rov ide  
seabed b a thym e try  and s idescan sonar-llke  backsca tte r 

In fo rm a tion . This cha rac te ris tic  Is un ique to  m u ltibeam  

and exp la ins w h y  It has becom e Increasing ly th e  too l o f 

cho ice fo r seabed m apping and Im aging purposes. The 

sys te m  w ill send  ou t m u ltip le  sonar beam s (eg 254 fo r 
C efas ' E M 3000D  m u ltibeam  echosounder) In a fan-shaped 

pa ttern  th a t Is o rien ted  perpend icu la r to  th e  sh ip 's  track 

(Figure 21.1). The sys te m  w ill d e tec t th e  b o ttom  echo 

fro m  th e  In te rsection  o f th e  't ra n s m it ' and th e  're ce ive ' 

beam  fo o tp r in t. The echo arrival t im e  and angle o f th e  
rece ive  beam w ill p rovide In fo rm a tion  on th e  ba thym etry , 

w he re a s  th e  backsca tte r s tren g th  Is used to  co n s tru c t a 

seabed Im age. C om bin ing  co nsecu tive  p ings w ill a llo w th e  

crea tion  o f a d ig ita l te rra in  m odel and backsca tte r m osa ic 

o f th e  surveyed  area.

D igita l te rra in  m ode ls  a llo w  th e  asse ssm e n t o f changes 

In seabed  to p o g ra p h y  and m orpho logy , w h e re a s  th e  

b acksca tte r m osa ic  can a llo w  an a ssessm en t o f changes 

In seabed nature.
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M ultibeam  echosounders  o ffe r a great am o u n t o f detail 

on th e  b a thym e try  o f a w id e  area o f th e  seabed, w h ich  

cannot be ach ieved  using s ing le  beam echosounders, 
nor sidescan sonar. This capability , to g e th e r w ith  Its 

ab ility  to  produce a co-located backsca tte r Image, m ake 

m u ltibeam  echosounders  th e  too l o f cho ice fo r m any 

research app lica tions.
Shallow  w a te r m ultibeam  system s make use o f high 

frequencies to  achieve m axim um  accuracy. System s such as 
C efas' Kongsberg EM 3000D m ultibeam  operate around 300 

kHz. This w ill make the  backscatter primarily dependent on 

the  surface scattering, as the  signal w ill only penetrate a small 

d istance Into the  sed im ent. The small am ount o f vo lum e 
scattering may make It m ore d ifficu lt to  distinguish be tw een 

sed im en t types. However, th is  can also been seen as an 

advantage, as only the  to p  layer w ill contribute  to  the  vo lum e 

scattering. Therefore the  system  may be m ore sensitive to  

superficial sed im en t changes, m ost relevant to  the  changes 

w h ich  m ight occur as a result o f human activities.

Relevance as ind ica tor
W hen  d ls c u s s ln g th e  re levance o f m u ltibeam  echosounders  

as acoustic  Ind icators, tw o  aspec ts  o f th e  sys te m  should  

be d iscussed: th e  ba thym e try  and backsca tte r com ponen t. 

Both th e se  typ e s  o f data could provide su itab le  acoustic  

Ind icators on th e ir  ow n , but com b ined  th e y  m ay have even 

m ore  po ten tia l.

The ba thym e try  can provide Ind ications o f changes 

In th e  seabed top og ra p h y  and m orpho logy, w he re a s  th e  
backsca tte r can be an Ind icator o f changes In th e  physical 

cha racte ris tics  (roughness and nature) o f th e  seabed. 

U niquely, m u ltibeam  echosounders  th e re fo re  cover all 

aspects  o f physical Im pacts caused by hum an ac tiv ities .
A lth o u g h  th e  backsca tte r co m p o n e n t o f th e  m u ltibeam  

s ys te m  Is s im ila r to  s idescan sonar, th e  m u ltibe a m  

backsca tte r Im age Is o ften  regarded as being o f In ferio r 

qua lity . In con tras t to  th e  to w e d  sidescan sonar, m u ltibeam  

echosounders  are o ften  hu ll-m oun ted  (Figure 21.1). This 

a llow s s idescan to  ach ieve  lo w e r grazing angles and thus  

b e tte r de tec tion  o f fea tu re s  on th e  seabed.
H ow ever, un like s idescan sonar, th e  backsca tte r s tren g th  

va lues fro m  a m u ltibeam  echosou n d e r are ca lib ra ted  

during cons truc tion  o f th e  Ins trum en t. T he re fo re  abso lu te  

backsca tte r va lues are com parab le  over tim e  and be tw e en  

areas. C a librated values also a llo w  a u tom a ted  c lass ifica tion  

m e th o d s  to  p e rfo rm  be tte r. F urtherm ore , It Is possib le  to  
use average backsca tte r s tren g th  va lues per beam  fo r 

analysis and Ind ica tor use, rather than  rescaled grey levels. 

Full reso lu tion  backsca tte r Im ages w ill a lso be rescaled to  

a 256 s tep  grey scale as fo r s idescan sonar.

The m u ltibeam  ba thym e try  data can be v isua lised  and 

analysed In various so ftw a re  packages (F lederm aus, Surfer, 

Idrlsl, GIS, etc). This a llow s th e  undertak ing  o f advanced 
tasks such as s lope m ode lling  and data re-classlf¡cation 

w h ich  m igh t be usefu l to  derive  acoustic  Ind ica tors from  

th e  data.

Relatively easy to  understand by non-scientists and 
o ther users
The ba thym e try  data fro m  a m u ltibeam  sys te m  a llow s 

th e  creation o f a d ig ita l te rra in  m odel th a t can be easily 

v isua lised  and unders tood  by non -sc len tls ts  and o ther 

users. A dvances In te ch no lo g y  a llo w  th e  deriva tion  and 

visua lisa tion  o f o the r param eters  such as seabed s lope  or 

d iffe re n ce  p lo ts from  th e  m u ltibeam  data.
In add ition  to  m easuring  seabed topography, m u ltibeam  

e chosounders  record th e  backsca tte r s tren g th , w h ich  Is 

a proxy o f th e  seabed se d im e n t typ e . A s  w ith  sidescan 

sonar, th is  a llow s  non -sc len tls ts  and o the r users to  v isua lise  

Im pacted  areas easily.

Sensitive and re levant to  a manageable human 
ac tiv ity
Hum an ac tiv itie s  In th e  m arine env iro n m e n t w ill have an 

Im pact on th e  seabed topog raphy  (eg rem oval o f sand 

and gravel by aggregate  ex trac tion ; d isposal o f dredged 

m ateria l) and/or changes In se d im e n t type  (eg disposal 

o f fine  dredged m ateria l). These Im pacts are w ith in  th e  

capabilities to  be d e tec te d  by m u ltibeam  echosounders . 

The o u tpu ts  fro m  a m u ltibeam  sys te m  could th e re fo re  

p rov ide su itab le  acoustic  Ind icators.

T igh tly  linked to  the human a c tiv ity  bu t not to  other 
causes o f change
A s d iscu sse d  above, m u ltib e a m  e ch o sou n d e rs  are 

sens itive  to  th e  Im pacts as a resu lt o f hum an ac tiv ities . 

The ca lib rated backsca tte r va lues, un ique to  m u ltibeam  

sys te m s , rem ove th e  unce rta in ty  re lated to  th e  changes In 

abso lu te  backsca tte r levels as a resu lt o f hum an Im pacts or 

natural variab ility . The backsca tte r va lues are also co rrected  

(to  som e  exten t) fo r th e  local seabed slope, reducing  th e  

Im pact on th e  backsca tte r s tren g th . This resu lts  In data 

th a t are c lose ly  linked to  th e  hum an Im pacts only.

Easily and accurately measured, w ith  a low  error rate
M ultibeam  echosounders  are te chno log ica lly  th e  m ost 

advanced acous tic  su rvey  Ins trum en ts  th a t are able to  

m ap th e  seabed easily and accura te ly . A s an exam ple , 

th e  E M 3000 sys te m  onboard th e  RV Cefas E ndeavour can 
m easure  dep th  w ith  a reso lu tion  o f 1cm and an accuracy
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o f 5 cm  RMS. The backsca tte r s tren g th  m easu rem en ts  

have an accuracy o f 1 dB. This m akes acous tic  ind icators 

derived  fro m  m ultibeam  echosounders  very accurate.

A ffo rdab le  and feasible in term s o f data collection 
and m anipu la tion
M ultibeam  echosound ing  is becom ing  a w id e ly  available 

to o l fo r various app lica tions. The experience  ex is ts  both 

in research and com m erc ia l o rgan isa tions to  undertake 

m u ltibeam  survey ing  p rog ram m es. No m ajor obs tru c tio n s  

ex is t in th e  co llec tion  and m an ipu la tion  o f th e  acoustic  
data, a llow ing  th e ir  rou tine  co llec tion  as a basis fo r deriv ing  

env ironm en ta l Ind icators. C om pared w ith  o th e r acoustic  

su rvey m e thods, m u ltibeam  echosounders  w ill be th e  

m os t expensive  In te rm s  o f hardw are, but a lso due to  th e  
t im e  needed fo r  insta lla tion  and ca lib ration  o f th e  sys tem .

Provide early w arn ing
M ultibeam  echosounders  w ill be able to  d e tec t m inor 

changes In th e  m arine e n v iro n m e n t due to  th e ir  accuracy 

and ca lib rated backsca tte r va lues. These changes w ill be 

h igh ligh ted  w h e n  success ive  surveys are com pared  w ith  

each o th e r using appropria te  so ftw a re  packages. Further 

research is needed to  estab lish  th e  se ve rity  o f th e  Im pact 

be fore  th e  acoustic  m e th o d  w ill id e n tify  change.

21.4 Sub-bottom profiler
S ub-bo ttom  p ro file rs  prov ide  a 2D slice  o f th e  s truc tu re  of 

th e  seabed subsurface  along th e  track  o f th e  sh ip . The 

freq u e n c ie s  used In sub -b o tto m  p ro file rs  are m uch low e r 

than  fo r echosounders  or s idescan sonars and th e re fo re  

can penetra te  th e  seabed (the lo w e r th e  frequency, th e  
g rea te r th e  penetra tion). The reso lu tion  o f sub -bo ttom

s ys te m s  Is genera lly  over 10 cm , m uch lo w e r than  som e 

o f th e  Im pacts as a resu lt o f hum an a c tiv itie s . D iffe re n t 

se d im e n ts  w ill have d iffe re n t acous tic  characte ris tics , and 

w h e n  th e  acous tic  w ave  encoun te rs  an abrup t change In 

e las tic  p roperties , part o f th e  energy w ill be re flec ted  and 
s h o w  up on th e  sub -b o tto m  record.

Recent deve lo pm e n ts  In sub -b o tto m  p ro filing  include 

non-linear or pa ram etric  su b -b o tto m  p ro file rs . These 

s ys te m s  s im u ltan e o u s ly  e m it tw o  high freq u e n c ie s  and 
advanced signal p rocessing  is undertaken on th e  re tu rned 

s ignal. This a llow s  ca lcu la tions o f acoustic  Im pedances 

fo r th e  d iffe re n t se d im e n t layers, w h ich  are a proxy fo r 

s e d im e n t typ e  (Table 21.2). A n exam p le  from  a param etric  
sys te m  is g iven in F igure 21.5.

Table 21.2. A coustic  Impedance of sedim ent layers fro m  sub-bo ttom  
p ro filing  (U.S. A rm y  Corps of Engineers, 2002].

Material medium Acoustic impedance 
(g cm2 per sec * 10'2)

W a te r 1450

S ilty  clay 2016-2460

Clayey s ilt 2460-2864

S ilty  sand 2864-3052

V ery fine  sand 3052-3219

Fine sand 3219-3281

M e d ium  sand 3281-3492

Coarse sand 3492-3647

Gravelly sand 3647-3880

Sandy gravel 3880-3927

A ll va lues are corrected  fo r te m pera tu re  and salinity.

F igu re  21.4. S ub-bo ttom  
profile  show ing the  s truc tu re  
below the seabed surface 
(Image fro m  h ttp ://w w w .s o c . 
so to n .a c .u k /so e s /re sea rch / 
g ro ups/geo physlcs/FIRM SG/l

http://www.soc


F igure  21.5. S ub-bo ttom  
profile  fro m  a param e tric  
su b-b o ttom  p ro file r show ing 
dum ped sand on top  of hard 
seabed (Lowag and van den 
Heuvel, 2002).
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S ub-bo ttom  p ro files  are genera lly  p rin ted  on paper fo r 

expert In te rp re ta tion . H ow ever, th e  data can be recorded 

In a d ig ita l fo rm a t and In te rp re ted  d ig ita lly  In advanced 

s o ftw a re  packages. It Is recogn ised  th a t th e  ou tpu ts  
fro m  sub -b o tto m  pro filing  sys te m s  are less su ited  fo r 

Ind ica tor app lica tions s ince  th e  m ain a im  Is to  Iden tify  and 

d iffe re n tia te  b e tw e en  acoustica lly  d is tin c t layers, rather 

than  to  characte rise  th e m .

Presently, Cefas does not possess In-house capabilities 

to  undertake  such w o rk . F urther Im pro ve m e n ts  In th e  

p rec is ion and accuracy o f th e se  sys te m s , a long w ith  

m e th o d s  to  q u a n tita tiv e ly  ana lyse  th e  o u tp u ts , m ay 

enhance th e  scope fo r de riv ing  q uantita tive  Indicators. A t 

p resen t w e  do not cons ider th a t a m ore de ta iled  evaluation 

Is appropria te .

21.5 Casestudies
21.5.1 Use of calibrated m ultibeam  backscatter 

strength as a sedim ent proxy
An exam p le  o f th e  backsca tte r capabilities o f m u ltibeam  

echosounders  Is g iven by H ughes-C larke e t al. (1997). 
Using a Kongsberg EM 1000 (95kHz), angular response 

curves from  th e  m u ltibeam  backsca tte r w e re  used to  

d is tingu ish  be tw e en  seabed se d im e n ts  In th e  s tu d y  area 

(Figure 21.6, Table 21.3).

Table 21.3 lis ts  th e  se d im e n t typ e s  accord ing to  grain 

size. This sh o w s  a decrease In backsca tte r s tren g th  w ith  

Increasing grain size. The exam p le  illus tra tes  th a t m u ltibeam  
backsca tte r can be used to  d is tingu ish  be tw e en  se d im e n t 

types . H ow ever, no standard  dev ia tions w e re  p rovided 

and th e re fo re  It w a s  unclear w h e th e r th e  se d im e n t c lasses 

cou ld  be d iffe re n tia te d  fro m  each o th e r In a s ta tis tica lly  

robust w ay.

Table 21.3. B acksca tte r s treng th  derived fro m  the  ang u la r response 
curves above at an incidence angle of 50 degrees (Derived from  
H ughes-C larke  et al., 19971.

Sediment facies Backscatter strength 
0  50 degrees grazing angle

Mud -38 dB

Silty mud -32.5 dB

Sandy mud -33 dB

Silty sand -27 dB

Fine sand -21 dB

Rippled medium sand, -22.5 dB
over gravel

Cobble pavement -19 dB

Boulder fields -20 dB

F igure  21.6. B acksca tte r 
s treng th  ve rsus angle of 
incidence fo r  e ight sedim ent 
types (H ughes-C larke  et at., 
19971.
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H ughes-C la rke  e t al. (2002) used th e  m u ltibe a m  

backsca tte r s tre n g th s  to  m on ito r th e  Im pact o f fln flsh  

aquacu ltu re  cages In Canada. It w as conc luded  th a t 

backsca tte r s igna tu res cou ld  Indicate changes at th e  seabed 

su rface  as a resu lt o f o rgan ic en rich m e n t. This Illustra tes 

th e  po ten tia l o f acoustic  Ind icators In th e  m on ito ring  of 

these , and p o ten tia lly  o ther, hum an ac tiv ities .

21.5.2 Using calibrated m ultibeam  backscatter 
strength to m onitor changes in sedim ent 
type at an aggregate extraction site (Roche 
eta l . ,  2005)

The K w ln tebank Is a sandbank on th e  Belgian C ontinenta l 

S he lf sub jec t to  In tensive  ex trac tion  o f sand fo r the  
c o n s tru c tio n  Indus try . M u ltib e a m  su rve ys  us ing  a 

Konsgberg EM 1002 de m o n s tra te d  th e  fo rm a tio n  o f a 

depression  on th e  K w ln tebank as a resu lt o f extrac tion  

ac tiv itie s . S ince February 2003 an area a round th is  
depression  w a s  c losed fo r exp lo ita tion  and has been 

In tens ive ly  m on ito red  s ince. Part o f th e  m on ito ring  Is 
undertaken by co llec ting  m u ltibeam  data severa l t im e s  

a year. B a thym etry  resu lts  sh o w e d  a stab ilisa tion  of 

th e  depress ion  over tim e . M on ito rin g  o f th e  m u ltibeam  

backsca tte r data de m o n s tra te d  th a t no s ign ifican t changes 

In seabed nature occurred  In th e  area, w h ich  w a s  co n firm ed  

by se d im e n t sam ples.

The success o f th is  m e thod  proves th e  su ita b ility  of 
m u ltibeam  backsca tte r as an acous tic  Indicator. A lthough  

th is  m e thod  w a s  success fu l In de m o n s tra tin g  th e  absence 

o f env ironm en ta l change, It s till needs to  be dem on s tra te d  

th a t It can succe ss fu lly  prov ide  early w a rn ing  o f s ign ifican t 

se d im e n t changes.

21.5.3 Examples of acoustic indicators derived  
from  Cefas data: p re lim inary  results

A n exam p le  o f an acous tic  Ind icator Is g iven In th e  

co n tex t o f th e  physical d is tu rbance  o f th e  seabed. A 

m u ltibeam  su rvey w a s  carried ou t by Cefas at th e  

Nab T ow e r dredged m ateria l d isposal s ite  (East o f 

Isle o f W ig h t) In June  2005. F igure 21.7(a) sh o w s  

th e  ba thym e try  resu lts  d e m onstra ting  th e  Im pact at 

th e  seabed su rface  as a resu lt o f th e  hum an ac tiv itie s  

Im pacting  th e  seabed. The doughnu t shaped fea tu res  

on th e  seabed are a know n cha rac te ris tic  o f d isposal 

a c tiv itie s . The seabed s lope  Is derived  fro m  th e  seabed 

b a thym e try  and Is sh o w n  In F igure 21.7(b) and a llow s 
easy d iffe re n tia tio n  b e tw e en  areas th a t are heavily 

Im pacted  and areas th a t are less Im pacted by th e  

d isposal ac tiv ities .

Based on th e  s ta tis tica l analysis o f th e  seabed slope 

surface , un lm pacted , m ode ra te ly  and h igh ly Im pacted 

areas d e m o n s tra te d  d iffe re n t ch a rac te ris tics . This 

Is Illustra ted  In F igure 21 .8  sh o w in g  th e  frequency  
d is tribu tion  o f th re e  125 x  125 m boxes, sh o w in g  a very 

d iffe re n t d is tribu tion  fo r each level o f Im pact.

This Is also confirm ed by the  mean seabed slope w ith in  

each box and the  associated standard deviation. The 

mean seabed slope Increases w ith  Impact, and sim ilarly 

the  standard deviation w ill Increase (Figure 21.9).

This sugges ts  th a t an acous tic  Ind ica tor such as 

seabed s lope  cou ld  provide an Ind ication o f th e  physical 

d is tu rbance  at a p rev ious ly  und is tu rbed  s ite .

This Is ju s t one exam ple  o f th e  po ten tia l Ind icators 

derived  fro m  m u ltibeam  data. M ore  acoustic  Ind icators 

w ill be te s te d  and eva luated In th e  next fe w  years.

Figure 21.7. lal M u ltibeam  bathym etry  of the NAB Tower dredged 
m a te ria l d isposa l site show ing and im pacted area; Ibl seabed 
slope derived fro m  the m u ltibeam  bathym etry.



Figure 21.8. Seabed slope 
frequency d is trib u tio n  fo r 
th ree  iden tica lly  sized areas 
but w ith  d iffe ren t im pact 
levels.
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Figure 21.9. Degree of 
im pact ve rsus m ean seabed 
slope show ing a positive 
co rre la tio n  and increasing 
standard  deviation.
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21.6 Conclusions
AG DS w as iden tified  as a p o ten tia lly  use fu l te ch n iqu e  to  

Ind icate tem p o ra l changes In th e  nature  o f th e  seabed, as 

w e ll as an Ind icator o f spatia l d iffe re n ce s  in seabed nature. 

H ow ever, th e  po ten tia l Is te m p e re d  by th e  lo w  repea tab ility  

o f th e  raw  data va lues com b ined  w ith  th e ir  dependence  

on severa l env ironm en ta l cond itions  w h ich  cannot be 

con tro lled  or co rrec ted  fo r (eg tida l curren ts , se d im e n t in 
suspension).

The use o f s idescan sonar as an acoustic  ind ica to r 

w a s  iden tified  as being su itab le  fo r  th e  a ssessm en t of 

both spatia l and tem po ra l changes in th e  seabed nature 

and seabed m orpho logy. To date, s idescan sonar Is 

th e  p re fe rred  te ch n iqu e  to  m ap th e  seabed nature and 

m orpho logy. H ow ever, th e  non-ca lib ra ted backsca tte r 

a m p litude  is a m ajor lim ita tion  to  its use as an acoustic  

ind ica tor, com b ined  w ith  th e  need to  reduce its o u tpu t to  a 

256  po in t g rey scale raster Image.

A co u s tic  ind ica tors derived  from  th e  ba thym e try  and 
backsca tte r s tren g th  o f m u ltibeam  echosounders  w e re  

iden tified  as su itab le  m eans to  provide spatia l and tem po ra l 

In fo rm a tion  on th e  change in seabed nature, seabed 

m orpho logy  and seabed topog raphy . The ab ility  to  provide 

ind ica to rs on seabed nature and seabed topog raphy  In 

a s ing le  su rvey even t is seen as a m ajor bene fit but w ill 

com e at a cost, as these  sys te m s  are th e  m os t expensive  
in purchase, opera tion , p rocessing  and analysis.

A su rvey  o f th e  o u tcom e  o f qua lita tive  eva luation  
aga inst agreed criteria  gove rn ing  Ind icator u tility  is given In 

Table 21.4. Each crite rion  Is sco red  on a scale fro m  1 (poor) 

to  5 (very good). W e  propose to  em p loy  th e  o u tcom e  of 

th is  Initial a ssessm en t as a basis fo r fu rth e r exp lo ra tion  fo r 

de riv ing  usefu l q uan tita tive  env ironm en ta l ind ica to rs from  

acous tic  o u tpu ts .
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146 Table 21.4. A ssessm ent against ind ica to r c r ite r ia  fo r  AGDS, sidescan sonar and m u ltib e a m  echosounders. 

C riterion

Relatively easy to understand by non-scientists and other users 

Sensitive and relevant to a manageable human activity 

Tightly linked to the human activity but not to other causes of change 

Easily and accurately measured, w ith  a low error rate 

Affordable and feasible in terms of data collection and manipulation 

Provide early warning

poor good very  good

1 2 3 4 5

AGDS Sidescan sonar M ultibeam

2 4 5

3 3 4

2 3 4

1 2 4

5 4 3

2 3 4



22. Inner Tees Bay: a
disposal ground survey 
2003

Authors: Matthew Curtis, Hubert Rees 
and Sylvia Blake

22.1 Introduction
The Tees estuary  is a heavily bu ilt-up  area w ith  m any 

d iffe re n t Industries on Its banks Including, h istorica lly, th e  

m anu fac tu re  o f a num ber o f b rom lna ted  flam e  retardants. 

The Port o f Tees au tho rity  opera tes tw o  tra iling  suction  

hopper dredges and a sm all grab dredger, w ith  m ain tenance  
d redg ing  being undertaken  on a dally basis and w ith  regular 

p lacem en ts  o f sm all am o u n ts  o f m ateria l at th e  d isposal 

ground. A p p ro x im a te ly  1.5 m illion  to n ne s  o f m ain tenance 

m ateria l Is d redged per year and d isposed o f at th e  Inner 

Tees Bay A d isposal g round (Table 22.1). Recently, flam e  

re ta rdant con tam ina tion  w a s  d e tec te d  In sam p les from  

th e  Tees estuary  (de Boer e t a i,  2001b) and It becam e a 
m a tte r o f concern to  see  If th is  con tam ina tion  w a s  being 

tran s fe rre d  to  th e  d redged m ateria l d isposal ground.

The Tees Bay A d isposal g round w a s  su rveyed  on 

1 June  2003 using th e  RV Cefas E ndeavour (F igure 22.1), 

w ith  th e  aim  o f co llec ting  se d im e n t sam p les fo r trace  

con tam inan t analysis, especia lly  th e  b rom lna ted  d iphenyl 

e th e r (BDE) fla m e  re ta rdants. The o p p o rtu n ity  w a s  also 

taken  to  sam ple  th e  ben th lc  m acrofauna to  Investiga te  any 

localised e ffe c t o f th e  dredged m ateria l d isposal activ ity .

22.2 Methods
22.2.1 Survey design
The su rvey w a s  designed to  take Into account th e  m ost 
like ly rou te  o f any d ispe rs ing  m ateria l aw ay fro m  th e

Table 22.1. Recent dredging d isposal h is to ry of Tees Inne r d isposal
ground.

Year Total tonnage disposed

2000 1,226,699

2001 1,508,831

2002 2,003,029

2003 1,548,345

disposal ground, due princ ipa lly  to  tida l action, as w e ll as 
o f suspended  m ateria l com ing  fro m  th e  estuary. S ta tions 

w e re  pos itioned  along th e  main axis o f tida l f lo w , w h ich  

runs parallel to  th e  coast w ith  a m axim um  tida l ve lo c ity  

o f 0.5 m s-1 (derived fro m  A d m ira lty  data), and also to w a rd  

th e  m ou th  o f th e  estuary. A  to ta l o f nine s ta tions  

w e re  sam p led  fo r se d im e n t partic le  size d is tribu tion  and 

trace  con tam inan t analysis, Including BDEs, tr ibu ty l-tIn  

(TBT), po lych lo rina ted  b iphenyls  (PCBs) and o rganoch lo rlne  

pestic ides (OCPs). A dd itiona lly , a sub -se t o f fou r s ta tions  

w e re  sam p led  to  provide rep licate  ben th lc  m acrofauna 

sam ples.

22.2.2 Field sam pling procedures
R eplicate sam p les o f se d im e n ts  fo r th e  later analysis of 

ben th lc  m acrofauna, and sam p les fo r se d im e n t partic le  

size d is tribu tion  and trace  con tam inan ts  w e re  co llec ted  
using a 0.1 m 2 Day grab. F o llow ing  th e  e s tim a tion  

o f sam ple  vo lum e, a visual se d im e n t descrip tion  w as

kilometres

F igure 22.1. Tees survey 2003. 
Reproduced fro m  A d m ira lty  
Chart 152 by perm iss ion  
of the  C on tro lle r o f H er 
M ajesty 's S ta tionery  Office 
and the  UK H ydrograph ic 
Office (w w w .ukho.gov.uk). Not 
to  be used fo r  navigation.

O Stations« sa m pled for sediment 
particle size and trace 
contaminants

•  Stations sampled forbcnlhic 
macrofauna, sediment particle 
size and trace contaminants
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recorded  and sub -sam p les w e re  rem oved  fo r partic le  size 

d is tribu tion  and chem ica l analysis. The w h o le  sam ple  

w a s  then  w ashed  over 5 m m  and 1 m m  sieve  m eshes to  

rem ove  fin e  se d im e n t. The tw o  frac tions  w e re  com b ined  

and back-w ashed Into an appropria te  con ta ine r and fixe d  In 

4-6%  bu ffe red  fo rm a ld e h yde  so lu tion .

22.2.3 Laboratory procedures
S am ples fo r  BDE, PCB and OCP analysis w e re  air-dried In 

a con tro lled  e n v iro n m e n t and then  g round w ith  anhydrous 

sod ium  su lpha te  p rior to  S oxh le t ex trac tion  w ith  n-hexane/ 

ace tone. S u lphur res idues w e re  rem oved  at th is  s tage  w ith  

copper. An a liquo t o f th e  sam ple  extrac t w as c leaned-up 

and frac tiona ted  by co lum n ch rom atography  using partia lly 
deactiva ted  a lum ina and silica. A fte r  add ition  o f Internal 

standards, residues w e re  de te rm in e d  by GC-ECD (e lectron 

cap ture  de tec tion ) and GC-MS. Full deta ils  are given In 

A llch ln  e ta /., (1989) and de Boer e ta /.,  (2001a). Sam ples 
w e re  not analysed fo r BD E209 (decab rom od lpheny le the r -  

th e  m ajor co m p o n e n t o f th e  deca-m lx  PBDE fo rm u la tion ).

Sam ples fo r TBT analysis w e re  ex trac ted  w e t, and 

a separa te  to ta l so lid  de te rm in a tion  w a s  p e rfo rm ed  to  

exp ress th e  resu lt on a dry w e ig h t basis. S am ples w e re  

ex trac ted  by shaking w ith  0 .1%  sod ium  hydroxide  and 

m ethano l. The organotln  com pounds  w e re  then  back- 

ex trac ted  Into n-hexane, conve rted  to  th e ir  respective  

hydrides w ith  sod ium  borohydrlde, and analyzed using 

GC-FPD (flam e p h o to m e tric  de tection ), op tim ise d  fo r tin  

a t 610 nm . A ll resu lts  ob ta ined  w e re  ca lcu la ted as dry 

w e ig h t. Full de ta ils  o f th e  m e th o d  are g iven In W a ldock  

e t a i,  (1989).
In th e  laboratory, m acro fauna sam p les from  each Day 

grab w e re  firs t w ash e d  w ith  fre s h w a te r over a 1m m  

s ieve  In a fu m e  cupboard to  rem ove excess fo rm a ldehyde  

so lu tion  and then  placed on p lastic  trays and exam ined 

under an Illum inated  m agn ifie r. S pec im ens w e re  p icked 

fro m  th e  trays and placed In labelled Petri d ishes con ta in ing  

a p reserva tive  m ix tu re  o f 70%  IM S fo r Iden tifica tion  and 
enum era tion .

Iden tified  s p e d  m ens w e re  rem oved  from  th e ir  conta Iners 
and rinsed In fresh  w a te r be fore  being placed on a dry 

shee t o f high abso rbency paper and b lo tted  dry. O nce 

dry, sp ec im ens w e re  tran s fe rre d  Im m ed ia te ly  to  a ta red  

con ta ine r on a balance and th e  w e ig h t o f th e  spec im en  

recorded  to  0.0001 g. S pec im ens w e re  then  rem oved 
fro m  th e  balance and placed back In th e ir  conta iner.

A na lys is  o f se d im e n t partic le  size, heavy m eta ls  and 

po lycyc lic  a rom a tic  hydrocarbons (PAHs) has s till to  be 

com p le ted .

22.3 Results
Visual sed im ent descrip tions
The s e d im e n t d e sc rip tio n s  fro m  th e  su rve y  can be 

seen In Table 22.2. These sh o w e d  th e  area to  have a 
h om o g e n e o us  su b s tra tu m  w ith  m os t s ite s  co ns is ting  

o f m uddy sand. S ta tions T3 and T7 sam p led  w ith in  th e  

d isposal area s h o w e d  ev idence  o f past d redge disposal 
a c tiv ity  con ta in ing  sm all lum ps o f black m ud and black 

flecks, w h ich  w e re  p robab ly coal.

Table 22.2. S edim ent descrip tions  taken from  Day grab sam ples.

S ta tio n

code

S e d im e n t type

T 1 Muddy sand

T2 Muddy sand

T3 Slightly muddy sand w ith  some black flecks - coal? 
And small lumps of black mud -  spoil?

T4 Muddy sand

T5 Muddy sand

T6 Muddy sand

T7 Muddy sand w ith  evidence of dredge spoil - black 
mud.

T8 Slightly muddy sand

T 10 Muddy shelly sand

22.3.1 Trace contam inants
L o w  levels o f BDEs w e re  seen at all s ta tions  (Table 22.3) 

w ith  m os t sam p les having concentra tions  s im ila r to  th e  

lo w e s t levels de tec te d  In European m arine se d im e n ts  

(Law  e t a i,  2004). S ta tions T2 and T8, Inside th e  disposal 

ground, and s ta tion  T1, to  th e  n o rth -w e s t o f th e  disposal 

ground, all s h o w e d  s lig h tly  e leva ted  levels o f BDEs w ith  
th e  h ighest su m m e d  concentra tion  being 1.52 pg kg-1 dry 

w e ig h t.

S lightly e levated TBT concentra tions, 0.013 m g kg-1 dry 

w e ig h t, w e re  seen at s ta tion  T7 w ith in  th e  d isposal ground 

(Table 22.3). S tations T1 and T5 show ed  levels ju s t above 

th e  TBT de tection  level (0.001 m g kg-1); at all o ther s ta tions 

TBT w as not de tec ted . L ow  levels o f PCBs w e re  de tec ted  

at s ta tions T7 and T8, w ith in  the  disposal ground, and at 

sta tions T4 and T10, to  th e  east o f th e  disposal ground (Table 

22.3); these  w e re  classified as s ligh tly  con tam ina ted  (W ells 

e t a i,  1989). A ll s ta tions sho w e d  s ligh tly  e levated levels of



Table 22.3 . BDE, organochlori ne pesticides, PCBs and TBT results .

Station Sum of 10 BDEs HCB Total HCH D ieldrin Total DDT Sum of 25 PCBs TBT
(jjg kg"1] (pg kg"1) (pg kg"1) (pg kg"1) (pg kg"1) (pg kg"1) (mg kg"1)

T 1 1.45 0 .55 0 .5 7 0 .68 0 .63 < 0 .2 0 .0 0 5

T2 1 .34 0 .42 0 .4 8 0 .6 4 0.5 < 0 .2 < 0 .001

T3 0.6 0 .58 0 .9 4 0.7 0.21 < 0 .2 < 0 .001

T 4 0.81 0 .38 0 .3 3 0.6 0 .45 4 .1 7 < 0 .001

T5 0 .47 1.2 0 .7 7 0 .62 0.21 < 0 .2 0 .0 0 5

T6 0 .52 0 .45 0 .6 6 0 .59 < 0 .2 < 0 .2 < 0 .001

T7 0 .46 0.7 0 .5 7 0 .98 3 .5 5 5 .0 8 0 .0 1 3

T8 1.52 0 .37 0 .3 5 0 .69 0 .25 0 .5 3 < 0 .001

T 10 0 .56 0 .69 0.31 0.71 < 0 .2 0 .3 2 < 0 .001

th e  OCPs hexachlorobenzene (HCB) hexachlorocyclohexane 

(HCH) dieldrin and d ich lo rod iphenyltrich lo roe thane (DDT) 

except s ta tions T6 and T10 w he re  no DDT w as de tected  

(Table 22.3).

22.3.2 Benthic m acrofauna
A to ta l o f 116 taxa w e re  Iden tified  fro m  s ta tions  T1, T3, 

T4 and T7, o f w h ich  36 occurred  only once. B ivalves and 

ech inode rm s w e re  th e  m os t dom inan t species, both in 

n um ber and b iom ass, o f w h ich  N ucula n itidosa, M yse lla  

b identa ta , A bra  alba, Cham elea gallina, D osin ia lupinus, and 

A m p h iu ra  filifo rm is  w e re  m ost abundant. E ch inocard ium  

co rda tum  con trib u te d  a high p roportion  o f th e  b iom ass 

at s ta tions  T1, T3 and T4, and Lep topen tac ta  elongata  

con trib u te d  a high p roportion  o f th e  b iom ass at s ta tions  

T1 and T4. Phoronis  spp. w as  p resen t in high num bers  at 

s ta tion  T4 w ith  1376 Individuals encoun te red .

S ta tions T3 and T7, Inside th e  disposal g round had 

a reduced average num bers  o f species, Individuals and 

b iom ass com pared  w ith  s ta tions  T1 and T4, ou ts ide  th e  

d isposal g round (F igures 22.2, 22.3 and 22.4). O ne-w ay 

A N O V A  o f th e  data s h o w e d  th e se  d iffe re n ce s  to  be 

s ign ifican t (p < 0.05).
M u lti-d im ens iona l sca ling  analysis w as p e rfo rm ed  on 

th e  species abundance using PRIM ER v.5 (Clarke and 

G orley, 2001) (Figure 22.5). This sh o w s  th a t th e  rep licates 

are c lose ly  g rouped Indicating a high degree o f s im ila rity  
w ith in  each s ta tion . S ta tions T1 and T4, ou ts ide  th e  

d isposal ground, w e re  also both c lose ly  grouped toge the r, 

sh o w in g  th e  s ta tions  to  be s im ilar.

The s im ila rity  pe rcen tages  program  (SIM PER) w as 

used to  ind icate  w h ich  taxa con trib u te d  th e  m os t to w a rd s  
s im ila rity  b e tw e en  rep lica tes fro m  w ith in  each sta tion  

(Table 22.4). S ta tions T1 and T4 w e re  seen to  have 
s im ila r m acro fauna p resen t w ith  th e  on ly  m ajor d iffe rence  

b e tw e en  th e m  being th e  p resence o f th e  Plorseshoe 
w o rm , Phoronis  spp., in high num bers  at s ta tion  T4. A ll 

fo u r s ta tions  w e re  genera lly  seen to  be dom ina ted  by 

b iva lves and ech inoderm s, w h ich  are typ ica l fauna In 

m uddy sands.

20
-Q
I  10

T1 T4 T7 T3
Station

■  O utside d isposal ground □  Inside d isposal ground

Figure 22.2. Mean num ber of species (+s.d.) at each station.
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Figure 22.3. Mean num ber of ind iv idua ls  (+s.d.) at each 
station.
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Figure 22.4. Mean biom ass (+s.d.) at each station.
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F igure  22.5. MDS plot of 
species abundance. T1

X
T4*i  
A  À

T4
▲

T7v
T1
▲ T7

A T7
▼

T7v

T3
T3 Stress: 0.05
▼  ----------

T3
▼

Position

A  Outside disposal ground 

▼  Inside disposal ground

Table 22.4. R esu lts  of SIMPER analysis o f the  species abundance 
data show ing average abundance, average s im ila r ity , and % 
con tribu tion , both ind iv idua lly  and accum ulatively.

Station Taxonomic group Average abundance

T 1 Amphiura filiformis 7.08

Mysella bidentata 4.82

Dosinia lupinus 3.25

Diastylis lucifera 2.68

Chamelea gallina 3.23

T3 Nucula nitidosa 4.76

Chamelea gallina 4.48

Amphiura (juv.) 3.09

Dosinia lupinus 3.13

Chaetozone christiei 2.31

T4 Phoronis spp. 18.34

Amphiura filiformis 7.46

Chamelea gallina 5.12

Dosinia lupinus 3.86

Mysella bidentata 4.3

T7 Abra alba 4.9

Bivalvia sp. indet. 4.73

Nephtys hombergii 2.48

Chone sp. 2.42

Nephtys assimilis 1.21

Average s im ila rity  Contribution % C um ulative %

9.86 18.04 18.04

6.52 11.93 29.97

4.43 8.12 38.09

3.87 7.09 45.18

3.76 6.89 52.06

9.11 14.68 14.68

7.7 12.41 27.08

5.73 9.23 36.31

5.5 8.86 45.17

4.45 7.17 52.34

6.67 24.25 24.25

6.75 9.81 34.06

4.62 6.73 40.79

3.72 5.41 46.2

3.7 5.38 51.58

3.92 23.9 23.9

0.93 18.76 42.66

8.71 14.95 57.61

8.23 14.13 71.74

4.09 7.02 78.75
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22M  Discussion
L o w  levels o f BDEs w e re  d e tec te d  w ith in  th e  su rvey area, 

w ith  s lig h tly  e leva ted  concen tra tions  w ith in  th e  d isposal 

ground. These levels w e re  s im ila r to  th e  lo w e s t levels 

d e tec te d  In o the r European m arine se d im e n ts  (Law  e t a i,  

2004). This sugges ts  tha t, at present, th e  disposal g round 

Is not being s ig n ifica n tly  con tam ina ted  w ith  BDEs deriv ing  
fro m  d redged m ateria l taken  fro m  th e  Tees estuary.

Evidence o f past dredge disposal w as observed In tw o  

s ta tions w ith in  th e  disposal ground; s ta tions T3 and T7 

conta ined sm all lum ps o f black m ud and black flecks, w h ich  

w e re  probably coal. Four s ta tions w e re  seen to  be sligh tly  

con tam ina ted  w ith  PCBs, tw o  o f these  ou ts ide  th e  disposal 

ground; th is  con tam ina tion  could be due to  the  dispersal o f 

con tam ina ted  m ateria l aw ay from  th e  site . OCPs and TBT 

w e re  present w ith in  the  survey area, but w e re  only de tec ted  

at lo w  concentra tions. S ed im ent partic le size, heavy m etal 

and PALI resu lts w ill be reported at a later date.

The fauna seen In th is  survey are broadly w h a t w o u ld  be 

expected  fo r th is  area, both w ith in  and outs ide the  disposal

s ite . The resu lts s h o w th a t th e  num ber o f species, Individuals 

and biom ass w e re  low e r w ith in  th e  disposal ground, w h ich  

Is an expected  and w e ll-d o cum e n ted  consequence  of 

dredge disposal activ ity. No e ffe c ts  o f disposal activ ity  

w e re  seen at th e  sta tions outs ide the  disposal ground 

Indicating the  absence o f any far reaching consequences of 

th e  dispersal o f d isposed m ateria l by tidal In fluence on the 
ben th lc  m acrofauna.

22.5 Conclusion
The resu lts  to  date have Identified  localised Im pacts on th e  

ben th lc  m acrofauna and se d im e n ts  aris ing fro m  dredged 

m ateria l d isposal. There w as little  ev idence  o f adverse 

e ffe c ts  aris ing fro m  th e  tlda lly  Induced d ispersa l o f fine r 

particu la tes aw ay fro m  th e  disposal s ite  w ith  on ly  s ligh t 

PCB con tam ina tion  seen at s ta tio ns  to  th e  east o f th e  

d isposal ground. The Inner Tees Bay A  d isposal g round 

w a s  also su rveyed  In 2004 and 2005 fo r trace  con tam inan t 

analysis and th e se  resu lts  w ill a lso be reported  at a later 

date.
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23. Advice on fishery
implications of pipeline 
discharges

23.1 Overview

This sec tion  g ives a b rie f sum m a ry  o f ac tiv itie s  carried out 
during 2004 in connection  w ith  th e  prov is ion o f advice on 

fish e ry  im p lica tions o f p ipe line  d ischarges.

Cefas appraisal o f app lica tions fo r p ipe line d ischarges 

invo lves cons ide ra tion  o f resources in th e  area, to x ic ity  

o f th e  e fflu en t, local hyd rograph ic  cond itions  and any 
s tandards se t ou t in national po licy or European Union 

(EU) D irec tives. This inc ludes th e  im pact o f d ischarges 
on m arine fauna, includ ing fish  nurseries and she llfish  

popu la tions, and sp e c ific  in te rac tions o f chem ica ls  and 

th e  m arine env iro n m e n t. O ne im portan t issue in relation 

to  sew age  d ischarges is th e  m icrob io log ica l con tam ina tion  

o f b ivalve m o llusc she llfish e rie s  and th e  associa ted  hum an 
health concerns. The reduction  o f sew age  con tam ina tion  

at source  is th e  m os t e ffe c tive  w a y  o f reducing  th e  health 

risk. It a lso reduces th e  burdens on th e  industry  and 

increases a ccep tab ility  o f p roduct to  supe rm arke ts .

23.2 Summary of pipeline discharge 
applications

D uring 2004 Cefas assessed app lica tions fo r a to ta l o f 469 

ind ividual d ischarges, th is  rep resen ts  an increase o f over 

37%  on th e  prev ious year (341 in 2003). A  to ta l o f 264 

w e re  assessed fo r th e ir  po ten tia l to  im pact on she llfish  

w a te rs  and/or p roduction  areas, S he llfish  hyg iene  issues 

th e re fo re  con tinued  to  be th e  m os t co m m o n  concerns 

addressed. Table 23.1 sh o w s  th e  typ e s  o f d ischarge 

app lica tion  co m m e n te d  on. The m a jority  o f app lica tions 

w e re  fo r d ischarge o f d o m e s tic  or com b ined  d o m e s tic  and 

industria l sew age , includ ing s to rm  and e m ergency  sew age  

o ve rflo w s .

Table 23.1. N um bers  of app lications of various types com m ented on 
w ith in  2004.

Type of application Number received

Sewage 440

Trade Effluent 29

Total app l ica t ions  received 469

(Shellfish related) (264)

S torm  o ve rflo w s , w h ich  are requ ired to  m in im ise  th e  

risk o f flood ing , a llo w  un trea ted  sew age  to  by-pass th e

tre a tm e n t w o rks  during tim e s  o f heavy rainfall. A pp lica tions 

fo r 196 s to rm  o v e rflo w  d ischarges w e re  rece ived in 2004 

o f w h ich  129 w e re  iden tified  as im pacting  on she llfishe ries . 

W h e re  d ischarge im p ro ve m en ts  w e re  iden tified  to  benefit 

she llfish  w a te rs , the re  is a n o w  an E nv ironm en t A gency  

po licy requ irem en t to  res tr ic t o v e rf lo w  opera tion  to  a 
m ax im um  o f te n  sp ills  per annum  in aggregation  w ith  o ther 

im pacting  s to rm  d ischarges (on average over a ten  year 

period). P reviously th is  requ irem en t had to  be negotia ted  

by Cefas on a case by case basis.

Cefas requested  annual spill reporting  fo r m os t o f these  

and w h e re  necessary asked fo r  c la rifica tion  th a t d ischarges 
had been cons ide red  in aggrega tion  w ith  o thers  im pacting  

on th e  sam e fishe ry .

E m ergency o ve rflo w s  on ly  com e in to  operation w hen  

th e re  is a m ajor fa ilu re  at th e  sew a g e  tre a tm e n t w o rks  or 
pum p ing  s ta tion . If th is  shou ld  occur, it m ay cause severe  

con tam ina tion  o f fishe ries  in th e  area. A pp lica tions  fo r 129 

e m ergency  d ischarge app lica tions w e re  rece ived, o f these  

63 had th e  po ten tia l to  a ffe c t she llfishe ries . In advis ing 

on such app lica tions Cefas th e re fo re  requested  u rgent 

no tifica tion  o f e m ergency  even ts  to  th e  local food  au tho rity  

so  th a t appropria te  action cou ld  be taken  to  p ro tec t public 
health.

A to ta l o f 73 app lica tions w e re  rece ived  fo r con tinuous 

d ischarges o f secondary  (b io log ica lly  trea ted ) e fflu en t; these  

included upgrading o f ex is ting  w o rks  and n e w  tre a tm e n t 

w o rks  and package plants. In add ition  23 app lica tions 

w e re  rece ived  fo r  te rtia ry  tre a tm e n t, e igh ty  seven percen t 

o f w h ich  w e re  fo r year-round UV d is in fec tion  a im ed at 
reduction  o f m icrob io log ica l con tam ina tion . A ll o f these  

bene fite d  she llfish  areas.

23.3 Drivers for current pipeline discharge 
improvements

M o s t o f th e  app lica tions fo r d ischarge im p ro ve m en ts  w e re  

in o rder to  m ee t th e  requ ire m e n ts  o f th e  EC D irec tive  
91/271 concern ing  urban w a s te  w a te r tre a tm e n t (European 

C om m un ities , 1991a), EC D irec tive  79/923 on th e  qua lity  

requ ired  o f she llfish  w a te rs  (European C om m un ities , 1979) 

and EC D irec tive  76 /160  concern ing  th e  qua lity  o f bath ing 

w a te r (European C om m un ities , 1976).
In 1999, n ine ty  five  add itiona l she llfish  w a te rs  w e re  

des ignated  bring ing th e  to ta l to  119 in England in W ales, 

and th e  G ove rnm en t se t a ta rg e t fo r all com m erc ia lly  

h a rvested  she llfish  beds to  ach ieve a m ic rob io log ica l 

c lass ifica tion  o f at least Class B as ca tegorised  under EC 

D irec tive  91/492 (European C om m un ities , 1991b), see 

Table 23.2.



Table 23.2. C lassification ca tegories under the  S he llfish  Hygiene 
D irective

Class Criteria Requirements

A  <300 faecal co lifo rm s or 230 E. coli pe rlO O g  Can be co llec ted  fo r d irec t hum an consum ption

g 90%  com pliance w ith  6 ,000 faecal co lifo rm s o r M u s t be pu rified  o r re layed to m ee t class A ; m ay also be heat

4 ,600 E coli per 10Og trea ted  by an approved m ethod

<60 ,000  faecal co lifo rm s or < 46 ,000 E. coli per M u s t be re layed fo r at least 2 m on ths  to m eet class A  o r B;
10Og m ay also be heat trea ted  by an approved m ethod.

r, -, > 60 ,000 faecal co lifo rm s or >46 ,000 E. coli per
P roh ib ited ^  C om m ercia l harvesting proh ib ited

Fo llow ing  th is  and fo r th e  firs t t im e , She llfish  W a te rs  

w e re  Included as a d river fo r Inves tm en t In w a te r com pany 

asse t m anagem en t p rog ram m es fo r 2000-2005 (AM P3). 

A s a result, In 2001, a po licy w a s  deve loped  by th e  

E nv ironm en t A g e n cy  fo r th e  consen ting  d ischarges to  

ach ieve th e  requ ire m e n ts  o f th e  she llfish  w a te rs  d irec tive  

and to  ensure  th a t sch e m e s  c o n trib u te d  to  m ee tin g  

G ove rnm en t ta rge ts . This po licy d re w  s ign ifica n tly  upon 

sc ie n tif ic  advice and reco m m en d a tio n s  m ade by Cefas 
during th e  p reced ing years.

23.4 Impact of discharge improvements on 
bivalve molluscan shellfisheries

Pluman Illness aris ing fro m  th e  consum p tion  o f bivalve 

m olluscan she llfish  Is a recogn ized p rob lem . In th e  UK, th e  

m icro -o rgan ism s causing such Illnesses are a lm ost a lw ays 

th e  resu lt o f sew age  con tam ina tion  o f th e  harvesting  

areas. The p rocess ing  techn iques , eg pu rifica tion  In 
clean seaw ater, w ill not necessarily  rem ove  all o f th e  

Illness-causing o rgan ism s. The p rocessing  requ irem en ts  

a lso have a s ign ifican t practical Im pact on th e  business 

opera tion  and costs  fo r th e  producers.

B e tw e e n  annual S e p te m b e r c lass ifica tions  In 2000 

to  2004 th e  percen tage  o f Class A areas has decreased 

fro m  5 .5%  to  3 .7%  and th e  p roportion  o f Class B areas 

Increased from  66 .4%  to  8 4 .5% . The p roportion  o f Class 

C areas decreased fro m  24 .7%  to  10.5%  and th e  num ber 

o f p roh ib ited  areas decreased from  3 .4%  to  1.3%  In th e  

sam e period. The Increase In Class B areas and decrease 

In Class C and p roh ib ited  areas In th is  period, re flec t 

w a te r com pany Inves tm en t ta rg e tin g  d ischarges to  tida l 

w a te rs  largely de live red  s ince  1999 and In particu lar those  

Im pro ve m e n ts  Iden tified  as b ene fiting  she llfish  w a te rs  In 

A M P 3  to  date. The decrease In th e  p roportion  o f Class A 

areas Is o f concern  how e ve r as Class A con fe rs  bene fits  

o f access to  m arke ts  and p rem ium  m arke t prices fo r 

th e  fish ing  Industry. D esp ite  s ign ifican t Im provem en ts  

In w a te r qua lity  as a resu lt o f In ve s tm e n t In d ischarge 

Im pro ve m e n ts  In th e  last fe w  years fe w e r  than 4%  of 

she llfish  p roduction  areas In England and W a les  ach ieve 

th e  'C lass A ' s tandard  w h ich  re fle c ts  w a te r qua lity  clean

enough to  a llo w  m arke ting  o f she llfish  d irec t fo r hum an 

consu m p tio n  w ith o u t fu rth e r p rocessing . To ach ieve class 

A  s ta tus  fo r m any fish e rie s  It Is like ly tha t a com b ined  

p rog ram m e o f add itiona l d ischarge Im pro ve m e n ts  and/or 

m easures to  tack le  d iffu se  po llu tion  Issues w ill be requ ired 

In th e  fu tu re .

23.5 Drivers for future pipeline discharge 
improvements

F o llow in g  M in is te rs  princ ipa l gu idance  In M arch th e  

num ber o f sch e m e s  spec ifica lly  ta rg e tin g  she llfish  w a te rs  

fo r Inclusion In th e  next w a te r  com pan ies Inves tm en t 

p rog ram m e, A M P 4  (2005-2010) w e re  s ign ifica n tly  reduced. 

It Is o f particu lar concern  th a t th e  proposal to  Invest In th e  
m on ito ring  o f s to rm  o v e rflo w  d ischarges w ill not be taken 

fo rw a rd . Such In fo rm ation  w o u ld  provide valuable evidence  

on w h ich  to  base fu tu re  Inves tm en t decis ions. C onsu lta tion  

on d ischarge consen t app lica tions and m od ifica tio n s  w ill 
h o w e ve r be necessary fo r sch e m e s  Im pacting  on tida l 

w a te rs  p rog ram m ed  w ith  o the r drivers eg Urban W aste  

W a te r T rea tm en t and H abitats D irec tive . A t th e  tim e  of 
consu lta tion  on th e se  schem es, p ro tec tion  o f th e  w id e r 

m arine e n v iro n m e n t Includ ing she llfish  w a te rs  concerns 

w ill be cons ide red  and h igh ligh ted  to  th e  E nv ironm en t 

A gency.
D uring  2004  a fu r th e r  re v ie w  o f S he llfish  W a te r 

d es igna tions w a s  undertaken  and Cefas ass is ted  Defra 

In th e  deve lo pm e n t o f a n e w  designation  po licy w ith  
th e  resu lt th a t In N ovem ber 2004 a fu rth e r five  n e w  

S he llfish  W a te rs  plus five  ex tens ions  to  ex is ting  w a te rs  

w e re  des ignated  bring ing  th e  to ta l to  124 w a te rs  In 

England and W ales. D es igna tions con fe r p ro tec tion  to  th e  
she llfish  p roduction  areas w ith in  th e m  under th e  S hellfish  

W a te rs  D irec tive  m anda to ry  and gu ide line  rece iv ing w a te r 

s tandards and associa ted  design s tandards Incorporated 

Into E nv ironm en t A gency  d ischarge consen ting  policy.

23.6 General Advice
In add ition  to  app lica tions fo r m od ifica tio n s  to  ex is ting  

consen ts  and n e w  consents  fo r sew age  d ischarges a
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n um ber o f app lica tions fo r te m p o ra ry  relaxation o f ex is ting  

consen t cond itions  w e re  rece ived  and responded during th e  

year. A  n um ber o f requests  associa ted  w ith  con trovers ia l 
p lanning and po llu tion  issues have a lso been dea lt w ith  in 

th e  last year.

O th e r adv ice  p rov ided  inc luded  th a t on th e  p ipe line  

d isposa l o f m ateria l co n ta m in a te d  w ith  rad io a c tiv ity  to  

sea in su p p o rt o f D efra  c o n tin g e n cy  p lann ing, c o m m e n ts  

to  D efra  in re lation  to  co n s id e ra tio n s  o f t ig h te r  con tro ls  

on d irec t d ischa rges to  g ro u n d w a te r as part o f th e  
G ro u n d w a te r D ire c tive  C onsu lta tion  and advice  on th e  

use o f g ro u n d w a te r in aqu acu ltu re  w a s  p rov ided  fo r 

pu rposes  o f th e  Partial R egu la to ry  Im pact A s s e s s m e n t 

(PRIA). General s u p p o rt w a s  a lso p rov ided  fo r w a te r

q u a lity  lia ison w ith  th e  E nv iro n m e n t A g e n cy  reg ions. This 
has p roved  e ffe c tiv e  in cham p io n in g  th e  cons ide ra tion  

o f th e  m arin e  e n v iro n m e n t and f is h e rie s  in te re s ts  
p rio r to  any fo rm a l d isch a rg e  c o n s e n t a p p lica tio n .

23.7 Database maintenance
All app lica tions, consen ts  and au tho risa tions  con tinue  to  be 

en te red  o n to  a database th a t con ta ins de ta ils  o f all know n 

d ischarges to  sa line w a te rs  in England and W a les. The 

database is being con tinua lly  deve loped, p rovides unique 

in te lligence  and is a s tra te g ic  to o l used a longside  o ther 

Cefas to o ls  to  underp in im pact a ssessm en ts  and policy 

dec is ions in th e  m arine e nv ironm en t.
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