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IN TR O D U CTIO N

The classic field course -  the  “ Easter C ourse” a t Bangor, P lym outh , 
Port Erin o r M illport w hich form ed an essential part o f  the  training 
o f  so m any British biology students -  is still rem em bered  by m any 
o f  them  as a high po in t in their undergraduate careers. F or m any 
zoologists it  was, in  fact, their only experience o f fieldw ork. Things 
liave changed greatly  in the  last decade, how ever, w ith  the  expansion 
o f  universities; a far greater diversity o f  field courses has appeared, 
usually organized by the  s tu d en t’s own university. T he em phasis has 
m oved from  the trad itiona l system atic approach -  away from  seeing 
organism s in their natu ra l setting  and la ter identify ing  and  exam ining 
them  in the  labo ra to ry  -  tow ards, in some cases, a m ore ecological 
approach  involving quan tita tive  w ork . In o th er courses, a laboratory- 
o rien ta ted  series o f  physiological exercises is conduc ted , the  “ field­
w o rk ” being m erely the m eans by w hich the experim ental m aterial 
is obtained . The la tte r activity  hardly m erits the nam e o f  field 
course, how ever, and can be disregarded in the co n tex t o f  this paper.

A no ther tren d  is a move tow ards increased litto ra l fieldw ork 
on the  part o f  some secondary schools. A  few o f  the  m ore enlightened
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ones have always encouraged it; the present developm ent is partly  
the  result o f  the inclusion o f  a M arine Biology o p tio n  in A-Ievel 
biology syllabi. Like m ost A-level syllabi, these seem grossly over­
loaded  so th a t a w eek’s field course m ay be the only w ay in which 
the  pupils m ay be in troduced  to  the  real pleasures o f  the subject, 
besides experiencing som ething o f  its diversity. A nything w hich 
encourages fieldw ork in sixth form s is to  be w elcom ed, b u t the 
enquiries w hich I receive through the  post som etim es indicate a 
degree o f  inexperience in the organization o f  these courses; this 
suggests th a t a few w ords here may be o f  som e value. It is proposed, 
therefo re , to  survey a range o f  m ethods which have been used and 
m odified  in long series o f  field courses a t Menai Bridge and elsewhere 
fo r studen ts  at m any levels o f  experience.

BASIC NEEDS

T he m ethods used in a particular course m ust be selected to  suit the 
previous experience and  train ing o f the  stu d en ts  concerned , bu t 
there  are a num ber o f  fundam ental points w hich need consideration 
in the  organization o f  all litto ra l fieldw ork and w hich deserve a b rie f 
m ention.

1. T im e and T ide

The organizers o f  the  course should  m ake them selves fam iliar w ith 
“The A dm iralty  (Annual) H andbook o f  T ides” , check th a t the  dates 
selected for the course coincide w ith  spring tides, and check when 
low  w ater occurs on the  shores they  propose to  visit. T heir studen ts  
should  also be in troduced  to  these tables. Check the  tim es o f  low 
w ater against those o f  sunset -  in spring and au tum n  th is can cause 
problem s in some places around  Anglesey and  the  Isle o f  Wight.

2. Local K now ledge

I f  the  organizer already know s the locality , well and good (they 
probab ly  will -  students w ho becom e teachers seem to  re tu rn  to  
the  shores on w hich they were tra ined ), otherw ise local advice 
should  be sought. It can save em barrassm ent and delay to  know  
befo rehand  w hich shores can be w orked  in bad w eather and w hich
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shores are good “ ty p ica l” exam ples o f sheltered  rock or m uddy sand. 
If  you are to  use a coastal labora to ry , F ield C entre or school it will 
he obvious w hom  to  ask, otherw ise try  the  local N aturalists T rust. 
If  you are organizing a course for the first tim e there is a great deal 
to  be said for doing so a t a F ield C entre o r M arine Biology S ta tion , 
where there will be a trem endous repository  o f  local know ledge and
e x p e r ie n c e .

3. Sa fety

Safety seems to  be the fastest growing p reoccupation  in b o th  industry  
and education  a t the  present tim e. L ittle need be said here -  perhaps 
fieldwork will be overlooked by the legislators o f  tim id ity  and may 
proceed in the trad itional (and rem arkably safe) w ay -  b u t it should 
be po in ted  o u t th a t there are a few rules. The inexperienced should 
avoid exposed surf-sw ept shores and, on any b u t calm days, should  
heed the warnings o f  locals. All should avoid short-cu ts up  or down 
cliffs. Carry a first aid o u tfit and learn how  to  use it -  you  are 
unlikely to  need it b u t it is a valuable m orale builder and  insurance 
policy.

4. C lothing and E q u ip m en t

Most studen ts  on field courses seem to  w ear too  little  in w in ter and 
too m uch in sum m er. W indproof and w a te rp ro o f o u ter garm ents are 
essential, except in h o t w eather, and rubber boo ts are also vital; you 
cannot avoid getting  in to  the  w ater and prolonged wading is uncom ­
fortably chilly in British seas, except in  late sum m er. Personal 
equipm ent should  include poly thene bags and some so rt o f  container 
(basket or bucket), a strong knife o r cold chisel and a hand-lens o f  
n o t less th an  x 10 m agnification (x 20 is very useful); no te  books 
and pencils are vital. I am doub tfu l o f  the w isdom  o f  taking iden ti­
fication literatu re on the  shore -  books are expensive and are n o t 
designed fo r im m ersion in sea w ater.

5. A im s o f  the  Courses

Careful th o u g h t beforehand can greatly increase the  usefulness o f 
the course. Is it to  be m ainly system atic -  if  so, w h a t groups should
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be looked  for on w hich shores? Should fru iting  m aterial be collected  
fo r study  later? Are particu lar ecological phenom ena to  be investi­
gated or dem onstra ted  and if  so will the iden tifica tion  o f  a lim ited 
num ber o f  organisms be sufficient? Is it hoped  to  teach particular 
sam pling techniques and, if  so, is the  shore the  best place or are 
there o th er principles on w hich it m ight be m ore profitab le to  place 
the  emphasis?

6. Conservation

Biologists are n o t exem pt from  the  rules o f  good husbandry ; a 
scientific in terest and  the needs o f  research do n o t ju s tify  the  col­
lection  o f  large num bers o f  organism s. N othing should  be done 
w hich will perm anen tly  damage a shore. S tones w hich have been 
tu rn ed  over should  be carefully replaced; digging on sheltered  beaches 
should  be lim ited  to  w hat is essential. Care should  be taken  to  avoid 
accidental dam age to  rocky shores by sliding feet in w et w eather. 
This is im p o rtan t; som e shores on Anglesey and Pem brokeshire for 
instance have de terio ra ted  in recent years as a result o f  to o  m uch 
enthusiastic b u t poorly-contro lled  activity .

7. Preparation

S tuden ts should  read beforehand  appropriate  in tro d u c to ry  tex ts. 
Yonge (1949) is an obvious choice, as is S ou thw ard  (1965). Lewis 
(1964) is m ore specialized and will be found  invaluable a t later stages.

ID EN TIFIC A TIO N

The need for accurate iden tification  o f  the  organism s encoun te red  
is param ount. It will n o t be necessary at first to  nam e everything 
(see below ), b u t all th a t are nam ed should  be iden tified  w ith  all 
possible certain ty . This will m ean w ork w ith  lens, m icroscope (this 
can seldom  be avoided) and keys. The deservedly popular in tro ­
ducto ry  volum e by B arrett and Yonge (1958) is a m ost useful first 
step , particu larly  for the  animals. Cam pbell ( 1976) has som e excellen t 
illustrations b u t lacks keys and is therefo re o f  less value in teaching. 
F o r the  m ost up-to-date listing o f  the key w orks available, K errick 
e t al. (1978) should  be consulted.
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A very full account o f  the  algal literatu re was recently  given by 
Price (1978) and  needs no am plification here. A good key to  the 
marine and m aritim e lichens is available (F letcher, 1975a,b). The 
situation is less satisfactory , however, in the anim als. Eales (1967) 
is still a very useful book , treating  the litto ra l anim als and displaying 
more anatom ical detail than  B arrett and Yonge. invertebrates are 
well illustrated in co lour in George and George (1979). A t the  lower 
end, the P ro tozoa are poorly  covered: Jah n  and Jah n  (1949) is useful 
at the generic level and Newell and Newell (1973) include a few 
Protozoa, a lthough their w ork is essentially concerned  w ith  p lank­
tonic forms. Sponges lack a m odern trea tm en t and  the  Ray Society 
m onograph (B ow erbank, 1 8 6 4 -1 8 8 2 ) is now  d ifficu lt to  obtain . 
However, the  photographic guide to  the sponges by  Earli (1978) will 
be found  very useful and the  forthcom ing enlarged ed ition  should 
be even m ore valuable. T he coelenterates have H incks (1867) on 
hydroids and S tephenson (1928) on anem ones; b o th  are good bu t 
no t easy to  ob tain  and a good m odern key is badly  needed. E arll’s 
(in press) forthcom ing  photographic guide to  the A nthozoa will be 
very useful here.

Few field courses concern them selves seriously w ith  the nem a­
todes or fia t worm s and there is no  readily accessible key to  either 
group; this is a sad state  o f  affairs!

On the annelids, M acin tosh ’s (1 8 7 3 -1 9 2 3 ) m onum ental w ork  is 
far too  cum bersom e (and valuable) to  use on fieldw ork b u t Clark 
(1960) describes the  Clyde area polychaetes in a com pact volum e 
and Fauvel (1923; 1927) offers a very com plete account. O ligochaetes 
necessitate ano ther large-scale w ork  -  by  B rinkhurst and  Jam ieson 
(1971).

Gibbs (1977) has covered the  Sipunculids in a volum e o f  the 
Linnean Society Synopses o f  the  British Fauna. In the  same series 
some A rth ropod  groups have been included: Isopoda (N aylor, 1972), 
Pycnogonida (King, 1974) and  C um acea (Jones, 1976). Besides 
these, the  Clyde Sea area series includes the E uphausiacea and 
Decapoda by A llen (1967).

The am phipods had  no recent British coverage, though  L inco ln ’s 
very recent book  closes this gap; useful reference m ay also be m ade 
to  Chevereux and Farge (1927), o r to  Sars (1 8 9 5 -1 9 2 1 ). For 
barnacles the  recent key o f  Southw ard  (1976) is invaluable.

The key to  the M alacostraca by Gledhill e t al. (1976) is m ainly
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concerned  w ith  freshw ater organism s b u t is nevertheless valuable to 
m arine field w orkers in its inclusion o f  all the  British species o f  
Gammarus.

The M ollusca are reasonably well covered by recen t w orks: 
P rosobranchia by G raham  (1971) and O pisthobranch ia  by  T hom pson 
and  Brown (1976), w hich w ork  is also th e  basis o f E arll’s (1980) 
excellent photographic illustrations. C hitons are trea ted  by M atthew s 
(1953) and Lam ellibranchiata by T ebble (1966). R ecent revisions o f 
the  litto rin ids have left some species in a state  w here field d e ter­
m ination is d ifficu lt and there is a good deal to  be said fo r beginners 
(at least) re tain ing  the  trad itional view o f  L. obtusata  (L.) and 
L. saxatilis (Olivi) -  though  in the la tte r the division in to  L. neglecta  
Bean, L. nigrolineata  G ray and L. rudis M aton (Heller 1975) can 
usually be m anaged w ith  practice and expert help.

Bryozoa have a recent key by R yland and H ayw ard (1977) and 
the E ch inoderm ata have good coverage in M ortensen (1927), from  
w hich S outhw ard  (1972) has developed her sim plified key fo r use 
by  correspondents o f  the Marine Biological A ssocia tion’s echinoderm  
survey.

Tunicates also have a volum e in the  L innean S o cie ty ’s series 
(Millar, 1970). Fish are covered in a num ber o f  volum es, o f  w hich 
W heeler (1969) is particularly  com plete , supp lem ented  by the 
excellent illustrations o f  Lythgoe and L ythgoe (1971).

M ost o f  the w orks m entioned  above require som e specialized 
know ledge and this has to be acquired  gradually. A part from  the 
general books m en tioned  at the  s ta rt, beginners should  find  o u t 
ab o u t the  F ield Studies C ouncil’s A idgap p ro ject w hich is in tended  
to  help the novice.

It m ust be em phasized to  s tuden ts th a t a tem porary  iden tification  
supported  by a specim en is perfectly  satisfactory  in an ecological 
survey, provided it is properly keyed  o u t later.

D ESCRIBIN G  T H E  SH O RE

W hether o r n o t the accoun t o f  the flora and fauna is to  be purely 
qualitative, taking as its sim plest fo rm  a check-list o f  everything 
seen, its re la tion  to  the  hab ita t in w hich it was fo u n d  will entail 
a descrip tion  o f  the  shore. Some o f  the  h ab ita t details will n o t be
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difficult to  establish, e.g. the nature o f  the substra tum  (sand, sandy- 
mud, shell gravel, rock  etc.) w ith  an increasing am o u n t o f  detail 
(rock type etc.); the position  in relation to  the surface (buried  at 
a particular dep th , on  the  surface, in cracks o r crevices e tc .); w hether 
in pools or n o t; w hether in sun or shade and so on. O ther param eters 
o f  im portance will be the in tensity  o f  w ave-action and vertical 
position o n  the  shore relative to  low w ater m ark (LWM). T he form er 
can be decided by reference to  one o f  the  biological exposure scales 
(Ballantine, 1961; Lewis, 1964); more d irect m ethods o fw ave-force 
m easurem ent are beyond  the scope o f norm al field teaching.

Fixing the  position  o f  specim ens o r collecting sites on the shore 
seldom requires m apping techniques. The O rdnance Survey produces 
excellent m aps w hich, a lthough ra ther m ore conventional in their 
representa tion  o f  in tertidal features as com pared w ith  the inland 
detail, are usually quite adequate for position  fixing. It should  be 
noted , however, th a t the LWM o f  these m aps is well above the line 
to  which good spring tides recede and this should  be borne in m ind 
when the ex ten t o f  a m uddy beach, for instance, is being repo rted . 
In all ecological w ork in G reat Britain, the N ational G rid will be 
found a valuable reference system , particu larly  since a num ber o f  
recording schemes take it as the basis for their m apping.

Î . Mapping

Where m apping is required , it will usually be o f  small areas, to 
produce an outline , for instance, o f a pool on  w hich the  d istri­
bu tion o f  organisms can be shown. The m ost convenient technique 
is the line and  offset m ethod , a standard  surveying m eth o d  which 
can be found  described in all surveying tex ts . Briefly the m ethod  
involves establishing a straight line e ither along or parallel to  the 
long axis o f  the feature; a m etric tape m easure is ideal. A t m ea­
sured distances along this tape, perpendicular lines are m easured 
from  the  tape to  salient features on the  pool edge. These can be 
recorded by the standard  surveyor’s m eth o d  b u t for the  lim ited 
size o f  the pools usually m easured, a rough sketch  on w hich the 
dimensions are inserted  will be found  adequate. The lines from  
the tape to  the topographical features should be exactly  at right 
angles to  the  tape; th is can be ensured by the use o f  a surveyor’s 
right-angled sighting prism  or a large hom e-m ade T-square. It is



26 W, E ifion  Jo n es

w orth  em phasizing to  studen ts  th a t th ey  should  keep in m ind the 
fact th a t their observations are in ten d ed  to  produce a m ap a t the 
end  and th a t any ex tra  notes w hich will p revent am biguity  should 
be included. M apping o f larger areas, usually by plane-table, will 
seldom  be needed in shore ecology, although it can som etim es be 
useful on such places as salt marshes.

2. Levelling

O n any shore there will be a m ajor gradient o f  changing conditions 
a t right angles to  the w ater line from  fully m arine below  LWM to  
fully  terrestrial some way above HWM. M any changes in shore fauna 
and flora are re la ted  to  this and so any a ttem p t to  display o r explain 
these changes will have to  take in to  accoun t the vertical level o f 
the  organism  above LWM. O th er factors such as the slope o f  the 
shore will be im p o rtan t and the  best way to  sum m arize this in fo r­
m ation  is by  m eans o f a shore profile. This involves the  laying dow n 
o f  a m etric graduated  line along the g round  in the  d irection  required  
and the  m easurem ent o f the  vertical d istance from  salient po in ts on 
th is line to  a fixed datum  level. The transect line can be a m easuring 
tape or, if  available, a m etric land chain. The la tte r has the  advantage 
o f  n o t requiring weighting on  w indy days b u t is heavier to  carry. The 
trad itio n a l G u n te r’s chain is graduated  in  inconvenient u n its  and 
should  be avoided. A t its m ost prim itive, the  line can utilize a cord 
k n o tted  a t 1 m or o ther suitable intervals. The fixing o f  the  datum  
level is described later. Once this is decided, various m ethods o f  
levelling to  it are available. In order o f  apparen t sim plicity , these 
include:

(a) R ules and sp irit levels. I f  a m etre rule has a spirit level lashed to  
it, it can be used w ith  a second vertical rule as show n in Fig. 1. This 
is d irect and sim ple and can be used effectively fo r detailed  w ork 
over short distances on steep slopes; it is less useful on gentle grad­
ients and very inaccurate if  used over long distances since errors will 
accum ulate. It is m ost useful if  detail (say o f  pools or crevices) is to  
be added to  a larger area survey.

(b )  S tre tch ed  string and rule. This is an ex tension  o f  m eth o d  (a) in 
w hich a long cord , held  straight and ad justed  to  a spirit level, provides
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Fig. 1. A sim ple m e th o d  o f  levelling using m etre  rules, one w ith  a sp irit level 
a ttach ed  as show n. W hen th is rule is held  h o rizo n ta l w ith  one end  on the 
know n level, A , then  a vertical rule placed successively on  th e  p o in ts  B 
and  C allow s th e ir  vertical heights below  A  (i.e. A^B and  A  C) to  be read  
o f f  d irectly .

the datum  line. It is very sim ple but requires several pairs o f  hands 
and is less convenient on  steep  slopes. Useful for such exercises as 
obtaining the  profile o f  a pool, it may be convenient to  ex ten d  the 
vertical m easurem ent by  fixing two o r th ree  m etre rules together 
end to  end on a la th . (G reat accuracy can n o t be expected  from  
m ethods like this.)

(c)C an  and tube. In this m ethod  (said to  be derived from  m ethods 
used by Egyptian  surveyors in setting  o u t pyram id  foundations) a 
length (say 3 0 -5 0  m) o f  10 mm diam eter transparen t plastic tub ing  
is used. One end  is fixed in to  a large (2 -5  litre) plastic can o r bo ttle  
which is filled w ith  w ater. Suction is applied to  the free end  by 
m outh  and  the  w ater m ade to  siphon over; the tube is allow ed to  fill 
and the free end raised un til the meniscus is below  the  opening;
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Fig. 2 . T he use o f  can and tube fo r levelling. Providing th a t th e  siphon in the 
tu b e  is u n b ro k en , the w ater surface in the can and  th e  m eniscus a t the 
d is tan t end o f  th e  tube  m ust be a t the  sam e level. T his allows the  height 
o f  an o th e r p o in t to  be m easured  d irec tly  as show n.

bubbles m ust be avoided. When the system  has steadied, the  w ater 
surface in the can and  the m eniscus m ust be a t the  same level. I f  the 
b o ttle  is placed w ith  the  w ater surface at a know n level, the  d iffer­
ence betw een th a t level and any po in t below  it on  the  transect can 
readily be m easured by moving the free end  o f  the  tube to  the 
appropria te  position and measuring dow n to  the  tape (Fig. 2). A 2 m 
m easuring ro d  (i.e. tw o m etre rules) will give a useful range dow n the 

; transect before the can has to  be m oved. A t a pinch, th is m eth o d  can
i be em ployed single-handed, b u t tw o persons m ake it m ore con-
! venient. P o ten tia lly  this m ethod  is very accurate , despite the  simple
I natu re o f  the apparatus, and I find  its o peration  very easily grasped
i  by classes w ho find the use o f  s ta ff  and  level puzzling. This is the

only surveying m eth o d  which does n o t require th a t the tw o points 
being com pared should be intervisible, w hich can be useful on  some 
very broken rocky shores. Long intervals, lim ited  only  by the  length

i
f
!
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o f tube available can be w orked easily and accurately  w hich makes 
the system  useful on sand beaches. It also provides a rap id  m ethod 
o f  transferring a know n level along a shore or betw een  the  tw o sides 
o f a bay. To do this the can is held w ith  the  w ater surface at the 
know n level, the  tube is taken  along the shore to  its full ex ten t and 
the meniscus level m arked by chalk or chisel on  a convenient rock 
surface. Can and tube are then  advanced together until the can is at 
the chalk m ark and the  m eniscus the tube length aw ay, w here it is 
used to  m ark a th ird  point. The procedure is then  repeated , so that 
the  datum  m ark can be advanced along the shore alm ost as fast as 
people can walk over it.

(d ) Cross sta ff. This is a m ethod  developed by  w orkers around 
M ilford Haven and has recently  been described qu ite  fully (Nelson- 
Sm ith 1979) so th a t a b rie f accoun t will suffice here. The instrum ent 
is a w ooden cross w ith  a spirit level on the  ho rizon ta l bar. The leg 
is placed on the  ground  at a know n level and the o p era to r sights 
along the cross bar. An inclined m irror over the  level allows the 
observation o f  the bubble at the same tim e so th a t the sight is taken 
along a tru ly  ho rizon ta l line.

S tarting from  a dow nshore position , the  surveyor sights on 
ano ther p o in t higher up  shore. This m eans th a t the  target po in t is 
higher th an  the  datum  by the  length o f  the leg. I f  the  targe t point 
is m arked, it  can then  becom e the n ex t sta tion  fo r the leg so that 
the levelling can continue by a series o f  vertical jum ps, each equal 
to  the length o f  the  leg.

This is a very quick and potentially  single-handed m ethod. In 
experienced hands it can give an accurate resu lt, a lthough if  detail 
is needed o f  the  region betw een the levelling stations, th a t m ust be 
ob ta ined  by ano ther m ethod  such as (a).

(e) S ta f f  and level. This is the classical and, in experienced hands, 
the m ost efficient m ethod . The prim ary in strum en t requ ired  is a 
surveyor’s level; the  sim pler “builders” or “Q u ickse t” level will 
alm ost always prove en tirely  adequate. T he m arginally m ore accurate 
b u t vastly m ore expensive “engineers” level has a m ore pow erful 
telescope w hich will allow sights over longer distances bu t the 
smaller m odels will serve over distances o f  100 m , am ple for m ost 
applications on the  shore. A measuring s ta ff  will also be required;
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the 4 m folding w ooden type w ith  standard  m etric graduation 
will be found m ore suitable than  the  m ore rigid b u t heavier te le­
scopic m odels. Metal staffs o f the telescopic p a tte rn , in particular, 
suffer w hen used in sand and sea w ater by students. The m ethod  
to be used need n o t be described here -  a num ber o f  good basic 
surveying tex t books (e.g. W hyte, 1969; Wilson, 1971; Pugh, 1975, 
designed fo r non-professional surveyors) are available, any one 
o f  w hich will explain  th e  m ethods w ith  w o rk ed  exam ples. T he 
only disadvantages o f  this m ethod  are the expense and vulnerability  
o f  the instrum ents. The possibility o f  sighting over long distances 
is particularly  valuable on gently  sloping shores. In such places 
the capacity o f  the instrum ent to  m easure horizon ta l distances is 
also useful. T hus, if  required , a transect line m ay be defined m erely 
by locking the  telescope in the  required  d irection  and m easuring 
the level and, by  m eans o f the  stad ia lines, the  d istance to  beach 
sam pling positions in tu rn . It takes ra th e r longer fo r studen ts  to  
becom e profic ien t in this m ethod  than  in the  o thers so th a t it is 
useful to  arrange som e tim e fo r fam iliarization before th e  first 
exped ition  o n to  the shore.

3. Recording the Results

W hatever m ethod  o f  levelling is chosen (b u t particularly  i f  the  
surveyor’s level is used) it  is vitally im p o rtan t to  insist th a t a syste­
m atic m ethod  o f  “book ing” the  results is adop ted . T he only  m ethod  
w hich can be unreservedly recom m ended is the  standard  system  used 
by professional surveyors; this is set o u t clearly in the tex t books and 
utilizes a page ru led  in  a standard  fashion. It is n o t necessary to  
supply students w ith a proper ruled surveyor’s no te  book  (though 
th a t is certainly the ideal solution) b u t a t least a dup licated , ru led  
sheet should be provided. Scribbling on the  backs o f  envelopes is a 
sure recipe fo r errors; if  there is discord w hen the  class is back in the 
labo ra to ry , recrim inations (and perhaps a second visit to  the shore) 
will follow; the standard  m ethod  has the  advantage o f  built-in checks 
w hich should  reveal errors at the tim e th ey  are m ade. To those 
beginning fieldw ork this booking system  m ay seem unw ieldy b u t this 
illusion will evaporate w ith  practice -  and in any case there is no 
alternative; anyth ing  less thorough will lead to  errors and w asted 
time.
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4. D atum  Levels

It is usually desirable to  relate levelling to  the local LWM o f  spring 
tides. To establish this exactly  may be d ifficu lt b u t a reasonable 
approxim ation  is fairly easy to  fix in calm w eather a t the  tim e o f 
spring tides by waiting un til low  w ater and  m arking the  tidal position. 
(In passing, it is w o rth  poin ting  out th a t, given suffic ien t tim e and 
tolerable w eather, it is possible to  follow  the  tide dow n shore, 
m arking successive levels over a ha lf cycle to  low w ater.) However, 
things are n o t always so straightforw ard and, if  necessary, the level 
can be ob ta ined  by  using as a datum  the level o f  the  tide at a re­
corded tim e on a particu lar day and, by  reference to  the  A dm iralty 
Tide Tables, calculating the vertical distance from  this arb itrary  
datum  to  LWM o f  spring tides. This requires only  logical thought 
and simple arithm etic  and reference to  the w o rk ed  exam ples o f 
problem s in the first section o f  the handbook  will assist; it m ust be 
adm itted , how ever, th a t these calculations seem to  give students 
inordinate d ifficulty! A llowances m ay still have to  be m ade for such 
effects as low or high barom etric pressure and strong winds. O rd­
nance D atum  is only o f  lim ited use in litto ra l ecology. It approxi­
m ates to  m ean sea level at Newlyn and is d eno ted  by O rdnance 
Survey land m arks. These are seldom to  be fo u n d  conveniently 
close to  the  shore w hich is being studied and even i f  one is available, 
the re lation betw een  the  local tidal regime and OD is d ifficult to 
establish accurately . An approx im ation  can be m ade via the  A dm iralty  
Tide Tables in w hich the difference betw een  OD and local chart 
datum  (which approxim ates to  BLWST) is q u o ted  for each Standard 
Port.

5. Drawing the Profile

Students should never be allow ed to  lose sight o f  the  fact th a t these 
observations are in tended  to  be used to  p roduce a scale profile. 
Errors and  om issions in collecting the  d a ta  (the lim its and depths 
o f pools, the  size o f  overhangs, the natu re o f  the  substra tum  etc.) 
are then  less likely to  occur. In the graphical rep ro d u ctio n  o f  the 
profile e ith er a true  scale diagram or one w ith  som e d isto rtion  such 
as an exaggeration o f  the  vertical scale can be draw n. If  the para­
m eters m easured have been (i) distance along a tape laid on the
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ground, and (ii) heights above a datum , a true rep roduction  can be 
obtained only by p lo tting  the tape distances to  scale along the line 
o f the profile, using dividers. This is necessary if such factors as the 
slope o f the shore are im portan t in the  exercise concerned. If, 
however, vertical distances and zone limits are the m ajor consider­
ation, the draw ing o f  the  profile can be speeded up  by  m aking tape 
distance the  x-axis o f  a graph and height th e  y -axis; in  th is case 
slopes will be poorly  represented -  w ith o u t a vertical exaggeration, 
a perpendicular cliff will appear as a 45° slope. However, if  the la tte r 
system  is adop ted , the quantita tive d istribu tion  o f  organism s along 
the tape (see below) can readily be represen ted  by histogram s in 
which the colum ns are (as they should  be) o f  equal w id th ; on a 
true  scale diagram the  projection  o f  equal tape distances will result 
in unequal horizontal intervals. R ecording the  distances along the  
line o f  sight or by  horizonta l rules can, o f  course, avoid this problem ; 
it  is, in  any case, o f  little  significance on  gently sloping shores.

R ECO R D IN G  T H E  BIOTA

An assessm ent o f  the fauna and flora o f  a rocky  shore presents some 
problem s th a t are d ifferen t to those enco u n te red  on a m obile beach. 
On the form er animals and plants are principally on the  surface, even 
if  obscured by o th er organisms; in the la tte r m any are buried  and can 
be found  only by disturbing the beach. T hus it is on ly  on  a rocky 
shore th a t an idea o f the  d istribu tion  can be o b ta ined  b y  visual 
inspection. One m atte r is, however, com m on to  bo th . Som e fam ili­
arity  w ith the anim als and plants is essential; at least the com m oner 
form s m ust be recognized and a qualitative picture o f  w hat is present 
is a necessary basis for all quantitative w ork . C areful observation 
w ith lens, m icroscope and key is vital -  there  is no sh o rt cut. A part 
from  this, the fieldw ork in the  tw o hab itats can be considered 
separately.

1. R o cky  Shores

The listing o f  all animals and  plants on the shore w ould  be a m ajor 
undertaking and, for m ost ecological purposes, is unnecessary. The 
m ain principles can be explained by reference to  perhaps 20 com m on 
species o f  algae and abou t the same num ber o f  anim als. To expect
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the  novice to  rem em ber m uch m ore than  this from  a w eek ’s field­
w ork is ra ther optim istic . Rarities have their u n d o u b ted  value as 
indicators b u t their study  can be left to the m ore advanced students.

The basic recording will therefore consist o f  a list o f  anim als and 
plants from  a particular shore. The nex t stage is to  list those from 
d ifferen t habitats (pools, shady places, open sunny rock etc.) and 
those w hich occur in particu lar positions on the shore (supra-littoral, 
upper o r low er litto ra l e tc.); as soon as the la tte r is a ttem p ted  the 
need for m ore exact recording o f position  will becom e apparent 
and the listing o f  species will need to  be com bined w ith  a description 
o f  the shore topography  o f  the k ind  ou tlined  in the preceding 
section. A general description o f  the shore in term s o f  the p lan t and 
anim al com m unities present m ay be a ttem p ted  by sim ple observation 
and m uch valuable classical descriptive ecology has been done in this 
way. However, success by this m ethod  is the  ou tcom e o f  long exper­
ience and  fo r the  less expert some form  o f  system atic sam pling will 
be requ ired  w ith  appropriate  trea tm en t o f  the  collected  inform ation . 
Tim e on the shore is lim ited  by the  tides so th a t com pletely  ran ­
dom ized sam pling by large num bers o f  quadrats on the  Braun- 
B lanquet m odel is usually im practical, as is sam pling on a large grid. 
It is usually m ore convenient to  begin one stage forw ard and to 
accept (at least as a w orking hypothesis) th a t  the  apparen t d istri­
b u tion  o f  organism s in bands parallel to  the sea is real and can be 
described by recording along a line o r band  running  dow nshore 
perpendicular to  the shore line. This serves as a rapid m ethod  by 
w hich a small group o f  tw o or three w orkers (nearly always b e tte r 
than single individuals w orking alone) can cover the  w hole shore 
from  the  supra-littoral to  sub-littoral fringe. Ideally this should  be 
tried  o u t on a steep, even slope -  a quay wall is ideal! R ecording 
in small groups m eans th a t a num ber o f  lines can be w orked sim ul­
taneously  and subsequently  com pared. The sim plest line transect 
techn ique involves laying a tape along the shore and recording 
everything th a t it touches either as a single p o in t a t a particular 
distance (e.g. lim pets or littorinids) or as a length o f  the  tape in 
con tac t w ith a large plant or clump o f  organisms. Both th e  upper­
m ost organism s and those below the canopy m ust be included. 
This m eth o d  is quick and  suffers only from  the  disadvantage th a t 
small sca tte red  organism s ten d  to  be missed. O ne w ay o f  avoiding 
this bias is to  com bine the result o f  several ad jacent line transects.
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A lternatively, a rule o f  som e suitable length (say 1 0 -3 0  cm) can be 
slid along the tape at right angles to  it and all organism s w hich it 
touches can be included. For very long transects this m ay be too  
tedious (e.g. lines across a salt m arsh!) and in th a t case recording the 
organism s touching the  tape a t p redeterm ined  intervals (10 cm, 
50 cm, 1 m etc.) can be tried. The fla tte r the  shore, the  larger the 
gaps can be m ade.

R ecording at intervals in this w ay m ay easily miss small sca tte red  
organisms and a system  which is less likely to  do this is to  record  the 
presence o f  the  species in a series o f  quadrats 50 cm x 50 cm or 1 m 
square placed edge to  edge along the tape. This belt transect will give 
a b e tte r  presence/absence picture th an  the  pure line transect and can 
be com pleted  fairly quickly. The use o f  constant-sized sam pling units 
lends itse lf to  easier graphical rep resen ta tion  o f  the  results o r  to 
o th er data  processing.

A m odification  o f  the  line transect, useful for a very rap id  reco rd ­
ing o f  a zonation  p a tte rn , is to  run  a i m  rule dow n a tape a t right 
angles to  it, recording the level o f  the upperm ost and low est speci­
m en o f  each species encountered .

2. Q uantitative M ethods on R o cky  Shores

One o f  the  prim ary considerations in quan tita tive  sam pling is th a t 
the m ethods adop ted  should  be non-destructive. This m eans th a t one 
should n o t undertake (particularly  on a sheltered  shore) a biom ass 
survey w hich involves scraping rocks clean o f  p lan t and anim al m aterial 
in a series o f  quadrats and finding, for exam ple, th e  dry  w eight, unless 
there is a real scientific need for the in fo rm ation . Such exercises 
should be avoided fo r teaching classes -  the  in fo rm atio n  and  exper­
ience m ight be useful b u t the exam ple offered  w ould  be bad.

If  biom ass figures are required , the  areas sam pled should be 
restric ted  to  the  m inim um  possible and confined  to  spo t checks 
to  calibrate non-destructive m ethods. O f the  la tte r, th e  belt transect 
readily  lends itse lf to  rapid quantita tive w ork . The q u ad ra t fram es 
(a 50 cm square is convenient) are set ou t along the  tape as ind icated  
and quan tita tive values for each species recorded  in each square.

(a) Plants. F or m ost algae, recording the  percentage o f  each square 
covered by the  species in question provides valuable data. The plants
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Fig. 3 . A  sim ple w ooden  fram e m easuring 10 cm X 50 cm  prov ided  w ith  short 
legs and  five sets o f  u p p er and low er cross w ires w hich m ay be aligned 
to  give optically  sighted p o in ts  on th e  g round . T he fram e is placed at 
five successive positions dow n a 50 cm  qu ad ra t to  provide 25 sam pling 
poin ts.

are first recorded  as they  lie, th en  carefully pushed  aside and those 
below recorded  in the same w ay. In its sim plest form  this process 
involves only the  estim ate o f  percentage cover by  subjective inspec­
tion. This is n o t too  inaccurate when carried o u t by  an experienced 
observer b u t the individual estim ates produced  by novices can vary 
alarmingly and, even w hen carried o u t by  the same observer, the 
results can vary according to , for instance, the severity o f  the 
w eather. This implies th a t subjective sam pling should  be avoided 
wherever possible (though it is still b e tte r than  non-quantitative 
recording) and an objective m ethod  ad o p ted  instead; one w hich has 
proved successful is the  use o f a m odified po in t fram e. It is necessary 
that the fram e should  be high enough above the  substra tum  to  avoid 
any need to  move it w hen the upperm ost plants are pushed aside. 
Pins are n o t really satisfactory  under these circum stances and optical 
cross-wires have been used instead. There are 25 cross-wire “p o in ts” 
available in each transect square. While a full scale 50 cm quadrat 
frame can be construc ted  on this principle, it is ra th er cum bersom e 
and a m ore convenient form  is a 50 cm  x 10 cm fram e w ith  a simple 
set o f  five cross-wires (Fig. 3). This can be set a t five successive 
positions in each square, to  give the to tal. In use each “h i t” on  a 
plant counts as 4% cover o f  th a t species. A 25-poin t q u ad ra t is a 
com prom ise -  fewer poin ts allow greater speed b u t m uch reduced
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accuracy; a 100-point frame is m uch m ore accurate b u t its use is 
very tim e-consum ing. In com pleting a belt transect it  is best th a t a 
class should w ork  in pairs o r groups o f  th ree , each group taking 
responsibility  for one section o f  the transect; this should  allow  ample 
tim e to  com plete a 30 m  transect before the  tide re tu rns to  cover it. 
Lichen thalli are ra ther small to  be satisfactorily  trea ted  by these 
m ethods although m ention  is m ade elsewhere in this volum e (Jones, 
e t al. , 1980) o f  the use o f  a 25-point 50 cm square fram e for lichen 
recording. Later m ethods used a 10 cm perspex square ru led  in to  
100 subsquares, in each o f  w hich the  presence o f  a species coun ted  
as 1%; this is a very useful sam pling m eth o d  fo r encrusting supra- 
litto ra l lichen thalli and can form  the  basic un it o f  a belt transect.

(b ) Anim als. Some species, such as barnacles in high-density po p u ­
lations, can be sam pled by a p o in t frame as used fo r plants. F o r m ost 
species, how ever, counting  is m uch b e tte r . This is easy in the case 
o f  fairly large animals such as Patella spp., the  larger litto rin ids, 
N ucella  and sim ilar organisms, b u t is m uch less convenient for 
barnacles. Where barnacle densities are high, counting  in a smaller 
square can be effective. A 10 cm or even a 5 cm  square can be 
used. I f  fo u r 10 cm squares are used (placed as show n in Fig. 4), in 
each square the to ta l count from  the four m ultip lied  by 25 gives 
the density in an im als/m 2. I f  the first 25 barnacles are iden tified  
in each square, the  to ta l for each species gives the percentage for 
the popu lation  at th a t level.

Fig. 4 . Positions w ith in  a 50 cm square q u ad ra t in  w hich fo u r 10 cm  sam pling 
squares m ay be placed to  fac ilita te  co u n tin g  o f  barnacles e tc . (see 
tex t) .
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A bundance scales such as those o f  Crisp and S ou thw ard  (.1.958), 
based on num bers b u t used to  increase the accuracy o f subjective 
assessm ents, are valuable w hen used by  experienced w orkers, particu­
larly in rapid surveys o f  large areas o f shore. In the hands o f  novices, 
how ever, these scales are less reliable and lead to  difficulties in 
graphical presentation  o f  results or in fu rth e r num erical analysis. A 
purely quan tita tive  m ethod  on a linear scale (num bers, percentage 
cover etc.) is generally preferable.

3. M obile Shores

Shores o f  m ud or sand or m ixtures o f  these m aterials present a 
d ifferen t so rt o f  problem . In general, the coarser m aterials occur 
in the  m ore wave-swept places and contain  little  in terstitia l life bu t 
beaches o f  finer particles, w hich accum ulate in sheltered  places, are 
often  very rich and it is these which m ost frequen tly  occupy the 
a tten tio n  o f  field courses. T hey  have very gentle slopes and  so 
present extensive areas a t low  w ater. L ittle evidence appears on the 
surface o f  the  beach to  indicate w hat lies below , apart from  w orm  
casts and burrow s; an investigation requires digging. Sueli sampling 
is destructive; the  less the beach is likely to  be d istu rbed  by natural 
forces, the  greater is the  d isrupting effect o f digging. F or this reason 
the num ber o f  holes m ade should  be kep t to  a m inim um  and it  is 
therefore b e tte r  to  avoid large-scale random  sam pling unless in fo r­
m ation is required  which can only be obtained  in this w ay. Under 
norm al conditions, it is b e tte r to  approach the  sam pling in the 
same w ay as th a t on o th er types o f  shore; th a t is, by  a line along the 
main environm ental g radient from  low to  high w ater.

Sam pling the sedim ents can be accom plished by digging o u t a pre­
determ ined  volum e, bu t m ore accurate sam pling can be achieved 
w ith less d isturbance by coring tools. This can conveniently  be a 
length o f  m etal (preferably brass) pipe, ideally o f  in ternal diam eter
11.3 cm to  give a cross-sectional area o f  100 cm 2 (or 16 cm diam eter 
to  give an area o f  200 cm 2 ). This is pushed in to  the  sed im ent to  a 
required  d ep th  (100 cm dep th  gives a 1 litre sam ple) and carefully 
dug o u t w ith  its conten ts. Sim ilar samples can be pooled and  samples 
can also be taken from  deeper in to  the  sed im ent, if  desired, after 
the upper level o f  the beach has been rem oved. Patchiness in the 
d istribu tion  o f  organisms m akes the pooling o f  a num ber o f  small
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samples (four from  each station  is adequate) m ore representative 
than the collection o f  one large one and the disruptive effec t is less. 
Cores o f this size will n o t give satisfactory  sam ples o f  larger organism s 
(.M ytilus  and Arenicola  for instance).

To exam ine the  fauna in the sam ple, it m ust be passed th rough  a 
fine sieve* M etal sieves are expensive and vulnerable to  the  sam pling 
trea tm en t w hich involves washing the sedim ent through the  sieve 
w ith w ater. T he best available m aterial is bo lting  nylon (similar to  
th a t used in p lank ton  nets bu t m anufactu red  for flour grading) held 
in a suitable fram e. Mesh o f  1 m m  will serve on m any beaches b u t 
sandy beaches containing small anim als m ay require the  use o f 
0.5 m m  mesh. Follow ing the  sieving, the  fine particles will have 
passed through leaving a m ixture o f shell fragm ents w ith  organic 
m aterial, as well as the  animals. Some separation o f  these can be 
accom plished by panning the  residue (Y ukon fashion) using fresh­
w ater w hich tends to  relax the  animals and causes m any to  relinquish 
their ho ld  on m ineral fragm ents. Sorting and counting  the anim als 
under a b inocular m icroscope is inevitably a tim e-consum ing jo b  b u t 
it is the  essence o f  the  w hole process and  canno t be avoided. Larger 
animals require d iffe ren t m ethods. Superficial bivalves (M ytilu s  and 
Cerastoderm a) can be sam pled by counting o r collecting in random  
quadrats; fram es o f  0.1 m 2 area (31 .63  cm square) are convenient. 
Both the  above anim als occur in large num bers and  can be collected  
freely w ith o u t causing ecological dam age, b u t class organizers should  
m ake sure there are no local fishing rights or byelaw s w hich w ould  be 
contravened by such action. Samples o f  Cerastoderm a, in particular, 
allow the  developm ent o f  a num ber o f  useful exercises since the 
biom ass can readily be determ ined and the age structu re  o f  the 
population  can also be established by exam ination  o f  the  shells. F o r 
fu rther in fo rm ation  on sampling in sed im ent, see M cG rorty (1973).

O T H ER  PA RA M ETER S

The estim ation  o f  wave force has already been m entioned ; besides 
this, the aspect o f  the shore, ob ta ined  e ither by  com pass o r from  the 
m ap, should be n o ted , together w ith  w hatever o th er in fo rm ation  
seems likely to  be required.

C lim atic in fo rm ation  is o ften  b e tte r  ob ta ined  from  th e  M eteoro­

*See also data  in C oulson e t  al., th is volum e, pp . 2 4 4 —246.
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logical O ffice o r a local station  than by collection o f  d a ta  a t the 
tim e o f  the  exercise. A lthough instan taneous air and w ate r tem pera­
tures are valuable, it is the  range over the year o r grow ing season 
w hich is im p o rtan t ra th er than  spot values on  a particu lar day. The 
daily range o f  tem peratu re in pools m ay be usefully m easured, how ­
ever, and  com parisons made betw een tem peratu res on  sheltered 
and exposed shores. H um idity  m easurem ents m ay be instructive, 
though a whirling hygrom eter reading will norm ally  have to  be taken 
too  far above the  ground  to  be a really useful ind ication  o f  the 
m icro-clim ate in w hich the  organism  lives (under dam p seaweed, 
for instance). Here a small hygrom eter or th e  L oribond  C om parator 
H um idity  T ester will be m ore useful.

W here, under estuarine conditions, in heavy rain , o r afte r long 
drought on the shore, the  salinity  is to  be tes ted  it is unlikely that 
titra tion  or conductiv ity  m ethods will be available. In this case a 
hydrom eter reading, w ith  reference to  K nudsen’s tables (1948) will 
be the m ost convenient m eth o d  and qu ite  accurate enough, even 
w ith o u t the  corrections, for m ost ecological purposes.

Sea w ater is a buffered  m edium  and is usually sa tu ra ted  for 
oxygen; it is therefo re only in upshore pools in h o t w eather that 
oxygen co n ten t (by the W inkler m ethod) o r pH is w o rth  recording.

Light is an o th er param eter w hich it is d ifficult to  m easure m ean­
ingfully w ith  apparatus w hich is generally available. H owever, com ­
parative readings (say in the  sun or the shade o f  an overhang can be 
m ade by a photographic exposure m eter po in ted  a t a w hite card or 
w ith  an inciden t light a ttach m en t. The shade reading can be ex ­
pressed as a percentage o f  full daylight m easured at the  same time.

As always the  question  should  be asked, w hy is th is in fo rm ation  
being collected? F o r w ha t will it be used?

On m obile beaches a num ber o f  o th er param eters will be relevant. 
The grain-size d istribu tion , the organic co n ten t, the  dilatancy and 
the level o f  certain  chem ical com pounds (for exam ple, carbonates, 
sulphates, sulphides) m ay also be required. U nfo rtunate ly , there is 
no biologically-orientated w ork  w hich covers th is g round  and re­
course m ust be m ade to  o th er disciplines; A kroyd  (1964) will be 
found a valuable source o f  in fo rm ation  on  these techniques.

Grain-size analysis will require the sieving o f  the sam ple, after 
drying, th rough  a series o f  sieves o f decreasing m esh size. Metal 
sieves, h ith e rto  the standard  equ ipm ent for this task, are now  bo th  
difficult to  ob tain  and  expensive. N ylon bolting  n e ttin g  will be
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found  to  be the m ost suitable m aterial w hen m oun ted  in cylindrical 
plastic sleeves.

USING TH E C O LLECTED  DATA

It is u n fo rtu n a te ly  necessary, a t least in the beginning, to  impress 
upon  studen ts th a t the fieldw ork does n o t end w ith  the collection, 
o f  the  d a ta  and th a t, unless it is processed and presen ted  in a co­
herent form , little  useful in fo rm ation  will resu lt.

As a first step the  data require tabu la tion  -  a convenient grid 
has quadrat num bers or tape distance on one axis and species on 
the o ther. It is convenient to  list the  la tte r , starting  a t the  to p , in 
the order in w hich they  occur dow n the  shore. In presence/absence 
records, each occurrence can be shown by a cross o r o th e r sym bol, 
replacing this in  quan tita tive records by a value (e.g. num ber coun ted ; 
% cover). A t this stage, inspection o f  the  table m ay ind icate  some 
patterns o f  d istribu tion ; where this is no t easily seen from  the  table, 
graphical rep resen ta tion  m ay be useful. This can take the  form  o f  a 
“ Kite diagram ” or histogram . The sim plest form  o f  the form er, 
representing only the presence o f  various species, is essentially the 
tabu lated  m atrix  expanded  in to  a series o f  lines connecting  the 
positive records in the  table. F or quan tita tive resu lts, the line is 
broadened  a t each quadrat position  to  a w id th  p roportional to  the 
qu an tity  recorded . Exam ples o f b o th  types can be seen in Lewis 
(1964) and N elson-Sm ith (1979), in relation  to  rocky shore records; 
sim ilar representations are suitable for m obile beaches. The relative 
m erits o f vertical o r horizontal fo rm at will depend  on the  shore 
concerned (horizon ta l form at is m ore su ited  to  gently  sloping shores) 
and the particu lar feature w hich it is desired to  em phasize.

The p icture is com pleted  by the  inclusion on the  diagram  o f  the 
shore profile, w hich  allows deductions to  be m ade ab o u t changes in 
d istribu tion  related  to  local shelter, slope, and so on. The first 
indication o f  in teraction  betw een species m ay also appear and so 
suggest w here m ore sophisticated  analysis m ay be applied. A t this 
stage it is possible to  dem onstrate  m any o f  the generally accepted  
features o f  litto ra l com m unities d irectly  from  the  results obtained . 
T hat this can in fact be done w ith  classes encoun tering  m arine 
biology for the  first tim e on a w eek’s course has been clearly show n 
by courses a t F ield Studies C entres (B arrett and Crum p, personal
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com m unications) and  it is obviously desirable educationally  that 
students should  arrive at their conclusions in this w ay ra ther than 
by lectures!

As has been h in ted  above, the  next stage is the num erical analysis 
o f the d a ta  to  show how the  species are associated in to  com m unities 
and how these m ay vary in d iffe ren t environm ents or over periods o f  
time. This aspect o f  the  study  is being covered elsewhere in this 
volum e (Jones e t ah, pp. 1 7 1 -1 9 2 ; Russell, pp. 1 3 7 -1 7 0 ) for rocky 
shores; for suggestions on the  processing o f  d a ta  from  sedim entary 
shores, reference should  be m ade to  E llio tt (1977). No m ore need be 
said here, b u t this m ust n o t  be taken  to  im ply th a t this aspect o f  data 
presentation  is u n im p o rtan t -  it represents a pow erful to o l in our 
efforts to  understand  the com plex life o f  shore com m unities.

POSTSCRIPT

Ecological exercises on the shore have tw o purposes: first, to  en­
courage the  s tuden t to  know  the  plants and anim als, to  see how  they 
relate to  th e ir environm ent and to  each o th er; secondly, to  illustrate 
general ecological tru th s  by the  use o f  appropria te  exam ples and 
m ethods. Tow ard the first o f  these aim s, all k inds o f  shores can 
legitim ately be studied ; fo r the second, it m ust be asked w hether 
a particular shore is the best place to  dem onstrate  the  technique 
in question. F o r instance, a sheltered  m uddy  beach could  be used 
for an exercise in random  sam pling, b u t since this involves destruc­
tive digging, conservation requires th a t a d ifferen t site should  be 
chosen -  a flat rock platform  w ould be less vulnerable -  b u t it m ight 
be better still to  use a stre tch  o f  perm anent pasture such as a playing 
field! O ther conservation requirem ents were m en tioned  earlier. These 
are no t unreasonable requirem ents; m ore and m ore parties are 
visiting shores on biological excursions and the  observance o f  these 
principles will enhance their experience ra th er th an  otherw ise.

Finally, m any studen ts have received the  first real firing o f  their 
interest on m arine field courses. A  perfect o p p o rtu n ity  is then 
offered to  teachers to  transm it their enthusiasm ; this is one o f  the 
m ajor m erits o f  shore fieldw ork and form s  the ju stifica tio n  fo r the 
careful p reparation  and  long hours o f  teaching w hich such courses 
involve. Pursued in this sp irit, there is no th ing  else in the  whole 
range o f  hum an education  w hich can a t the same tim e give so m uch
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pleasure and painlessly im part so m uch understanding  o f  the natu ral 
w orld.
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