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Persons working in intertidal areas must be aware
of the inherant dangers involved. The Coastal Ecology
Research Station cannot be held responsible for damage
to persons or property incurree”while following sampling

procedures recommended in this paper.

A1l opinions expressed in Coastal Ecology Research
Station Papers are those of the author and must not be
taken as the official views of the Instltute of

Terrestrlal Ecology. The papers should not be quoted

w1thout prellmlnary referefice to the author._




A GUIDE T0 THE SAMPLING OF INTERTIDAL FLAT
MACRO-INVERTEBRATE FAUNAS |

By SELWYN McGRORTY (C.E.R.S.) -

ABSTRACT

4 detailed procedural guide is given to a
partiduiaf éjégématic sampliﬂg séhemé unsed at the
Coastal Ecology Researéh Stztion to investigate
aspects of the invertebrate faunas of extensive
intertidal flats. Random sampling procedures and
some theoretical aspects of sampling are considered
briefly, but the paper is intended to indicate the
practical problems of-working in 'soft-sediment’
intertidal areas and the reader is urged to_seek
the advice of a sﬁatistician when deciding upon the

most appropriate sampling scheme to fulfil his specific

ains.
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INTRODUCTION

It is the primary purpose of'thislpgper to present _an account of
a particular systematlo sampling scheme, developed by members of the
Coastal Ecology Research Station (e.g. Anderson 1972) to 1nvest1gate |
aspects of the invertebrate faunas of extensive 1ntertida1 areas for
which little or no p#é#iodé‘informafion i; aﬁaiiéﬁle;;but a Eriéf
account is also given of random sampllng procedures.z The paper has been
written primarily as a gulde for the Nature Conservancy reglonal staff,
bird watching societies and 51m11ar Qrganlsatlons, who from time to time
seek our advice on invertebfate sampling.

The theory of sampling is duscussed in a numbexr of standard
statistical reference works.e.gg Cochran (1953) and Stuart (1968) and
the reader is directed to these if a detailed account is required of any
specific theoretical problém. The aim of any survey itho describe in
qualitative or quantitative terms chosen paramétersrdf a. population or
groﬁp of populations present within a defined éféa ffom‘a series of samples
taken from the pppulation(sj. Biqlogists¢ha#e disdﬁsséd at:léngth the |
most appropriate ways of sampling the fatinas and fioras of different
habitats to answer specific questions, but there still lingers with some
the idea that if the correct sampling scheme is in some way very difficult
to execute, then the statistician or analyst will still be able to find a
way of getting the best out of data collected in a more convenient way.
It cannot be over-emphasised that the statistician should be consulted at
the planning stage not merely when difficulties are experienced with
analysis.

The variety of sampling procedures found in the literature fall into

a limited number of categories. One group of sampling procedures, often

recommended as rapid survey methods, can be called fsubjective sampling'.
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Samples'are taken froh areas which the warker éonsidérs typical, représen-
téfiﬁé*aﬁd/ﬁf'différént-froﬁ“adjabenf aféésli'Tﬂ;fgﬁa%é;ﬁaﬁyzobjéé%iaﬁsfto
thfé*typelﬁf sampling, " The results must bé“sfrbnéiyfin%iﬂéﬁééd'5§ﬁfﬁé;: t
observers intérprétation of the area being sampled, transition zones e
unlikely to be recognised and éaﬁpiéa{fébme speéiéé1éré;aimdéf";eftéiﬁ?%o
" Be undér-sampled or even misscd completely depéndant on the observips
sxperience and the fauna ‘or fléra will Appear €6 ‘be’ morve discontinusis.
%Han5inﬁfeali£y."Nevértﬁeless;'hhéfé the 65jéét af:ééﬁpiiﬁg is to vecord
naximun diversity of habitat type and species conteiit within & minimun of
time, subjective sampling based on observable differensss is aCCépféble;forw
primary survey and can be useful for plannlng subsequent obgectlve sampllng
more effect1vely. | |
~ There are ‘three basic technlques of obgectlve sampllng, each appro—
priate to- partlcular situations. . |
a) Systematic sampling - the position of each sampling wait (é.g. core,
" quadrat) is fixed with regard to all other sample units.
b)  Simple random-saripling - samples are placed at random within fﬁéﬂeﬂtire
Cdrea odcupiéa”bj'ﬁhe'p0pu1a£ioﬁ,zéo:théf éd&ﬁ”éamplé unit is lodated
indepéﬁdéntly‘cf'éil”other3sém§11ﬁg units,
”d)" Sf§aEifie&:raﬁaﬁﬁiéampiing - thé study area is divided intoughnuﬁber
‘of smaller aress or strata and at least 2 randomly selected sample'
units are 1écated in each strata. | - |
“‘When ‘the sims of éhe'survéy'afé'coﬁcerﬁe&'with'iaehtifyiﬁg the
species comp051t10n of the fauna and/or flora of an area and detectlng
the pattern of specmes dlstrlbutlons a systematlc sampllng scheme is
approprlate and the ideal arrangement of sample sites on a relatlvely‘

undlfferentlated area llke a tldal flat is a rectangular grld with

equidistant spacirg in ‘both directions. Any pattern detected will be
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large in rglg@ign;ﬁqithg spacing employed but the scale will be uniform

_throughout ‘the area and there will be no.doubt if an irregularly shaped.

distribution pattern ig detected that it is in some way gonnected with .

the ifreguléf:pattg;nkgf randomly placed sampling units, .This is the ..

_prime objection to random samp;ing,ﬁgimp;e or st;gtifigd) in this

context;_no_meaning ganlbe_assigped to the irregularity and inconsistency

of scale. This, Qflcourse,_is_precisely,the requirement of probablistic

statistics; each individual in a popylation must have the same chance of
_selection in a particular sample and there must be no meaning assignable
to ﬁhe sampling pattern or selection bias is implied. Selection bias is

‘ avoided in a systematié.gémplg (i.e. the collection of sampling units)

by placing the grid in a random manner in the area to be sappled. If
the distance beﬁweenrsampling points on.a grid is not regular, then a

conscious decision has been made to investigate pattern on.a finer scale

in one spatialidipeqtiqn.' A band transect consisting of a row of con~.

tiguous quadrats may be used in this way to investigape Variation,along

A recognisable gradient - but great difficu@tieéfareféieate@ if the

results of several irrégulaylx sﬁééed,transects are pooled; of course,
if the transects are evenly spaced then they constitute a grid. .

~ If, however, the aims of the survey are to provide density estimates
of one or more spedigs,_aﬁd the degsity estimgtogﬁ(e,g; samp%iﬁg_mean) is
required with its fiducial 1imits,rﬁh§gT§hekgqmple,u%itgtshqu;é_he_set
out at random. _pnly_yhep_yhis_ponQitign‘;gtgep can all possible bias be
eliminateﬁ and the_samplgivariancg‘be regarded as an unbiased estimator

of the population variance. A systematic sample will also .be free from

selection bias if the grid is placed at random in the area to be .sampled

and béth_random and systematic samples will be good estimqtggsrof the .

sample méan free from estimation bias, since in the long run,-after

repeated sampling both would give a sampling mean equal to the population
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mean.. However, thetherestimaterswwill“@Iffer-iﬂ“their*respeetive”

. Variances. (for .a particularsample size). The random sample will ™
give an unbiased estimate:of the variance of the sampling mean but-this
is not usually the case with a systematic aample and it is not usually -
possible té say, without comparing the two schemes: in. the ‘field situation,
whethep,the_systematie,sample.wiii.have,a;smaller variance (positive bias)
or a larger variance than:.a. randem sample_-; :

. Therefore, where an unbiased error estimation is required, a random
- (simple or_stratified}.sampling scheme is essential, but where: this is -
not. of great importance a .systematic scheme may be. preferréed to estimate
population density.  Where previous-informationfis-availabie;fsuggesting
an uneven. populaticn distribution, a stratified random. scheme would -
usually be preferred since this would allow greater precision’ of estimation
of the population demsity,

To'conclude this imtroduction; the aims of the survey and. the' way

in whigh the results dre to be analysed determine the gampling procedure.

Sampllng Intertldal 'Soft—Sedlment' 1nvertehrate faunas

Every natural habltat presents 1ts own set of problems to the blologlst -
'surveyor. mSoft-sedlments, used here to descrlbe eands (2 O - O 02mm medlan
partiole dlameter), 51lts (O 02 - 0.002mm. Mepads ) and clays (<o 002mm m.p.d.)
are depos1ted in areas of progre531vely greater shelter and produce shores
of 1ncreas1ngly shallower gradlent where the dlstance between the hlgh
water mark and low water mark may be several kllometres. These vast
dlstances and the resultant speed of the flood tlde, changes in the weather
resultlng in bad v151b111ty, the often compllcated oreek patterns and the

actual softness of 'muds‘.and qulcksands present very real DANGERS to the

unwarya

"'ba rocky shores a large proportion of the fauna can be seen at
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relatively 11ttle trouble to the observer, but on Soft-sediment-shores— "
the faund.is almost entirely burrowlng and few species produce 1nd1cat10ns
of theiv presenee.at=the'eur£ace.~-Thue iv order to ‘deteérmine what, if

any, specles of macr01nvertebrete ard: present, substrate eamples rust be

., -Gug, sieved and the animals- eerted from the ‘pesultant mixture of ‘coarse

 particles and organic debhieg..Aga1ngron“a‘noekytshore—the:pattern‘of
speeies distribution, in many.cases1 isiobﬁddusvtc'tHeieﬁeerver’and'a*
ﬁpecies.mAy pecupy a verticel-height ofiseVe§a1~metree‘on'a~foek'fece,
with clear upper =nd lower boundariess On' o soft-sedimoert bedch, the same
vertical height. intercept may-be'repreeentedﬁby seVerel‘hundféd*eetree or
.even.k;lomepres-on-the ground and :species pattern can only be determined,
except in a few. tube or caste producing speciesy by extensive sampling

. and analysis of the restilts. -

Systematlc sampling

Hav1ng decided that a- systematlc sampling séheme 'is approprlate, with

Aregen@.to the aime of‘the'projectjfthe'most.important problemfisfthet of
secale. With so few clues to 1nd1cate the presence of species on 1ntert1dal
flats the surveyor w111 generally have no prlor 1ndlcat10n of the scale of
‘eny pattern of sPec1es dlstrlbutlon upon Whlch to base the grld 81ze. In
‘practlce, hOWeVer, since funds are rarely unllmlted the number of sampllng
" units collected wlll be determ;ned by manpower and transport costs and
ﬁ:avallablllty. As p01nted out prev1ouely, any pattern revealed can only be
at a scale larger than the sampllng scale, g0 that the smallen the grld
1nterval the finer w111 be the scale of pattern detectable. In practlce

' the dimenslons of the sample unlt (the greater the volume of sedlment
'sampled the greater the transport and proc9551ng costs per unlt) must be
balanced agalnst the frequency of sampllng - but 1f the aim is a 'Eg&gl'.

fauna survey one must guard agalnst collectlng samples whlch are too small

in relation to anlmal density in order that a greater cover can be achleved




It is generally recommended that a sample of sedlment w1th a surfmmrs”’
area of at least 0. 1 - O 2)m2 1s collected (Holme and Maclntyre 1971)
ﬁotherw1se the (often 1arger and deeper burrow1ng) less dense specles w1ll
be undersanpled or even missed entlrely. Also, as the sample unlt is

reduced in’ size the proPortlon of spec1mens 1n the sample damaged by the

i

:corer is llkely to 1ncrease ‘and thls obv1ously creates dlfflcultles w1th

LSS
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the 1dent1ficatlon of many speoles. WOrms are partlcularly prone to belng
,out in half (not only in the sampl1ng prOcess but also 1f due care 1s not
; taken ir the sortlng process) and it is usual to adopt the conventlon
-'when counting spec1mens that only heads are regarded as belng present.f

The ‘dimensions of the sampllng unlt are, however, less‘important than
is often assumed 1n pertlcular when a denslty estlmate of a Spe¢les‘lé
required, it is the number of sampllng units. (cores) which determlnes the
Precision of the estlmate, not the volume of sand collected 1n each o
sample unit, For practlcal purposes however the number of anlmals
contained in the sampllng unit may be a very 1mportant oonslderatlon' e.
vminlmum number of anlmals may be requlred e.g. for size frequency analysms
‘5of the populatlon. Normally the sampllng unlt should not contaln more

than 2-300 anlmals, so that countlng errors due to observer fatlgue arer

mlnlmised “but 1t is adv1sable when ch0051ng the s12e of the sampllng ﬁ
un1t to err on ‘the side of”generoslty baslng sample size moro on the
number of larger specles. If smaller spe01es are thereby sampled in b
very large numbers (e.g. Corthl so., splonld worms) then sub-samples
can be taken and counted R o B -

Simllarly the numbér of cores taken need not be excesslre' a'data
matrlx of say 200 samples x 100 sPe01es WOuld be very cumbersome to handle
and be COstly in terms of computer tlme. Jeffers (Merlewood Research

Station Researeh ahd Development paper No.1?) stated that for the purposes

of trend surface and components analys1s the 275 1nvertebrate and chemlcal



samples taken from the whole of Morecambe Bay (310km A could,havs~been
reduced to approx1mately 120 samples and have glven similar results w1th
;an acceptable prsc1s1on.- m

Che must be aware w1th systematlc sampllng of the posslblllty that
the sampllng frequency mlght c01nc1de w1th some natural frequency in the
env1ronment. Thls could g1ve a mlsleadlng plcture of the dlstrlbutlon of
;{the anlmals end W111 make the sampllng varlance of the sample average
“ relatlvely large. For example, occa51onally dralnage creeks run down the
beach roughly parallel and equldlstant - if the sampllng 1nterval coineided
w1th the dlstance between creeks - then fhe collectlon of sample units
..mlght showra=strong over or.under representathn.qf sﬁexfaunas of_creek
edges. - | o | |
'éiaoCEDURE

The follosing 1s.a detalled account of a systematlc sampllng -scheme
used at the Coastal Ecology Research Statlon. Itlis reallsed thet the
sample size may be too small to g;vela true plcture of the tota; faunaj
some iarge,idacp burrosing séecies-aﬁe ‘certainly undersampled but this is
not a serious ob;ectlon 1n the context 1n whlch it has been used. $he
1ntert1da1 1nvertebrate surveys whlch we, undertake at the present time are
almost always almed at descrlblng the 1nVertebrate resources present in .
very 1arge areas of 1ntert1dsl sand and mud flats and potentially avail-
able, as food to wadlng birds and WlldfOWl.::__

Thls con51derat10n also limits the depth of sampllng to 15cm. and
determlnes to a large extent the time of sampllng.. Sampling in auwtumn and
early sprlng gives respectlvely estlmates of- the - potent1a1 food available
to over-wlnterlng birds and the 1nvertebrate stocks remalnlng when,the

blrds‘have departed for the summer breeding areas. Sampling at such times

also -ensures that only small numbers of juvenile invertebrates are taken,
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whlch canrglve r1$ehto.ser1ons 1dentif1catlon problensrcsrennner samplesr g
The species, whlch are poorlr sampled have rarely, it ever, been

:observed to be taken by these b1rds and the smaller samples allow a con-
slderable saV1ng in transport and processing costs. |

h The technlque would be emlnently sultable for a prellmlnary extens1ve
study of a large prev1ous1y unworked area, to prov1de baslc 1nformatlon
regardlng specles den51t1es, dlstrlbutions and faunal asscclatlons and to

prov1de questlons for further study.

Hl;? A:prelrnlnarr‘sate‘slslt should be nade 1f p0551b1e to arranée for
access to the sampling s1te, assessJany dangers due to tlde, deep creeks
Jsoft mud etc., and arrange transport and accommodatlon. The sampllng o
procedure can be £ée§éd on slte and the pos51b111t1es of 31eV1ng on 51te
:(1f sufflclent standlng water is avallable on the beaoh and no danger 1s
'ithereby 1ncurred) at a lseawater-tap 1n a nearby laboratory or flsherles
bulldlng, or 1f necessary at a freshwater tap as close to the sampllng 51te
as posslble.i The alm ig to reduce to the mlnlmum transport of sedlment
S.samples. It is also essential to s&ete as soon as pDSBlble after sampllng

to preserVe the condltlon of the anlmals. _ o tmbng el o
2. Equlpment requlree wall 1nclude.! one slmple tubular corer (1., m 2
surface area x 15cm. deep) and a spade per sampllng team, polythene bags,
“plastlc bottles, labels and penclls, notebook compass, haversack and/or
“mud sledge and/or mechanical transport (e.g. tractor)._

3. The size of grld (1.e. dlstance between sampllng nnlts)‘w111 be

e

determlned before sampllng beglns, probably on the bas1s of the number of

€

cores’ that can be collected w1th1n the constralnts cf the tlme and manpower'

avallable. There may be some sllght advantages in relatlng the grld to the

Ordnance Survey 1km. grld
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L, The flrst 51te and heuce the grld p051tion should be located by a
Lrandom process (thus av01d1ug selectlon blas) ThlS can be dOne by
selectlng random co-crdlnates (from random number tables) w1th1n the flrst
grld 'square', or choos1ng the point on the map w1th a pln and locating
the sampling slte by compass bearlngs on at least two promluent landmarks
Vcr by measurlng the dlstance along a flxed compass bearlng from & suitable
1andmark (e g. the p01nt where a seawall makes a sharp angled bend, the
'corner of a8 bullding etc ) The 1mpcrtant p01nt 1s that the sampllng s1te
should not be chosen because there are a 1ot of anlmals present or because
of some Bpeclal tcpographlc feature. Hav1ng lccated the flrst sxte, four
cores are taken from undlsturbed sedlment wlthln an area of 1—2m2. The
'most efflclent number of cores taken at each sampllng 51te w1ll depend on
the dlstrlbutlon of the fauna. If the variatlcn between cores‘at a |
sampllng S1te as small compared w1th the varlatlon between sampllng 51tes
(1‘e. grld squares) then 1t would be more efflclent tc take fewer cores at
' each site (say 2) and increase the number of sampllng 51tes (1 e; reduce
the scale ‘of the grld). The reverse also applles.. Thus in general the
greater the spe01es d1vers1ty and the greater the (small scale) aggregatlon
of the specles present..the greater the number of cores requlred at each
sampllng p01nt on the grid. ExPerlence has shown that four cores per
sampllng p01nt is generally satlsfactory. - | _ H i | o

‘The cores are edther placed in separate‘polythene bags (15" X 10") or
bulked (24" X 18") ' The eite 1s allocated a number and thls is wrltten on
both sides cf a card wh1ch is placed 1ns1de a plastlc bottlej(1oobe 200m1.

capaC1ty) uhxch in’ turn is placed 1n the polythene bag wlth the sample. )

The bag is sealed w1th a plastlc and wire tle. The number of Arenlcola

"marlna and/or Lanlche conch1lega (1mportant food organlsms whlch do burrow

‘below 1ch) are estlmated from the number of castes or tubes respectlvely

counted in 5, 1m2 quadrats adjacent to the sample S1te. A 51te description
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::should be made not:ng e,g. plant growth at the surface, depth ofﬂblackr)
zlayer 1nd1cat1ng anaeroblc condltlons in the soil proflle etc. o h T
”S:H To locate the next and subsequent‘sampllng sltes one person 1sni
appo;nted pacer' and hlS or her pace is checked agalnst a standard measnre
ON SITE The nunber of paces requlred per grld 1nterval ig calculated and

B
1

the pacer proceeds along the correct compass bearlng for the approprlate
grstance. Placlng canes or plles of sand at 1nterva1s can help to keep a
stralght llne 1f there iz no convenlent obJect on. shore to 11ne up w1th the
flrst 51te.' When the paCer arrlves at what he con51ders to be the exact
'1ocat10n of 51te 2, the cores arertaken as prev1ously descrlbed . The‘exact
location of the site can then be determlned by compass bearlngs“on’two or
more landmarks.,E This method of s1te location may appear 1naccurate, but
has been found to work out well -even in dlfflcalt conditlons-. It is o
lélmportant to note that regardless of the accuracy of s1te 1ocatlon themg&
{samples must be taken at the exact spot determlned by the pacer' w 1t nay
!v;be useful to ad0pt the couventlon of taking the flrst core at the tlp of the
"pacer 's leadlng foot on arrlval at the smte and the remalnlng cores as close
ﬂas p0551b1e to thls on undlsturbed ground. In the rare event of the s1te
.1y1ng exactly on the boundary of two substrates or e. g. a mussel bed then
| the cores could be apportloned between the two, but one should NOT take |
:sanples more than 1-2m from the 51te beeause there is somethlng dlfferent
close by, as the samples are then 11ab1e to gross selectlon blas determlned
by the Operators personal preferences._ | _ - _ t o B
Q:”é.' Experlence has shown that the safest method of sampllné 1s to’follow
.the ebb tlde S0 that the sample nearest the low—water mark will be taken

-4Hat approxlmately low tlde. If the dlstance between hlgh and low water

mark 15 more than 3-4 kllometres and the substrate soft the lowest sample

.'sltes may ‘not have been reached by thlS tlme‘ 1f ON FOOT the return
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gourney must be commenced at a safe tlme in relatlon to the- hszar&s—of"thﬂ
51te €. g. by 1 hr. after the predlcted tlme of low water or 1f there is a
strong onshore wlnd, then the return Journey should be started even earller.
Samples are collected on the return journey and transported tclsultable.“
;fslev1ng-51tes. Teams cf three people are the most efflclent and can be ’
=organ:ll.sled.as follows - a paceruwrlter', s 'core-man' ; a polythene
bag/odd-aob man' | Three samples (1.e. 12 cores) w111 weigh in the reglon
_ of ?O lbs. and the team should be able to collect at least 9 samples on
.one tlde, but the pcss1ble 1oad per person is reduced as the substrate -
| becomes scfter. lf the substrate 1s flrn sand and the beach qulte narrow,
lthen of course thls may be conslderably 1mproved upon.l |
_7. Slevmng should be carrled out as soon as p0551ble after.sampllng,._‘
preferably in seawater u51ng a O 5mm mesh s1eve. The use of 1mm sieve

con31derab1y reduces the process1ng t1me but also loses a large percentage

of, for example, the smaller size classes of Hydrobla ulvae whlch may form
__part of the dlet of small waders such as dunlln. The larger pleces of debris
| in the eieve can. be discarded at this stage but the remainlng specimens plus
-debrls mixture is washed lnto the labelled plastlc bottle and preserved in
5% formallne. The slev1ng process should be as gentle as p0551ble and
rather than rlsk.damage to speclmens by forclng clay substrates through thc
sieve Wlth a,water Jet Athe sample should be gently puddled‘ by hand prlol
to s1ev1ng, 1n a large volume of water.
8.”. If sedlment samples are requlred for phy81co—chem1ca1 analy51s of solls
these can be taken w1th1n the same ‘I--Zm2 area at each sampllng 51te uslng a
Scm dlameter X 15cm deep perspex or metal corer. Usually between 5 and 10
cores are taken and bulked 1n a large polythene hag or on a board the whole

thoroughly mlxed and an equlvalent volume to 1-3 cores retalned for analysis.

The number cf possible analyses are enormous but a llmlted number have proved

to be repeatedly valuable in interpreting species distributions. These include
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estimates of the chemical elements Cgrbon, Nltregen, Ca 1um end-Phosphorous
~and: the phy31cal parameters medlan graln size of sedlment and slte elevatlon
::(or exposure txme). ‘Jetters '(Merlewoad Research Statlon Research and i ‘
Developherit papers, “Nos. ﬂh, 15 and 1?) showed that for Morecambe Bay, :
‘becauss of the high 1ntercorre1at10ns many phyelcal and chemical factors -
measured were redundant. R o |

Presentation of resiits -

Although systematic sampllng does not compi& w1th the ba51c requlremeot
of randomness for probabllstlc statlstlcal technlques, estlmates of sampler
means Ce.g. ‘Species densmty) blomass etc., are unblased estlmators of the‘
respectlve pepulatloh parameters. A range of dlver51ty and s1m11ar1ty 1nd1ces
arg: aveilable and ‘dan be used to compare 51tes. Assoclatlon analysls, corre-
lataon anelyst and multlvsrxate oomponents analy51s, requlring computor
facilities; cén be iigell & group sltes aocordlng to faunal SlMllarltleS._ Trend
surface analysis can be uSed to' map the dlrectlon of trends of varlatlon 1n
_-spec1es distributions and- to a certaln extent can act as predlctlve models,k
since values will be a551gned to areas Whlch were 1naccess1b1e for sempl1ng.
.Deealled procedural accounts of these enalyses can be found 1n the llterature,
but the biologist is always advised to seck the ald of a statlstlclan at all
stagés of his study._:ﬁ_ s
Several ‘of the analySes mentloned above use only the orlterron‘of Presence
or . absence (blnary data) in their slmpler verslons. In much floral survey. and

some fautial” survey where ‘the specles are easlly observed, the tlme taken to

the time required to count the number of specimens of each species, In these
circumstandes it W111 be posslble in a glven tlme to record very many more sets
of blnary data than fully quantltatlve data and hence achieve a much more

intense cover of the study area. There is the ‘added advantege of a consider-

able saving of computer capacity when' analyszng binary data as compared to




“1evel of accuracy of estlmatlon.
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fuily quant1tat1ve data.“,However, 1t 1s true. in general. that-more -eets of

-'blnary data are requlred 1n say an assoc1atlon analysis to. ;produce a..satis-

‘ factory cla551flcat10n of eltes than w1th quantltatlve datas . In general. the

pr009581ng of substrate samples and 1dent1flcat10n of the species of :
1nvertebrates present, is so expen51ve (1n terns of ‘man-daye') as. eompared
with the tlme taken to then count the humber of sPeclmens of each species;
that it is doubtful if the colleation of binary_data‘qg}y,_cet;deeyegﬁgewf_
Justified in intertidal soft-sediment studies. |

Random sempliﬂg

If an estlﬂate of populatlontbn51ty is requlred for a particular species
w1th flduclal llmlts, then a random sampllng scheme ls necessary, This may
51mp1y 1nvolve locatlng a number of 51tes by randomly. chosen co-ordinates,.
throughout the entlre study area or if there 1s prev1aus evidence (e.gs 2

prellmlnary systematlc survey) that the species has an uneven distribution:

'pattern or varies in den51ty along a phys1ca1 qr chemlcal gradlent then-a -

stratlfled random sampllng scheme would glve a greeter preclslon of estimation.

In’ elther case a prellmlnary survey would be requlred to decide. the best.n’

'sample size and the minimum number of samples necessary. to give the required

o
H .
ot

Dependent on the size of theepe01es and its density a range of sample

unit sizes are taken and =z grmph of v*rlﬁnce (between -sample unit replidates)

~and sample size plotted From the shape of the curve one must decmde at.what

point the cost and labour 1nvolved in proce551ng larger samples cannok:- e .
justified in terms of the resultant decrease 1n varlance (l.e. 1ncrease in
precision), - | o g
'Having eheeeh a etiteble samtle_upit size the'numbef o?_sambles reguired
to'estimate thé*meaﬁ Qith e“pafticulef level of:accurecyris.epproximately.

given by the formula:

2

f
~—
[l




©- | Where i'é'meah,'s %'standard deviiffbﬁ, D= the required level of accuraey

‘*:expressed as a declmal (normally 0. 1 O%)} ﬁ is & quanﬁlty dependent on the

: *nunber of samples and obtained’ from tables-' for more ‘than 10 sampleS t is

: 'faﬁﬁ%eﬁimétely'a at”fhe'E% level. It w111 be noted that “in thls eqliation the

standard ‘deviation (é) ‘Yaries w1th ‘the square root ‘of the number of samples
(N, so that to obfamn a small 1nprovement in accuracy a large increase in
the number cf samples is requlfed.' * & |

"“"Tﬁéfeiaré'ﬁéﬂy7ways of[aéhié%ihg‘fenﬁomly'iocéted'eemples;Lﬁﬁtifhe'
foliowing has been tried and worked successfully in many habitats. The
largest scale map available of the area to be sampled should be chosen and
divided into the smallest poss;ble grxd (e.g. overlaid w1th mm graph paper),
Ehch grid line is’ numbered."PalrSwof humbers*are‘takeﬁ'frem random numbor
tables to give cocordinates which locate the sﬁmpllhg sites on the map by B
a pinprick through the overlay. ‘ -

The sites are 1ocated on the ground in the same way as grid sites
previously described, by pa01ng the distance along a compass bearing from a
recognisable landmark. On arrival at what the pacer considers to be the exact
spot, the sample is taken at the tip of his leading foot. The actual site
location is then deiermined by taking compass bearings. It wiil be obvious
that the actual site sampled and the site originolly located by the randomly
choeen cb—ordinates will not be the same, though they should be within a few
metres, but this is not important. If the procedure is rigidly followed, the
semple site will have been randomly selected and free from operator (selection)
bias..

This procedure will be the same whether a simple set of random samples
ere taken from the entire study area or whether the ares is subdivided into
emaller areas (strata).

Sumnary

The AIMS of 2 survey and the way in which the results are to be analysed
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DETERMINE the SAMPLING PROCEDURE._ Ughigged,eétimates of the standard error ef
_the mean of a population (i.e. the fiducial limits of a density estimate) can
oglylbe_calculated_from randomlyhp1gqed:§qmplgs, ﬂqwever,_where the aim is to
_ detecg:Pattern i.e. species distribution, §P90135:§55°¢iati°n§=-the‘r?la?ionShiP
of species with environmental parame?ens,_the classification of sites on a
feunal or florsl basis ¢tc., then, the ideal sampling arrangement is a . -
rectangular grid over the entire study area,
Procedures are given for carrying out surveys of intertidal soft-sediment

invertebrate faunas.
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APPENDICES

APPENDIX I. PRECAUTIONS

1.

a)

b)

e)
a)

e)
£)
2e

a)

b)

WOrklng 1n lntertldal areas = e ardsp

‘ALWAYS seek and heed local knowledge when seeking permlss1on for access

to the study area.

S
v o : 2

INFORM one or more respon51ble shoreabased person(s), @+g. coastguard

or farmer of the plans for the day and the expected tlme of return.

REPORT back on return.

At

NEVER VENTURE ONTO UNKNOWN AREAS ALONE ~ partles of MORF than 2 are to

“be preferred at all tlmes.

CARRY & compass (each person) and know whlch dlrectlon 1s 1andward, gach
group should also have maps; buoyaney aids and flares at all tlmes.
ALWAYS work on the ebb - start the return 3ourney (if on foot) dependlng

on the dlstance 1nvolved and softness of substrate from 1 hr. before to

oy i e

1 hr. after the predlcted time of low-water.
AT ALL TIMES keep a 'weather-eye! open -~ in part;cglar_fon fog or strong

on=-shore winds.

v

In the laboratogx _ _ _

When working Wlth samples pseserved 1shforma11n - 1f 1t 1rr1tates your
nose and eyes, 1t is doing you hssﬁ .

ALWAYS wash samples thoroughly in running’ waten before ssrtxng“w;
identifylng etc., under a mlcroscope.“ s@dpformalln to 2-59% coneenfrsfion

agaln before storage. .
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®
APPENDIX II. PULLOUT SUMMARY OF SAMPLING INSTRUCTIONS ?
APPENDIX TII. SOME USEFUL TITLES
A, General
1. PLYMOUTH MARINE FAUNA - complled from the records of the laboratory
of the Marine Blologlcal Assoclation of the United Klngdom.
(Citadel Hill, Plymouth, Devon) - updated perlodlcally.
" Provides a very usefhl 115t of spec1es and 1nformat10n on habitat.
“'Can be uséd 4 check nomenclature. | 0
2. Polychaetes - _
&) R.B. Clark - The fauna of the Clyde sea area: Polychaetes, provides a
key to genus and list of sp601es.
” b)"'P;Fauvel - Faune de France - 5, Polychaéte erraﬁtes.
(in Fremch) S 16 Polychaete sedentalres. | N .

':c) J.H. Day - Polychaetes of South Afrlca - Pt 1 Errantla
(in Engllsh) o B - pt. 2 Sedentarla
3.  Molluses | o . |
a)  W.Tebble - Bivalve Seashells. .
b)  A.Graham - British Prosobranchs - Linnean Societyﬁoerondo#.
b, Crustaceans
a)  E.Naylor - British Marlne Isopods - Linnean Society of London. h

b) " Die Tierwelt dor Nord~und Ostece. Vol XIV - Amphlpoda. :

B. References quoted in text. .. . . -

S. ANDERSON - (1972) The Ecology of Morecambe Bay.II.Intertidal-
' S invertebrates and factors affecting thelr
‘distribution. J.appl.Ecol.9{1) 161-178."

W.G.COCHRAN (1953) Sampling techniques. New York, John Eiley Inc.,

London Chapman and Hall Limited.
N.A.HOLME and (1971) IBP Handbook No.16. Methods for the study of ’
A.D.MACINTYRE Marine Benthos, Blackwell Scientific Publicatiomns, E

Oxford and Edinburgh.

A.STUART {1968) Basic ideas of scientific sampling. Griffin,London.




