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ABSTRACT

TIlt: elfoc'l$ o(el>cmlCl.l. OI..qu:llic orpnlsnu can be clamficd ""0' \I) ~~ or
acuIC. and (2) lubklh.lll "r $ubacuIC. Monahly ,$ lHCd as the endp(llnl In
boousa)'$ ll"OCQunnl the acuIC drocll. Tbc net rcIull "f sucb lesu 1$ an Le.o
,"a!IIC. usuaUy (or In CJlpolUK of96 boun. C«Iuol~ on... apply a .....pIc
appbcauon floClor(-U)" 0.1 for a chcmicallhat II not booaa:umulated and 0.01
for ..... 1.....111 booaa:umulated) 10 the 96-bow LCH 10 .I.m'~ a' the ~UlIl
peTm1lf,lble- coac:enttal>OCl oi the e1". .1 ... the ('eum"l .....tel"

In C.I.X oi I>Iblethal cffcns. tbc exposed orlonn_ IDI~" not bl: hDed bul 1M)
be detalnated, and _ oi thcr fllftC\lOOll, mduchn& rcprodllCl>OCl. 1M) be
impaued. III the loa, 1'\In..1lIb1c1ha1 cffcas 1M)" be >uy II:f1(JU$ for tho: $UtV1,"a! oi
popuIaU(NII 0(aqualJ< OfIlnnm. ""P""-lly J ' ....00....11'" SUCICCII iI rNuca1
Cbetmcals lII.I.yatrca pb}'JIOIoP;:al flUlf:UOlll, _h as f"""",,a. rcopn.l>OCl. blood
on:uIalJOG.~ uod osmor<luLalJOG. uod ....nous bK>cbelllical chan&<s
mI)~. for <l<.I.Illpic. a1u:n~ ... enzyme aetl"t). hIood cbcmnlry. "","Old
mctabol...... "",UIl·boodin& protctnl uod lyIoIomco; morpl>olopcal IbDor·
malil1C:llnd dc"norallon In resi.tallC< to dlloC.l.loC can also resull f('om nposuK
to cbmucall. 8c1Ul,;oural responsco to cl>cmlCl.ls. luch IIIVOIdana: KJ.CIIOIIJ.
cbemol'tCC'ptlon effecu on feedl/la. mallnl .nd homIng and Illerallon. In
phOIO,axi.IK imponant ,ublethal effects: and chana" In the compositIon of the
~ne pool may take place, EcologtCal dfoctl of chemicals illClude chana~1 in
,pecies di'enit)". populallon IlructuK. R'Ploductlon and community biolllUl
Ecolopcal fllldi<llK ti........,n.umina Ind elpe!lll'"" bo:caw:c alonl tI.... "".oS
ofobKn"'llOf>llI...,.rally rcqU1J'ed to )"101d dcfinl\l~ .IIJ"'''''''' on II>< cffe<;lS of.
pol!uUlJlI. CbooaI: oi an lppTopNU: t«hmquc dcpcndl on I number of flClo('$.
iDdoolll1 <::omplany of IIlCUUremcnl. teIlIlll\1ly. resp<:IMC rate, ran.,. of
C01'lCftol1tlJOtU, of~ 0\'tI ..~b. !he ttfea " obstr.'1.bIt. ICeIIrxy IDll
procwoa ..,Ib .I.1uch the cffca c:an be 1IIICISUral. uod qoaatiliabilny oi tho:

'"



4'14 Muilod> for Es'imu.''''g Risk of C~mu:,u Injury

relationship of the elTe\:t to [he cOllCl:n[rauon of Ihe chcmica\ and durauon of
eXposure. No s,nale wpe of meaSuremem an provide information on the effect
of a chemical on a population or commun,ly of o'pn"ms Or on an ecosyStem
0'"« ,lit lona term. A c:arcfully sclect«l SCnes of m""'Uremenl5 i. needed,
Prediclive lestina on single .peei.. ,,'ith Ihe potential for eXlrapolation of result.
'0 hlaher le\'Cls ofb,ologioal organ'zation that would have uni"ersal applicability
for the aqua'ic environment has not yet been developed,

1 'I'o'TROl>l:CTI0N

There isa ...-ide ranlle ofelfects ofchemical. on aquatic animal. from a brief, mild
Stte1S to ,ap,d. almost ,nStantao«>us death, Mea.urement of 'hetime to death of
a ""up oforllanisIm exposed 10 a given concentration ofchem'cal 's perlulps lhe
simplest tesl or biological assay to me..ure Ibe ""icity of a chemical. Thi.
bioa,say has been refln«l 10 pro"ide a .landardozed tox;cily measUl'CIDent
m"hod (5prallu<. 1%9: APHA AWWA WPCF. 19111). by "bich onechemical
can be compared to anolher us,nll tbe same tesl organism. What is usually
obtained i. a ~hour Le•• or m«l,an lethal concenl"'lion. i.e. tbe conttntrahon
caU.inll dealh of SO/~ of t..t orgamsm' "'ithin a ~hour period of exposure.

It has been lonll recol"ozed, ofcourst, lhal a substance may also Iul'-e chronic
.ublelhal effecls (Alderdice. 1967: Sprague. 1971) on an aquatic organi"",. and
lhat tb" effect may be import.ont in tenns of its ,mpact on tbat oraanism O"CT lis
life cycle, A1lhoush the orpnism continues to sUl"ive. the performance of
, ..riou, function' may be sufficiently ,mpaired so lhal ,be organ,sm fails to
complete its life cycle. either tbroush premature deatb due to ,..rious cause., or
lack of reproduct,,'e success. ObVIously an ,nd,vidual may be ,"sillnificant in
tenns oflhe ,mpacl on the community'. stock of organi,ms or population as a
"'hole, V". mucb ,,'ork has been confined to meaSUrement ofeffect, on groups of
an,mals in the Iabo"'tor)' ,,'htcb may ha'-e little application to the ..Iual,on ,n lhe
field, There ,sa need for predichve teslmll on ..ngle species or commun,t,es lhat
"'ould all"",,,' e"trapolalion of results to hisher le"el. of biological orllanization
and to aquatic ecosys..ms. Unfortunately. sucb predict,ve testina has not
aM'anced far enough for lleneral applicabilit)' Research on microcosm' (Susiura
.r,u.. 1976a.b. 1982; G,esy. 19&0; Huckabee. tblS volume) is prom,..n,. V>nuall)'
no SUbslitute exi'" at prescnt. however. for ecolog>ca.l stud,es In the field, "hich
are pain",li:inll. time-<:on.uminll and expensi"e, Moreover, careful .tatistical
anal}'.i. is needed to separate Out natural ftuctuat,ons and to determine
unequ",'ocally ecological damalle due to a man-made lOure< of poliUlion.

Whe",a. i' has been dIfficult to establISh lhe loss Or dedI'" ofslocks offiSh or
othor orpni,ms in the .... due to pollution alone, il h.. been relallvel)' easy to do
th.. in lakes. where dilCTete stock. offishcould be monnored ,,'hileuplo,talion IS
controlled, This ha' been dramatically demonstraled ";th thou....nd' of lakes
that have been rendered fi'hles.s by acld ""n ,n tho Scand,na,',an oounlnes



(J<'1UCfl aDd SllChit, 1972; J..ci,.-cslad aDd Muna, 19~6). nonll-astml USA
(Scho6eklI916). aDd lh< "",th..,..,lnl ~n ofCanada (fk;!mtSt. 1974). AcIdIC
preaplUUOII., .. Iudllo--ns pH In (rab ..-alotfS thaI Ate poor!) buffered, .... bad
dis:astroIl1 COftIequmca on mit reprodlllCbOL

TIocre 1Ia.., heeD se-Tr.II Rpmal ~lS 1ft lh< laIt 6.., )OB.

......-NIftl lh< booloP:aI dfocu of ....... poIIuUOll., biolop:aI ItSJ 1li,1(

~I.I aDd tho (cuibilil) ofboolop:al dfew mODIlOfll\&. pAttoCIIlarl)' al

the ouble\bal lr.'d (ICES. 19"'8; Cok. 1919; GESAMP. 1980; McllIl)Te aDd
Pea=, 1980; Ba)1W. 1983).1"11 comparable """"_'111&>" heeD publOlobed (or
lbe frab"lllef (n",ron"",n~ bUI many of 1M pnDaples euabltibed (or lbe
mann< ",>"anmenl apply abo III frah",..t.,. S)..ums. Sublethal dfew of
cbemicall an aqualJC o.p.n""," havt' b«11 equated til .Ireu by lOme ",,"(Su­
pt,,", and lICvt'ral symposia havt' b«11 con>'rncd on mess in fish (Plckennl.
1981) and mess effecls ,n l\ll.lural ee.o>y.le1ll1 ;lIcludilll tbe respo1lse 10 slre$1 '"
manne knlh,c commulliti¢< (Boesch and Rosenberl. 1981), Some earher
docurmnll on the selection of biololleal 1(lts to evahuue manne pollUliOll
(FAO. 1977). oll,lIdicn f"r "",asunn. r"poII In ofaqualic <COIYOl.....S 10 hUmllI
inftumoes (FAO. 1916) and 011 teellniqlld for biolop survrillance '" VJI'IOUI
e«>J)'11etnS (NERC, 1976) cona.1I u.seful InformatiOIl Illd should abo Ill.
COIU<IlI.ed The PRIMA (pollutant Responses III M~ AJumaIs) PfOII'IllI'l'C.
110'" ~llY"'lb fund",. b)' tIlr US Nauonal~ FOIIndabOO> II part of
Iho LalUllauonall:ltaolk ofOcean ExplonltOD. pn>III)IICS 10 prod_ IIIlPOfWU
mullS "11M area (NSF, 1982).

1 DOSE-aESPO~SE RELATIOSSHIP

The pI'UIClples U1vo1Yed 1ft biolop:aI_Y1 aDd lh<~ of,'&l'>WIlmrlS loa'"
heeD~ by Alderdice (1967) aDd Spnl"l' (1969, 1971. 1973). Qur.)'1e
(1969)ddia.ed a boouay .. 'a I¢Sl in .. Iudllhe quaaut) or~ of masma! "
cklemua.ed by lhe reactioIl of a li>;111 arp.num 10 if TIocre a", buoealIy Ihr«
comp<>llCnlS of a bioaua)~ (I) .umulua. (2) subjCCt. and (3) rapolU( The
stimulus may ran.. from an electrical shock 10 a cbemical used such as an
inse<:IOC\d(. Ihe subjCCt may be all allllnal, a Ii.."" 0' a ""n culture; and lbe
r..ponse may be a chanll' ;n bebaviour oflhe Jubje<:l. decrea>ed ellZ)'tm acll~lly,

morpbolol'eal ehan.. in the cell, or dUlh "rlhe o'pn"m. The It,mulus may
rouse an orpnism 10 aclivily and it mly impote a mess. The objecti~es or a
bioasoay a", esselliially 10:

(I) e>ubll!h lbe maa,mum cooc:enlrallOll of a particular subJtanal lhal a
repteIICIIUll"., orpll.1Sm 'In ";Ibstand ..,lhoul ""usill' IIIIalXe'pIIble
damqe 10 thai o'PJIWD or 10 the btolop;al communlly, aad

(2) de\emunt lite polttlC) of lite S"bl'u.... m.1t,'e 10 some stalldard or I'(fetm(l(

II>Ile'"Ult
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1\ 1I",l "f olher q~;sli"nll;lln be am\med \\hen lhe~ objecri\el art mel For
example, are treatment methodsadoquate to sufficiently reduce the toxicit)' ofthe
substance?; does the toxicitj of tl\(: substance Vllf)' wilh lime? It is obviou. lhat
for a meanIngful mtercomparison of different substan«s to meet objecti"e (2).
conditions of the test must be comparable,

The response of an aquatic organIsm 10 a given substance. or the obse",,'ed
effect on Ihe organism With changinlconcentration of the substance. can usually
he represent«l by a simple equation. R _ f(lcA). ,,'here R is response. f is a
function. r is time, c is concentration of tbe cbemical and A is llS aClivily. A dose­
,esponse curve illustrates thi' relationshIp for a given period ofexposure (Figuro
I), Dose is Mfined as the amount ofa substance at Ibnlte ofeffect, Dcse can be
eslimated from measurements of exposure and metabolic information. lndirecl
estimation ofdose can be obtained from metabolic informauon. The time period
over which tbe response i. measured can be "aried a<:<:ording to the actIvity of the
particularchemical, The response oran organism to different concentrations ofa
substance-manifested as tbe cbange ofa phy.iological function. accumulation
of lbe sul"'ance In the ti"= or an alteration of its behaviour--ean be
demon'trated by a dose-response Curve. The cu,,'e mal' be hnear, whicb it
seldom i., or it mal' be curvilinear, as shown in Figure I. There may be no
measurable respon.. at low dOle$. so that the curve does not necess.arily pa..
through tlie origin, but intercepts the dose coordinate at some point alx"'e zero
concentration, Usually there i. an effect .-'en at the lowest concentrat,ons, either
mb,bnory or stImulatory. but our techniques to measure effeclS at those
concentration. are ol'len inadequate. At different points along the dose-response
curve, the va"oU< d..."ptors for the effect of a .ubstance can be shown (see
Figure I) ranginl from the .ubletbal threshold, tbrough the LC,. to 100%
mortality. Dose-response relatlon.hips Can be e.tabli,hed for different effects.
•uch as re.piration. blood pres,ure, enzyme activity.•wimming performance.
aVoidance reaction. food consumption, growth and selected blood charac­
teristics, [Wilson (19g0) di.cu...s some aspects of biological effects of pollutants
which determine their suitabIlity for monitoring pollution,]

Using the dose-response tecbnique. the activity of a substance can be
described hy the median lethal concenlralion, LC,•. somelimes referred to as the
median tolerance limit. TL", Te" orpnism, are exposed to the substance at
different concentration' for a given period ofiime....~ 96 bours, A sigmoid-type
curve otien depicts response r, concentration, The concentration of pollutant
a5SOCi.ted with a SO ~~~ response monalily gives an estnnate of the %-hour LC,.,
Another useful meaSure that can be acquired from such a test;' tbe median lelhal
time. LT,o. the time 10 deatb of one·half <If test organisms. An estimate of the
respon.. threshold and the associated concentration can he obtained from the
asymptote of the distribution of LT•• esllmates at whicb exposure becomes
infinitel~ long,

In recoJ!-llition of tbe fact that sublethal effects OCCur at mucb lower expo,ure
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than that cau,in, death, regulatory agencie. often apply' a rathe' arbitrary ..rely
faclor 10 Ihe LC,o for a panicular .ubslan<>:. in G,dOf to set a limit for its
concentration in a pven " ...te, bodj Dependin. on the [owly. bioaccumu­
lalion and pel'5i.tence of the subsl.Onc<:. the application factor may ran,. from 0.\
to 0,(101. bUill i. mO$I orten 0.1. More ,_nIl)', tho application f~tor 111.5 bttn
derived expeliJmnl.aUy from a 96-bour acute bioa....y' and leU. to det.muM the
thmhold of sublethal toxicity. Depending on the type of testS used. the froo'
may .'af)' from one laooralo,y to another. For ex.omple, fOf kraft pulpmill
effluent. a fal'IOT ofO,05 ....as rq>oned by "ne inve>tig':l1or (Walden, 1976) and
0.Q2 by .nnther (DaVIS. 1976).

En';ronmenlal vari.bIes. sucb as .....I.r t.mperature. b.ardness. pH....hOlty.
diuol'""'" oX)'ll"n COnctfllf.lJon .nd !he presence of mnals. must be lak.n into
ao.:ount ,,'h.n det.rmininlltbe IODeily for aquatic orpnisms. Eacb orpn..m has
an optimum combination of .n,,,onment.1 varuobl<'S und.r "hich il performs
best. Wh.n it is .xposed 10 a tODe subslance outside IbIS opllmum. there IS.

stress imposed on the animal o....,ng to en.uonm.nt.1 .ffects in addition to that of
the !OXIClml This elJec! CIon he iho\\n by ~pon~ IUrf3ces in 3 thret·
dim.nsionalsyst.m (Alderdioc:. (972)



Fur I giv;n ch;miCiJ. LC 1G values ma) \'&1)" b)' \'Il'O or Il'Irtt orden or
magnnude dependIng On 'bo SpecIes \<Sted. Ther. can also be a ~r~ ran~ in
le•• value' according to tho hfH:ycle ,ta~ of the ,peci... teSled and Ihe
sensitivity of Ihat ..a~. An animal that ha. a life cyde synchronized ""ith Ihe
seasonS can .xhibit different sensitivititlto a 10xic chomicaL if biousay. arc
condueted al different limes of tho )'ear. The loxicity of a chomical may be
diff=nt in fres!t"a,el'$ than it i. m the manne enVlfonment AlthouJlt
.ubolances are generally more to1.ic in f,..h",ater, this i. nol al"'ay. so, especially
"'ith organ>: compounds .uch as phenol, tho anion>: deter~nl sodium ~uryl

.ulphate and orllInophosphorus pesticides, The fitness of tho test animal is
Important, if results are 10 have meaning,,"h respeclto the anImal In lho JUttural
environment Some kno....ledge .hould also be anHable on the nOl1lUll variabilily
of re'pon,.. in animal. u>cd in bloa....)·., All these factors mu,t be Iaken imo
account ... bon desil"lng b'oa....)'•. Abo"e alL it muot be realized that laboratory
expe.iment> .hould bear SOme re~tionsh,p to the field .ituation.

a,oassays ha"e a r<coi"ized .ole in aquatic pollution monlloring (Stebbing~,

al., 1980) and in estabholtini ma.imum penniuible concentrations of pollutanu,
Aqua'>: arumal. ha"e often been selected for bioa....)'. on 'ho ba>i. of thoir
a"ailabili'y, adaplabili'y to labora'ory e.periment> and comrJ\CTCial ,-.Iue of the
'pe<:Jes, Bioa....)'1 are of'en condueted ""ith .uch .pecies a, rainbo"" trout, &Imo
~o"dM,j, or coho salmon. OMor~yn"hu< ki,""rh. In some ea,....peeie. ""th a
shon lifetime.", ch.....n. for example, Mysidopsis bohia, in order thatlife~'CJc

tow'y tests can be conducted (Nimmo ~I al., 1977), There are ariument, for
u..nilnvertebrat",n b,oa....ys(Akeuon. 1980; Maciorowski and Cla'ke. 1980),
and panicul.,ly eu, of some speci....uch a. sea urchin. (Kob.aya.hi, 1971,
1974) or larvae of other Specl'" (Woelte, 1%5, 1%7, 1972). Effort. ha~ been
made (Davi. and H""", 1975) to ..andardize bioa....)'s "lth interlaboratory
calibrallon, usmll mere"... cbomocal<,

3 EFFECTS OF CHB11CALS ON AQUATIC ANIMALS

Chemicals can e.en an impact on aqua'ic orllln"ms that may be expressed in a
vanety of ""'ys Ihroullh behaviour, phyoiol"l)', biochomistry, pathobioloi)' and
morpholoi)' of the organism., genetic chanll'" in cell slructure and ecologtCal
alterahons at tho community' level, Th= ma)' be an effect on all tho fO"'Boinll
function. simuhanwu,ly. but the response in OI>C of the life processes may be
greater llntn in others. It is IhlS feature 'ha' IS important In Stlectln, an
appropriate responSt for mea,urini ad~nc effects of a chemical. If it impact<
dim;tl)' or indirectly on tho ,eproductive proce-ss. then it can ha"e signif\cance at
the population le,..,L The biolopcal effects ofa chemical on aquatIC animal.....ill
Int.'e a bearin, on the cho~ of appropn.ate method. for mea,uno, the lmpact
the chemical ma)' ha,.., on a community, on a stock or popu~tionoforllInisms.
Ecolol!icalfitn..., i. the cmmon that reall)' counts. and whon ecological fitness
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dedinn. then a pollution eff..,1 ha' really occurrtd An annnal that i' ali>'e but
moribund Can be considered as ecolOJically <lead,

3.1 P~yliol"l)'

The degree to ,,-hich p!l)"iiolog:.cal function, deviale from the 'norm' can be
oonSldtre<l a measure of sIre.. imposed by a chem"~al pollutant. Such d"'iation,
reOect Ihe filness of Ihe org.ani~m. Ph)'ilolOlic.aI function' may range from
feedinlll behaviour through swimming performance and respiration to e~cretion_

The question that must be an,wefed. of Cou~. is what IS Ihe 'n"rm' for a
panicular phy'siolop function and "'hat is Ihe normal range ofOuctu.ations in
that funcllon under nalural cond"ions. Only after the natul'lll variabilily has
been t.aken II1tO account. is it possible In ascribe an aberration in a physiological
functinn tn lhe effect nf a pollutant

There are many techmques rnr ....~luatlng the ImpaC! nf pollutants on
ph)'siolollllcal function,. So~ are relati~ly 'imple, such .IS measuring the Tate of
gro.. th nf b)'ssalthread. tn mussel. and "",ordinlll a cough response in fiSh. whik
others af. mnre complex, as e.emphfied by the alUll)'si, "f the scope for vo,,·th
and osmoreguJalJon in fish and in.'enebrales e.posed to a pollutant. In SO~
ell'", the response is romparaU\'e!y rapid wllh a hilh degree "f sen.itivil). and
lpociliClly: ,n olh...... the ""pnnse. sens'livity and specificity are 10'" Ba)....
(1980) dis<:ussed lhe physiolOlic.aI """'Su",ment of str..... SOme of "'hich may be
due 10 pollut-ants. An evaluall"n of the physiologICal technIques avaIlable for
""",suring the hiol"gieal effect' of pollutants in tlse sea "-a, prepared by a
Phy'si"l"gy Pand of a Wnrk$hop "n Binlogieal Eff..,ts "f Marine P"lluli"n and
the Problem. of Monilorinill. aTransed hy the International Council for the
Exploration orlhe Se.a (lCES) at Duke Uni~"ity' in lkauf"n, North Carolina
(Bay'lle rt Q/" 1980). Some vie.... e.pressed by thi' Panel a", lummariud he'"

3.1.1 r",dl1lfl

The pr~ "f feedIng In""I.·O$ se.~ral aetivillO$ such as searchinlll f"f and
loeatinlll food. sel..,lIng and capturing prey. filtering food "ut "r water jf Ihe
"rpnism is a filter feeder, and burrowing throup. Ihe sediment 10 find Ihe food.
if the "rpni,m i. a deposit feeder The rate "rfood intake "in depend "n the
ability' of the anI mil to find food and on ill appetite. Most research on the effects
of pollutants on feedinlll IS confined 10 laboratory expenment, on the rate "f
feeding.

Blauer (1977) exposed in thelaborlt"ry y"lk-sac plate<. pt",,'OIt«lts plole=
L" to different concentrations nf copper in seawator and found that feedin, ..·as
t"tally InhIbIted by 90 1<11 "f OOppef, Abel (l976) and Dorn (1976) ob5erved
reduced fH:d,n'l'lIIM in Mylllw when npoltd I" mtlhyl m=ury and Blhn
metal compound. or ion. at concentration. of 40 -I 000 "g I. ProdllClion or
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faecal peoeu b) lbe ~OQpWlk.I\1D l1"IfIk!IOIISIl, Clltatooplumchl1l3 and MtrridilI
pacifica "'as reduced on uposu~ to coppe, as low 1$ S,.g, 1within 4_14 day.
(Re.:ve" al.. 1976), Feedinl of la......llobsl.rs H(}TfI(lnLf _,il'an"" was inbibilc:d
by 190 illll ofcrude oil (Wells and Sprague. 1916). Aool>Ceniralion ofS20 illl1 of
by'drocarbons dep,essed the inF'tion rate of lhe zooplanklon erustaeean
Eu,ylemo,o offinis by' 38 ~'•. and 10 and SO 1'1 1inbibitc:d irs feedillj (Borduso tl

of., 1971), The condition index and f.... ammo IlCId pool. of the deposit.feedinl
delntovore blvah'e. Moc(}Tfl(l iNpJ.inota. w-.,,'~ rc:duced in oil~ntam)R"Ic:d

sedimenll (Roesijadi and Andel"lOn. 1979), The polychaete A,mil'oIo '"",,""
exbibllc:d a reduction in sed,ment wo,klng rate when e,posed 10 low' coD<:entra­
tion. of ..rtaln oils (Go,don tI of.• 1918). Rate of feeding in suspclUion- and
deposlt-feedlnl hi,·.,].,.. or of faecaJ pcllet prodUCIion in zooplankton "nd faecal
casu in deposit-feeding wonn. can pro....de .n Index of physiologtCal effecls of
envi,onm.ntal pollution, How.v.r. lbe.. i. a nalural variabilily in feedinS rale
induced by sligln alterations in food availability or ...nations in en';ron""'ntal
condnions, "hicb makes tbe esubli.bment of " ba..line for lhe rate of feedlOS
extr.mely difficult

),1.1 G,ow·tlt

A rc:d""tlon in g,o,,-.b ofaqlll.tlC "nun.b ,u nOd.,peclfic respon...nd can .ri..
as a re,ult of mess due to a combinalion of many factors. Nonnal grow'lb of a
hallby animal i. tbe Mt result of SO-''¢ral pbyslological pr~ lhal ... m
hannony and not so-riousJy dISturbed by. pollutant or other "res.... Bren (1979)
re,,"wc:d tbe variou. faClors in.'olved in tbe growth of fi.bes. A red""tion in
vow·th can OC<:II' 1$ a r.suh of lack of food. r«Iu<:e<I feeding ,ale, decline in the
proportion oforpnic matler ingesled ,,'luch is absorbed. and an increase In loss
of .nergy Ibrough respualion or .1<:ret;on. Natural .nd man·made changes in
tbe en,'i,onm.nt can contributelo on. or 100.. oftheso- f.ctors and to. reduction
in vow·th rate,

M."surement< ofgrowtb rates in fi.h e,posed to dIfferent con..ntrations of a
pollutanl .rt so"",,,m.. confounded by non-lI....rity of the respon.., For
.xampl•. Pacific ",Imon species e,posed to 10'" concentrations ofhafl pulpmjIJ
.ffluent have e'hlblted • hlgber vowth r.le than lbe control< frtt of effluent
(Webb "nd Brell. 1972; McLeay "nd Bro"'n. 1974; Mason and Davi..
unpublished da"'). It is uncka, "'bel1><' 10" k.-ds of such Wa,lCS att .. a
d;s",fKlant, reducing the st ....s from mlcroftora., or ..rv. au nutrient for the I..t
orpnism•. or introduce so"", otber unkno"'n .ffect Otolitb aseing tecbniques
fo' la,,-..1 fish (B,olbe" "01.. 1976; Slrub"'''r and UchIyama. 1976) .110110 "n
estimat. of sro"'th ra.te dunnS tbe .Iapsed mte"-al from ololith formallon. and
'bow promi.. for com.,arins relati"e Srov.'th rates in dlff.,enl areas,

An ind,recl or physioloJic.I"limat;on ofsrow-.b i. based On mea,urements of
feedinS. resp""tion and tiSlmilalion rat.. (Bayne, 1975; Ba}'n. and W,ddo",s.



1~78). Such an e'tlmat. of Ihe m,tamaneOU, gro....th rate. or Ihe scope fot
vo....th. can be dir..,t1y related to the body butdtn of toxic substances in anImals
(Gilfillan. I~SO). It int.graln a numbet of physiolopcal TlICa>uremen15 ....hich
tOFthercan provide .....ful information on the health of the animal (Bayne'l aJ,.
1979). Scope·for·voMh meaSurements in a ..lies of studies on Mytilus HirJif
sh""-ed a good correlation .,.ilh otMr mea,umnen15 "ht"'" (Bayne" aJ,. 1~76)
and .,.,th fecundity and the ,u""wal of.W and la"'lK (Barn." aJ.• (978).
Studi.. on field..,xp<>sed. soft...hen dam, from three different oil...pill SIt..
(Gilfillan and Vandmneulen. 1978: Gilfillan, 1980) ga"e a correlalion bet....een
the scope fot gro....th and .le,'ated body burdensofhydtocarbon•. Widdows" al­
(198]) demonsmlled a reduction in scope for gro"'th ofmussels along a gt"2dlent
repre..nted by a rise in body butdtn ofbolh petroleum hydroca<bons and melal
i"n•. Ed""ros (1978) .xp<>sed the bro....n .hnmp C'ang<JIf rTtl/I9"" to prog"""
inly lnc:rea>lng 1..'Ols of the "'atef·solubl. fraction ofNor1h Se.a crude "il at 10 .
15< and 20 C. H. f"und a redu<:«l scope for &'o....th ",ith increasing oil
concentJ1ltion at each tempeJ1lture, bUI th. greatest redUClt"n occurred at 20 C
Exposure of the copepod AeaN;" la",a to 250 11& I of otl in a latge .nd",ur.
substantially reduced the scope for gro"'h (cited m &)'Oe .t al.. 1980, as a
person<tl commun;oahon by E. GIlfillan).

J.U R.p.wuniclt

Perhaps the mOSt important function in terms of maintenance of a stock "f
aquatic orpnlSms, or even a species, is 'l>CCeS,ful reproduction, Ad,-.ne .ff..,ts
on variou, physiological funCtions during the life hIstory of an organi,m can
culmlnat. tn reprodtl<:'\ive failure. Ach.mical that cau.... sl.rility in males and or
females can hI''' an irrev.rsibl. negati''O lm~t on rep<oduc\lon, c.dmmm. for
exampl., has been demon.lrated to prod""" t..licular injury in brook \rout
(Sloplan, and O·Halloran. (972) "ith unfav"urable conoequences f"r repro­
dtl<:'\ion. If a siock of fish .u"'"... under an enVirnnmental " .... but fail. to
re-produoe. the perpetu&tlon of that .tock i$ al '\l.k•. UnfOr1ul\l.toly, it has nOI
been possible to documem conclusi".ly instances of reproductive failure that
have threat.ned .tocb ofaquat'" animal.exp<>sed to chemicals in tM field, It ha'
been kno....n for some time that .uch organochlonIlCS as DOT concentrate in the
ll"nads of fi.h and are present in high conoenl"'lton. in the .W, resultinll in a
high morlalily of hatched ale'ins (Burdick tI al.. 1%4). Similat .ffects have been
found ....tlh ","ter-soluble fractIons of fuel oil (Rossi and Anderson. 1978).
Pol)'chionnated biphenyls and DOT ha," been lmphcated in reprodUCIi,'e
f.,lure of Baltic Sea seals (Helle,1 01.. 1976), Aeidi!kation of lak.. by acid
precipitatton has led to 1".. of fish p<>pulation, (Beami.h, 1974). Ho.....ver. It has
not al......y5 been clear a5 to the mechanism by "'h"'h reproduction fail•. and
",·hetller such Teflloducti\'e failure can be corrected by a pH Increase In ....dtfied
lak... Laboratory oxpenmenu ...-ith embryos and alevlns of fish exposed to
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",atm of low pH are beginnrng 10 prolide a beller underslanding of mortality or
lhese early hfe stav< ,n a"die waters {Daye aDd Garside, 19801.

On a long-lerm ba,i., a decline ,n fecund"y In aqualic anunals may be as
'mportanl as tou.l reproducu.... failure. Such a decltne may be a rellecl;on of
general deterioralJon ,n ...01oJlC&1 fitneso ofan animal, ProduclJon ofP=les by
lhe female and sperm b)'the male may be ad,-ers<ly afT...ted by. pollutant, ""ith
rc.ullinglo$! of «prodUCI;,'e potential A reduction ,n scope for gro"'th has led
10. dechne in fecund,ty of MyldlU ,JuliJ (Bayne rt al" 1978), The act of
fertihzal;on <:an be interfered "'ilh hy .uch pollutants as oiL "'ht<h appear to
dll,rupl the chemosen<ory proces~ 'ha' ""ICI~ lhe sperm 10 the eu (Inman and
Lock",·ood. 1979), Reproducti"e .uccess must be h.lsed not only on the eu­
hatchini phase In aqualt< orpnrsm' hut al<o on lhe early post-<:mhT)'ont< and
la .....1phases. The lalter phases are considered to be sensiti\'e 10 pollutanls. and
aecord,nlll~ a greal deal of toxt<oi(,&ical "'ork luis 1x>en done '''Ih la"",1 ~lages

(Calabrese,' or. 1973: Rosenthal and Alderdice, 1976; Wells and Sprague,
1916). Wodkr (19M, 1967, 1972) has d..elope<l bioassay teChniques ..ith the
ernhr)'oof Pacific oysler. C''''-IOJ",Q ~igas. 10 measun: ....aler qualtty. EU' and
1."'1( of Pacific hernng, Clupeo 1ui,,"11'"!X'I/asi, ",e,.. uposed to '·.nou~copper
concenlration, in laboralory experiments (Rrce and Harri"'n, 1977), and
embryo mortaltl)' occurred at 35 1<& I of copper. ",hereas la"'ae suc<:umbed 10
300 pg \. Armmonll and Milleman (1974) conducted toalCity lests with lhe
'nseclicide Sevin using the early life ~laFS of My/il", rm.lis, and demon~lrated

tM ""de range ,n 5<n"t,,,,,)' from the unfert,lIzed eu 10 lhe earl)' ,'eltger Slaee.
Linden (1976) e..mmed lhe effecls of oil on the la"",e and adults ofGamma""
oc"",icus,

A Ihorough re"e'" of the effects ofchemieal$ on ,eprod""'lion in fish has been
p'-en 1»' Donald<on aod Scherer (1983), They concluded lhal no agreement
appears '0 eaill on the ,..lati"e s,gu,ficarlC<' of cnteria for reproduct;"e
,mpa,rmenl from effeclS on gamet... O\'or ell and Ia"'al de,-elopmenl to
maluralion of adults. Therefore, the)' "'-ere unable: to Slate un"'!uiHlCaUy "'ht<h
I"''' would be oflh. high"'l priorily, or whelher te'" on more Ihan on. oflhe Itfe
stage' .hould be conducled concurrently

).1.4 ~,piso'ion

The ralC of oxyeen eon,umption is a meuure of pbysiolog,cal "ress.
lnterpretalion ofdata on o'~gen consumplion is confounded by "l,iabilt'y due
to intrins,c and utrinSlc causes. Some of the "ariabllity can be eliminated under
controlled labora'oT)' condition•. but il ;. much more d,fficul' to deal ",Ih
,'ariahtllty;n field "tid,.... Mea.u.....".nts of Oa)'een consumption in the field can
be made rather eas,I)' ,n many animal.peeies. Abnormal , ..lues ""ould 'ndicate
,hat something,~""TOng and furthe, I...IS are reqUtred. ,nasm"",h as the oxys<n
consumplion measuremenl is a con"enrent screentng lechnique for o'her
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physlolog>cal 'esung. For eDmple. a depression in oXYllen consumption rna)'
lndiea'e gIll damage and 'he need for pa'hological studi... M~h ofthe pubhshed
"..ork has been done in lhe laooratory on fish. Scoll and Major (1972) ha,..,
mea'ured Ihe eff""IS of copper on Ihe respiralion and hean rale in lhe Common
mussel. M)M... eduli•.

Three achVlh" associaled Wilh respiralion are COUlih frequency. opercular
mo,'emenl and hean-beal f'equenc). They ha,'e all b<-en used 10 measure a
respon'l<' 10 a pollulan,. especIally in f,eshwaler, The COUlih re.pon",. which i. a
periodic hack-Ou,hinll of Ihe gill,. rna)' be induced b)' phy,ical or Chemical action
on lhe gill epithelium by 'uspended solids Or • dissolved chemieal. The melhod of
mea.uremen, i. comparau"ely .imple. 'n"ol"inll Ihe inSlallalion of a Iransducer
in Ihe bllCCal ca"il)' offi.h auached to a recorder. ,,'hich reiislers a spike to lhe
pressure record wilh every coup. Carlson and Drummond (1978) re"ielOed lhe
li'ecalUre on Ihis technique. Measu,emenl' of ope,culac frequency have been
made on many fi'h SpecIes e"posed 10 a va,ielY of pollutants (Healh. 1972). bUl
chani"' in opercular frequency are not alway, a,socialed Wilh concomi..nl
chanllt' In OX)'ien conlumpuon. Change, in hean-be.. frequency are generally
relaled 10 change, in oXYllen consumption. allhoullh some rellulation can be
achi,,'ed by allerinll .uoke ,·olume. Of lhe Ibree respon"'s. cough appears 10 be
m!»l 'l<'nli,i"e and mOS' readily ind~ed re.pon", by a wide range of pollu'anl>, II
has been used elf""li,'ely for cOnlinuou, moni'orini of emUenl quali'y. bUI il i.
nOI wi'able as a 'l<'n'iti"e indicator of health of a nalural fish populalion.
Pump,nll rate and hearl·beal frequency have b<-en u.cd 10 monilor environ"
memal elT":\$ in bi"alve molluscs (McMahon and Wilken•. 1977). bUI fUrl her
'ludi.. are needed 10 pro.... the reliablhly of .uch technIques.

3.1.5 OmtOllc 0"" I""if Regula/km

All aquatiC SpecIes are capable of osmo'ic and ionic rellulalion. A pollulam can
unpa" 'hiS capability. The ability 10 o,morellulate aiIBinS\ a salini'y IIradiem i.
qualilali'..,ly Ihe same wuhto anyone 'pecie.. hul u varies quanhla,ively f,om
one mdi"idual 10 anolhec a""o,dmg '0 lhe nutri'ional condilion and lnel of
Siresl from a pollulam, Theomically. lhe ionic concenlralion or osmOl,.
pressure of blood or haemolymph ofan aquatic organi,m should bear a conSlam
rela\lon,hip to 'hal of the ""aler in whieh i\ is immersed. unle.. a me... such as a
pollutanl. " apphed

The ell'ects of pollulants on osmoregula"on are well documented (Thurberg e/
a/.. 1973). Sodium regulalion in lhe amphipod. Gamma,... duPIH>ni. for e"ample.
ha' been .hown 10 be affecled by melhylmer~ury and lindane durini chanlles in
sahOlly of lhe seawater 'hey ""ere held in (Inman and l.ocl<1000d. 1979). The
elfeclS of copper on osmoregulalion of bracki'h-water isopod. were dem­
OnStraled b)' Jones (l9n). Thm are diffiCUlties. howe, ef. in field situations in
applyinglechniqueSlhat mea,ure o,morellulal;on asan indicalor ohlres•. When



S04 M'llwdsjor Es'''''''I,ng Rule ojCMmu:allnj....Y

.... acliv~ lnmo~!ulltm! l'f!IllIJlII il C'X~ 10 I lIlIll'~ 5lK» and till:
ptocess is intC1TllplCd. tbe OfIIlUSJ1I qUICkly <he$. A$ a mv.h. n IS almosl
ttnpO$$Ibk' '" 6nd all 'osmo"';aUy SICk' O<prusm 'II a poDuted CSluary. Anotbcf
pmbIem is lhal Iood _~Iulalon .re aho I<."\l'l' ''''1nU'I\Im .nd ClIl rapodly
......-.: a"'-.y frClll. lIrna1Ul1l1Ull_. While L)-..dI., aI. (197)) ...... Ibio to
measure lbo diff....,.,1~lS ia lbo ......", orlbo bh. cnb. CaI60ntn
...,...... co/kIc1cd III Cbcupeab Bay, aDd '" <:orTda1e lbem ""lh oalmaly and
<e:a>penlll.... lloc)' ....... UlllbIt to <:orTda1e l.hat~ts "'lIb lbo Ale 01

""""""'-

J./.6H~)

Blood ill oqualio: OtJIn_ has ofIeII bcm <:<>midcred IS I Iood mal,..... III
.1oldl10 IDOaSIU'e lbo drecu or It..... (Black'1 aI•• 1966). F'po$l,re 10 pol!uWIlS
should ctIanJI' bloodd1a~ and S'lCmplS ba,-.: beeII made '"~
lht5e III 6Ib (FUJI),'" 1961; 1..........1 aI.• 19~6; MeLe.ay and GofOoa. 1977;
"'oak. 197&). HlltlllOIlobIlI. hatnllllOenl. nurn~rJor red aDd _hlle blood cellJ.
lot.al plasma protem. &I...:osc. laeunc.nd p)"rV\-,lle hi,.. all been m<Uured 1116'"
blood .."h I011lt del"« or Sl.lt«S$ III ...laulIl lhem 10 pollllllnl "'POW"',
En\1ronmeotal cappel and ZInc: COIlOOnlrlUOns hi,.. beeo relaad 10 1e-.l'1s or
ba""JIlul. ,n o)'.le.. (C."uos"u ~'9"J .nd C riTg""c,,) (Rud<kll .nd R'ln,.
1975). Serum ion campo1nlOll hal bcm me.,ured in ocean _llopo (1'!«op«"TI
M/l{/ellanlcw) under dlfferenl field condluonl (Thurber••1al.. 197&), Allhouah
haem.alolo'lCal me.su...menl' .... 'IlrICli,-e because of lhe ...Iall" else wIlh
which Ihey c.o be performed, lhe~ have 001 yielded lhe kind of di.gnoslIC multI
sometim....ptCled flom leSlS On pollution effects.

J./.7 un'li"n and Ni"(lQen &l""e,
The proouoclS of e~re\lon of.n .qUlIIC orpnism can ptoVlde .n ",dallon of
mellbolic disorderJ.nd. fundamental nutnllOl\l1 di'lurba~ thaI ntI~ In!ie
from. polhll>OlllllltuS. Tbcy Include ""h ni\roam compounds IS lira.. .mmo
acids and punncs. .h",b 1'Cpf'C1(ftl .n ....<lY dcficil for .n tnd"1d1llJ .ben
6CJeIed. E1crcuon riles lhal uceed IIOl"If\Il \"11.... may ~ &1\ ,ndauon of
"rnL .nd riles of unllC l\o..- In &.h lui.., httn u1ed IS • me&nI... oil polIlllaDl
effect. IS ",,_ed b) lJo)'d Ind S.1fl (1976). AD indcJ. orlhr Cltaboloc: ba.laII<>!
ImOU.I pr-.a. Clrbob)d..l~.nd bpod mbstrlles can~ obl.'..... from tbe rllIo
or OX)...... cc.Amed 10 IlIltOJ11ft~~ (0 10 N rllJO) A~ 01
c:arboh)drllC aDd or hJ*I CllIbobNa ....... proteu>~l><>II)>eld'i hlP 0 10
N ratio. Ba)lIC 1I97S}. Woddooo'S (1m). and 81).... and Wo;Jdo,.'S (1m)
d<EuS5ed lhe...., ol1heO 10 N nlllO IS &1\ indcJ. ofomu. W~'Sn aI. (1911)
do mo'I<J'-'~'1ood rorrcIal><>ll bet....... lbo 0 10 N.-.IIO ia III_is. W)'IilMI
nItIW. and. pol!ul><>ll vad-llll "'.rrapmcll Sa). Rhode 111al'101 bullloc) also



'ho....ed that the 0 10 N "Illo ''3n....a",naUy under natural condItions, '" thai
when glyoo&<"n stores are mod up protein catabolism play, an imponant role ,n
.nergy metaboli""

3.2 Biocllo"'islry

BIochemICal chanll"' 1JI an aquatic organIsm are not r.gar~ as specIfic ....ough
in them,c1,'" 10 be used alone fo,dlagnosi, of the .Ires. ofa pollutant without
supponing ..id.r>cc from other ty,,"' of measurement•. sueh as thOSC' available
from physiological. behaviour.1. h"IOlogi~1 Or palholo""al .tud,es, Some
""'thod. for the .tudy of the blOChC'lllical composition of marine invenebralC>.
fo' e~mp1c. are g"en by G,,,,,, (1967). but tlsc>e do not lICO:'SS.Irily pro"ide a
good dial"0SUC tool for del.mumng <he cffect of a pollu\l-DI. The: biochcmJcal
1('Chn"lues re".",cd here are those that .....re reprdcd as moS! .uitable for
biolope:al monitoring by lhe BIochemistry Panel at the ICES Workshop on
Blolop:aJ Elfec" of Marine Pollution and the Problems of Monlloring (Lee et
a/.. 1980), A. in physiolollical measur.ments. lhere i. a ~at need to kno".. about
""hat is th. ",ni" of bIochemICal Vf;",aUons undc' nonnal cn,,,onmental
condition., With IncreaSlng.tress. an organi,m chanll" from the normal to the
rc'-ctSlble stram phase. ",'hen" <Iln s"ll rc<:o'-cr If the Slr<:» IS rcmo'"td. and
Iinally into Ihe 1rt'C'-crsibl. pha.. ",'hlCh t.munat.. ""th death.

1.2.1 Blood CMmislf}'

So"", blood ch.mistry techniqu.. for m•.,uring Str.., of pollution ".re
di",u!i<rd in the phy,iologlCal section. The technIques p"""ntrd her. are
confined to rouline chemical ...rum .....y, Detailed in'·c'liption, in CI1I.laccan,
mdicat. ,h.re IS great na,ural 'anabl~ty in stICh assaI s' Onll' ''''0 appear '0 he
suitable'

(I) tOlal ...rum ~ptd and protCln c<>ncen1faUon as a "...nUte of 'ta.... ation.
Induced stress; and

(2) txtracln:ulat<>ry U"UO cnzymes In Iho ",rum as an mdlCator of ...lIula,
\cabll·

Oc<reasing food intak... a rcsull ofm on the orpn"m or a Lack of food
can lad to OIarvation and a rcdUC1ion m rum hpid.s and prot.ins. The ........"y
of locaunll ,he UlSur <>f .nZ)'m( origin and the ability of an orpnism to
rncIabohzc such an .nzyme and rcmo,'. II f,om th. tin:ulalory sj'stem
complicat.. cnzy"'" m.asurement (d. Brum. 1976),

3,2.2 Aden,-I",. ElWrl/; Charll.

The adenylat••nergy charllc (A£C) is a mea,ur. of the mOlaool;c tn"~j

a"ailable '<> an organism from lhe ad....in. nuc1eo'Ode pool, The: 'cchniquc for



mca>lIfIng AEC bas potcntlal for application to lhe cvaluation of S1r~\ In

"jnuallj aU aquatic orpni,m, ariSIng from a pollulant, The.re,ponse i, rapid
al>(l ha' been demonmaled 10 occur belore phl"olO1"al al>(l beha,joural
chanFs arise (Giesj t1 01.. 1978). Some IImltalion, of Ihe AEC-me..uring
I""hnique ha... been dil"u,sed by h'ano.ici (1980). "hich may preclude it< use a,
an earl)'-",arning indicalor in rouline mon,lonng, Allhough mosl of Ihe early
"'ork on AEC has been confined 10 in,·enebral... re<:t'tn slt>dies IVeuer and
Hodson. 1982) ha.. ,hollin ilto be applICable as an IndicatoT of hypoxic siress in
eiluanne fish

3,1.3 M.ral·biNf"'(J Prou",..

A mechanism for deIO"f}ill.ll metals by animals is Ihrough melal-hoodlng
protein. of 1M metallOlhione>n type. Such proteIn, ha'e been found in fish and
.atiou, in.enebral.. (Olafson and Thompson. 1974: Noel-umbol. 1976;
Talbol and Magec:. 1978: Jennlngs.r 01.• 1979), While a metal i. bound to 1M
protein, it i. belie.ed Ihal tM exposed animal i. prol«:ted from tbe to.ti<
,n,racellular eff""t of tbe metal. Howe,..,r. wben Ihe blodmll eapacily of lhe
metal·blnding prolein is eaceeded. then lhe loaic metal ,pill. o"e, inlo lbe
melalloenzyme pool (8remne,. 1974: Brown <I o/., 1977). This wa. demonstrated
by Brown and Pan.on. (1978), who found Ihat at S 1'8i1 of mercury Ihere "'... a
largo increa.. in mercury in lbe enzyme prolein pool and a concomilanl decrease
10 Ilro..,h m ,be exposed fish. II ha.s been .ugested lhal lbe ratio of metal. in
melallOlhioneins 10 melals in enzyme pool prolein. mig.hl be used as an early
",-aming of possible palholog:ical eff«:t•. A major problem ",ilh metallolhionein'
as indicalors, howe.'or, is thaI they are in.'ol.ed in a .pecific response 10 <'trtain
metal. onl}',

3.2.4 Mixed FIUlCIUm Ox}'(Jf'MSi' (MFO) IlIdlXuon

M,aed funclion oaygona.. reanion•• mediated by cylochrome P4SO, playa .'tal
role m the metabohsm ohatious cbernieal. by aquallC orpnism•. The act""y of
MfO ean be aooelerate<! by il'l<'reastd eaposure oforpnisms 10 cbemicals tn Ihe
laboratory, and Ie.'el. of MfO acli.ily in tbe field can be used as a measure of
pollutanleff""ls(Bums. 1976: Payne. 1976: Stegallan and Sabo, 1976: Kmel"".r
",,, 1977; Slegeman, 1978), HOWC'o'er, the eff""li... u.. of MfO acti.;ty i. limited
to SOme 'p<Clfic compounds, stICh as hydrocarbons and halogenated biphenyl
tsomers (James and Bend. 1982). MOl"e<l.'er. lbe Interacli"e efTecl$ ofOlber dasses
of pollutants could seriously interfere Ilinh lhe response and affect the
mterpretallon of result< (Ahokas ~r al.. 1976: Kra'ny and Holbrook. 1977).
In...nebral.. eahibiling an MFO indtlCtion (Lee and Singer. 1980) are beli..ed
to prod"",, a s1o".-er response than fiSh. There are season:.! and sex·related
differences in M FO indllClion in fish (SteFman. 1980). and Ibis may also be lrue
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for in,~nebrales (S,nBer and Lee. 1977). low ,emp"r&lure reduces the MFO
inducuon ~pon.. ,n fi'h, lb= facio," conlribule 10 lhe ulural variabilny of
MFO Indl>Clion In lhe field, N",~nhel .... elevated MFO le,~lsb.a.'e been used 10

meaSure eff""" ofchron,c oil polluuon (Burns, 1976; Payne. 1976; Stegeman and
Sabo. 1976) and acute conlam;nauon (Kurele<' 01 ,,1.• 1977),

3.2.5 Sierold Me'<1bo!i.rm

The ch",n", eff"".. of sublethal pollulion in aqualK: organisms can usually be­
de<e<'led by alte,al;on. of normal 'teroid hormone melaboli,m, 'uch as
g1""oconicosle",ids, mineraloconiC'O$lefoids and ..~ steroIds. wh"'h can be­
mea.ured, Sleroidosenesis is affe<'led by dlem"",l pollul.nlS; Ihls has betn
documen,ed for bird. (Peakall. 1967). as w'ell as fOf aqu.tM: species (Sanplane
.nd O·Halloran. 1973; Freeman and Idler, Ins; Fr=nan tluI, 1975), The ",",of
'teroid hormones 10 mea,ure Ihe eff""u of pollution have been dellCribed by
Freeman and Sanplang (1977) .nd Ulhe ~I al. (1980). Alteralions of stefoid
hormone mel.bolt,m as an Indicato' ofpollution effecto can only be used in those
species for w'ht<:h St.fOld hormone r"",.",h ha, provided ,he ....nu.l ba'ic
;nformauon.

3.2.6 Lysosomal~

The deslabilizalion of lhe Iy><>somal membrane, "'ith con><quont aclivalion of
I) """mal hydrol...... app"atS '0 be ","s,u"e to a w'de ,ange of ph)'1lcal faclotS
and chemK:.I agent' and produces a fa" re'pon.. (Moore, 1980). The le.'el of
des'ab,ltZluon " qu.nl".u,'dy rel.ted '0 Ihe dcgree of me.. ;n ,he mussel.
""Iilus Millis (Bayne tt uI.. 1976, 1978, 1979; Moore tt aI., 1978) and;n Ihe
h~dfOid, Cumpanulariujln:uOMJ (Moore and S'cbbmg. 1976), This index may
.150 be correla,e<! w'ith dele'erious effeels on fCTI,od""lion, There i' no ..a50nal
"ariabilily. although 1)'50somal 'lability is reduced lemporaril~ hy the spawning
pt'OCC'U (Bayne tt iii.. 1978). The lysosomal lechnique for measuring str....an be­
apphed 10 a "ide range of phyla (Moore, 1980). but ito '''''''''''' depend, on 1!Ie

presence of Iysooome-""h «II. Or ussues.

).2.1 Ratio IvMun TautUk' and GIFinr

The ralio bel,,·..n launne and g1y,,,ne has been <orrel.'ed wilh an energy deficit
anSlne from .n ex..., of enerB) ~pired o'~r lhal con,umed In laboralor}
,{ud,es of !>I)'Iil.... ~dulu (Ba}'ne ft al., 1976), In marine In'~rtebrate:s. the free
amIno acid pool. app"ar to be dosely integraled w"h ,h. phYIlologl<.1 functions
when orpni,m, are .~posed 10 e".'\tonmental ,"eoso,", A high ratio belw-..n
1lunn. and c!y-tltl. i' il\Chcativt of tnmOnmtnll! 'Ifffi. and '" M, rdulu, it
parallel. low phySIolOgICal ""ndllion, .s measured by' l)'",..omal siabilily and
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>tOpe for gW'll1h (Ba)'nc tl al.. 197'J), Altcnllion. in fret aminn acid collCtl\tra·
lionS and a rcd""uon ,n conditIon Inde~ w"CU: cxhihl1ed by Ihe bi.'a!>'e. Maco"'"
iNquinalO. cxpo>c<l to oiJ..comaminated sedlmenl (Roesijadi and And.rs<ln.
1979). Chang<$ in free amIno acIds. howe.'OT. arc compl" and ,..riable in
diff.rent speci"" and ph)1a. as well a, in nalural .n.,ronmen,al condi'ions; for
e-ample. fr""h"..ter speci"" ne v~ry low in amino acid"

1.1,8 O,hu BIIXMmica/ C""ng~.

Sc.",ral other biochemical chang<$ in aquallC 0JWIn,sms "posed to chemical
pollutants could be measured as an Index (>f stress. but thc->t have n(>t been
evaluated suffici.ntly t(> indicate h(>,,' useful the)' mIght be, Th.se include
varuttions in hpld and (>r earbc>hydnll' metabc>hsm. RNA DNA chang<$. and
membrane. Immunolopeal and neurochemical respon....

3.3 MorpbolOlY and. P.tbolo&y

It has been rcccp"nd fOT a long ume that pollUllOn 'mposes a Stress on aqua'ic
anImals. "hich lo"e.. their relislance a(>d rend.... them more ,...lnerablc to
disease and parasi'es. Pathololical conditions in organisms arc betnll increas­
,nilY correlated with pollution (sec for .xample. Dethlefsen. 1980). al I.ast in
ICrm. of prevalence of a dIsease in relallon to pollu,i(>n (>n a l!C(>llraphical basis.
lbcsc di>cascs include nwpla.m,. skIn ukcralion. fin OT05iOll. 'ke1eta1 defor·
m&t1(>ns; h,-er lesions, &ill damaF. genetic and cmbf)'olozicaI anomalie:s; panlSltic
infections. as well as 'mmunol(>llical and haematololli<al condlllons; IhOTe is a
e(>nSldcrablc potential in some of these pathololllC&1 conditions 10 serve as an
inde. of pollution cff""l$. O1hen r«iui" f"nber rncarch and ""luation.
H(>wevcr. a JfCa, d.al of>kin and "pcl'icnce" necessary In acluc"e a .tatisHally
,,,hd system (>f <amphnll. as well .... a mean,nllful mICroscopIC and hlSl(>IOIlH:a1
examinalion. A ",·ie.... of patbobiologJcal eff""" of pollution. incidence of
patholoiiCal effects in manne speci", ob>e"'e<! in the field. and ,""ommendcd
approacb"" to m"",lo, palb(>biolollical effects of pollution was prepared by the
PatbobiolollY Panel at Ihe ICES W(>rksh(>p (>n B,ological Effects (>f Manne
PollutIon and Ihe Problems (>f Mo(>il(>nnll (Slndennann " al.. (980). The
foUO,,'inll is e$Sentially a summary or that Panel's findinp.

),1.1 Skin Ulurs

Skin ulcers have been found i(> fisb specie> ofcoa"al waten and a cau>c-cffCCl
relationshIp with pollutIon bas been 'USpecle<!. Cod. Gadus """hua. in nonhem
European waters. especially around Denmark and In the Gennan B's111 ha,'e
exhibiled an 'uk:us .yndrome· (Delbler..,n. 1978; Jensen and Larsen. 1978) wbicb
has been linked to the de*""" of organ,c<arbohydrate ,,'ater pollution and
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pot~ntial fish pathog.ns, for .xampl., Vib'lo spp.. m "at~r. It has been iUUe>ted
that a high ,nciMnce of th~ ulcer or red disease of the European ttl. Anguilla
anf/uilla. caused by Vibria anguilla",m. is poS$ibly als<J a'sociated wi'h pollulion,
During a wmter ,urvey of the G~nnan Bight. il w.. found 'ha' lhe percenlages of
ulc<:r-mfe<:ted dab, UmanJa limanda. w'ere higher ,n mshore than in otT'hor.
wate... (Dethlef..n. 1978),

3.3.1 Fin EroSlen

fin ero<ion appea ... to be one of th~ most uni'''rul disca>e$ m fish associaled
w'ith d.graded ~'tuarine or coastal .n,'ironm~nt' (Perkins ~I af.. 1912; Carmody
~I 01.. 19/3, Mahoney ~I 01" 1973, "'aka'" aL 1973, Shelton and Wilson. 1973:
Murchelano. 1975: Welling,. "al.. 1976; (h'....,rttt and Ho....... 1977: She"" nod
and Mearn,. 1977; Delhlefsen, 1978). It is a non·specific disease. but there is
increa,Slng ",'id~nce of il> associat,on with pollution, Th.re appear 10 be 1,,"'0
types of lin ~rosion;

(1) dorsal and anal fin ero,ion in demerul Ii'h, possibly as a resuh of direct
contac' "'lh conlaminated sediment; and

(2) aeneral fin ero<ion. bu' predominantly in the caudal fin. in pelagic nearshore
fi'h ,pecies,

The cause of fin eros,on iscomplex bUI "probably a combina'ion of iuch factors
as chem"al mess acting on 'he mucus and epithelium. 10" di=I"ed oxygen
coneentratlon ,n waler and sc<;ondary lJact.rial in"asion al lea" in 50me
mstances. Special care is required ,n ,urvey' of fin erosion to take into acroun,
season. habitats, susceptible ,peciei. SlZt: offish and migrato!)' characteris,"s,
Net damage to lini du"ng lra"'hng is somelimes confused with fin erosion.
Contam,nan, I~,'els in lhe environment and \n fish should be mea,ured
concurren\l), with 'u,,"y' of fin eros,on 10 establish a relation,hip be,ween fin
erosion and environmental contammalion,

333 Skd"allNjormilin

Skel~,al abnonnalities in fi'h often in"olve the ,pinal column and ,ndude such
anomahei ai spinal fusioni and flexures. "'rtebral compression or f1anening and
head and fin anomah.., Although 'uch abnonnaliu" OI:cUT tn nalural popu­
lalions. lh~y are found more frequentl)' in polluted conditions, Three species of
,nshore fish \n waters adja<:<nt to Los Angeles and San Di.go in Soulhern
California showed a high.r incidence of 'kelotal abnonnaht,<s, parl"ularl)' gill
raker defonnitl<S. than noted in the relati'"l)' cloan waters along the 8aja
Californ,a peninsula, The cause- ""as suSpeeled 10 be pollution from metals and
organochlorines, Similar skele'al anoma1l0< ha.. ken reported in fish from
polluted bays m Japan, as well as the New York Bight and Biscayne Bay, florida.
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Laboratory experiments shOIlo'ed tMt mlnno....'S devtlo\led SC<llioSl~ ",~n ex·
po>ed to lbe orpnochlorin. poslicJdo Ktpon., and sp,nal curvalures and
>'OTt.bral fractum ha.-. b«n reponed in fish ••P<>5<d 10 m.tals (BenBtuon, 1974,
1975, 1979; BenBtuon n aI" 1975). Allhough vi.ual oMervation can proVld<
Informalion on 'M more otWJou. skelo'al d.fonmlle>, X-ray naminalion i.
required for 1M loss apparenl doform'tl" such a' v.rt.bTaI fU.ion,. Fish sp«ic1
'''''11'",«1 should be ofth. l..smIgratory l}'t><. or at leasl 1M" migration pan.rn,
should be ",..n kno""o.

J.J,f NNJplasms

N.oplasm. or lUmoUrl OC(Ur in all classes of aquatic cold-blooded ven.brateo
and bIvalve molluocs. Ch.mical, in lhe .nvironm.nt ... SUSp«I«l of InduClng
",m. of theoe tumours or mongly inllucncin, Ib.ir induction. liv.r tumOUrl
(hepatocellular carcinoma) ha,.. b«n repon.d in tomcod. M~,ogtui>a lome""',
from lhe Hud",n Rj.'.r in N.... York Sial., En,hsb ",Ie, Pa,opJrr,-$ UI~IIU. from
lh. Duw.mish Ri.'.r ncar Sc:aulo. Washlni'on, .nd epld.rmal papillomas
.nd 0' can::inoma., has. b«n report«lln ,,'bile "'oak.r. vtl'lyon.-mu.s I_a!u.s.
n.ar sewage out falls alon, th. coaSt of California. Ha.matopei.tic neoplasm.
U.'. been nOl«l in se,..r.l .p«ies ofoy,t.rs .nd musselSlak.n in estuanes alon,
ca't.m, "'est.m and southern coasts in Nortb America. "....t.rn Eurot>< and
castern Au..raha

Moo oflbe sp«ies for ,,'hich neoplasms hav. been reponed It.,. and or feed at
th. bollom where lht C01'>C<':ntrallon ofchemICals 's usually ,he highest, Studieo
conducted in Pule! Sound (Malin' eI aI.. 1910) sho"-.d tUtlM incid.nce ofliver
lesions could be relal«lto tb. tolal concenlTaUon ofmelals in the >edimenlS. but
there might be al'" a ,}'o.r,;slic im llon ",lh olher pollutanlO. Slich ci ai,
(19n) sh"""«1 no relalJoll'lbip, bo ·er. between lhe ,nc:id.1'>C<': of tumours In lhe
English sole. Par<>phry. ululu.s, and lhe conttll"alion of benzo(a)p}'rene in lhc
>edim.nls.

II i••ssenliallo vtrif}' susp«tcd neoplasms by histnpalhol0rPcal.xamination
10 .liminat. les,on, lhal mimic neoplasia. 'Papillomas' ofDallish and lobi., .nd
lhe parabrancbial body 'tumours' of cod are no" con.id.red 10 be protozoan.
ralber tUn b051 cells. and lbe condition ha.o b«n dia&Ooscd as. paraSItic diouse
ralh.r lun a neoplasm.

J.J.j Cylologkal, Cylog,.,.lic and Emb,yologka/ Anomali.,

Quantltalive studieo of cylol01ic. cytogenetic and t...t<>i.nic cbanges In
<!c.,.lop,nll lish.W dunnll.1p05urc 10 chelfllCals are a prnmisl1lll.pproacb 10
measunng pollullon effects. Informalion IS available on chromowme muta,ions.
milolic im:lIUl.nl.....bnonnal d,lfc..n'iahon allhc cel1lcvel, dev.lopment nu•
.. d«lllCCd from mltoti. indc1 and on gross embryo malformalion. E.-minalion
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of alteration' in 'he oUler egg en,-elope (chor;on) uSing a scanning eleclron
m,croscope during uposure 10 a chemIcal provld.. useful dala. A.allable
lechnique> h,,"C b«n usdul in ,md)'ing the effects ofoil on pelagic fi'h ew al lhe
",a wrfaee (Longwell, 1977)_ Mor;bundicilY indice' for mackerel. SromM'
scomb..... embryos ha'-e b«n calcula'ed from combined Cj'lologlCal. ')'togenNic
and embr}ological dala for ",,'eral Sll.. ,n lhe New York Bigh'. Egg heallh
appears 10 be relaled '0 le'-els of he,,')' mNal. and iDdi<ator lO~i< h}'dro<arbon,
in lhe surface m;crol.}'e"

Appl;calion ofcytologicaL <)'toge~lic and embryological anomalies ofearly­
stage fish eggs lO moniloring ofeff""ls of polluhon reqUIres an adequale sample
size. 'ullable conlrols In unconlaminaled walers and appropriate physical and
chemical measurements in lhe slud}' area taken simultaneously.

3.J.6 Immune Rtsp0rlSe

Fish llenerall}' are able 10 de"elop typical an,ibodi.. wilh a h,gh degree of
specifiCIty. This does not appe.r '0 be SO In invenebrat... Accor,!Ing 10 hmMd
e,';de""". pollutants cau", some degree of immunosuppr..s;on. Robohm and
r.;"kowski (1974) demonSlrated 'ha' e'posure of fish 10 cadmIum reduced the
phago<ylic re,ponse, S;gnifi<antly higher antibody le"el' 10 36 bacleria have
b«n found;n Oounder oflhe polluled Ne"". York Billhlarea lhan in sample, from
a deaner conlrol area (Rooohm ,I aI., 19/9). There is some e'idcnee for genchC
selection of high anllbody responde" In summer flounder, P~rlJliclr1hJsdenial,...
f'om polluled walers. SurveY' of antibodie' 10 facultali'-e microorllanisrn,. 'uch
as Vibrio, Psn.dommllJS and A,romona>. are nceded. lakIng IntO a""ounl
seasonal ,'ariallons.

3.3.7 Lfmphoeysris ~nJ ViMllnfulioM Wfder Pollu""" Strus

Lympho<)"l" i' a dIsease aff.oting many speci... but flalfish are the mosl
C<Jmrnon victim" h i. caused by an ;r;dovirus and may be t.ansmlUed b}'
parasitIC copepods in $Orne cases, There is $Ome e,';de""" of a hIgher prevalence
of the disease;n polluted ",.tefl. indudinll healed effluents. which SUU..IS that ;1
might be a useful indicator for pollulion. CertaIn VIruS diseases ex;SI in a I.lent
Slate and may be provoked inlo palen')' b}' en,';ronmental 'troSSOfl. A
baculovirus disease of ,hrimp and a herpe,-Iike disease of oysters have b«n
recenlly 'hown to respond ;n Ih,S Wa}' 10 environmental ,(rossofl. Such !alent or
patent viral infeclions mal' prove useful in pollution monlloring programmes

3.3,8 POTeniwl Us. of Mo.plwloglcal and Palhological EjJtcu as
IndicalOrJ of Polllliion

An n~creasmg number of di",ases and Olher palhological changes in aqualic
orllan;sm, are heinll correlated Wilh pollulion. The polenlial for using palho-
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logical conditiOns liS a monitoring tool is conSldmbl@,butsometechniqut'Sm
bener develope<llhan others. The Palhobiology Panel of tbe ICES Worhhop
(Sindenrumn .f al.. 1980) raIM the av~il~ble technique, for =dine" 10 be
~pphed as follo"": 'kin ukerations. fin erosIon. ,kelel~1 anomali... ~nd

nwplasm, can no,,' be used m pilol-monitoring programmes; other approache,
show promise bUI require further ......a"'h. The.. include genelic and de"elop­
menial anomali.. offish eggs and larvae. immunologll,al chang.. and increased
pr,,'akn~ of ,uch viral diseases a, Ilmphoc;'li" The remaining approach..
h",'e polenlial for the future but reqUIre much dO"elopmenlal "ork and con\ilt
ofgill hyperpla,ia, scale disorienlation. chang.. in paraSIte frequencie" haema·
lolollical changes. epidermal change, and I"'er palhology, The Panel condude<!
lhal: 'There is nO ,ingle disease or pathologIcal lign lhal C<luld ser"e as a
un"'e",,,llnd,cator of poliUlion,' It recommended lhal pathology be considered
an important component of a seri.. of approaches used 10 monitor effecls.
Includmg physu:,logy, b"xhemimy. geneti'" and eco'ystem analy,i,. and ,hould
be C<lndueted in con~rt "ilh phy,i<oal and chemical mea,uremenls of pollutIon.

3.4 Cenelics

The presence of a chemical agent in Ihe aquatic en"ironment in ,ublethal
concenlrations "ill exert a seleclive pressure on aq\llllic ,pecies, As a resull.
chanll" in the composition oflhe gene pool may occur ,,'here a 'hift is made m
the average phenotype 10 lhose with an adapt"'e advantage, On lhi' basi,.
Luoma (1971) explicllly recommended genetic moniloring, Pollutants Can also
;0<1 directly upon llenelic maleriallO produce mutalions, and it is recognized lhal
g¢ne mUlalions tend 10 be recessi"e and delelerious. thereby re<!ucinll the general
fitness of lhe population (Muller. 1950), Genelic re.pon.... should be evoked by
pollution in all aquatic organi,ms ranging from bacleria 10 marine mammal•.
The following i' a brief r",ume of lhe repon of lhe Geneti" Panet in the ICES
Worhhop on BIological Effect. of Marine Pollution and lhe Problem, of
Moniloring (Beardmore" aI., 1980).

A h,gh degree of genetic , ..nabilily appea ... 10 be Ihe normal ,late of mOSI
oUlbreeding specie, jl'-evo. 1978), Eleclfophorcli~ a.say has been used for gene
pool stud,,, ,n a '·arieIY of marine specie, (Nev 0 et aI., 1977, 1978; Banailia and
Beardmore, 1978; Banagl,. et aI., 1980). and may be used 10 study adapt,,'e
shifts. a, carried oul On the fi'h Fundulus h.f"odifU$ 10 study lhe effects of
thermal pollulion (Millon and Koehn. 19;5), Thelev'el of genelic Va'ialion. as
measured by' lhe mean heterozygoSlly, appea... 10 be lower in populalions in
polluted arcas than In lhe same speci", in comparati,,"ly unpolluted arcas. The
adaplive re.ponse of some 'pee,., able to exploil pollute<! area, has been
demonslrale<!, for ..ample. N~re;' adaptallon 10 high I..'el$ of melals in
sediment' (Bryan. 1973) and Capildla ,api/ala toleran~ 10 polycyclic aromalie
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hydroc.arbon~ (Lee and SinJer, 1980). Ba5Cd nn the ollsen'ations that .ummer
Oounder, Por~/;"~I~}'S <knt~/lU, from highly pnlluted a~as ,n the New York
B'aln 1uI"e anllNete,u;l serum anlJbody 10,..,1$ that are hiJher and more di'..,....
than ~ummer Oounder from relali,'ely unpolluted are.., a hypolhesi. 1La. been
made thatlhi. differen<:e ~tem$ from ,he p~n<e ofgrealer numbers of hacteria
,n the pollu,ed are.. and that this i' reftecled in greater produe1i'm of anlibodi..
by fi'h in ,och are",

Many chem,eal. entenng aqualic sy-.tem, from man-made sources can cau..
clLanges in genetic material (Payne and Martin., 1980). Mutallon, of gen.. or
ehromosom<1 may gi,.., n.. to dIsturbances ,n cell different...""n. Gamel.. and
z)'gotes may be affected by chromnsom;ol damage that arises sponlaneously. and
many chromosomal aberration' lead to early zygote death (l<>ng"'ell and
Hughes. 1980), The laller aUlhors ~ho",ed Ihat the in<ideoce of chromosome
abn"'mahti" in the fenillZed ew of macko~1 In Ihe N",,' York 61ghl ,...ned
,,';del~'. ~uU"ling that lhe inerea5Cd e"idenee ofchromosomal mutalion miaJ>t
be generaled by pnllnti"n, II i~ behe>'ed lhal lhe froquen<y of ,ndue«l s,mple
chromosomal aberralions bears a simple relalionship 10 dose

According t" Ames and Hooper (1978), up t" 90 0
0 of chem'cal carcinogens

are mutaJen" 11 ha' been demonslrated (Mal,,,,hima and Sugimura. 1976:
Khud<>ley and Syrenko. 1978) ,1La, ,umoorscan be produced ,n fish. blVal,'" and
echinoderm~ "ith SOme kno"." mutagen., A rap,d melhod for delermlning
mUlalOnic aeli,'ily has emerted Wilh de.'olopmenl of Am.. 'tra,n. of bacteria.
ParT)' tt Q/, (1976) ha,.. de•..,loped sensiti'" melhod' for deteclin, mutalOn.,
based on lhe fact that mitolic gene eonvenion is in<rused by mUlageno.

It has been cOlICluded by Ihe GESAMP Working Group on Moniloring
Biolog.al Vanabl.. Relaled 10 Manne Polluhon(GESAMP, 19SO)llLal none of
lhe effeclS measuremenlS discussed by the Genelic1 Panel allh. ICES Workshop
On 6'01ozi<'al Effecl. of Marine Pollulion can be recommended al presenl
Chromosomal da""'it a..essmeot "u conSIdered useful bUI CCl$lly ,n 'ennS of
trained personnel and hiaJ> quality m;croscopes.. aO<l i' may be rda",..,ly
in'$(:n',I"". Th. mulagenICity a....y "a. regarded as u..ful for tesling chemICals
but difficult 10 as.... in lerm. of Ih. cnlena used for selecting , ...riabl.. for
monnonni bioloiiCal effeclS. It ..... noted. h<l"'e'·er. thaI geneli.e effecl'
measuremenlS ha'.. loni-tenn potent,al and may be usefUl after funher
de,..,lopmen, and evaluation in "'aler pollution 'tudies.

3.5 &h...l.... r

The SImpleS! fonn of behaviou'al response ,~e,empltfied by ",'oidanee in choice
I.." ",.h aquali.e .pecie>. 1be y ..haped lroUaJ>. "lIh a chemICalsuholan<:e in one
area and uncontaminated water In th. Olher. for ••ampl•. off.~ aqualk
organism~ a choice het"'«n dean and c"nlaminaled "'aler during movemenl,
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SPfillue and Oro!)' 0%9) demonitraled In the Iaboralory thai ralnbo,,' ImUI.
&Imo golrd7w>ri R.. aod Atlaotic ""lmoo. Solmo solof L.. will noid low
conctntration. of certaIn pollutanu. Avoidance of kraft pUlpmlll effluenl io
lU"1ItOf of v1lnouS >alinnies by pink salmon. OIlC(H~,.nchlLf gOfblLf(ha. ac·
dimated to ..,a.......ter. ",as Invr:stlpted by Gr«r and KOSllk"'ki (l978).
KI«rekoper (1976) conducted rather complea eapenmenlS to sho" he.... the
hehnloural ""pon.... \n 6,h eould he Influ.n<:e<l by the multipl. t)'pe of
alteration. in the aquatic environment.....'th a gradi.nt io m.tal conccn'rauOns
supenmposed on ... th.nTlalgradi""t. The bill< ClIIrb. Collin«I~llapullLf. bu<mw.
mto th. "",,Imenu dunnll,he ",nler penod. and an~ pollutant "hlCh d..<Upu
this adapti". borro....'ni hehaVlour can lead to hea'1' predatloo or "'Inter kill due
'ocold{Ol1a.' 01.. 1980a.b). Thecombmationo(h;gh bod~ l<>ad. of DDT in thi.
speci•• and the ",pid redUCtion of t.mpera'ure ""11.$ found 10 di.rupt the llSual
burro",ollheha"iou< and cause .xteo..". moru.hty in area. of DDT coolami_
nallOn (Koen\g et 01.. (976).
Chcmo~cption can be Inlerfered "'\th In aquatIC orpnism. by pollutant•.

and thi. can ha". serious consequ.nces in ....rching for food....kiog mates for
...p<odllCl;on. JIO"ib\y uoid,ni predato,.. and ,n homing on parom .'.....ms
dUring S"""'IIinll mIgratIOn. (Olla et 01.. 198Oa.b: Pearson Cl 01.• 1911t). Pearson
and on. (1977) nOled. by !OCuunng changes \n the .nlennular flIcking rate
""""mng with changes to Kill-bailing actiVIty. th.t the blu. crab. Callinccul
sapiiJlU. could detect food ext",ct at a concentrallon a. low as 10-" lOll- I, By
.pPIying t.... ""me techOlquc to Dungcncss crab. Correcf _uJet. Pearson cr 01
(l979).ho",ed thallh. d.tectloo threshold for. food .xtract ",•• 10-' mill. At •
concentration of 0.27 mg I of crud. oil tn Prudhoe Bay. Dung.n... crabs
changed antennu!ar oncnt.Uoe and illCr..!oC<I antmnul.r flickIng rate "h.n
~nted "'th a clam .~tract (Pc.fWn ~I oJ.. 1981). M.le crabs of Ih. SpecIes
Po<'~),Ii"<lpJltl ~'=lJ"'" d"play ..n.,n poslural responses tn the ..x pheromone.
crustecdy""n. (Kittr.dge" 01.. 1971). E~posure to the ......ter·501ubl. (racuoe of
crud. OIl or naphthaloee "11' obserVed [0 lOnlblt beth Ihis lOsponse and rm:hng
heha"iour (T.k.hashi and Kittredge. 1973; Kittredge ~I al" 1974). lobst.rs
Homo...... amcfi~orrltl .... hen exposed 10 crud. oil. required a 10nICr tim. 10 .tan
!ean:hing for food than either cOntrol.nlmalS or thooe exposed to t.... "1It.r­
solubl. fracuon or crude oil (AlOma and SIClO. 1974).

Equiltbnum In 6.h cae he affecled by uptake of cadmium (Rosenthal .ed
Alder<lice. 1976). and some fish .xpo"",, 10 certaln pollulant< ha.,. dIfficulty 10
m.intalOln, a normal." Immln. poSIllon "heo a torque i' .pplied by' • rotatiog
c)hnd.r (Lindahl.ed Sch"..ndom. (971).

Most behaVIoural experllncnts ha.'. been conducted;n. l.berator} .n,·iron·
ment For a full.r appreciallon of 'hc elTec.. of .ublelhal coocentratioo. of
pollutanu on Ihe heha.'iour of 6.h In n.tu.... n i.....nttal to conduct field
expenmenlS, Although .uch 5tudte5 are dIffiCUlt 10 eXecute. some elTort has betn
mad. In th" d"ectlon, Saunde... and Sprallu. (1967) were .ble to .ho......



..~nl~«I of metals frocn ~"I' ofa copptf-ZlDC mmmi operatIOn ...
\be 'P""1WIJ lIIlIflItIOn ofAtlantic loalmoft.A~(19~1) demorw..ted thai
a DDT ODnC..,UnoUOU as ...... as 10 Ill-I re4-.d a corwI>t..-d reopoottC

(propdItr wl rdlu.) ,D trOll!. ucI that \1ft} \oot. ~lratX- 0( or·
~ .ff<eted the Ie:IntIJIl abUll) 0( &..h. Il<m>d (1977) Sl\ldled lilt
••-...d ....... of ,*,pnuU dII""'" ~ Paci6c aImon III lUI. <:Uttar) ..............

paruUOlloed ebamber SlISpClldcd ill lilt "1I1C1' coluam <!la, alloOled l\s.h. ctIooct
dunlll "'....UOII bct..~ !ugh d!luet<1 collCCnlnollOftl: '" .urfaa .... ler ucI
relall.'el) \oOl concmm'"0n. '" <kcpe. " ..te.

l'ht Ul'\lC'Iure of .n enUre communlly can be .l'fe£led by loss of. plIl"UeuJ.f
spet>C'S, Fo. e:<ampk. Ibe hmpcl. P(Jf~l(J '"/gtJfiJ. " ... found to tI.a'C ItS

hetl.a.mu..l plIuem. IffCCled 1»' oil" hICh pK"ented II from boldin, fl" to Ibc
.od. (DICks. 1913. 1976). Many of sucb dlilodied and parall ..d hmpets ,,'Ore
unable to .ur-'ive SII.ce Iheoc vazer> ma,nllln the bala= bet,,·..n alpl and
animal abundar>cc. Iheeommunit,- Sl'UCIu,e of the .o<ky lnlenidal wasehan&ed
Pollutants can ha.·e In impact on IrophlC Inte'.C1ion, Ibroullh heha.';oural
re<polUC$. If. p....y spcc;es is Ic<s sen"t,,'" 10 a pollutanl than tM predalO'
.pecies. Of If a p.edator. normal helta.'iGur 11 chanccd SO ,hat II canl>Ol
~ectJ.",ly feed. 'bCK ",II Ob>10UsJ) be. chan., In Ihc predator prey lationolup
(Wohmlll~llII. 1978). Lar-1lC oflobolcr. H • .."' ptlral)'Sed

u:mponnl) ~ UposUK '0 oil (Wells ucI Sprall>ll. 19"61. WIllIoOIIt bc<nlablc: to
.,.lID the) ....) bcl:omc easier pre) for prcd.aton as !bel' SCltJc '" tbe ....ter

"'-ZoopIafttl'" p.h,bot CC1tlI1ll bcha.........1 rnponW$ 10 ................w d\anaIcI
tha, y be user as lUI. 1lIotk>; for~~ecu of poIluuon. locomocor
acu.,,) ) mc t .....·aposut'Clc>-dsucl<lca'Cucasacu" ...hal ....ds.re
.pp'<*:bcd ("'hller. 1980). W,th .... , '"1 -w O(lDCmlrallorlS,.lllt allUllals
ellhtbo' ao 'llC'fUK In IIlnr note ofchaD., In d,rKUorl (DcCO<lf1C) ucI Vcmberl­
19n; Lanl~' Ill.• 1979), liebl_ted bcha'lOur (pbotota.us) ....y bo altm:d
under. pollUtant SIlaS. Mcmary (Vcmbe'l u tJI, 19"3), 011 (Bllford. 1977).
insc<:tv_th ....ul.lon (Fo.....rd.nd COfllolo. 1976. 1978) ao<l copper (M,lIcr.
1980) are kllO"'1I10 alter pbotOWll"n 1('.",ral JI)tCICS ofIn"e~hnol.n>e.oplllnk·
Ion. h 11 unkno"'n ... lIelhe. pollutants,nle.fe.e "'th lhe u.. ofh&ht inlenSlly as a
cue f"r diel vertIcal mivall"n In ltol<>plankl"n (F"",'ard. 1976; LonlhuNI.
1976).

Th. Bcltulou. P.nel of the ICES Wo,kshop On P"llut;"n Effccts M"nitonnl
qu.ahned lhe.. recommendation f". lhe application ofbeba,'l"ural tC1ts by' nOlml
that tile maxImum effc<1i"encss ... "uld cOme "'llh a .uite of different heh.;o."lOura
and orpM.m.. the ch"icc"r "hich ..."uld depend on ,he nalu.... of III< partICUlar
ecosystem and ,1\0, classes of dotrunant poIlut.nts (Olla u III.. 19l1Oa.b)
GESA'>lP (1980) sugeslcd Ib.altll< effectl ofaboormal beha.......r. fo' .:<ample.
ah<rcd ,fu'r;'b<l';"" or fisl, due to an ••oM!ancc rnponsc. may be lDOI'C rcadil)
obscr\ed ucI tucd I...... \be immed"''' beba._ra1~



3.6 Ecol<>&inl S'IldIK

II has bttn emphasiwj (ICES. 1975) Ihal lhe rnponse of communi lie' and
popUlalions 10 poIlutanls i' non·specific and is difficuh tn disu"gulsh f,om
nalural ~hanllC'. The EcoIOll)' Pa""l of the ICES Workshop on 8'olov:al Elf..,,,
Monitoring noted. ho...·e'·er. that ecological mOllltoring prn,"ides IIIe only TUl
ICSt on dfens of pollutanls On COnnnunlllCS and populations (Gra)' ~I al,. 1980),
The Panc:1 "'iterated that the nalural vanability in an~ rnponsc mU$t be
d.~rmined befo", the .IT..:IS can be ca~so""any amibul.d 10 pollulion.

T..,hniqu.s for studyins the marin. ecolopcal impact of pollutants have bttn
rcvi....ed b~ Wald;chuk (1973). Gr"y (1979, 1980) "nd Gray .1 ai, (1980).
Population Slructu", requires that year·dasscs he di"insuishablt and quan·
tifiabl., if possible:_ Jo.... (19n) dtmonmated 00...· this ~ould be do"" ",Ih 'uch
bivah'K as Ctr4floMrma ~JW•. ... hich carry annuall'0....lh--ch..,k ma'ks. Th.
need for Ions Urn. SCn" ofobser<auon. in undiSlurbtd aqualic ')'$t=, ha. been
rcpeattdl~ staled. m nrder to prov'id. a paltem of nalural ""nablhty ap,n51
..-hi~h Ih. ~hroni< .IT..:\> of man can be m.a.ured. Th. dt.isn of a ",und
""",phnS stral'S~ i. perhal1' Ih. moot crilical to any m.aningful ..,olo&i<al
monilorins pr"""mme (Groen. 19n; Gray" al.. 1980). Fisherics ..ahSlics On
stoCb. rttruitrntnt and ha ......linS arc on.n Ih. 10nllC't SC\$ of data on liv'inS
,"""UIUS available:. bUllhore arc f..... situations ....he'" .nvironmental data ha,'.
been collecttd simultaneou,I}' ....ith fisheri.. data. Such data provide a basis for
con'lrucl.lns mnd.!> on th. impact of ha,,·..tlng on fish stock.. but nnl for Ih.
impact of pollution On theseliv'inS rc",UlU$. Of~n the }'ear-to-~.a"...riation. in
lish 'tock. a", '" lars•. because ofnatural fluctuat,ons In recruItment and li,h",S
pres,ur., lhat any .If..,t of pollulion, ."""pI in the casc of unusual incid.nt<, i.
totall~ obscured. Outside of lisllen.. data. Ih.", a", ",me lons-t.rm records on
plankton, sll<h a. Ihosc for the Nonh Atlantic from Ih. Conlinuous Plankton
R..,ord.r (Longhursl "aI.• 1972).....hich hav. co,..-red a perind of o,·.r oW )'ears
and .ho.... lhalthtr. arc~)'(:I.. of up to 20yea",o ooceani< planktOniC ,ptci... The
col!«:tion ofdata i' one Dece....ry phasc of .uch Ions-term SlU<lics, ofcourse, but
the slat,shcal "nal)'sls of lhese data by &d,-anced lechn"lUts (,..,. for Instance,
Plan and Denman. 1975) is ....hat ev.ntually ....ill scparate oul the natural
fluctuations and cIT..,,, of harv..ting and ..tablish the .ffects of pollution.

The acut••ffects of pollution, 'uch as that f,om .......ge and pulp and paper
mill .ffluent. (P.arson, 1975; P.arson and Rosenberg. 1978) and from oil .pill.
(Sanders. 1978)can be measured rclatl\'e1y simply. bca.u"llIe~hanees '" certaIn
communities and populalions arc quite large. The arcascovcred by such point­
",ut« effen, "re comparah,..ly localized and the perind of $ludy i' often Jes.s
than 10 years. Ho..'..·.,...·.n in 'uch 'ituation' the judicious ..Ienion of the
app'opria~ lrophic level fnr a $ludy of the Impact i' essentIal. and apphcannn of
the moot .O'..,tiv'. staustical approach to condu,i".ly demonstral. the .ffen. of
pollUtIOn i~ vital
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"The benthos is olkn the group ofanimals chostn to monitor biological dffC1S
of pollution because lhey are usually res;denl in the a~, WIth relali"ely
rcsllxted mlgralory movemenlS, and tbey lend to intesrale lhe eff...,U of
pollulion O"CT time Bioma.. chansesand the numberand di,'ersily ohpecics are
usually the simplesl lypes of ot>.crvation. thai can be made. The 10S-nonnal
dislribution of indi"iduals amons species hu been found to be a ralher useful
anal)'ticallechnique 10 d=ribe chanitS ,n a WIde ''arietl' ofanimal communitics
in both polluled and unpolluled ,)..lem. (Krebs, 1972, May, 1975; Gray. 1979.
(980). In a larse ..mple from a het<rovneous community, a los-normal
dimibution can be e..pecl<d, smct populations lend to increase ,tometri""n) If
lhe inteuClion effects of man}' randomly optratlng en,'"nnmenlal faclors are
summed, lhey also give a log·normal di'triblliion (May, (975). Whl!c the 10'­
nonnal distribution of indivi<lual' amonS species hu no Intnnsic: biologic:al
mean ins, tnasmuch U it can be the nel r'e$uh of many different processes, it can
PTovidc a Il:pre<oenlalion ofcban,cs in communi lie' ari,ins from pollulion, Gray
(1979. 1980) has demonmated il> application to the benthos of l«h EiL
Scotland, "'bic:h \\'&5 subjecled 10 the tnput of pulp and paper mill "'a"cs
(PealWI', 1975).

Thi. i. only one e.ample ofmany approaches lhat can be taken 10 mealure lhe
effects of pollutants on aquatic: eco'y'tem" h i' clear thai all approach.., even
thost measuring the acute effects, require a comparali,-ely lonllime. The key to
anal)..is of any long lime series of dna, of course, i' an appropriale 'lalistica1
e"aluation, Gra)' 01 ai, (1980) summanu britft), some slah'tic:alIOOb 'hal all:
a.",lable for such evalualion. Green (1979) pr,,,ides detaIl' of Slat"lical
method' for environmental lIudie" aearl)', lhe Il:'ponse lime in ecolosical
lIudies musl be reprded as vef)' .10\\'. MOre<l"er. the ,ipal-lo-noise ratio i' 10",
because of lhe enormouS amounl of natural ''anabilit)' in t~.e '}'lIm. For
purposes ofmonllonnl biological eff...,uari..ns from pollution, n......uremenl of
many ""oloS"") .ffec15 can be recommended. mort for tbe purpo5C ofan early"
warOlng system ralher lhan for a rapid mea,ure of effects.

GESAMP (19SO). in evalua'ini various ecoloSic:al approach... nOled lhal
ecologic:al condilions can be lnl,ially asseued by measurements of communily
bioma... abundance, di"e"ily indicts and altenUlons in the distribulions of
selecled 'peeI". More delailed obse""'ion' ""n be made al veater e..ptn.. , if a
higher level of tratnini in ..mpltn, and SlallSlic:al prOl:e<lures is available, by'
anal)..is ofcommunily and population slructure, and eslimation of ,rowtb rale
and fecundily, Although gtO"'lh rate is an Importanl biological effecl, its
accurate measurement in invertebrales is usuall)' difficult. Estimales of ll'o\\lb
rale from shell lenSlh, body' IenJlb or "'eight ehanitS often neglect pmele
production, .. hicb may e005titute a larllC proportion of biomass in adult SlaitS,
Gamete prodUClion represents a component of gro"'lh that i' lhe mosllikely 10
M Iffe!'\ed. by pollution lod nlher form! of SIr'e$S.
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4 SELECfION Of BIOLOGICAL YARIA8LIS fOR Mf:ASUKBl[:\,T

Most Oflh. 0""";'0""')"1'" >oufCOS of infoTllllUion (ICES. 1978: GESAMP. 1980;
Mclml'" and P.altt. 1980) used In ,he preparalion of 'his paper doal "'ilh
bIological vanabl.. and moa,uromen,'echniquo, useful for monilorin8 pul'pOSOS
in lhe marin. en,'ironm.nt, Such lechnique> may no' ahuys be: lho besl for rapid
m.asurem.m of lh• .rf""l0 of chemical. on aqua'ic: animal•• inasmuch as lhe
reopon.. lime: nut)" nol be: as important in moni'oring as in pro"iding an
lmmWlllle diagnosi. of a pollulion .tT"",- Ho"',,,'.r. respon.. 'imo as ....II as 12
Olher cril.ria (Table I) "'en: used in ..Iecling variables for biological monitorinll
by a GESAMP Woding Group on Moniloring Biological Variabl.. RelatWlO

Table 1 Critena' for ..Ioc,,,,,, ofbiolop:al vanable< fOf "",I"""", '" a ....,.r pollu''''''
monnonn, proffamm< Adapted from GESAMP, 1980 and reprod..:od ~th penni>ai0ll

Category A. Fundamenllli I<ien,,1k a.peelS of a.....'n' lhe biolofi<,al Impact of an
envilOflme,nal chan",

(1) &oiogiaJJ'ifrtiji<tmer Can tbc<!fecl I>< ibown. nr"""vmci~ya'Jl'ed.to I>< ,daled
In an ad~ Or damafUl' .ffecl 011 II>< ,.-o..'h. rqsrodu<:llOll OT "'''ivai of lbe
IDdi.->:luaJ Or tbe populahOll. and ul'imalely on ,be ...II·b<ing of lbe com­
munityecosrstem'

(l) 1U1,,-'OIO« 10 01"" '/Ju,r; Can ,be </f.." I>< ..Ialed to o,h<, dT""n al hip' or I......r
10\<11 of orpn....tion?

()) Sp«ifidlY' H_ speafic is II>< e1f.." '" rola"on 'nib< causa""" a....'?
(4) RlwTsibihlY' To "'hal <lqree <all H....na\>le n:1"m 10 ,n onflnal 10\'.1 ,,'bon lbe

causati"" a",nl" n:mo'-.d?
(S) ~'ojroxa: 1.1h< </feci Sp«llio: '0 part"""r 'ou? ThiHTit<non may I>< fele\-.nt

,Iso '0 cal••O.... B and C,

Cal<,"'Y B, Ellic>oncyoflHolop:al ro<aSu..m<n" and their praetio:al ..I... a. i_of
,m".,

(I) e-1iI~Ii«arp«,r; Do<> II>< .If.". bear a q,,"oli"'ti~orpmlicUlbk: r<la""".hip 1o
the ,,"us< (i.e,. poll"tion)7

(2) Snui,M,Y' Wha' Inten.lty of $lftSSOr i. 1«lU1r«1 to .1;';, Ib< e1f.".l
0)~ Ov<r ..-hal fIIn", of iotenoily of .......". is the <!foe, _",.bIe?
{4} R,"fH'IU< rol,. Hmo quio:kly is lbe.. "" obse"abk .lfecl7 (hou.... daj~. years)?
(,) Si4NJ1_ ""io>; C"" tbe df"" (oif'lOl) be ......y tkt<c'od 'ho"" Ib< na'ural

variabilily (nol..)1
(6) 1'r«:iNJ<l: Can ,II< ./fecl I>< mea.ured """urately aDd pr<CIs<ly?

Category C, Adm,n"tra"'" quesuOll. ",bocll may I>< Impo....nl;n sel«lln"Ddo=; fot
",d""011 '0 moolloriOJ pr"l'&mm«

(1) C<n~ Ho..- <.<pors"',, " Ib< .....w ..........' of 'b< ...nabl< in lerms of equlpmen'
PI''''haS<. runn,ng cos... lralo"" eosa and man_r?

W .4ppliaJI;"": To ..'hal<.<t<nt has Ib< .IT"" b«lS used in. /leld monilorinj: p'''I',mme
and shown 10 I>< ..!alai to poll.liOll1
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Marin. Pollulion (GESAMP, 1980). h is believed that Ihi. is a Sood ba'i' for
inilial selection of m.",ur.mentS to d.temlln••ffeclS of chemicals on aqualic
animals,

The GESAMP (1980) Workins Group nOled tha' a l""hniqu. fo' measure­
m.nt of clTeclS "ill no, sco~ h,gh b) allth. erit.na S,,'.n in Table I at anyone
10"ei of biololPC"l orpnization, because some cnt.ria, 'uch as 'ecological
sill'lificam:e' and 'sensitivity' 'specificity" may be in'-e.....I)· rdat.d OV.r the ranil<
of0l1lanozatlonall.".ls_ As an .xampl., lh. Workina Group ciled ,h. case ,.-h.~

lhe .ffee" a, hlgh« Ie,-ds oforganiu"on (popula'ion, commUnil)') a~ ll(:n.rally
more ,isnificant ""ol"llicall)' but· relalivel)' insensitive and non-specific, in
contrast 10 lo"-er Ie"ds of oraanization (cellular and molecular), which are
usually more sen'ilive and ,pecific but eeolosocally I.., sill'lificanl. In a biolo&ical
etT<C1. monilOrins provamme. the... may be a requirement for h,jlhl)' .pecific or
fo' general, non-.pecific hiol0J-lCal etT<C1' measurement<, or bolh. The Work,na
Group fell that it is n=>WIt) to includ. bioloz;cal elf""" at severalle"els of
oTpnoza,ion, In order to meet the basic requirements of both iOneraltt) and
,pecilkit)', Such an approach is probably also ..sential for sel""tina methods for
m.a.u~ment of th. effC'C15 of chemicals as indicators of ""oloaical damase

Based on the 13 crileria gi'-en in Tabl. I, the GESAMP( 1980) Working G'oup
a"""",, 37 biological \'ariabl.s in 7 cal'aon.. eo"ered by lh. 7 panel' in lhe
ICES Workshop on BiologJeal EtTC'C15 Monitoring (Mcintyre and Pearce. (980),
The 'anables ,.-e... allocated a sco~ on a 3_po,nl scale, based on lhe a.....menl
These a~ reproduced in Tabl. 2. "ilh 'primaf)' prodUCIion' d.leted as belna
i,...le'-anl to thi' .xercise, A t01.l.1 of 21 measuremen'lcchn,ques arehst«! a,
be,ng hIghly re<:ommended for b'ological efT""" monitonns, This number "'nuld
probabl)' be reduced tn aboul one-half for compara",'dy rOUllOe measu~ment<
'hat could pro,',de a rapid a....'m.m of tbe etTects of ch.mical. on aquall<
ammal., But nne ,,'ould be ralher foolhardy 10 aHemp' sd""tmg One uni'-ersally
applicable 'cchniqu. 10 make 'uch an a"""",ent

An eslllnate of ri'k associa'ed ,,"h In,rod"'"0n of a gi'-en chemical inlo an
aquatIC syStem can be acquired b) a '1'P-oeque""" procedure, as oulllned by
llo)d (19aO). Fou, 'lages in such a procedure ha'e been recomm.nded:

(I) scr..nmg te,ts,
(2) predicti"e tem,
(3) <onli""""". tem, and
(4) moniloring.

in th. Iirst .lage, Ih. ph)..,cal and chem'cal propenies of a .UMlanet and i15
panems of use and discharge a~ obtained. l1It m.....,mum aqualic eorn:entr.linn
lik.ly In <><:<:tIr i' estlmaled_ The ,pecies lhal mu<l be prot<C1ed are then revie,.-ed
lb. ralio nrlhe mu,mum predict«! environmentalloXlCanl C<lnetntralion 1o the
maxlmum acceplable toticant Conctntrannn p'nvides an eslimate ofthe possible
degree of risk
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Tlbt~ 2 81010l"ll Yariab~ that ~n be lIlt!!~[I:d for an ClumllC of pollu\ion clfectl
and tbei.....nk;ng, Adapled from GESAMP. I'IW .nd reprodoced .",h permi..ion

M•••uremrnt

(Il PHYSIOLOGICAL EfFECTS
Resp; .."on
f<edinl·al<
Body <oodi"on IndeX
SCope for I.o..·th (+ vo..~h .ffic"ncyl
O.)·ltn 'o,lr0lt0 m;o

(2) BIOCHEMICAL EFFECTS
M,.ed f"oct'on 0..<4..
Mc..lIolh,o",,;o
Lysosom.l.,abihly
Steroid.
E",,'JY <har"
B\<>Od <II<m;<try
Taun"",II)'tIn< ...."0

(j) MORPHOLOGICAL AI'D
PATHOLOGICAL EFFECTS
G;lI d<fmmily
Li"<T """'lun:
Oam<lolto;'; <)'tk
L,ver (a. ~. bodj' ""!Jhl)

Uk<:"
Fio .rosi""
N"'I'Luio.,lumOU,"
A'yOlJll<try
E.rly d<:"lopm<:ntal >la..

(4) OENETIC EFFECTS
Chromo>omai abooml.ti"..
Mu....n'Cilj' ....y.

(~l BEHAVIOURAL EFFECTS

Torqu< ""
(6) ECOLOGICAL EFFECTS

Comrn"oi'y blom""
Abuoda"""
O",.rsilY
All "on. ,n d"lribul;on
Gro th rat.
R<p1od"""oo (,on.d a. ~•• body "'''JIlI)
Population .(""'lure

(7) BIOASSAY
B,....\.·< ..,hlOnderm larv••
10'1"'0.1... bi""...y.
Hyd.o;d bi"""",)'.
OIher o'pn"m bloa...y.

R.nklnl' RofcT<ncn"

, H, 4_1 \, 10,12, II 21, \l. \4 20. 22. 23
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Further l..tillJ beyond stalle 1 may be unlleCeSSary if lbe des= <Jf ri,t is
considered acceptable Or If 5Crctnlnll le,l' demonslrat. a totally unacceplable
nsl::. Pre<!;cli"e loslO may be necessary to obtain I more accurale melSure ofth.
minImum concentralions likely to cau.. uoacceptable harm to aqualic biOla,

Mollispecie, tem should be gi'-eo priority if one bears In mInd lhe proteclioo of
Ihe aqualic ecoS)'Slems. Seleclion of appropriale t..l melhods ",'hich bave I high
predict"'e capabilily (ElFAC. 1975: Ma)-er and Hamehnk. 1977; Cairns ~I <JI••
1978) IS es.stIIlial. Coofirmat"'e 1..10 involve lhe te51lo11 of Ibe validity of results
from Ihe predictive leslS under simulated or aclual fitld condl110n5. Monilonnll
provides a means of0 bscrvl 0Il Ibe effect' ofdiscba r&illi a pa nicula' .ubstance on
",-aV:r qualily and on bIOla. Concwtrallon. Oflhe substance may be mea.ured io

Foo"""'<J T<JhJt 1

• 84m '"' " ••U'" '1"_
I HIIhJy~ r _ ..le _t......1"'_.. lIt.-.p.;-;
2 _ """ r l<lotto" _. b«>. " .. """" «»lIy .......=<> l'ot<!><r 1!tIoI1t<l"'f;
btf<J1< ,t <:a. be Il>Od "",,,...11';
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"'1.\;f.1ICdirntllt~and li»~of aquali!; organisms, The rtSponst oforganisms In
cnv'irnnmenUtI and t,SSIl< conccntrauons of tbe substancc mialll be obsc....'ed.
Laboratof)' data .hould be available ""h wluch on. could correlale the
~nvironmcnUtIOr lissue Con~nlralions of Ihc SUbslan<:e ""i lh a ,pecilk or general
..'pon", of a ..,Iecled specie•.

The estimation of risk to aquallC antmals cxpooed to a chornical or mUllu.. of
cbemicals i. "ill highly sUbJ«I"'e. It depends. g..at deal nol only on good
biDa"'y data bUI aloo on iood judgment that can only be acquIred b)'
cxperience. Raync tl al, (1981) diSCussed ~rtain practical aspoets tn the
mca.urcm.nl of po1lu1lon .ffeclS on bi"a!>', molluscs and some possible
ccolo;ical con""lll<nccs. Model. arc oft.n ofliule help because: they oeldom take
into account all th. "anables "'hich mol' he important In the firuol ecolopcal
Impact lhal a substar'ICC dIscharged into Ih. aquatic environme:nl could ha'OC.
And ,,'.n in Ihe ca", ...·h lh. initial impaCl moy be con'iderffi acccpUtble.long"
term effects may mamf t themse:lv'es in due cou~. and a good monitoring
programme: to document any yocu-to-ycar changes IS nsc:nlial

5 CONCLUSIONS

The.. are a ho't oft...ts lhal can be applied in biololl'cal a.say' to mea,urc the
various .ffects of a chcmical on indiVIdual aquatic anImal speci... In til<:
laboratory. Some oflh~ tem ha,oc potential for application in monitorina the
effects of chc:micals tn field conditions, So far. most of lh~ t...u ha,'c bttn
apphed to comme:ro.ally important species or to orpnlsms Ihal can be eaSIly
maintained in the laboratory or an: con"cnicnt species to monitor in the field,
such as the mu,..,l. Mylilus rdulls. Predictivc testing and extrapolation of result.
10 higlscr levels of biolOgICal organization has nol advat>Ccd far cnough to be
uni'ocrsally applicable in studies of aquatic ecosystems. Uoe of tbe microcosm
approach (SugJura tl al.• 1976a,b. 1982; Gles)'. 1980) offers good posslbihlles for
evaluatmathe tmpact of pollutants on aquatic """,ynems.

Thc choice of ,uilable lechniquc, for measurement of thc effects ofchemicals
on aquatic animols as indicators of ccolo;ical damage 'hould be: auided by the
.xlcnt of injUry the chemicals mlaht be expoeted 10 inflict on the community of
orpmsms or th. populahon ofa species. It has 1)«n argued that unlcss an eff"'"
has comcquelK'CS at lhe population I.,.'el it i. instpificant . Clearl), an cff"'" on
reproductIon can have dire con~lICnces at til<: population I.,.ocl of a givcn
.pecics, From that point of Vlev.', mca,u..me:nl of phy.iological and biochcmical
Crreel< of cll<:mlC&1s should pro"de th( t}'PC of ,nfonnat,on that w'ould be: mOSt
rel.,...nt. Iflhe community lIructure inhcred b)' introduction ora substance. the
ecological effect musl be conside'ed as significant. Ecolopeal studies require a
lona time ""ie" cxtcndina o,'e, ,,"v(ral years or even d=d... ,n orde' that
natural f1l1Ctuations can be: ",paraled from the effects of poUutants. Stalistical
.,...Iuation of confidcnce in .uch data by appropriate mcthod, .. the only .... y
Ihat the significanoc of change, dllC 10 a chemical can be c'tabli,hed,
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There i' no "ngl. Ilpe of meaSuremenl 'ha' Can pro,'><I. a unJ\'......Uy
applicable 'es' for ,h••ffect of chemical' on aquatic animal', A sun. of
m.aSUf.mentS is re<juired to pro"id. meaningful ",forma'ion on fh. impacl of a
ohemical Or a malure of chemICals On aqualic Ii' inl resourceo, A mul'ifactorial
Wpe of model is n<e<led fo"npul ofda'" from Hull. ofm.a'Ur.m.nlS!n Ordef 10

pro"ide an OUlput that can be applied for comrollinl wal.r pollUfion and
pro'cc"ng an md,g.nous aqUaflC species,

An .,tnna'. nf "'k to aqua';c animal. from .xpo.ure 10 chem;cal. o"er a long­
I.rm penod Cannol be quan'"a",dj ach,,,,-.;d at ,11<: pr.l<:n,,;me, In mOil cases
of pollulion cnntrnt a great deal of informed judgmenl is uoed in eslablish,ng
acceplable pollulam l",'el. to meet recogmzed waf.r qualit) cm.ria for
prO'ection of aquatio organisms and ecosy"em" Such an appfoach has been
generally .ue:ceuful in pre,'enlinl adve.... Shon-I.rm ecoloiPcal changes
Hown«_ lonl-Ierm effCClS SOm'''me> aril<: "hich Cannot be predlCled. espec­
iall}' if th.re is a .ynerlislie int.raction "ith other man-mad. pollutant', There ;.
a need for a .ySl.matic approach to solving such prnbl.m" Th" rna)' soon be
Jl'OSSibl. wllh the increasing amount of toxicological and ecological da'a. and th.
a"ailabilit) of ad"allCUl techn,ques of stallstieal analysi, and elecnonic da'a
Proce<smll and compulat,ons,

Aft.r .xamintng J5 diff.r.nl biological variables lhal can be m.asured for
es'imating poilu' ion cffects on ph)siological. bio<:hemlcld. mnrphologicaL
palhologicaL genelic. beha"ioural and ecololical procelstS in marine organisms.
a GESAM P (1980) WnTk",g Group On Mnnilonng a,olo~calVanables Rda'ro
10 Marin. pollution recommended 21 type. of me3lurem.nl Ihal could be
appli.d ,mmN,atdy in monllonng programmes in all regions, Whil. no au.mpt
"'as mad. to id.nlify any oflhe specific m.asur.men" as pro' ,ding a good index
of lbe impact of a pollulanl on lbe marine eons)....m, n ,s ckar lhal fhe
ecological measurement, of communit)' biomass. abundance, diversil)'. aller·
alions in d"trtbution, gro"lh no«. reproducuon and populauon "rUCtur.
,hnuld pro"ide a good indicalion of any ecololical damale lhat mighl occur
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