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| ‘AB$TRACT ‘A.u.

Thls report fxrst dlscusses selected recent literature on ‘the' effects of
pollutants on marine organisms under six headings = blochemlcal,,morphologlcal,
physiological, behavioural, population/community and gehnetic, and examines the
ways in which these effects are measured experlmentally, 1nclud1ng the use of
bioassay pracedures. It then goes on to consider effects in the light of their '
potential; value in monltorlng Programmes. While some symptoms could probably
be measured in the sea, there would in most cases be great difficulty in ™~
recognising them as effects of specificé pollutants, and in distinguishing
pollution - linked from naturally-caused events. This is particularly so in
population and’ communlty studies and the dlfflculty in using population—related‘
observationg is discussed. : Most behavioural and genetic effects also seem »
difficult to apply in a monitoring context. However certain blochemlcal,"""”
morphological and physiological effects measured on individuals may be useful;
and bioassay procedures are pertinent.
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The relevance of existing effects data £o gurrent baseline and monitoring
programmes. is discussed, and it is concluded that effects and monltoring studies
cannot easily be linked at present, because whereas moni.toring programmes tend"'_r“‘
' to provide information.on residues in organmsms, nost effects studies relate’
effects to environmental concentrations of contamlnanﬁsn' There is an- urgent
need to llnk env1ronmental concentratlons, Dody . burdens and affectso“ng'f*
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In splte of the difficulties 1t is considered that a start should be made in™
assessing .the possibility of effects monltorlng, and the followmng four—part
approach is. suggestedo~~
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1o Observatmons on some or all of “tHe followmng items should be included in"én= 1
going biological survey programmes to begln the building up of a picture of the '
well~being of organisms in various’ geédgraphical:areast ‘liver/somatic and gonad/

somatic indices; vertebral deformmtles, tumours, lesmons etc' gill damage;
general morphologya e L ) o A
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2. Since some of the best monitorlné'aata'Currently“arailable'refer 'to”residues”ﬂﬂw
in organisms, it is. -suggested that experiments should be conducted:to link
~effects:with residues, as well as with levels in the water. ol sediment and
that monitoring programmes shOuld be desmgned Lo lnclude relevant tlssues or
organs,.;@ S A L .
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3. Sultable bioassay techniques should be: adapted from the wide range of fﬁi“ﬂlfgj
procedures available, to' identify regions, of poor water quality and to provmde R
a test of the appllcablllty of experlmental results to fleld smtuationsn ;~J o _a“
b, A number of effects are reoognlsed as potentlally useful in monltorlng, butxw‘ SHE
none are thought to be. sufflclentlyunderstood at present to justify their - SRS ii‘
immediate addition;to monitoring programmes. It is: suggestéd however that some:” ,
of them are worthy of urgent consideration, and that five topics, namely, saope’ »c;r
for growth, gill damage, vitellogenesis, lysosomal enzymes and steroid metabolism
should be subJected to a concentrated research effort for not less than two :
years (linked via field validation trials to: on—g01ng research programmes) to  mi
evaluate their usé as monitoring tools. R S

These proposals recognmse that for adequate effects monltorlng no single
procedure will be sufflclent in 1tself, but it is felt that the work outlined
above could lead in the short term to. a closer agsveiation between the chemlcal
and biological data that togethér are necessary for-the identification of areas’
at risk from pollution, and in the longer term to a suite of techniques for the
detection, measurement and evaluation of effects in the field.



MEMBERSHIP AND TERMS OF REFERENCE

The .sub-group consisted of a core of six members, but additional adv1sors
were drawn in either to attend specific meetings or to contribute verbally or -
by correspondence.l (Appendlx I) ,
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The terms of reference were as followst e ”stw
(1) To review the present ‘state of knowledge relatlng to the effects of marxne
pollutants on 11v1ng resources and thelr exploltatlon° %:N M

(2) To. examlne how such effects may be demonstrated or measured experlmentally,
how the results of such work may be 1nterpreted and applled to their :

detectlon and evaluatlon in the field, 1nolud1ng thelr relevance to data o

from current baseline and monltorlng programmes, ' L

INTRODUCTION
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The sub group was asked to review the present state of knowledge on the :‘:V
effects of marlne pollutents on llvlng resources, as well as to examlne the
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experlmental demonstration and measurement of these effects and their 1nter~ ik
pretation and evaluatlon in fleld and monltorlng s:l.tuatn.ons° We have excluded -
problems of’ radio-act1v1ty from our considerations, since these’ are well covered ‘
elsevhere. Do S Co S - o

1

Inltlally, 1t may be useful to recognmse what is- understood by the term

"effects". One basic effect of pollution can be the accumulation ’in organisms °“*%-.

of contaminants present in the water, the sediment, or the food. These res1dues
can usually:be measured with reasonable accuracy, end to this end‘a number of -
survey programmes have. been set,up 1n Varlous parts of the wor]d,v -

For the purpose of this report however, the concept of "effects" is- taken
to be more extensive, and to imply a stage at which the organism demonstrates
some responge to its body burdens or to env1ronmental contamlnatlona

A prel;mlnary appralsal of releVant literature’ mndlcated that a oomprehenslve "

review would be. a lengthy task beyond the ctirrent resources of thé:subhgroup

We have therefore tried to focus mainly on ecologically meaningful “effects and
those most likely to be useful in monitoring: by selectlng recent studies dealing ~
with contamination levels which might be encountered in the field, and w1th .
effects which would seem likely to set the organism at ‘some disadvantage, or-
pose a threat to the long term survlval of.the populatlon,. Clearly, this '
involves copnsidering whole organisms or populatlons, but if effects can be
recognised at lower levels of organisation, in tissues or cells, it may be
possible toidetect a threat at an earlier time, or by a more convenient: methodo‘
Further, the examination of blochemlcal or cytologlcal events might enable the':
effects of specmflc pollutants or classes of pollutants to be identified in
situations of environmental complexity where the response of the individual -
organism or: the populatlon allows the assessment only of a general syndrome of
effect, with the impact of the speciflc causative agent masked by other eventse‘*
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We have therefore dealt with a wide range of organlsatlonal levelso "_w‘ o SRR

Turning again to the terms of reference, we have taken a broad view of
"living resources" and while paying due attentlon to. flsh and shellfish of-
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commercial importance, we have taken the view that any adverse effect on the ' *'f“'

food web can have 1mpllcstlons for exp101table lnvlng resources° "vv
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In con51dering the measurement and demonstration ‘of"effects we have" ' ‘
recognised’ the value of the bioassay approach,_and have &evatod 2 sootion to Lo
thlSo . ) ) W . PAPE Y oot
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The report therefore takes the form of a selective discursive review of
recent work on pollutlon effects on’ marine’ organlsms, followed by a consmderation
of the relevance of such effects to, ‘field situations and the possmbllities of™ ‘
their 1nclu51on in a b1010g1ca1 monitorlng programme° ‘ . v““j’"
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- BFFROTS or MARINE POLLUTION oN ORGANISMS 4ﬂy;f. |

Since knowledge of effects is, usually galned 1n practlce by experimental R
demonstration or measurement, we have combined the first of our terms of4w T
reference with part of the second to produce a single section. Our prime
concern is fiot so much with. speciflc pollutants. as: with their .effects, so this ...
section is gtructured under 6 main heads - biochemical, morpholog;cal, phy51ologlcal,
behavmoural, populatlon/communlty and. genetic effects.: :
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Pollutants w1ll dependlng on COncentration, affect many bioohemlcal S
processes within organisms. Some of these procegses will effect g change in
the physiolegical performance: of the: organism. For, some others,- however,'the
organism may compensate  for:a"change in one biochemical. system by .altering a ..., . .
related process:in such a way that no decline in physiological penformance = . ..
occurs. In the context: of monitoring:the effects.of pollution, the former - .-,
category of biochemical. response, where a change is reflected in altered . ... . .
physiologiocpl performance, is the more useful. In these, clrcumstances the g e
~ biochemical changé may oceur more rapidly - than the. phy51olog1cal response and so ;..\,
“ provide earlier warning of a.potential pollution effect. In addltlon, knowledge .
of the biochemical effects of.pollutants may facilitate more understanding of. . .., .
the direct causes of a change in physiological or population condifion. .In e
what followswe.review briefly certain-aspects of biochemical change:that are .,
11kely to result in overt physiological damage to the. organism, and which -show .
A promlse ‘as monxtors of the actmon of pollutantsar . e ~Ag , v ;g.w,g
One such category 1s change in. the chemmstry of the blood plagma and/or .zpﬁgrr
" in the formed elements of the blood. - .Such changes are well recognlsed in man.; ;s
and are the'basis for the medical speciality of clinical chemlstryp‘ Attempts
are currently-underway to adapt the techniques of this speciality: for use in -
the study of pollution effects in marine organism, and some information is | .
available on the effects of various pollutants on the blood of. certaln species - . -
of fish. However, as with many other aspects of blologlcal effecﬁs of pollutants,. .
we need much more base-line data on blood chemistry, in order to describe normal
seasonal and population-varistion before the significance of pollution-induced:
changes can be properly assessed for effects monltorlnga B A w-,-~.JaL

Wlth regard to metals; for example, Larsson (1975) has demonstrated that .
cadmium in the water, ‘at levels of 5-and 50 ppb, produced blood anaemia (ie . ”jfT"A7
significant reductions .in haematocrit and haemoglobin) in 4 weeks at the high .
level and 9-weeks at the low level, in eel, perch and flounder. Nine weeks - . '
exposure at 50 ppb resulted in a marked reduction of blood glucose. -At higher .
levels, 0.1-1.0 ppm of cadmium, plasma electrolytes were affected, potassium UUJ
and calcium being reduced and magnesium and inorganic phosphate elevated.. On
the other hand, Calabrese et _al (1975) exposed winter flounders to 5 and 10.ppb.
of cadmium and detected no haematologicsl effects, whereas Strik et al (1975)
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observed an increase in haematocrit and haemoglobin concentratlon in, raiu.bow, "
trout after 15-22 days. exposure to 10 ppm chromlumv' This type of Varlablllty
in the dose/response relationships in different spedies at differ{nt metal =~ '~
concentratlons argues for the need for more fundamental experimental studies.

Haematologlcal responses of flSh to organlc pollutants have also been = '
documented Endrin at 1 ppb caused elevated serum levels of sodlum, potasslum,
calcium and cholesterol in the northern puffer (Eisler and Edniunds; 1966)
while glucoge in fish was increased by 2 ppb dieldrin (Smlbergeld, 1974) .
Brown trout fed with PCB (5 mg/kg) appeared normal after six weeks, but there
was a significant increase in haemocrit, haemoglobin and cholesterol (Larsson,
1973). Other effects of PCB on ‘the blood chemistry of European egl and of
rainbow trout are described by Johanseon—SJBbeck et al (1975) and recent
studies of haematological effects in flsh tox101ty experlments have been - .
reviewed by Strlk (1974) - N T I

Another relevant llne ‘of 1nvest1gatlon, also 1nvolv1ng the measurement of L.
aspects of blood cheémistry, arises from the fact that a- phospho-proteln T
(vitellogenin) concerned with yolk formation occurs in the blood serum of flsh;
the annual cycle throughout the year has been studied in the flounder (Korsgaard~
Emerson et al, 1975). It might be possible to use deviations from the annual . .
cycle as a me measure of the normallty or otherwise of v1tellogene81$, and ultlmately
of larval developmenb in a glven fluh stock° o . . :

Another category of blochemlcal effect of pollutlon concerns the functlon Ca
of specific. enzymes. The effects of phosphorus and carbonate insecticides on .
the enzyme chollnesterase are well~-known (Cornish, 1971) and we discuse later .
the effects of DDT on the ATP-ase enzymes. Other studies have atempted to. show RRE
more general effects of pollutants on the total activity of certain enzymes in - .
various tissues, but the results are often variable and sometimes'contradictory. .
Jackim (1974) has shown thatsome variability in reports in the literature may
be due to pollutants (heavy metals) having variable .effects on enzyme activity. ...
according to the time the animal was exposed to the contaminant. For .ewample, .
copper stimulated Fundulus liver ribonuclease after 24 hours expogure, but e
induced a 20% reduction in enzymeact1v1ty after 72 hours exposure. The enzyme .». .
delta-aminolevulinic acid dehydratase is functional in the synthesis of . I
haemoglobin, and has been shown to be inhibited by mercury . (transitory- inhlbltlon
at 0.02 ppm) andty lead (lasting inhibition at between 1 and 50 ppm) by Jackim
(1974). " This -enzyme (in Salmo) was ‘only slightly affected by a relatively large
oral dose of PCB, and -there was no change in either .haematocrit or.haemoglobin . . . -
level (Westpan et et _al, 1975). Another study by Heitz.et al (1974) indicated.
few effects . of acute 0il exposures on & variety of ‘enzymes in mullet, shrimp and -
oysters.. In the mullet for example,-there 'were no -changes’ in the. maximum
activity of 13 enzymes after the flsh had been exposed to 4-75 ppm crude 011 T
for’ L" daySo;‘."‘,," L X . o . ; LR Y

In additlon to the possible effects on maximum enzyme actlvihy (V cCds
often taken as an indication of the  amount of enzyme present), 'the kintXes of .
an enzyme may be altered by pollutants. There is a danger here, however, that
in vitro studies might lead to trivial interpretations, simply because the i
factors affecting enzyme function .in vivo are so compleéx tHat their s;mulatlonu..',“
in vitro may prove impossible. In any- cage, there-has been very little etudy . ir
of possible kinetic effects of pollutants on’ enzymes, in spite of the fact that
an alteration in the regulatory enzyme ‘could well be. expressed physiologically::.
at the level of the whole organism. -We discuss later in. this review the = ' . RS
possible benefits to be gained from coupllng tox1cologlcal studles of enzymes . ERE
to studles of genetic varlatlon° Lot S . . Do
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One-. enzyme complex that does hold more promlse than most for effects o .fﬂ, uy

monitorlng goncerns the: "detoxmfioatlon“ system for xenobiotics. - Mhis enzyme

complex is well-known ‘in mammals (Conney and Burns, 1972) and has been reportedliz>£$

also in fish (Payne.1976) and invertebrates (Khan.et al 1972; Lee, persomal =~ . ,

communication). The general term mixed-function oxidase is applied to this ”\}.w;”

complex of enzymes. In partlcular, the initial hydroxylation of the aromatic
ring of a xenobiotic hydrocarbon is carried out by aryl hydrocarbon hydroxylase.,
Inductién of increased enzyme actmvmty oceurs in mammals, fish and 1nvertebrates‘
after ‘exposure to many foreign organic compounds, including polycycllc aromatlc.f

hydrocarbons. Payne (1976 1l.c¢.) found that fish fiom- ‘petroleun-palluted areas ': uQ‘

had hlgher aryl hydroxylase activity in liver and gill ;tissue than in the same .
species of fish from an unpolluted areaj he suggested that assays of this enzyme
could be used as a monitor of petroleum pollution. However, more research is

needed here also, particularly to explore the: role of. these enzymee in the normal
processes of steroid.metabolism. .Recently, Forlin and leman (1975) have . . ‘“;‘

described a technique ‘for preliminary fractionation of this enzyme complex from ;uj?

rainbow trout which 1s useful under field. CondltlonSo”'

Pollutants, 1nclud1ng both metals and hydrocarbons, are “known ko afféct 'f;t

- some processes of steroid metabolism. For.example, Canadian. workers (Uthe,_‘ [»jvr)

personal communication) have shownthat trout exposed to PCB to produoe levelsvm;
of 30 ppm ‘in back muscle and 80. ppm in.eggs did not succespfully hatch their = .

eggs, and study of the exposed males suggested that there was hydroxylation of }i

testosterone. Also, cadmium inhibits. the biosynth651s of ketosterone from. :wlefW
precursor both in vivo and-in vitro. The capacity to: synthesmse steroid ... ...,

hormones mey, with further development ofithe-method, prove a feasible technique ﬂ'Ll;

in effects monltorlng.
. |,

Plnally, we draw attentlon to the potential uses of studles on lysosomal 4,n_\w

enzymes as affecﬁéd by pollutants. Vertebrate.lysosomes (membrenme-bound . . = ..
1ntrecellular veeicles) are knowh to. accumulate 8, variety of env1ronmental e e

contaminents, including métals and organic pollutants (Allison, 1965). Such . 7

accumulations may be measured cytochemically and ‘their effects detected as a -

result of the.concommitant labilisation of the lysosomal membranes and the SR 5;

release of hydrolase enzymes into the cytoplasm. . Such processes. ultlmately )
lead to pathologlcal damage to the cells as a result of autolysis by the lysooomal
" enzymes. - It has proved feasible to provide a quantltatlve index of lysosomal .

lebilisation in Mytilus and to demonstrate population differences in .this lndex _;Lff

(Moore, personal communication). This study holds considerable promise for ','fflﬁ
providing an index of pollutant effect, with evidence also of concommitant
dlsadvantage to the indlva.dualo JETRR P St S

MORPHOLOGICAL EFFECTS s B YR

It anomalles due to pollutlon are to be detected a good knowledge of normal {
hlstology is required,. but wbrtunately this- is available only for a few specles ;ll\
of marlne vertebrates and 1nvertebrates and for .certain selected tissues.;;K‘ R

Couch and. Nlmmo (1974) glve examples of hlstologlcal changes brought about i:jQ
by a Varlety of pollutants on . selected specles of Mollusca and Crustaceao“g¢ B B

The glll membrane thicknees of flsh seems to offer a. useful orlterlon of '}.
initial damage .due to unfavourable water conditions. Much information. is avallable y
on.normal membrane thickness for many species (Steen. and. Berg, | 1966 Newstead - :,;
1967; Kempton 1969; Hughes 1972; de Jager and Dekkers 1975) and this may.be., ... -
used to assess damage. The toxic action of zinc at-acute levels wasehowhtw' i
Skldmore (1970) and Skidmore and Tovell (1972) to involve damage to gill,

l
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tissues and subsequent severe aterial hypoxia. Skidmore (1964) reviewed
this topic and concluded ‘that copious'secretion of mucus restricted respiration " -
and led to mortality in frésh water fish. Lloyd (1960) observed a-cytological
breakdown cf the gill eplthellum of trout occurring about 21 hours after exposure . - |
to 20 ppm ZlnCa At about 4 ppm zlnc the glll 1amellae became swollen before:
death. . S , Lo
R Gl

Hlstcpathcloglcal changes 1nduced by phenol in. glll and 11ver tlssues IR
of the breaw have ‘been déscribed by Walluga (1966). ~ Phenol is highly corrosive
and invokes 1mmediate necrosis of epithelium on contact. However, Kristoffersson
et_al (1973) could not find demonstrable effects.at subacute levels in brackish..
water plkeo‘ Cope (1966) reported fu51on of glll lamellae caused by pestlcideso ro.

Varanasi el al (1975) reported that small concentratlons cf lead and e
mercury in the water produce -significant alterations in the properties of .. .-,
epidermial mucus of rainbow trout, which remain even after a period of depurat:.on°
Chow et &l (1974) have demonstrated that - waterborne lead and mercury accumulate - .
in the epidermal mucus of fish. The-intact epidermal mucus is .important not . -,  ; .-
only for the hydrodynamics of the skin surface (Rosen and Cornford, 1971) but
also for the resistance of the skin against' infections and diseases. Haider
' (1975) showed that sublethal concentrations of lead acetate damaged the chemo-fb
receptors of the common catfish and the tench, and histological examination - ., .
revealed eropion of the terminal’buds. Gardner and La Roche (1973) reported
degeneration in the 'anterior lateral line-and olfactory sensory structure Y
following short- term exposure of- Fundulus to sublethal levels of coppers oy e
Mercury levels:-of 0.5 ppm caused severe cytoplasmlc and nuclear. degeneratlon of . .
all cellular elements compribing the lateral line canals  (Gardner: 1975)

. . doe

Of over 900 commercial pesticide formulations, only about 30 have been
tested in the laboratory for histological effects on the liver of fish and‘~““f
fewer than 20 apecies have been examined (Couch, 1975). Some information is :
available op controlled field research. - Severe degenerative liver lesions were.
reported from bluegills (Lepomis macrochlrus) exposed to 0.05 and 0,037 ppm..
heptachlor in ponds (Andrews et al 1966), but these concentrations were close e
to the 24 hpur LC... Couch (1975) summarises Eller's. (1971): report. on endrin- R
induced changes 12 the liver of fish, noting that certain of the induced changes - - .
resembled prehepatomatous lesions: (1) liver cord disarray, (2) presence of- . .

" mitotic cells in liver; (3) binucleate cells, (4) swollen cells, (5) plecmorphlc
cells (6) bizarre cells w1th enlarged nuclel, and (7) 1ntrazcnal and perlportal r
- inflammatory f001,'~ ‘1 S 3 o

At present there exmsts no publlshed report on the effects of PCB' o,
on fish Iivers, and little information seems to be available on the hlstopathologlcal
effects of DDT on the highly susceptible crustaceans. Noticeable changes in: "
gonadal and mantle tissues of oysters (Crassostrea virginica) were observed
following a 12 week exposure to lead concentrations of 0.1 to.0.2 mg/l.. - -
Although fish eggs are known to be relatively resistent .to stress,. embryonic. .. =
malformations were found in many species (herring, gar pike, flaunder and plalce)r‘
by a number of authors using various concentrations of heavy metals, detergents,
oil emulsifiers, dinitrophenol and sulphuric acid (Dethlefsen 1974, Westernhagen
et _al 1974, 1975, Westernhagen and Dethlefsen 1975, Rosenthal and Mann 1973,
Rosenthal and Sperling 1974, Alderson 1972, Kuhnhold 1972). Table 1 summarises
various reports of morphological effécts of pollutants on’ marine organisms.
One problem is that most. of these effects occur in experlments when excessively .
high levels of pollutants are used, or in the field in limited areas.where. abnormal
concentrations are-found, such as on sludge dumping grounds. The questlon is®™ - Ty
how to evaluate these data in terms of sublethal levels. R

e
D




L d

PN RPN A £ A £ A e T s e

Physical anomalies observed in natural .populations of marine and fresh-
water fishés are well .documeénted and bibliographics are presented: by Dawson . N
(1964, 1966, 1971). Mcst of the observations do not deal with anomalous f e
populations but with a few aberrant individuals. Rippy and Hare (1969) ~
_investigated an epidemic involving Atlantic salmon in the Miramlchl river.
The fish were severely affected by the bacterium Héromonas 1IGuifaciamis; ~Buterrsmrs wmmmns
increased concentratlons of copper and-zinc were also detected and the authors
regarded: those as contrlbutmng factors to the ‘epidemic. Gardner:(4975) observed:2
spontaneous lesions in' adult Brevoortia tyrannus (Atlantic menhaden) obtained- Y
from Narragansett Bay and from the site 6f a menhaden "fish kill'. Tissue
abnormalities in fish. kidneys (mainly .larger vacuolated cells in the glomerull)
were found: by Mount and Putnicki. (1966), investigating a fish kill due to = ~¢ niil{uwa
endrin. Hubbs (1959) reported on high incidences of vertebral deformities in" anlios
two natural populations of fishes inhabiting warm springs. Kroger and Guthrle
(1971) observed thousands of cases o6f crooked. vertebral columns-in Juvenile’ 17 ~ifcw .=
Atlantic merthaden, Brevoortia tyrannus, but these have not been related to ﬁ'753»?
environmental conditions. Crabs and lobsters from the sewage sludge and dredge
' ~5poil disposal areas vt New' York Bight often showed skeletal “erosions on the  r<iii~:r. -
tips of~the dactylopotites and the ventral sides of the chelipeds. In additiomyi.../™ -
their gills became fouled with granular material and a dark brown coatlng ’
' coVersd the filaments (Young and Pearce, 1975). T - 7Vf7‘5bﬂﬁiufﬁ

. iR ’
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In general, lesions have been reported in fish taken from polluted waters ik
(Halstead 1972) and it has been suggested (Pac. Sci. Congress, Vancouver 1975)
that . ea51ly detectable skln tumours among. bottom living fish might be used as
an early warning -device-in-monitoring programmes. Valentine (1975) 1nvestlgated
the presence of high frequencies of skeletal anomalies in a wild population of
the barred sand bass (Paralabrax nebulifer), from southern California. These
anomalles dnvolved the-gill- rakers, bones of the opercular serles, cranial Tl ey
asymmetries, various- -fin-anomalies and deformed vertebral columns. Barred )
send bass of this populatlon always possess more anomalies than Mexican barred
sand ‘bass ‘do. Gill raker-deformaties appéared to increase both - in frequency
and severlty with age, they are not ‘congenital. Velentine alsb found that
anomalies in this fish are. restricted to structureb which conthin 'a considerable
amoumnt fwcalclum- theré appears to be an ‘excéllent association between gill: - .n.
raker anomalies and internal and externil anomalies: - After taklng all other
possiblbiles into account, Valentine assumed that the induction of- skeletal
anomalies in this non-migratory fish, may have been caused by a ubiquitous ;
pollutant or pollutants~that interfere w1th calcium metabolisme Such agents i:;s&uan‘
would include various chlorinated hydrocarbons. Pesticide concentratlons are” ro
expected to:be hlgh in southern Callfornla marine waters and organlsms,v Accordlng
+to Schmidt et al (1972) White's Point sewage outfall (Los ‘Angeles harbour)'ﬁ~',:gan
dlscharges an esﬁlmate&w9? kg per day DDT and 100 kg per day PCB's,P Duke’ and,;:
Wilson (1971) found DDT and its metabolites in concentrations as high as 1026 ppmx
-.in Jivers of fish taken from water adjacent to Los Angeles (mean goncentration
‘for.71 samples reached 318-ppm). Valentine argued that if these dnomalies were'. .- -
~r-~associated with the-ac¢cumulation of toxlcants which produced metabolic instabllitles,-
then' similar anomalies should be observable in other marine teleosts from the':
same-locality. So far, two additional species which have been examined, the
.California grunion (Lieuresthes tenuis) and the barred surfperch . (Amphistichus -::o..;.i
argenteus) show anomalies-parallel to those for barred sand bass. The causative.
mechanisms producing skeletal anomalies in-these marine teleosts are of course
as yet unknown, but further research would seem to be justified. In this
connection observations by Bengtsson (1974) are relevant. He examined minnows
exposed to 0.2 and 0.3 ppm zinc in freshwater over 270 days and found 70% of
the fish had suffered vertebral damage. Zinc is known as a metabolic antagonist
to calcium. '
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: esglratmon Most studles lnvolVe the measurement of rates of consumptnon of

PHYSIOLOGICAL EFFECTS , L e L e g e
q N IR RS N A ‘“'i"‘,[\ St }l,x'J.\zi‘.‘.

Although 1t is the success of the populat;on, rather than of the‘lnd1v1dual
organism, that is ultlmately 1mportant to the species, the v1ta11ty of the .
population is nevertheless a function &f the . survival, reproductmon and growth
of its individuals. To understand the effects of envirommental alteratlons,' .
we must know the typlcal responses of :Lndlv:Lduals° TFurthermore, although the T
response of the 1nd1v1dual is itself the result of changes in biochemical and
other processes, it is the 1ntegrated outcome of these changes that is of the .
most direct use to. the ecologist who seeks to understand the results of envmron-.yf
mental change. - This section therefore deals prmmanly with phy51ologlcal effects"'
at the level of the whole organlsm° .

Physiological response to a change in. the environment may be adaptive,
leading to a more efficient functlonlng ofihe individual in the ecological -
system, or it may be harmful, resulting in a less efficdient peri‘ormance° These
two aspects of physiological response must be distinguished when seeking to
measure - the effects of pollution, and the criteria for distinguishing between
them are to be found in the ultimate expressions of biological performance, -
namely in. survival, reproductlon and growth, We must therefore measure "effects",
both in terms of physiological. response and in terms of ecologlcal performancen‘f””
The.closer. the link between the response and its expression as an alteration
in growth: or reproduction; the more useful will measurements of that response ;;']:
be for assegsing the effects of envitronmental change. '
Withithese considerations.in mind, much recent research on the phy51olog10al
effects of pollutants is seen to be irrelevant to. the 1mmediate needs of _
environmental monitoring. Even those aspects of physmological response which’
show some promise still require:more research effort to bring our understandlng
to the point where indices of. performance can be, proposed for deployment in the.
field.. Nevertheless, we can identify some aspects .of résearch into. physiological..
responses that will eventuelly serve as environmental monitors, while hrging that .
more 1mmed1ate actlons be taken,. as identlfled later -in this report° ¢

o

Recent research ls brlefly consldered under four headlngs - reepiratlon, : uA;
osmotlc and ilonice regulatlon, nmtrogen excretion and reproductlon and growth.dﬁu

oxygen from the medium (resplration rate) either by 1ntact organisms or by G
isolated tissues. .. Such. measurements are. s1mple to make, but :nterpretatlon is .
often controverslala PR s . . -

Colller et al (1973) and. Thurberg et al (1973) recerded ‘reduced resplratlon
rates by 1solated glll tissues of three species of crabs when . exposed to cadmlum,
but they found that copper had no effect. -Scott and Major (1972) and Brown
and Newell,(1972) noted that copper depressed respiration rate of bivalve gill,
tissue (the latter authors also noting that zinc had no efféct). Thurbérg et al
(1974) recorded increased respiration rates by bivalve gill. tissue exposed to .
silver. Dumning and Major (1974) -recorded a transient depression of respiration
rate by glll tlssue exposed to water soluble exiracts of oil. - -

Where a deess1on 1n the rate of oxygen uptake by glll tissue is recorded, e
this is usually associated. with- cellular damage, or with narcotic effects of v, .,
the pollutant. In another sectlon of this report we 1dentify morphological . .. .
effects on gill tlssues as a promlslng ares, for future nonitoring. However,
as the quoted papers demonstrate clearly, interpretation of the changes in
respiration rate of isolated tissues is extremely difficult, because such . . .-
changes" d:ffer amongst dlfferent contamlnants, amongst dlfferent species, and Do
even from one experimental condltlon to another. (Thurberg et aJ, 1974)
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The variability in respiration rates is even more pronounced when : '~ 'ie
the resplratlon of ‘the whole anlmal is measured. A minimum requlrement in such
studies is for activity level and nutritional ‘states of the individual. to be
quantified. Fry (1947) called thie différence between an animal's standard -

and active metabolic (or respiration) rates the "scope for activity". This is'

a measure of the cspacity the animal has) under particular environmental condltlons,
for all its metabollc activities in addition to the malntenance of its standard -
metabolic state. As environmental conditions change, standard and active
respiration rates will change, often in different ways',- 8o that the scope for
activity may serve as an index of the animal's response to the environment
especially when considered in tandem with behavioural effects. Application of
this concept to pollutant research (see Brett, 1964) promises to be rewarding. '+

In studies of fish, the activity level can be measured 51multaneously with
respiration rate,. Waiwood and Johansen’ (1974) found that both activity and iivcd .
oxygen consumptlon by Catostomus increased in response to sub-lethal levels ! ..
of methoxychlor. They suggested that the increased ventilation- (= breathlng)nu Mt
rate that accompanies’ hyperact1v1ty, itself a response to the pollutant, ‘may . :
result in increased uptake,of the insecticides Sparks et al (1972) ‘and Morgan r
(1974) recorded increased ventilatlon rates by fish in résponse to zinc, copper*‘"
and cadmium. These responses might bé:the result of tissue hypoxia, brought . ..
about by glll damage (Skidmore, 1970). This points, ‘once more, to-the posslbillty
of assessing pollution effect in terms of glll morphometrlcs, as’ dlseussed in -
the previous section. : : v :

Anderson et al (1969) redord that the respiratory responses of fish to- .-
pollutants are " variable with respect to (a) the concentration réquired toi-. "“t'”
elicit a significant - change in' rate, (b) the direction'of change (either - . .¥
stimulation or suppression) and (c)-the magnitude of the response. The same -
is true for invertebrates. Hargrave and Newcombe (1974) attempted to relate &
act1v1ty by a snail to its rate of respiration, in respouse to oil‘and a low= = !.i-
toxicity dispersant. Maclnnes and Thurberg (1973) demonstrated dlsturbance of .t
both activity pattern and metabolic rate in arother species of snail caused by -
copper and cadmium, Other studies, too numerous to list (but see Dorn, 197k
Dunning and Major, 1974' Anderson et et_al 1974) have demonstrated altered rates
of oxygen consumption in' ‘response %o sub-lethal concentrations of contaminants."
There may be some merit in establishing, under standard conditions, the mlnlmum
level of a pollutant that stimulates a changenn respiration rate, -but ‘there is
little merit, at this: tlme, in: propos1ng resplratlon rate measurements per se as
part of a monitoring programmec However, oxygen consumption-is an index-of s
energy expenditure and is therefore a component in the "energy budget" of the
individual. When placed in the context of an integrated assessment of the
"scope for growth!, therefore, disturbed respiration rates acqulre more SRR
s1gn1f1cance, as dlscussed later in thls report° 4 v

‘ - TR "f.u‘-‘vi‘ R TL R Y o1
Osmotic and ionie regulatlon"The regulatlon by flsh and certain 1nvertebrates;
of blood osmolality and of blood and cellular 'ionic concentrations” are’ mechanlsms
vulnerable to certain contaminants.  This has been well documented:-as an’ effect
of polychlorlnated hydrocarbons (Kinter et al 19724 “Nimmo ' and Blackman 19?2)
A loss in capacity for osmo-regulation at reduced salinity by certain crustaceans i
when exposed to copper or cadmium has been recorded by Thurberg et al (1973) @
and Jones’ (19?5) In-othér studies it is the individual's toléramnce « of reduced N
salinities” that is-affected-by certain pollutants (Caldwell, 197k; Niinnio  and. - et E
Bahner, 1974). ~Renfro et et_al’(1974) recorded depressed ion: transport in osmo=~. ¢
regulatory systems in flsh resultlng from exposures to mercury° C "{f “Jf"*

Such studles are popular, begause of the known capacity of DDT and PCB's to -
inhibit the Na™, y K activated, Mg™" dependent ATPase enzymes (NaKMg ATPases) o
(Yap et al, 1971; Desaick gt al 1972). These enzymes are important in iom- l(fv”
transport, and Klnter and his o colleagues (Janlckl and Kinter, 1971; Kinter et al
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“in, fleld programmesn N

1972) have postv,lated tha’c ATE’a,se inhib:Lt:Lon by DDT ‘&nd by PCB'S impadr, ﬁhe' -
capac1ty of fish, to’ osmo»regulate, Galdwell (1974) conflrmed in vitrs inhlbipibﬁ
H f;.{l Ca

SRt

at ATPase by methoxychlor in crabs,}but falled to demonptrate impalrmen
osmotlc or jonic regulatlonu; N B

Inhlbltion of glll ATPases may be 1ncldental to the’ ultlmate lethallty Be jﬁ
1nsect1c1des to fish (Davies et _al, 1972) and crabs, but, ‘there is, neyera” 7MY
theless. a'marked effect on an 1mportant phy51olcglcal funet:on, and this’ olearly
requires; further research. for clarlflcatlono, The capaclty to osmo-regulate can’
be'quantlfled (Sdebert et al, 1972) and therefore shows promlse as a tool in
assessing sub«lethal  effects of environmental change, For example, anlmals of
the same species, from different sites, could be exposed to a gtandard, series
of diluted seawater.and their capac;tleq for, osmo- and ionié~ regulatlon o
measured and compared° However, further Yesearch into the natiural’ varlablllty
of these physiologjcal. responses 15 needed before\theyw an,be used as monltors

1)

Nltrcgen excretion , The. balande, between dlfferent endnproducte of" nltrogenii
metabolism may be: disturbed. by certain envlronmentel stressore, 1nclud1ng ‘heavy *
metals. Measurement of the rate of excretlon of. varlous nltrogenous end—proddcﬁs

(ammonia, amines,. purlnes) may therefore 1nd1cate the effects of a. ollutant

.....

(Corner,:-1972) . "A different approach may be to determ;ne the 0N, ratlc of -
oxygen -consumed, to, nitrogen excreted as. atom;c-equlvalenxs, ,Thls ratlo can '“fg
provide an index of the balance wmthmn the individual. between “the catabclmsm of

scarbohydrate,. 1ipid and protein substrates, a balance that may,be '‘disturbed by,

poliution... The O:N ratio has .been documented “for: planktonlc cruetacee {Corner,j'
1972) and benthic molluscs (Bayne, 1975), in ‘both groups further research 13 ff’
needed to clarify the normal range for this index, and the ‘ci¥cumstandes in ©
which it may change in a predictable way. As with so many other, aspects of. i
physiological response, the measurement of the O:N ratio holds promise “fort

future . uue, rather than the. p0551b1l1ty of immedlate appllcatlon.ﬁ.

Ty '1 g
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Reproductlon and Growth Most studles of the effects of pollutants on“reproductlon

and growth have been concerhed with either effeécts on thé developmént of eggs and
larvae,.or with effects on growth over,. the,entire. life ¢ycle of the. 1nd1v1dual,
from.Megg to egg". :For example, Brown and Aheanullah (1971)5 Sallba -and” Ahsanullah
(1973). and Grosch (1974) studied cultures of Artemiaj Biesinger and. Curistéensed
(1972) studied Daphniaj.Karbe (1972) and Stebbing (1976) -have developed bloassays
using clones of colonlal hydrolds' D! Agost;no and. Ibnney (1974) digcuss long-.
term effects on reproduction and. growth.ﬁn Tlgrlopus 1aponlcus, and Rejsh’ and‘.;
his co-workers (Reish, 1976) have established biosssays with culfires of small "
and, rapidly reprodycing polychaetes., !These ‘procedures .are . "bloassaye" in ther :,
cla531cal sense, and-their p0581ble role in monmtorlng the effects of" pollutlon“
is discussed later in this reportn In the preeent sectxon we comment upon another
aspect of the physmologlcal study of growth, namely the "ecope for growth"

ved

Warren and. Davms (1967) deflned the scope for growth as the dlfference
between. the ‘energy - ‘value. of the food consumed by ‘an anlmal ‘and the. energy. ... .
value of all the "uses and. losses of, food other than growth", undex: particulax .
environmental conditions. In estlmatnng the scope for growth, therefore, food.,
consumption (Ac), loss due to faeces (Aw) and the energy equivalent of respiratory
(or heat) loss. (Am) are measured, .and the . scope for growth is, calculated B8E 5
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This. scope . for, growth, and its derivative, growth efficiency, provide an
;ntegrated.assessment of the’ energy balance of the 1nd1v1dual, and’ 1ncorporate O
within’ one value- the’ Varlable envzronmental influences' oiy assimilation and ! L
respiratioii. It is an extremely useful ecological index; since it considers AR
both the food relatlonshlps and other physiological responses to the - environment,
and, expresses these in terms of the poteanaJ for growth, which is an ultimate
expr9551on of ecologlcal well" belng,, In, gituations where growth may be dlfflcult
to,measure. directly, or where meéas ures of’ growth may be unable to detect the '/ -
subtle effects of an envxronmenaal onange, an assessment of’ the energy" "status" B
of the 1nd3vmdual, prnv1ded by the SCOpg’ for growth, may yield the information:-
necessary on., thch to base Judgements of environmental - 1mpact. Although in its -
smmple form,” as glVen, the scope for growth does not distmngulsh between energy
made avélable for somatlo growth end for reproductlon,a more’ complete assessment'
of energy balance 1s possible by 1ncluding estmmates of fecund:.ty° 'd‘fw

ey, Vit

" Warren ‘ahd Dévia (1967) and’ Brocksen;” st al (1968) have’ examined ;

some of the says in which the scope for growth in fish may vary with envmronmental
change. . Bayne et al (1973) and Bayne (1975) have discussed scope for growth in
a blvalve molluse as as a ‘function of enV1ronmental stress, while Gilfillan . (1975)
angd. Gilfillan st st 21’ (1976) have shown’ how’ the scope’'(estimated in terms of - -
carbon rather ‘than, calories) ‘declinegd in two bivalve specmes as a result of - -
exposure to crude o:l.ln This index &hows considerable promise as a monitor of the
effects of ‘environmental, change on marine animals. ~ More research is needed-on
the natural varlabillty in the scope for. growth of different species. ® However,A
where sufflclent ba51c 1nformaton is avallable, such as for the bivalve molluscs’
Mytilus edulis and Mya, ‘arenarih, estimates of ‘the ‘séopé for growth can be and are
belng used in fmeld programmes to assess envmronmental condltlon 1n work in. ¢
‘progress at Plymouth (Bayne) and in Maine, USA )G:Llfllla.n) D
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Effects on behaviour sré often ignored in toxicity stiudies but they-can = .

.. pe of vital importance to, the survival of the animal or the populatlon. Some
1aboratory studles are 1ndlcated below under approprlate head:.ngs° “idfﬂ”%“iﬁ”ﬂ

Maintenance of equilmbrnum Subtle behavioural effects can follow: exposure of

“fish to low methyl mercury concentrations (Spyker et al 1972), -and in partlcular
some functlons Wthh are . controlled by the nervous system, such ‘as maintenance’ )
of” equlllbrlum Hay be affeoted (Lindahl and Schwanbom; 1971).:: Under the “r“f*ﬁ
influence of 25 ppm ‘phenol in water of '5 to 6%e salinity, pike (IBox lucius)

lost: thelr balance w1th1n 90 mlnutes (Krlsboffersson et et _al 1973) ﬁ‘* ;'

Swmmmlng ‘behaviour dnd’ orlentatlon Bengtsson (1974) showed that the addltlon

» stimull 1n the locomotor behavxour of the gold fish.}

Kt
’

" of zinc (0.24 ppm)-produced an initial ‘hyperactivity in minnows over a permod

“of several days, followéd by a period when the ‘fish displayed hypoactn.vn:yo i
Besides quantltatlve alterations in activity there were also changes in the“”"“
distribution between diurnal and nocturnal activity. K Waller and Cairns (1972)
demonstrated that zinc concentratlons down to 2,9 ppm ‘can-be detected by
monitoring fish movement pattérns in tanks, ‘Kleerekoper ‘et al (1972) have: '

i

examined the 1nteractlon ‘between temperabure and copper ions a8 ormentation w

R AEX P
A

Avomdanoe behavxour Scherer and Nowak (1973) developed an apparatus for Cone)
recordlng avoidance movements of fish in order to investigate what concentrations
in water would repel or attract, and whether “the avoidance thresholds could
eventually be detrimental. The method was used to evaluate escape reactions of
rainbow trout at sub-lethal concentrations of oil drilling fluids (Lawrencé and
Scherer, 1975). On the other hand, . examples are known of pollutants which are

apparently not detected by fish, or which even act as attractants (Sprague and
Drury, 1969). ‘ .
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Westlake ‘and Kleerekoper (1974) havé shown thetavoidance and locomotoru
regponse of the fish is dependent Ol the ‘slope of ‘thé gradient.df:qopper ilons. 1~
A steep gradient may ehclt avoidance escape; & shallow’ gradlent nay produce ...

fattraction'. Avoidsnce tests ‘to ‘acid gradients were' conducted by Ishio (1960)l)
with freshwater fish uging a gradient tanki Fish ‘do avoid: ‘high 'congentrations. .
of carbonic acid of aWout 18 ppm (Cara851us) ‘and 'of :240 ppm ' (Lepomi.s) ;. whereas fu
Carassius ‘approaches’ fairly Llow pH values (2.8 pH) compared to-Lepomis : (5. 8).1)
Sprague (196lt) - showed’ that salidn ‘parr actually -avoided -thresholds of 0s1:0f"

the incipient; lethal level with copper and O. 14 in tests with zine, .0ri0.07of :
,copper - zinc mlxtures, o ‘
i SRR L W RESL g D TN e
Frequency of: glll movements and heart beat Many investigations have measured
ventilation frequency and/or _coughing frequency inifish*exposed to:subalethal
concentrations of pollutants- however .some -Fish-(trout) often respond by changmng
ventilatory depth more than frequency (Heath 1972). Drummond et al (1973)
demonstratéd ‘that the increase En cough ‘freguency of ‘brédk. trout (§alvelinus
fontinalis) to copper is a promising short-term indicator:-of the:long-term effects
of heavy metals. The lowest ‘toncentration: of methylmercurac ‘¢chlordde: that: caused
a signmfzcant increase in cough fréquency.in brook trout was 3 ug/l° In the.:
large mouth bass (Micropterus salmonides) as little as: 1.0/ mg/{ of ‘anitmony’ in
the form of, tartar enétic caused projectule vomiting (Jerneacmc, 1969) Among
1nvertebrates, oysters are sensitive to-¢hlorine’ concentrations of 0. Oﬂ =04 05 ppm

1

”,and react by reducing pumplng aotivmty° (Galstoff, 1946) {" IR

. RN S A L NNV ET o

Embryqnic and larval behavlour Alteratmon in heart rate during embryonmc
development under the influence’ of dlfferent env1ronmental stressors is freqnently
reportéd in'the literatures - “V RO N S RSP BN o (P A S

fish embryos! pollutant Wt effect LA Lo peferencel it b Lol
herring : oil emulsifiers reduction in VM Linden- (1974) Ll
. _ . . ‘ heart rate
B T T R SRR P RO S R DT RER e U e 1'7\ Vg
et e et o . 4 .
herring ™™ . """ Dinitrophenol’ 4" peduction xn'j\h~f‘R05enthal end i gl
"ﬂ“.' T ‘“hearﬁ rate Ha Stelzer (1970) SRR
r ,:\(. ;;\,1 ;\u,,‘ R IREENAS R S PRI L SO (‘,H i {"‘.f. Y H;m '1‘1 ST
herrlng L sulphurlc ‘acid ”’L'lnltial incresdse L"K:Lnne e IR R SRR
- (20% dilution - % in heart-rate'i @ Rosenthal (1967) .wf~an
1 32 OOO) R H (CO - elffec"t) )"' NP [ C RN A PP O 4
gar Pikéfifff5 “leadmium TS peduced embryo 7 Westearhagen - ;(w

: " (0. 1 ppm) -‘”"”;f *act1v1ty *~f‘*; g etal 1975) SR
L Ky R ;': . . ‘.(‘ " B . "" + : W ; \‘ " )‘ " '~ . o “:.‘ J
Sw1mm1 behavmour and actlvzty pattern ot newly hatohed flSh larvae ar@ N
often affected under ‘different” stress ‘situations. The narcotic effect of odde v/
emulsifiers on’herring ‘larvae was'demonstrated by Wilson (1972). " Similarly,.» s
Mironov (1973) reported that newly hatched dlarvae of Rhombus masotiocus: exposed Ay,
to soluble oil components immediately sank’ snd became motionless and their W
reaction to touch was weak. Rosenthal and Sperling-(1974) found that herring™c”
larvae obtalnsd from eggs which were incubated in 0.5 to 1.0 ppm Cd had
difficulties in keeplng their ‘equi librium.’ Thls failure 0f behaviour was”
attributed to’ the fact that the otlc capsules are not weil deVeloped under Cd'”*
expcsure.' -3 _ e " il
‘ oy vl ﬂ STV w#ﬂ' A f: T Jn¢1}~ ﬂnk'b':"r’ - vi

bae e

Observatlons ot ‘behavioural éffects ‘have also been made~1n ‘the fleld Por“
example adult Atlantlc salmon (Salnio - salar) apparently av01ded sublethal éopper-
zine ‘pollution in an eastern Ganadman rlver (Sprague and Saunders 1963) -
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More- recently, Anderson; (1971) reported field observations on the movements
of sexuglly ripeningautumm salmon (Salmo salar) dnto and through a polluted
river estuary using uwltrasonic tracklng. He oorrelated 1ooomotory movements with
chémical assays:ofithe. effluents and the hydrography of the eatuary. Prellmlnary
results indigate that in addition to noymal movements there was a donsiderable .
delay- around kiown points of industrial pollution. Within the 1ndustrla11zed .
port of the. eramlchl estuary, upstreamn moverment was notlceably slower than in
an adjacent Tinpolluted. estuary, but above the 1ndustr1a11zed part the fish, moved“
rapidly \lpstreama-“.!. S O VLR N AT I S P BN TSI

Gardner (1975) noted that adult menhaden (Brevoortia tyrannue) collected ‘From
a "discharge quarry' which received nuclear generating station effluent generally
dlsplayed ‘erratic swimming patterns-associgted, with an apparent logs of ‘ .
equlllbrlum., These flsh ‘showed certaln morphologrcal alterations, -
‘,I N "
Howell and Shelton (1970) observed that the deposrtlon of Chlna clay in two
»bays in- southpwest England, - They noted this had.a marked effect on, bottom fauna?
and suggested that: therarea . of high turbldlty was avoxded by herrlng shoals. L
Evidence for' such -avoidance behaviour by . whltebalt in the same area is recorded
by W1lson &nd. Connor- (1976)q Bl 1 ugy e , [
b
-wr‘««:Apathy was A marked behavmoural effect in a, rlng seal (Pusa hisplda) whlch
showed extremely high mercury concentrations (Tmllander ot al 1972} iip to. 197 mg
being found ;n the flesh, and about 210 mg/kg in the liver (Henrlkeson et al 19 9)
vl Snow and Stuart (1963) observed meny paralysed ‘eockles on an oyster ground
in Tlllamook Bay (Oregon) that had been treated 30 nmin prev1ously Wlth MGS-9O
(Sevin) to control burrowing ghost and mud shrimp. : . ,
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POPULATION AND' COMMUNITY EFFECTS . ;.. . - S R

Huntsman (1948) has pointed out “that to explain changes in nunbers of
animals in g population it is essential to understand. how. ;ndlvidual organigsms .
respond to their environment in terms of survival, reproductlon, growth and
movement, a point which is emphasised throughout this reportn But  from a
strictly biological as well as a fisheries p01nt of view it is the population and
not the indiyidual that: is 1mportant. and it is argued here that unless an effect
has consequences at the population: level At is 1nsmgnrf1cant

This effect .2t the population. level is generally non~-specific and thus .
will be unllkely to.indicate the cause of the change. A large number of =~
field 1nvest1gat10ns ‘that have as their basis the identification and enumeration
of the species oceurring in a community are documented. . Many of these, .studies
are. concerned with the.relatively eedentary ‘benthos, on the basis that. these Cit
species -will.be: unable to avoid adverse, conditlone and thus the status of such
populations at any.. pomnt of tlme is llkely to; reflect the . ;conditions that
prevailed over 'd’ relatlvely long preceding perlod. .They are also 1mportant
components of .the. marlne'food web.,., o 3,“43,“Jm N O T RO AN

I . Lo . . - i RETIVE

In such studlee the moet obvious effectS)are of course those in the - ,:l;~i{
1mmedrate vrplnmty of oontmnuous pollutlon sources such as effluent pipes or .on
dumplng grounds. Some such discharges are not toxic but alter the communlty
by a smothering effect or by altering the sediment. Sludges from aluminium works
coptaining oxides of aluninium,. iron and.silicon are.an example and there. are
descrrptmons of .the . totally azoic zones. produced by the blanketing effect of such
material (Bourcier 1969) Other inert mateérials such. as fly ash and. chlna clay
act in a similar way and are well documented (Probert, 1975).
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Efflpents from pulp mllls have a more dlrect effect and have been' extensively
studied in Amerlca as well as in western Europe. At 51tes in Scandihavia ‘and B
Scotland changes in benthic communltles ‘have been followed whlch could apparently
be related to Varlatlons in. the pulp mlll effluents (Pearson and Rosenberg, 1976)

Considerable research effort has been focussed on effluents from oil
refineries. Chronic-pollution.from this gource probably has an adverse effect
on marsh grass, but it may. be dlfflcult to0 dlstlngulsh between this and the ‘ ‘
influence of natural events. (chks 1976) . Anlmals are also affected, and . 4 ot
around reflnery outfalls certamn gastropod molluscs and barnacles ‘are consmderably "
reduced in numbers (Crapp 1971). When such’ eftluents are dlscharged into water .-
where rapid mixing and dispersal take place, it is’ ‘difficult to detect any efféct,.
but. if ‘during a:period of crises, discharge 1s redirected into more stagnant
regionsy kills-of. 1nvertebrates and fish are observed (Baker 1976) Large macro-
algae tend to be somewhat re31stant Lo oil, protected by their mu01lage covering, . .\
but at high concentration of effluent, only Enteromorpha and blue greén algae
survive.  The. polychaete Nereis dlverSlcolor is very reslstant to 011 but even
this specles is absent in the 1mmed1ate v101n1ty of effluents, - -

. [ S
K [ b

Off sewage outfalls there may be a 1ocallsed 1ncrease in prlmary productlon
(Eppley et al. 1972), but, the main effect is on the berithos whére a reductlon of
spec1es dlver51ty usually occurs, and agamn "is well documented for several
regions (McIntyre and Johnston 1975). S R s

The major problem of populatmon/community monitoring, bearing in mind the-i.h
non~gpecific nature of. the response, is to distinguish pollution induced changes
from those due to other causes., The understandmng of fluctuations in exp101ted
populatlons is dlfflcult enough even when the substantial background of ' .
fishery statmstlcs is available, 80 the magnmtude of the problem for most = - uehee
natural. populatlons may he. appreclated. Changes in species dmversity ‘have been’
proposed as 1nd1cators of pollutlon, and while such changes ‘are cortainly o
associated with gross pollution, the dlfflculty remains of. detcctlng and relatlng
them at sublethal levels before. the effect is extreme. The use-of: very small -
metazoans (meiofauna) which, have short genération tiies and whidh in: some cases' -
are partlcularly sensitive: to stress may be helpful, and may permmt the detectlon
of changes in taxa hlgher ‘than species. Thus it has been suggested- (McIntyre 1976)
that pollution in a. sandy beach which had not yet affected macrofauna may be - -
detected in the meiofauna by a reduction in number and species of small" &
crustaceans and an increase in numbers of turbellarians and nehiatodes. However -
this approach requires extensive knowledge of non-polluted habitats and even
then.does not necessarlly produce a dlrect link w1th & partlcular type of pollutant°

Another approach is to try to identlfy SpGCleS that act as blologlcal G
indicators of specific condn.tn,ons° ‘Tor ., .example, Capitella’capitata has often*
been found in large numbers ‘around . Sevigge outfalls and is considered’ to" "be ‘one of -
the best indicators of gross organie enrichment i ooastal geas (Remsch, 1972)
However, Fagle and Rees (1973) describe a” situation where the’ appeargnce of this
species seemed due to changes in the sediment unrelated to organic enrlchment,
and this emphasmses .that such observatlons must be 1nterpreted thh care, and not
in isolation from other studleso '

Finally, the poss1bi]1ty of using primary productmon for mﬁnitorlng is at’
present under active’ consmderatlon° The production index, mg C/mg chlorophyll, ;
can be used to indicate changes in’ production from time to time or place. to DR
place, while the use of ‘radio carbon bioassay to detect pollutien, and of
turbldostats to measure effects are in the process of evaluatlono'“,i -

e
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On the experimental side these higher level effects can only ‘be demonstrated
by large scale long term experlments, which could confirm ‘that observatlons'
made on, smngle Jo3l small numbers of 1nd1v1duals by themeelvee aleo apply to "
larger groups in more. natural COHdlthnSﬁ Such - experiments go some way towards
answering doubts about extrapolation of small scale laboratory experimental
results to the field. .., T

Thus, tank experlments (Saward et al 1975, McIntyre 1976) demonstrated that
for the Tellmna—plalce food chain, 1ow Jevels of pollutants such as copper, mercury
and lead at less than 10 times background,. could produce effects: ‘at each trophic -

level studied and that there were 1nteractlons which produced a’ communlty effect S
s A .

in terms of depression of . 1mportant processes. ['; r{;( Lo ’
In. experlmente wmth large plastlc bags in the sea (Dav1es, Gamble and Steele,
1975). it has been.shown (Lee and Takasashi. 1975) that major changes are produced .
in pelaglc populatlons as the result of fuel oil extracts. "The normal phyto—}
plankton p0pulatlons of. dlatoms were replaced by mlcroflagellates, ‘which in turn

were followed by large increases in the populatlons of tintinnids and rotifiers

which were presumably feeding on the small flagellates. There was also a’ decllnef

in the larger planktonlo carnivores and marked effects on the bacteria in the
system. . It is interesting. that experlments with’ copper in the bags (Topping and
Windom, in ‘the press) produced very similar effects on: population- structure, and -
there is perhaps a suggestion in ‘that this is a general reaction to- stress°
GENETIC- EFFECTS i

.'.",",, C R [ B AR o .
L L S [ I

It ;s generally acCepted that by far the greater proportlon of" all mutatlons '
are deleterlousq, At the ‘population level thls will result in lower overall - Ry

fithess and reduced abillty to exp101t the environment. In 1nd1v1duals fertlllty, .
fedundity, V1ab111ty, growth rate etc., all aspects of fmtness, may -‘be- decreased,»

leading to a smaller populatlon size and/or smaller total biomass. --The utllmty
of these parametere for the. detectlon of the consequences of pollutant-induced -
mutation is rather limited. howevero' Even for the well-gtudied fish populatlons

under commerc1al exp101tatlon it has not been p0551ble to reach universal agreement

on the- long-term effect of flshlng stress, and it is known ‘thatother factors, " : |
partlcularly climate, can elicit’ larger, masking flu¢tuations to confuse the - = .
situation in these populatlons° It is unreasonable, therefore, to expect to be
able to detect the integrated response of a population whlch mlght be attrlbutable'
to the mutagenic effects. of current 1evels of pollutlon. o :
LIt i becomlng w1dely accepted " however, that ‘mitation ig 1nvolved in - RS
car01nogenes1s, possibly as an initiating step. ‘Thérefore an incressed 1ncldence .
of malignant tumours could be taken as indirect evidence of an increase in
mutation rate. It would, perhaps, be possmble to scréen fish landed from the -
more contamlnated inshore Waters for superflclal tumours to detect any long— B
term change in. 1nc1dence° To detect a change with a- reasonable degree’ of
certauﬁyy however, the sample size would need to be very large°"~‘ ‘ A
Another category of mutation_whlch should be oonsldered Govers those changes :
resultlng from chromosome breaks; ‘thése include deletlons, dupllcatlons, inver51ons
and translocations. In germ cells, many of these resarrangements will lead to = -
reduced fertility and/or fecundity and therefore may not be detectable in
practlce. Reclprocal translocations 1nduced in epermatogonia can, be detected
in cytologlcal preparations of meiotic cells. However a consmderable amount " of
effort would be required to develop the technlques Jnecessary to monitor marine
organisms for this type of chromosome damage. In somatic cells the chromésome:’
aberrations become apparent at cell division; many are incompatible with normal -
mitosis and the affected cells die and those aberrations consistent with the
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survival of the dividing cells are very dlfflcult to scoreq‘ Thus in those
tissues in which cell division takes place much of the damage is eliminated.
For those tissues in which cells do ‘not normally divide and which therefore
accunulate damage, the problem is to. stimulate mitosis so that chriomosome abberw
rationg can be scored. In man and the hlgher vertebrates the small lymphocyte s
an example of a cell type which has a very long intermitotic period and which can
be stimulated to divide in vitro. This systém has been used to great advantage
to .investigate the mutagenic effect of radiation and to a lessér extent many.
other agents. To date; however, the technique has not giveén any consmstent e
success with flsh lymphocytes desplte con51derab1e effort°

“In summary, the prospecbs for monmtorlng ‘the mutagenlc effects of marlne .
contaminants do not appear too promlslng, there are, however, one or tvo aspects
- of the, pnoblem whlch mlght repay further 1nvest1gat10no o S TR

'In addition to the possmble mutagenmc effects of marine contamlnants, we.
should. be awaré of the occurrence of ‘normal genetic variation in marine. . .

.':populatlons. Protein polymorphlums, expressed ‘both through the" structural genes

(those coding for enzymes) and the regulatory genes; are widespread in animals
(Johnson,f1974) and - appear to be balanced under ambient environmental conditions.
In the context of monltorlng for environmental contamlnants, it is important to
apprec1ate that the normal genetlc variability may or may not cause differences
in the general adaptlve ‘fitness of the individuals under conditions.of environ—
mental stress or specific sen51t1v1ty ‘or insensitivity to pollutants:  Should .
changes ip p”oteln polymorphisms prove to be- adaptlve, however, they will result
in differential survival, ‘which will be manifest in changes in the genetmc
proflle of a population. "Genetical screening of the distribution of polymorphisms
in a populatlon may therefore indicate the extent to which the organ;sms are
being 1nfluenced by env1ronmental dlsturbance°
o However, in any such screenmng programme; priormty shoﬁld be glven to enzymes
of known physiological function, ‘or- enzynies speciflcally affected by particular
pollutants (see section on Bmochemlcal effects) ‘Variability amongst individuals
in their physiological response tiay 'in many cases be a function of variability .
.at the genetic level. These studies should therefore be carried out in close
co-operation with the monitoring programmes directed at effects on individual
organisms. To. these they may contribute by providing a link between the effect at
the 1nd1v1dual level and the possmble consequences for- the specleso“

!
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EFFECTS ON LIVING RESOURCES AND THEIR EXPLOITATION
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The prevmous section dlscussed’some of the effects whlch pollutants can
“have on a range of” marlne organisms., We may noéw focus on spéciesy partlcularly
‘gome fish and shellfish,. which are of commerc1a1 1mportance. Although effects :
‘on’ these will not be any different from those on. ofher marine organisms, the
implications may be different because they are explo:.ted° The most o1gn1flcant
ways ‘in which-a resource and its exploitation may- be affected are either by 'its-
belng rendered unwholesome, or by some threat to the surv1val of the populatlon.
Unwholesomeness may be caused by S readlly reoognlsable taint which imparts
an undcceptable: colour, smell or, taste. £o the product, or it may result from
microbial contaminatlon, or from the more subtle effect of some residue (eg a
metal or pesticide) which although not’ 1mmediate1y detectable cquld have a long”
term adverse effect on the health of the consumer, and which could require complex
chemical’analysis for detection,. In the first category, the green .colour of
zinc-saturated oysters has.been descrlbed, and ‘the gmell of. phenol from the
flesh of fish from certain industrialised regions recorded. Theimost obvious
example in this category however, is probably tainting by oil. Some shellfisheries
-were affected for a:short period after the. Torry Canyon spill, but for the most-
partisuch effects are sghort term although after the West Falmouth spill of No.' 2
diesel o0ily local shellfisheries were closed for several years due to oil in the
sediments. . Apart: from effects of Spllls, large scale mortalities do not seem to
ocouy . even in areas .of extensive oil exploltatlon such as Louisiana,’ “although
talntlng of Shellflsh is not uncommon there and this can apparently be treated
by transplantatlon to a clean area. In the Gulf Coast of Texas .redgced ylelds .
Yof commercial fish have been reported from small. creeks contamlnated by oil
compared w1th clean areas; but here again the effect is relatlvely locallsed.
"The other well known effect is from contamlnatlon by sewage mlcro-organlsms.
“Again shellfish are most affected and contaminated.areas may be closed to
fishing, but again the effect on overall exp101tatlon may not be disastrous since
< purification techniques, partlcularly for filter feeders such ag Mytilus are
- well developed S0 - that exp101tatlon can: be contlnued even 1n contamlnated areasa

Contamlnatlon of commer01al resources by metals and man—made pollutants such
3 ag insecticides and PCBs is becoming 1ncreae1ngly well documented "by numerous
baseline and monitoring surveys. Exploitation of stocks can be affected in -
those cases where maximum permissible levels in edible tissues have been
declared, as for mercury in some countries, so that fish from certain areas may
be banned. This can occasionally affect ocean stocks, such as tunma or swordfish,
but usually the populations involved are in coastal waters and the source of
contamination can be pinpointed. Thus in some places where the.fishery has
been severely curtailed by mercury contamination, control measures are produclng
an 1mprovement

Turning to the second type of effect on commercial spe01es ~ the threat to
population survival, we are less able to provide relevant examples. As
indicated earlier in this report, on dumping grounds where large amounts of
inert material settle, or on accumulating sewage sludge grounds or even in
wider areas of gross enrichment such as the Oslo Fjord, radical changes in
populations can occur which may include commercial species, but these examples -
are of limited geographical extent. DMore serious perhaps are some cases where
a fishery for species such as the oyster or the herring has declined or been
eliminated and some correlation between this and industrialisation seems .ossible
but difficult to disentangle from fishing effects. Evaluation of those effects,
if they are effects, can probably best be approached by a mixture of survey and
experiment as discussed later.
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Apart from such inshore regions, it seems that, as concluded at the NATO
conference on the North Sea, no adverse effects of pollution on offshore
flsherles can be unequlvocally demonstr&ted (Goldberg 4973) .
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BIOASSAY APPROACH TO EFFECTS ‘STUDIES
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' Bioassays are means of evaluating the nature or potenty of ‘a material
(or a sample of water) by means of the reaction that follows its appllcation
6 living matter (see Tarzwell 1971 and the three—part revmew paper of -
Sprague (Water Research Vol. 3, 793-821, 1969; vol. L4, 3-32, 1970; vol. 5,
254266, 1971), and more recently the procedings of the Workshop on Marine
Bioassays . (M.T.C. 1974)) They can be divided according to their
applications: .-~ . - ‘ o o . oo
(1) Biocassays iﬁ éhé”éﬁriétHSenée'are.ﬁsed to méasuré.ﬁhe‘gbundancevofiu»“
activity of a substance by the biological response it elicits. In marine’
science some recent examples are:

[
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(2) Measurement of the blologlcal effects of speclflc ‘toxins' or contamlnants.

. These are often lethal, short-term bioassays which are used lapgely to determine
ithe relative toxicity of contaminants. (Portmann & Wilson 1971). The more
::sensitive bioassays ofithis kind using larvae (Connor, 1972) ‘are sometimes
responsive to the levels of contaminants that are found in polluted waters, but
sublethal bioassays usually have greater sensitivity (Karbe, 1972; Grey &
Ventilla, 1973). ‘ ‘ ,

: (3) Dlreot blological measurement of water quallty by malntalnlng'the ‘bioassay
{organism in samples brought in from the field. . This is p0851ble ‘only with the
© most sensitive techniques. Although Wilson & Armstrong (1961) and Jchaston (1964)
{ .. showed that this approach was feaslble some years ago, only Burrows (1971),
Kobayashi et al. (1972) and Woelke (see Walden, 1976) seem 0 far to have
: published work on the bxoassay of polluted water. , "

Rationale for direct bloassavs

.Emphasis has been given in pollution studies to the-levels. of...
contaminants present, although we are chiefly concerned with the effects of the
. contamination upon the. organlsms 1lv1ng in it. It is self-evzdent that a
-%, ~.contaminant that has no effect is of no signlflcance.‘ The mlsplgced emphasis



is because analytlcel technmques have been sens;t;ve to the levels ‘of "
contaminants present in sea water, while bioassay techniques have not. We
require biological methods because it is not possible to predict the
ecological consequences of pollution from chemical data alone. There are a
number of reasons for ‘this: :

(a) The extent to whlch the interaction of oontamlnants with each other and

with the other constituents of sea water changes thelr biological act1v1ty.
[

(b) Analyses (partlcularly of metals) do not necessarily tell us the S

chemlcal form of the contamlnants, which can change thelr toxicity: markedly

(Steeman Nielseén & Wium Anderson, 1970) : :

(c) Chemical analyses can only tell us about~the specific contaminants

analysed. Bioassays integrate all the variables - known and unknown - that

influence water quality, thus providing a means of detectlng prev1ously
suspected contaminants. ‘ i

Operational bioassays

' Many bioassays have been developed and proposed for use in the measurement
of water quality. -We draw attention here to four only of these which seem
to affer most promise in monitoring programmes. Woelke (1968) has developed
a gensitive bioassay based on the early developmental stages of oysters, and
has used this assay extensively in monitoring the toxicity of pulp and paper
mill effluents (see Walden, 1976). A biocassay using sea urchin eggs and early
developmental stages has been developed and employed by Kobyashi (1971) and
Kobyashi et al (1972). .. Reish has, over many years, maintained laboratory
cultures ‘of the polychaete Capitella and described various responses of this
organism to waters of different qualities (Reish, 1972, 1976; Reish and Barnard,
1960). These studies illustrate the potential utility of adopting a "standard"
organism, maintained under standard conditions, as an agreed bioassay organism
for use in a wide variety of situations. The same rationale is found in a
bioassay developed by Stebbing (1976) which employs a colonial hydroid,
cultured as a clone in the laboratory.  The growth rate and pattern of the
hydroid serve as a quantifiable response to waters of different qualities.

BT Vertebrates also have been used in such bioassays, and mention should
-<be made of the work of Baxter on herring eggs. These are stripped from ripe
females, attached to plates, fertilized artificially, and used for experiments
in which hatching and subsequent larval development are studied in: relatlon
to added pollutants or to water collected from dlfferent sea areas. © (Baxter
and Steele 1973, Baxter 1974). : -

Finally behavioural responses are obviously appropriate tq bidassay:’
 techniques. Stirling (1975) has studied the effects of various pollutants on
« - - the burrowing reactions of a bivalve mollusc and proposes that ‘this could be
{i.cp: , used as a general test. In a swimming test, Lindahl and Schwanborn. (1971)
f.placed a fish in a narrow tube in which’ Water revolves around the direction of
flow with linearly accelerating ve1001ty. The critical rpm at which the fish
starts to rotate with the water is used as a measure of the ability of the
fish to resist the torque acting upon it, and thus as an indication of its
resistance to pollutants or adverse water quality.

Future Developments

” It 1s suggested that with these 1mproved bloassay technlques now being
‘developed. it should be possible to direct the’ pollution’ chémist to areas where
water quallty is demonstrably poor, rather than to leave him uhaided to direct
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his work solely on the basis of khown effluent inputs. However, this kind of
approach can be expacted to provide no more than correlations in space and
time between contaminants and measured effects. r The onus for providing a

""causal relatioiship between them depends on the use of bioassay techniques in
‘collaboration ‘with chemists in experiments which may involve the "manipulation!
of the sea water. Other non-experimental biological measurements are almost
1nvar1ably subaect to amblgultles due to uncontrolled varlables.

There is in prin01ple no 11m1t to. the klnds of blologlcally important
contaminants that can be identified with a sensitive bioassay. technlque, 80
long as each can be removed without otherwise -changing the sea water. . Such
separations. are not yet possible, but a number sf techniques may be- borrowed
from analytlcal methods to remove groups of substances from. sea, water.

1. Ion exchange resins can be used to remove metals and organlqv from seaq
water. : . > . N ‘

R + o ~y .

2 U/V photo~ox1dat10n of ‘sea: water breaks down organlc constltuents and

~should therefore improve water quality where petroleum or other toxic hydrocarbons

are,preuent ‘at significantilevelss ‘However; there is also’ the.p0551b111ty
thaty the break-up of organo-metallic complexes may make the,me@als.more toxic.

3 Actlvated charcoal can be used in the same way to remove; organics.~

4 Addltlon of EDTA should, by COmpleX1ng the metal 1ons, 1mprove the qUality

" of metal—contamlnated waters:

I

ey
At present such bloassay technidueo offeﬂ & most promis1ng moans of identlfylng
blologlcally ac%iVe contamlnants in the sea. - . - .. o
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DETECTION AND EVALUATION QF EFFECTS IN THE FIELD
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Hav1ng rev1ewed the effect ‘which: pollutants may have on organlsms, and
'hcw these effects may be demonstrated and measured experimentally, we may now
consider whether they are likély td occur in the sed and if so, ‘how they may
‘be "detected and thelr 51gn1flcance determlned.- R T T

o J‘ : ; ‘ '. oy o SN -

An ex&mlnatlon of recent data on contaminatlon in sea water (eg Jones
1975) 1ndlcates that, in general, levels in the open sea are low. ,There may
be significant 1nputs of some contaminants such as lead by atmospherlc )
deposition (Goldberg 1972), and elevated measurements of others may be
"expected in ‘limited regions of exploitation or dumping or in such areas as
the mid Atlantic ridge where high levels of mercury (1.4 ug/l) in-deep water
are ascribed to natural input (Carr et al 1974), but for the most part,
concentrations in open ocean water may .be taken as indicating background levels.
In the light of the data presented in the first part of this report it would
seem that for most contaminants the levels recorded in the open ocean are
unlikely to produce readily detectdble effects and are thus too. low to cause

2 inmediate concern. - Thus conclusion. isisupported by analysis of figh from the

open sea, which for:the most part have: very low levels of. contamlnants 1n

<Utheir tissues (ICES 1974). - 0 S St L ,p.:‘,A [

In well® documented coastal regions on the other hand, enhanced levels .of .
contamlnants, often associated with identifiable human activity, are common,
“-and ‘concentrations. in-the water may be reached which have been shown,experimentally
to produce adverse effects. We may therefare reasonably suspegt that-in some

_ aregs, sublethal effects may be caused in the field. Unfortungtely, any
“sigiificant change inian organisms circumstances or environment, might.produce a
peaction which could be confused with a pollution effect.::Certain of the
symptoms referred to in the earlier section could be observed in the field,

but it would seem almost impossible to link these observations causally with
spegific pollutants, since whole-animal responses tend to be associated with
generalised effects, and only by a more detailed examination, for example,

at the biochemical level, could a tie up with a specific pollutant .be established.
It would be useful even to detect such symptoms and identify them as adverse.
‘Clearly, if several of the effects listed in our review were found in organisms
at g single location, we would have detected an "effects black :spot" which

would merit further study. But usually the problem would be ta identify
individual effects which were clearly adverse. For this same frame of reference
is required. Thus we might agree that an effect was adverse which significantly
reduced reproduction or growth, or which altered behaviour to make the

organisms more vulnerable, and it might be possible to grade the various
approaches according to their usefulness in producing meaningful extrapolation
about the population. Further, however, we wish to select those effects which
would be useful in a monitoring context, remembering that the complexity of
living material and of the environment meke it difficult to detect and

evaluate biological effects in the field. In considering what criteria are
relevant to judging the value of an effect in a monitoring programme, the
following questions may usefully be asked of any proposed effect.

1. What is its interpretative potential in terms of (a) long term individual
survival (b) population survival (c) speci®8 survival (d) effects on
communities? :

The fact that these are attributes related to individuals or populations
does not place other types of effect (biochemical, physiological etc) outside
our consideration, but rather emphasises that the latter must be shown to be
demonstrable and meaningful at the individual, populations and community levels.



2. How' easily can it be correlated w1th other-effects at dlfferent levels?

i This follows from the first question. For example, an effect at the
" biochemical level is significant for our purposes only if it can be shown to
influence hlgher levels of organlsms, affectlng ah 1nd1viiuals physlology

., and ultlmately resultlng in a populatlon change. o
ety 3

Sl
3 How eas11y can it be measured, and can manv laborator1es measure 1t? o

P

. Clearly. rf en observatlon or technlque is hlghly demanding in- terms of
o expertise or fa0111t1es, 1ts overall applicablllty w1ll‘be much reduced.~«

.

L, How anenable is it to observation in the field?

R An effect mlght be confldently expected ‘from -information baséd on laboratory
experiment, but might. not be easlly detectable in ‘the field, because, for.
example, of the dlfflculty of" recognlslng a sllght reductlon 1n growth or”

. v1ab111ty or because cf av01dance reaotlons. ‘ ;.muf<‘ L P A SRR

[
f
LT

5. How es511v cen it be’ recognlsed as a’ pollutant effect and dlstlngulshed
from a natural one? , R

In many respects, especially at the hlgher levels of organisation, it
- will not be possible to distinguish between natural and pollution-induced.
-effects.. ‘Both will result from'.complex' 1nteract10ns and'the restltant. effects
. may well be apparently the same. .This is related to the previous question.
The distinction can probably best be made at the lower levels of organisation.
For example, it may be. possible to attiibute some bidchemical effects dlrectly
to a specific pollutant, but the higher the level (ie in’ individuals and -
populations) the less will this be possible., Part of the problem stems from
the natural variability of organisms. In monitoring for effects, there is
& need to document this variability, for example by using a number of
measurement sites to establish the natural range of the factors studied.
S8ites should be chosen to represent the observed or predicted gradlentsT
of contamination, and the greater the number of ‘sites the better the -
possibility of dlstlngulshlng natural variability (the '"noise') from’ real
pollution effects (the "signal). . See No. 6.

N VT

6. HOW easy ishit to find apbrobriete coutrols°'"‘(

L

, For fleld conslderatlons, this follows. from' 5 The degree of control
_ may be related to the number of sites avallable, - the more studled the
,iy. More chance there wil' be of detectlng an anomaly.‘ R :
"y - TN S B

7. Can it be measured with pr801510n and‘accuraov? T

I R There 1s a need to quantmfy effects in precise terms, qualltatlve

ok descrlptlons usually belng of little value ‘for comparative purpses. ' It may
be possible to find, Mmethods which help to ‘escape the demands of. high precision
- and accuracy. . For example, rather than strive for hlgh precision by measuring
all amino acids in.a sample, it may be acoeptable to concentrate on only two
. and use ratios for oomparatlve purposes.

B e o
Tt R ¢ A

8 Is there much backpround data relevant to the effect? 3'“T’ }'-fi

, Thls is essential for the establlshment of" the‘"norm", and the degree
of variability. ‘Thus an effect which is well supported by a framework of
scientific theory and by relevant experimental and field observation will be
much more likely to be valuable in a monitoring programme.
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» . Keeping:. these queetlons in mind,. we may now consider the effects -
discussed éarlier in relatlon to monltorlng programmesa'v‘¥~»m o

At the blochemlcal level, knowledge of'blocd chemlstry although potentially
ver usefuly at present scores low hecause of 1nterpret1ve problems and’ the
difficulty of setting normal. values. - The’ 51tuatlon is further complicated
by the very act of capturing a fish, whlch can cause considerable changes in
blood: chemlstry. A less immediately sensitive test may be desirable. The use
of hormones or critical enzyme systems may be ‘the’ answer. Approprlate
can be. 1nterpreted mare midely than just, say, “changes 1n sterolds, but
validation is needed under fleld conditions and some of the methods are quite
1ntrlcate. : ~
v Corigldering morphological effects, gills mlght be regarded as orltlcal organs,
singe almost any gill damage oould be said to be detrimental, and there is much
detailed knowledge .of the. gllls of fish and of certain’ invertebrates (eg
Mytilus, Crangon, Cancer) ‘Other possmbllities are vertebral deformltles,
tumours and liver morphology. All these score high in terms of field detection
and measurement and are becoming well documented, but their use would be
llmited in migratory spécies. - v : -

‘ Turning to physiology,.while various techniques using eggs were considered
(egg analysis, energy content. of mature gonad, assays of egg quallty) the best

.. measure was thought to be "scope for. growth". This has been studied in fish

,and invertebrates,. and can be - applled in the fleld us1ng‘water from specific
ot JSthS, or in the laboratory under controlled conditions. However, we need to

../ know the range of values over the’ seagons, so that perhaps a couple of years
wark would be needed to valldaLe the scope for growth technlque in terms of

- monltorlng.‘;. » ‘ .

On the toplc of behav1cur, 1t was felt that much of the work rev1ewed,
although clearly releVant to the question of pollution effects, would be
- difficyplt to apply in the fleld,4 One approach, however, that of giving an
organism a task to- perform .and evaluating the response, falls lnto the bioassay
type of study, the: uoefulnesU of which has already been notedo

When our concern is the resources, the ultimate interest’ in biological
effects is clearly with effects on populations and communities, and in this we
are dealing, for macro~organisms at least, with-a different time scale,
probably in terms of years., While there is much in the literature on species
diversity and on the ;dent1f1catlon and evaluatlon of pOpulatlon changes, we
have tended in our discussions to emphas1se the difficulties of interpretation,
of separating the signal from the noise of natural variability, and our réaction
in this report has been to hlghllght other approaches what may be more frultful.

The best hope for the population approach is 1n1t1ally perhaps w1th
relatlvely non~mob11e populatlons of invertebrates in coastal waters where higher
= levels of pollutlon may be effectéd.  1In this context the programme of Dundee
Un1vers1ty (communlcated to us by Dr A M Jones) at Scapa Flow in Orkney is of
_interest. This involves a study of eight species of mollusc (both ‘gastropods
and lamellibranchs) which are sampled at regular intervals in an area of
potential pollution to determine growth rates, populatlon structure (by length
frequency analysis) and shell/body characteristics (including the shell
parameters of height, length, -width, breadth, weight and aperture length,

.as well as the soft hody parameters of wet and dry weight). Seasonal variations

in these relatlonshlps are also analysed in a control area and ‘expressed as
IS B '

cey
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regression equations.. The. supposition is that it will be possiblq thus to detect
~any pollution effects.. While this:may allow the detectlon .of .changes, the
‘problem of interpretation remains, and the field studies would need to.include
chemical analyses of the organisms-and the env1ronment .and to be coupled with

" laboratory: experiments before the effects could be. unequlvocally Llinked w1th

. specific pollutants. s

. Flnally, we should cons1der the relevance of such laborator ‘and fleld
work as may be loosely classified under the general headlng of " 1oassay". The
classical work of D P Wilson who studied the effects of water type on the
hatching and rearing of echinoderm and polychaete larvae has been followed in
more recent years by a variety of approaches and techniques, involving for
example hydroids, brine shrimps, polychaetes, mollusc larvae and herring eggs.
The use of caged animals (shellfish in particular) which may be exposed to
natural conditions in the field and later examined for body burdens and general
condition is also worth assessing. These offer the possibility of testing
organisms and water-in & variety of combinations which appropriately used
' could make useful contrlbutlon to an effects study programme.

It is- 1nherent in our recommendatlons on the evaluatlon of the effects of

N f ollution in the field that no single procedure can suffice. On the contrary,

"thg complexity of. biological material and of organisational responses to "
 environmental change signifies that the greater the variety of processes

- monitored the greater the possibility of making meaningful evaluations of

' environmental well-being. Our suggestions constitute a reasonable minimum
of technlques to be incorporated, in the short~ and’ ~medium-term, in a viable
Imonltorlng programme°

oy

"‘RELEVANCE 0 ’BASELINE AND MONITORING PROGRAMMES ® ... * - .

"It is clearly approprlate to con81der the relevance of effects studles

" to g¢urrent baseline ‘and monltorlng programmes, and indeed this is part of our terms

of reference. = Such programmes are at present being pursued in various parts of

‘the world by a variety of agencies, and include analy81s of contaminants in

the " water, the 'sediment, and the main compartments of the biota, although few

programmes enconipass the full range of -components. . The best example of
1nternatlonally ‘coordinated work on a wide geographlcal scale is probably to

be found in the ICES programmes, in which, although. data on water concentrations
of contaminants are: now beglnnlng to accumulate and the p0551b111ty of routine

;':measurements in sediment 'is being examined, the bulk of the current information
‘relates to the leveéls of a number of metals and organohalogens in ‘selected tissues

of fish and shellfish.. A.major aim of these surveys is.to prov1de data of public

health relevance, and recent results indicate that in the North Sea offshore, the

levells are in general low and safe, while higher levels in codgtal waters

require closer surveillance. As these data build up, they shonld. constitute a

valpable information.base, and 1deally it should be possible tp couple effects

studies to this, thereby providing an indication of the well-being of the resource.

Unfortunately, existing data are such that a coupling of this kind is geldom

possible. Monitoring. surveyon fish.for example give reliable information on

residues in muscle or sometimes liver, but-most. experimental work relates

. concentrations in water directly to effects,<residue data often not being

< provided, particularly for fish of commercial size. Thus the appllcatlon of

most of the existing effects data to the residue. 1nformat10n:ﬂnmnmonltorlng

programmes often. necessitate an attempt. to link the monltorlng residue data

‘:‘w1th water levels 1n the sampllng area and so with water level of the experiment.,
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The ideal sequence of inforiation isi . level in water —> residue in tissues
. and whole body«; effects, and if a reasonable.coupling of.effects data with
chemical monitoring information is to be provided, this end should be kept in
mind when both .effects studies and the monitoring. programmes are designed,

For example .an-experimental study of the effects oficopper:in young flatfish

in an experimental food chain (Saward et al 1975) showed that when effects

could be detected in the fish, measurable residues were not found in the muscle
. tissue, but only in the 11ver, suggesting that. this would have been the
appropriate organ for a monitoring study of the fishes health.

P

‘ CONCLUE';IO'NS AND REC(){MMENDATIQII\IS‘ L

Tt is clear from the foregomng discu551on that the maaor problem in o
bulldlng effects into a monitoring programme is the complexity of biological
material and the normal variability of the environment, which make it

o difficult to detect and evaluate effects in the field. Of considerable

importance is the fact that in most cases the basic biochemical, morphological,
physiological and behavioural information is lacking which would allow us to
recognnqo or evaluate abnormal characteristics or individuals in a population.
This is noet to say that such abnormalities would necessarily be a result of
;conLaM1va11hna Pollution can be usefully vegarded as simply ancther environmental
variable which may induce, especially at the higher levels.of organisation,
effects which are difficult to distinguish from those caused by natural

stressors. However, as described earlier, the identification of effects 'black
spots" would allow for the location of more detailed studies ingluding
experimental programmes designed to investigate the causative agent.

. ‘Thig difficulty of‘detecting and evaluating effects in the field has been
' recognised by other study groups dealing with the same topic, and it is

" . perhaps one reason why reports on effects tend to indicate general areas for

- future research, but aré usially lacking in detailed practical proposals.

- While we do not wish to gless over the difficulties, we suggesy tlmt if the

' possibilities of effects monitoring are to be properly evaluated, a start should
. be made now, even if only on exploratory lines. : We have therefore attempted
not. just to list promising topics for long term consideration, but. also to
identify projects which might be integrated into current programmes and

o .could thus provide data for immediate evaluation without a major extension

of effort. In making proposals, we consider that in this complex field, no
smngle approach is likely to be adequate -in itself, but that we should aim to

o produce a suite of complimentary procedures, each reinforcing the other,

~and involving several animal groups and levels of organlsatlon.

This report emphasises that  for an effect to be 51gn1flcant in the
present context, it must have implications at the population level, so it

';3may appear that diversity indices, details of community structyre, and

. other populatlon-related observations would be of particular relevance.

Such indices may indeed be correlated with pollution measurements, and their
use is at present being actively examined in the fresh water field as a tool
in water quality control. However, there are considerable problems in
applying these techniques in the' sea), where the major stress on commercial
. populatlons is usually fishing.” We have therefore focused on individual
. organisms as offerlng the most promlse of - advance at present.

As indicated above, there are in ex1stence regular or routlne blologlcal\"
sampling projects undertaken by several institutes as part of their on-going

i
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programmes, the most relevaht of whlch are deelgned to provide data for fish
or shellfish ‘stock management. i We have considéred what type of: observatlou
‘might be built -into such programmes to.produce effects. monltorlng data without
demanding a substantial increase in effort. The following topigs are initially

“,'suggested, if only to begin the bullding up of a picture of the well being of

organlsms 1n varlous geographlcal areas.

o .
v

1. Liver/somatlc and" gonad/somatmc 1ndex;
2. Skeletal deformities.

. 3o Tumours, lesions eto.

he Gill- damage. - e s s

‘5. General observatlons oh morphology., f'[i’Mﬁ - D..,Mx,a-an-u o

\The' appllcatlon of ‘these is llkely to be most 1nformative 1n the case of

! sé551le species such as: the mussel. and oyster,,and of organlsms whlch are

motile but relatively restricted in their habitat (crabs ‘and. some ‘other
decapod crustaceans) as well as non-migratory fish like the flounder and small
‘eoaqtal species. However, even migratory species 1n many cases Spend
conqlderable periods of time in relatively circumscribed areas, so that the

' relatlng of éffects to & broad region mlght be ‘possible,  In relatlon to the

“1list of criteria given earlier, these items:score high in terma of .ease of
.measurement and eultabillty for field: observatlono Their’ 1nterpretat1ve
potential w111 best be Judged ins the llght of the data as they accumulate-
Tt is suggested that 1nd1v1dual countrles engaged in programmes which
could incorporate observatiohs of the above type might usefully begin to

. collect records. Eventually an’ assessment of accumulated data would 1ndlcate

whether any spacial or temporal patterns are apparent which would justify

a an 1nternatlonally coordinated: programme, involving. standardised Operatlng

procedures and in some cases the organisation of . collections, for processlng
_at appropriate centres (eg for gill studies, halfheads might be ‘collected

) and processed at suitable laboratories, while for the evaluatlon of tumour

|.4

data, the fac1llt1es of the ex1st1ng "tumour bank" might be utillsed)

Whlie the above approach is relevant to ex1sting biologlcal surveys,
there is also the question of whether a. degree of biological awareness might
" be injected into programmes designed to provide chemical data. ' This'is -
spe¢ifically referred to in our terms ofvreference, in whlch we were asked to
congider relevance to baseline and monitoring programmes, and has been discussed
under that head. °For 'example, the possible "well-being" of maferial presently
belng ‘analysed. chemically might,in part be assessed by relatlng its body  or
organ burdens of contaminants to.values obtained from acute.toxicity ‘
experiments or to measurements from valid experiments on sublethal levels.
Unfortunately, this proposal reveals a serious information gap:'in marine studies.
Data are accumulating on concentrations of pollutants in sea water and on
resjidues in organisms, and much experimental evidence is available relating
water concentrations to effects, but there are surprisingly few studies which
connect all three - water levels, residues and effects in anunequivocal way.
Further much of the residue data refer to concentrations in specific tissues
rather than total body burdens. In this field, the need for further data is
clear, and it is recommended that experimental programmes be set up to link
effects with tissue residues which axe being or could be measured in chemical
monitoring programmes.

Another approach which could be of immediate application involves the
use of procedures of the "bioassay" type, which could be employed in
the field and experimentally in the laboratory to give information on water
quality and on the health of certain species. These procedures might include
the use of phytoplankton, hydroids, invertebrate larvae and adults,and fish
eggs and larvae in "reciprocal biocassay" (standard water with natural organlsms.
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natural water with standard organisms, etc) as well as the use of caged
arimals. It should be possible to ‘produce a group of standardised techniques
(thus ensuring comparability) from which suitable.selections could .be made for

.. a range of 01rcumutances and requirements.!’ This approach scores high in many
L of the propoeed ~W1teriao The methodsiare well researched and currently

availoble, They tan be done in most. laboratories and might be designed with

" suitable controls to distinguish natural frompollutant effects. It should be

emphasised however, that these procedures do not in themselves constitute

Meffects monitoring!, but, as indicated earlier,, should form. only part of 2

broader approach.

A complete formulation of a comprehensive effeefs meni£efiné pregramme is
not immediately possible. Of the effects listed in the first part of this

« . report, knowledge of many, which would appear to be potentially most useful in

a monltorlng context is at an early stage of development, and we cannot
reallstlcally ‘yecommend that driy are ready to be incorporated immedlately (ie

J;mw1thin the next ‘two years) -in’ ‘existing monitoring programmes. We consider
‘however. that some of the t0plcs ‘already discussed are worthy of urgent

hcon51deratlon and would -list" scope for- growth, glll damage, vltellogenesis,

lysosomeal enzymes and steroid- metabolism as prime candidates for development.

Concentrated research- effort of not léss: than two years, combined with field

validation trials (1nvolV1ng w1despread testing, where appropriate, with many
species, different life stages and 'in different- areas); would be needed to
assess the value of these approaches as monitoring tools.. We therefore recommend
intensive study of these tOplCS llnked, v1a fleld validation trlals, with on-
g01ng programmes. b S . .

" In summary, we' consider that the possibility of blologlcal effects monltorlng
have not been fully explored and we propose- &' four-part approach. First,

_current, biological. survey programmeés could be employed for an immediate effort

" by building into them certain spe01fmed‘types of observationso; Second, for

current baseline and monitoring programmes, it is suggested thet experlmental
work on effects and residues should be directed at linking these programmes
with effects data to provide information of :the health of the stocks. Third,
existing expertise on biocassay techniques should be utilized to validate

extrapolation from experimentdl studies to field situations. : Fourth, on the

longer term, & number of topics worthy. of development are 1dent1f1ed., The aim

,i -is to develop a Buité of ‘technigues for the detectlon of the effects of sublethzl
ga'concentratlons of pollutants in the fleld..;: A ,,‘, . IR

i Fone o . .
(o Yo

, Flnally, the sub-group was’aware of . 1ts llmltatlons of tlme and expertmse.
" It gonsiders that a workshop of 'perhaps around 50 1nvited specmallsts could
usefully con51der and debate these problems. e S R :

wod, . .
L gL




1=

REFERENCES

Alderson, R. lé?é, pp’312*315, In. “Marine pollution aAd’ séalifes ed,JM Riivo. -
London. -Fishing News.(Books). .

. . b e - e . .
NI . . S+ PR " . %) RS
A AN Wil

Allison, 1965. pp 178-204, In: "Lysosomes in Biology and Pathology" ods. T T
Dingle and H B Fell, North Holland, Zo . e '

Sy, . . H IR v iy . B , - %
v, o A i RTI TN

Anderson, J M. 1971. Proc. Roy. Soc. Lond. B° MZM, 302"320&}# L

Anderson, J M and Peterson, M R, 1969. Science, 16k, 440-441.,

.:,
it

Anderson,lJ W Neff,,J M, :Cox,.B A, Tatem,'H E and Hightower, G M. 1974 ) 285~310,_"
In: Pollution and physlology of marine organisme, eds F J Vernberg and w B B
Vernberg. Academic Presso

B

Andrews, A K, van Valmn, o] C and Stebblngs, B E° 1966 * Ppans.” Al Fishl' 80c. iooei

[N A

Baker, J M, 1976 pp 201-225, In. Marine ecology and. 011 pollution, ed, J M Baker
Applied Sclences: i\ . R Cl

t \

M . - B .
B . e e .
1y N ' AL

Baxter, I G 1974 International Oouncll for the Exploratlon of the Sea. CM 19?#/E 35,

Baxter, I G and Steele, J H° 1973 Internatlonal Coun01l for the EXploration of the -
Sea. CM 1973/E: 29

Bayne, B L° 1975 PP 213*258 In. Proc° 9th European Marine Biology Symp, edo.
Barnes, Aberdeen Univ. Pregs. ‘ :

Bayne, B L Thompson, R i ‘and. W1ddows, J 1973 pp 181 194 In. Effects of LAl
temperature on ectothermic organisms, ed-W¢W135?r' Spr1nger~Verlgg, '

Bengtason, B E. 1974, Oilos, 25, 135, | S e
B1e51nger, K E and Christenden, 19'72° “J, Fisha,Res, B Canada, 29, 1691 1700,.{”~7“

. o f
e

‘Bourcier, M. 1969." Téthys, 14,779~ 782. R
Brett, J:R, 1964. J. Pish. Res. Bd Canada, 21, 1183-1226,‘_

v . e Y .
TR N R A N

Brocksen, R W, Dav1es, G E and Warren, 19680, Jour° W1ld11fe Manago §~, 51-?5
Brown, B apd Ahsanullah, M. 1971.. Mar,, Poll, Bullo 2, 182-188 o
Brown, Band Newell, R..1972. Mar. Biol. 16 108—118 ; S

. Burrows, E H 1971.: Assessment of pollutlon effects by the use of algae. Proc.
Roye soco Londo L) 1777 295 306 . S ~ P

Calabrese, A, Thurberg, P P Dawson, M A and Wenzloff, D'R.’ 19750' pp 15—21 In: e
Sublethal effects of tOch chemicals on aguatic animals eds J H Koeman angd -
JJTWA Strik. Blsevmeroﬁ .

[T

Caldwell R 8. 1974, PP 197-2?3, In. Pollutlon and physiology of marine ,“ganmsms,
eds. F J Vernberg and W B Vernberz. Academit Press.‘ a '

Carr, R A, Jones, M M and Rus, E R. 1974, " Nature (Lond. )"""ggg,"l+89-49o; |

S B R T, T N . )
LE TN S SN [T N N B HEDURE TR o [ IR S AT
: ! . \ . X . s L et

29



Chow, T J, Patterson, C C.and Settle, D 1974 Nature (Lond ) 251 159—161

Collier, R, Miller, D, Dawson, M A and Thurberg, F P, ﬁ973 Bulln enylro'contam.
toxlcolo, 10, 378-382°

Conney, A M and Burnes, J J. 1972° Science,'iZé;”5764§86;?‘
Connor, P H. 1972, Mar. Poll. Bull, 3,/490-192: < e o P
COPeo 0 Bo 19660. J. Appl.' Eeol., 3 (Suppl. ) 33. R B STV N I

Corner, E D 5. 1972.ﬂ pp 185-201 In.{Conservatlon and product1V1ty of natural
waters, eds. R W Edwards and D J Garrsd, Atademic: Press°“~,'#ga RN :r;

Y
S e S T

Cornish, H, 1971...  Critical Reviews in Toxicology, 1, -32

Couch, J A, 1975. pp 559-583. In: The PathOlOSY of fioh, ods RibeLin wxd Mlgaki |
Wisconsin Univ. Pressol‘.)

. [ ‘ " . R -, . ., . . .
S o T . P BRSEEAD w’ Lo ) o - RN Y

Couch, J A and Nimmo, D R. 1974. Proc. Symp. on Diseases 0 Aquatmc Anlmals

(Reglonal) LSU-Sea Grant,

REE T .
Ao SO

Crapp, G B, 1974.. . pp 18'7~203° In. The ecologlcal effects of oil pollution on
littoral communltles, ed. E'B Cowell. Applied Science. ' - -

D'Agostino, A and Finney, C. 1974%. pp L445-463, In: Pollution and physmology of
marlne organisiis, eds. F'J Vernberg and W B Vernberg, ACademlc Pre.ss° S 5~u S

Davey, E W, Morgan, M J and Erlckson, S J 19?3 lenol° Oceanogra, 18 993-997

Davies, P W Frledhoff, J M and Wedemeyer, G A 1972°' Bull: Env.vCont Tox1colom

8, 69—72a B e 4
Davies, J M; -Gamble, J C and Steele, J Ho .. pp 251ea64},In=.Estﬁafiﬁe‘Reéeéréﬁ;:\fj
vol. 1, ed L E Cronin, Académic Press: S
. Dawson, C E. 1964. Gulf Res. Rep., 1v.308° B R IR G
Dawson, C E. 1966. ' Gulf Res. Rep;': , 169 pp.: Tt S
Dawson, an;'19%1, " Gulf Res:“Réb;,'é,‘215:'”' L AT LRI

De Jager, & and Dekkers, w’J.”i§7S;' Néthefiéﬁdé'JQ 2051;’§§§ 2764308a-93 N ST
Desaick, D, Cutkomp, H H and Koch,lﬁiB‘ 197é.“ Biochem° Phafﬁécolo,f§l=~857;865
Dethlefs‘én,j‘V° 197& Internatlonal Council “for the Exploratlon of the Sea° CM 19?4/E 6.

Dicks,.B. 1976... pp 227~245,_In. Marine ecology and oil pollution, ed J M Baker,
Applled Science. . L

i
,'J.

f R g e b s G,
\¢.‘A,. ”‘»,-“' ":'“‘“f T N

Dorn, P. 197k. Bull. Environ. Contam. Toxicol., 12, 86491;""’ e T
Druninond, R A4, Spoor, il & and Olson, G FA973. J;*Fisﬁ?“ﬁé%,»Bd Canada,” 30, 698-70%:

Duke, T W and Wilson, A J Jr,, 1971 Pest:.co MOnlt Jo, 5, 228 }
: P F 7 L U I PR BTN
Dunning, A and Major, C. 1974 PP 346 366, In: Pollution and physiology of marine
organisms, eds F J Vernberg and W B Vernberg, Academic Press.

30

B i s, SRR



Eagle, R A and Rees, E I 8i 1973. ' Mar. Poll. Bull. L, 25.

Eisler, R and Bdmunds, P M. 1966. Trams. Am, Fish. Soc. 95, 153.

Eller, L L. 1971. Amer. J. Pathol., Gk, 301,

[
L L

Eppley, R W, Carlucci, A F, Holm-Hansen, O, Kiefer, D, McCarthy, J J and Williams, P M.

1972. p 74, In: Calif. Co-op. Oceanlc Plsh.'Invest Rep., 16.

Fyrlin, L and Lidman, U, 1975. pp 213-220, In: Sublethal effects of toxic chemlcals

t

on aquatlc animals, eds. J H Koeman and J J T W A Strik. Elsevier.

Fry, F E J 1947 Unlversmty Toronto Studles, Blologlcal Series 55, Ontario

Fish. Res. Lab. Publ. 68, 62 pp.

Fujiya, M. 1960,, Bull. Jap. Soc. SClo Tlsh 26 62168

Galtsoff, P S 1946 Plsh and, Wlldllfe Service, U 8. Dept Interior, Res. Rep. hc 11.

Gardner, G R.‘1975a_‘ PP 657-693, In..The‘Patholggy Qf Flsh, eds. Rlbellnland Migaki. s

Wisconsin Univ. Press, Madison.

Vo

Gardner, F R and Jevich, P P, 1970. -J, Fish. Res. Bd Canada, 27, 2185'?-_-2196°

Gardner, F R and La Roche, 1973. J. Fish. Res. Bd .Canada, 291.363~386e.h

Gilfillan, E 8. 1975. Mar. Biol. 29, 53-58.

Gilfillan, E 8; Mayo, Dy Hanson, S, Donoyan, D and Jiang, 1976

115-123. L
Gold, K. 1964 Limnol° Oceanogr., 9, 343-347. R e
Goldberg, E. 1973. (Ed.) IDOE Baseline Conference. New York°
Goldberg, E. 1973. (Bd.) North Sea Science. MIT Press¢xu‘
Gonzalez, J G and Yervich, P. 1976. Mar. Biol., 34, 17?-189
"‘orsch, D S 1974. Biol. Bull. Mmé’ 340-351o

Gray, J' 8 and Ventilla, R J. 1973. Amblo, 11. 118-121°

Haider, G. 1975. Hydroblologla, 47, 291-300, °

Halstead, B W. 1972. pp 584-594, In: Marine pollution and sea life,{ed. M Runoaﬁ

London. Flsh¢ng News (Books)

]
~v,»,_v '

FCEREN

‘
N

Hargrave, B and Newoombe, C. 107k, . Fish. Res. Bd.' Canada, 30, 1789-1792.

Heath, A G. 1972, Water Res., 6, 1-7.: e
Heitz, J R, Lewis, L, Chambers, J and Yarbrough, J D. 1974°
Academlc Press°

Henrlksson, X, Helmlnen, M and Karppanen, E. 1969 p 5#-.-59°

ALY

pp 311-328, In: -
Pollutlon and phy51ology of marine organisms, eds F J Vernberg and W B Vernberg. .

~TIns Proceedings of

the Nordlc Symposium on the problems of mercury, Lidingl, Sweden, Oct 10,

1968 (In Swedmsh)

31

Mar. Biol., 37,



Howell, B R and Shelton, R G J. ﬂ970,.Jvaar,'BiolnvAsso UK,;QQ, 593'6Q7f
Hubbs, C. 1959. Ecology, 40, 154. 4
Hughes, G M. 1972. Resp. Physiol., 1k, 1-25. ..

Huntsmen A G. 1948. Ecology, 29, 30-42,

il N
A § 2 SR S

Ishio, S. 4950. RBull. Jap. Soc. Sci. Fish. . 26 ‘894899, e

ICES, 19740' fowcpevqb;ve Research Report no 39o Chaﬁlottenlund Denmarko-

"

Jackim, . 1974. pp 59.65, In: Pollution and physlology of marlne organlsms,
eds. F J Vernberg and W B Vernberg. Academic Presse; S B

Janicki, R H and Kinter, W B, 1971°o.Sc1ence, MZQ 1146-1148a
Jernejcic, Eov1969o Trans. Amer. Fish. Soc., 2§, 698--702°

Johansson-8 jdbeck, M L, Dave, G and Lidmen, U. 1975. pp 189-196 In. Sublethal
effects of toxic chemlcals on aquatic animals, eds° J H Koeman and J. JT W A
StrlkP Ilsevier. X :

Johnston, R. 1964, J. mar. biol. Ass. UK, kb, 87-109.

Johnston, G B, 1974 Science 184, 28-37 O A TR
Jones, M. 1975. Mar. Biolg, 30, 13-20, SRR R T L e
Jones, P.\G“'Wo 19;75° Meetlng of sub group ‘on ‘contaminant levels in seq water. . I
ICES. Charlottenlund 21-23 May. SR
Karbe, L. 1972. Mar. Biol., 12, 316-328. - "= . i elen e

Kempton, R To 1969. Biol. Bull., 136, 226-240% ™ *~ i Fu oo
Khan, et el , 1972. Life Science, 11, HOS=WABS": /7o v iy i

‘Kleerekoper, H, Westlake, G F, Matis, J'H‘aﬁd”Géh51er;¢PfJ. 1972, "J. Fish: Res.
Bd Canada, 29, h5-5k.
i Lt ' R v
Kinne, O and Rosenthal H. 1965. Maro BlOlo, 1 65-83 | ‘
Kinter, W B, Merkens, L S, Janicti, R M and Guarlno A M 1972., Env. Health
Persper, 4, 169-173. . S Do

Kobayashi,’ No‘ﬂg?io Publ° SETO, Mar. Biol. Labi," 18, 379-406 o S

Ko)anJhx,gN Nogaml, H and Kazuhlsa, D 19720‘ Publ° SETO Mar° Blol Labo, 19,
59-381. = -

Kristoffersson, R, Broberg, S and Oikari, A. 1973.: ‘Ann; Zool Fennici, 10,
292-397. e v

I
R .

Kroger, R L and Guthrie, J F.' 1971:" Chesépeake Scii, 12, 276. - i" SRR
Kihnhold, W W, 1972, pp 315-318, In. Marlne pollutlon and Sea llfe, ed° M Rulvo,'
Londons Flshlng News (Books) B o IR
S LG . ql~m~. .
32



Larsson, A. 1973. pp 619-628, In: Comparative phys1ology, eds. I Bolid, K Sonhidts
Nielson and S H P Maddrell. North, Hollanduxu

A ...(‘,;‘ I’ DA “ . '.';“C.“ . -t'i "." Rt ‘(,4 v N
Larsson, A. 1975, . pp,3-=13,  In: Sublethal- effects of tOch chemicals on aquatlc .
animals, eds. J H Koeman and J J T W A Strik. Elsev:!.er° T Ry T T
Lawrence, M. and Schorer, E.. 1974 Dep.- Envivon., Fish, Marine Service, Tedr. = =
Rep., No 502, 1~47, o T e "Jﬁ'.:fr'fﬂ”“““”

Lee, R F and Tekalnchi, M. 1977. (In the press), In: Petroleum hydrocarbons in the, i
merine envi st. eds, A D McIntyre and K Whittle. Rapp: P.-v. Réun. Consg,' '++47

_int, Exp1n¢o’h A R L
Linden, 0. 197k, ' & ST g Zool. Fenn. Azf.," 711, Ry L '
Lindahl, P E and Schaabom, E. 1971, ,oikos,;gg,,zsk-zszfuh © s e e
Lloyd, Re 1960. Am. Appl. Blol. B8, 8h-Oh. . . . oo

Lowe, J J, Wllson, P D, Rick, A. J and Wllson, A J. 49710. Procu Nat Shellflsh,:_vw_ru.ﬁ
Ass., 16, 71-79° AR

AY

Loosanoff, V L, MacKenzie, ¢ L and Shearer, L '8 1960,, §§i§9d§%@j§1&fﬁ$22¥ﬁsaj§?jﬂﬁ*ﬂw

MacInnes, J R and Thurberg, F P. 1973. ,Mar,anllut, Bull,.#, 185;-‘-:186° T
McIntyre, A D. 19764 Int Dcology .of marine benthos, ed. B C.Coull. vol. 6.
Belle W Baruch lerary in Marlne Sciendes Unlver51ty of "South'’ Carclina Press'
Columblaa

Fr

. o . v . Sy . . . o
SRR U RN NP S I o R SR RRT ST I

McIntyrey A D .and Johnston, R° 1975.. pp. 131- 144, In: Discharge of sewage friom, sea‘A
outfalls ed. A L M Gemeson. Pergamon Press. o ,'1 ,f(“
Mironov, D G. 19?2. PP 222-224 In..Mgrlne pollutlon and sea. 11fe, edp M Rulvo,‘ ,
London. Plshlng News. (Books) : A

ngm,K 19W+ merRmm,8 6%07 R T

Mount, D J and Putnicki, G J. 1966, Trans. 31st N. Amer. Wildl,Confs 1775 - larmill.

IC. 1974, Marine Bloassays, Workshop Proceedingso Marine Technology SOCiGtY’ R
Washington. G SOE del. o . ;“ R BT
Natajaran, ¥ V and Dugdale, R C. 1966, Limnol% Oceanogr,, 11 621—629 et
Newstead, J D. 1967. Z. Zoolforsch° Mikrosk. Anato, 79, 396 4¢8 ot e
PR ST PR ) .( [T Pt
Nimmo, D R and Bahner. 1974, . pp 427-443, In:. Pollution and phy51ology of marine L
organlsms, eds., F J Vernberg and W B Vernberg. Académic¢ Préss. pbente

Nimmo, D R and Blackiian, K B. 19707 Progtess Rep. Gilf Breeze, Fla. 1969 US fij*“”iﬁ
Fish. Wlldl° Serv. Clrco 335, 29 1. R

Nimmo, D R and Blackman, § R. 1972+ Transo i Fien) SOCo, 101, 547 549 S L
. SRR A DN O R e o (R

Payne, J F. 1976. Science, 191, 945-946. e '

Pippy, J H L and Hare, G M. 1969. Trans. Am. Fish. Sco., 98, 685-690.

Portman, J E and Wilson, K W. 1971. MAFF Shellfish Information Leaflet!, 19, fi1is ™™™ !

33



Pearson,‘Tuﬁfanangsgnbgrg, R,u1976. Ambio, 5, 77-799’
Probert, P K. 1975. J. mar. biol. Ass. UK, 22,19_}4_)_“' RS SN B N G T
Reish, D R, 1972. pp 203207, In: Mafinefpollutionfghﬁ“éeé 1iib§”edJ§M Rpivo,;l (-

Fishing News (Books). London. =~ ' ' o R L
Reish, D R.'19§6.1 FAO techiiical Teaflet (FAO/SIDA Training course in marine - v
pollutlon) : L
Reish, D R and Barnard, J Lu 960o Paco Nato, 1 1 8 ' ﬂ :

Renfro, J L, Schmidt-Nelsen B., Miller, D, Bends, D and Allen, J. 1974, pp. 101-122,
In: Pollution and physiology of marine organlsms, eds. P J Vernberg and W B
Vernberg. Academic Press.

Rosen, M W and Cornford, N E. 1971." Nature' (Lond.), 23k, 49-51s -~ 0 .o

Rosenthal, H and Mann, H. 1973, Arch. Pischeréiwiss., 2k, 217-236. ‘

Rosenthal, X snd Stelzer, R. 1970: “‘Mar. Biol., 5, 325-336. = = 7 .t it

' ROSenthal, H and .Sperling, K R. 1974.  pp 383-396, In: The‘early'lifq‘higtory of
fish, ed. J H S Blaxter. Sprlnger, ‘Berlin. - ST T e e

Saliba, K and Ahsanullah,"M. 1973, 'Mar, Biol., 23, 297-302, et o
Saward,.Dt;Stifiiﬁg;hAkéﬁq&Tﬁbﬁing;_Gé{1975, Mérﬂ”ﬁiéla',§2$f35ﬂ3361?7“f}:<|"_f7*‘”““'
Scherer, E and Nowak, S. 1973. J. Fish. Res. Bd Canada, 30, 1594--159G° TR

Schmidt, T T, ‘Risebrough, B W and Gress, r., 1972. Bull. env. dontam. toxicols (US), ' -
6, 235-243° T S O

Seott, D. and Majer, C. 1972." Bio1. Bulli, 143, 678-688. L
Siebert, K, Luca, A, Sperling, K and Ebertein, A, 1972. Mar° Blol., MZ, 291-303
Silbergeld, E K. 4974, -Bull.. Env1ron°_Contamu'Toxicol., 11 20,

)Shealy, M JLJnrwqu,Sandlfer, P A, 1975, Mar, Biol., éé,.7-16ovt\"

Skidmore, J F. 1964, Quart. Rev. Biol. 39, 227§2#8.
' RSN S b e . C R [ T "“ PR,
Skidmcre, J Fo 1970' Ja ’ exp!. Biolo ’4 52., 481"'49l+c ' Yo ' . A e :‘" s

Skidmore, J F and Tovell, P W A. 1972., Water Res. 6 G 297-830. - Gt b
Sparks, R E, Calrns; J and Heath,,A G;]j972. Water Res,, 6, 895_91ﬂ°‘ | vwﬁ‘tvf

Snow, C D and Stuart N E. 1963 In: Informational Rep.‘F:Lsh° Comno 1 ~9, Portland, o
Oregon.” ' “ e »M‘~ H'f -. SRR ‘ RS

Sprague, J B, 1964 JP Water Pollut Contr. de., 36, 990-1004. )

Sprague, J B. 1969, Water Reso, 3, 793-821,. ;
. ' A * "
Sprague, J B. 1970o Water Reso, hE 3~32n .
J A L . ‘
Sprague, B. 1971,‘ Water Res., 2, 24)~266 i

3

e PR
s 5



L e e ey - R S S
Sprague, J B and Drury, D E, 1969 pp 169-179, In: “Aav. water Pollut. Reso, Proco o

4

bth Internat Conf. Pergamon Press.
Sprague, J B and Saudners, R L. 1963 P 221 In. Proc. 10th Ontarlo lndustr.AWaste
Confo, Ontario Water Resources Comn. , Toronto, Ont.
Spyker, .J M, Sparber, s B and Goldberg:vA‘M. 1972.‘ Sclence, ;zz, 621~623.u’ ‘:
Stebbing, A R D. 1976. J mar. Biol. Ass. UK (In press) . R
Steeman Nlelsen, E and Wlum Anderson, S° 1970. Ma;:;Bioi.;ﬁgkiéj;97;¥ C TR

Steen, J B and Berg, 0, 1966 Comp. Bn.ochem° Phy51olc 18 517—526o

R o \ ; e 0 fom £ 0 l‘.;."--'

Stirling, A. 1975, Mar. Poll. Bullo, 6, 122-124 SRR ‘

Strik, J J K w Aq 197# Haematologlcal effects in flsh toxlclty studles, In.
Ecological aspects of water pollution in speclflc geographical areas: Study
of sublethal effects on marine organisms in the Firth of Clyde, the Oslo 3
Fjord anz the Waddensea. Report of a Worklng Group, WHO, Wagenlngen, 2k
Dec. 197 . : . o S

1

pp 31=-1, In: Sublethal effects of toxic chemicals' on aquatmc anlmals, eds.
J H Koeman and J J-T W A Strik. Elsevier. .. . .. ’ , -

T&rzwell’ QMO 19710 PI‘OCo Royo.SOCD Londay B JZ, 2?9"’285-0 o '

Thurberg, F P, Dawson, M A and Collier, R. 1973. Mar. Biol. Mé, 171< 475.

Thurberg, F P, Calabrese, A and Dawson, M A. 1974. pp 67-78, In: Pollutlpn and
physiology of marine organismg, eds. F J Vernberg and W B Vernberg. Academic

Press.

Tillander, M, Miettinen, J K and Koivisto, I. 1972. pp 303-305, In: Marine
pollutlon and sea life, ed M Ruive, Fishing News (Books) London.

Topping, G and Windom, H L. 1977. Bull. Mar. Sci. (in press).

iJalentine, D W. 1975. pp 695-718, In: The pathology of fish, eds. Ribelin and
Migaki. Wisconsin Univ. Press: Madison.

Varanasi, U, Robisch, P A and Malins, D C. 1975. Nature (Lond.), 258, 431-432.
Waiwood, K and Johansen, D. 197k4. Water Res., 8, 401-L06.
Walluga, D. 1956, Acta Hydrobiol., 8, 55-78.

Waller, W T end Cairns, J Jur. 1972. Water Res., 6, 257-269.
Walden,  1976. Water Res., 10, 639-66k.

Warren, C E and Davies, G E. 1967. pp 175521ﬁ; In: The biological basis of fresh~
water fish production, ed. S D Gerking. Blackwell.

Webternhagen, H. von and Dethlefsen, V. 1975. J. mar. biol. Ass. UK, 55, 945-957.

35

A kit
Strik, J J T W A, de Ionch, HH, van Rijn van Alke Made, J W A and Wuite, T P. 1975’ o

Eat

O T 117 S R 0% (et



Westernhagen, H von, Dethlefsen, V and Rosenthal H 1975
Méeresunters, 27, 268-282, « ¢ "

Westernhagen, H von, Bosenthal, H and, Sperling, K R, 1974
Meeresunters, 26 416-433." &

R
;

Westman, I, Johansson-SjYback, M L and Fange, R 1975.

HelgolHnder wiss.
Al PR o

Helgolaoder wiss.

rp 111 119, In: Sublethal

effects of- toxic chemicals on aquatic anlmals, eds. J H'Keeman and J J T W A

Strik. Elsevier.

Westlake, G F and Kleerekoper, H 19740x

Whitfield, P H and Lew1s, A Go 1976c‘ Eat Coast Maro Resq, 4 255—266

.....

Wildish, D J. 1970. Bull.. Env1ron. Contam° Toxmcol., 5, 202-20#

Wilson, K W, 1972, .
London? Flshlng News (Books)

. " o

Wilson, K W and Connors, P M. 1976 J mar.,'blol° Ass. UK QM, 769—780
Wllson, D P and Armstrong, F A J. '196'1°

Woelke, C Eo 1968 Northwest Sclog 421 125‘133 T: C o jo‘v"w

Yap, H H, Desaiam, D, Cutkomp, L X and Koch; R B. 1971-

Young, J 8 and Pearce, J B, 1975." Mar.:Pollut. Bull.,"§, 101-105.

'JA
] . ‘\ vy
1 4 .y { [ T ' ¢
Vi SRR . )
o i s 7 UIN J ' A
¥ o
i N “{1 i ! i [ o
[ y L
1 [ s gl i " ! R § HES
R . .

\ \ A b ' v L i

) R i KESADH 4 . ( ‘ t

!l
.0 5 3 i ]
\ . N : PR e ! v f
PO
N
TSR v
RN n
et e ! P

. . . . Lt i3 > . . .
. .o Lo s oo {en e
2 N e S i

36

Water Resources RGSo 10, 103-105

.pp 318-322 In. Marlne pollutlon and sea. llfe, ed° M Ru:.vo°

J. mar. bwl° Asso UK 41 663--681°

'Nature (Lohd).; 233; 61-62.

ENRIVER



[l R
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Membership and Contributors

The core group consisted of:

Dr A D McTntyre (Convenor)
Dr Brian Bayne

Mr Grim Berpe

Professor R Lange

Dr H Rosenthal

Dr I C White

Dr J F Uthe attended the second meeting by special invitation and contributed
extensively. Others who presented written submisgions or contributed by
discussion were Mr A Preston, Dr D S Woodhead, Dr R J Pentreath, Dr Alan Jones,
Dr H C Preeman, Mr A V Holden, Dr G B Sangalang, Dr M S Mounib, and .

Dr A R D Stebbing. It should he emphasised however, that the editorial
committee (McIntyre, Bayne, Rosenthal and White) accept responsibility for

the views expressed in the final report.



