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WOTES

1. GESAME 15 an advisory bmly consisting of upecialired cxperts nominatoed by the
Sponsoring Apencies (TMCO, FAO, TNESCO, WMO, WHO, IAMA, TN, UNET}. Its principal
task is to provide scientific advice on marine pollution problems to the Sponzoring
Agencies and to the Intergovernmental Occanographic Commission {10C).

2. This report is availablc in English, French, Bussian and Spanlsh from any of
the Sponsoring Agpemcies.

3. The report contains views expresscd by experta acting in their individual
capacitics which may not nccossarily correspond with the views of the Sponsering
dgencies.

4. Fermission may be granted by any one of the Sponsoring Agencies for the report

te b wholly or partly reproduced in publications, provided that the source of the
extract and the condition mentioned in 3 abave are indicated.

For bibliographic purposes, this document may he cited as:

IMCO{FAOIUNESCO/WHO]WHOIIﬂEA}UN/UNEP Joint Group of Lxperts on the Secientific
Aspects of Marine Pollution (CESAMP}Y,

Monitoring biological wvariahles related te marine pellution. RLEP, Stud.
GUSAMP (1}).
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The trainiog aspect

In most of the plans refeorred toe above there is emphasis on the need for
communication and training. The Working Group recognized a similar need in the
Field of monitoring biological variables. Thisz is obvious in relar ion to the mure
sophisticated techniques when insteuction in the use of instruments and in the
interpretation of results is clearly desirable. But even for the more straight-
forward mcthods, when a routine and uniform application is roquired by different
persommel [rom various laboratories over a wide area, some attempt at intercalibra-—
tion is ocssential,

Therc is considerable value in making available manuals of instruction that
provide detailed step-by-step guidance on provedures. Tt should be possible ta
collect methods in the form of a "enok hook".

The most useful instruction, however, is likely to be in the participants' own
laboratories and on hoard theit owm research ships, and with this in mind, sclected
experts might be cncouraged to visit regional centres, whero programmes are being
exceuted or planned, to give advice and imstruction. An extemsion of Lhis might he
a serics of lectures, courses or workshops designed to focus on important aspocts
ol bieclogical monitoring, arranged for appropriate groups of scicntists and adminis-
trators. Finally, the funding of selected scientists to study at suitable centres
for limited periods could provide dircet supervised experience of some of the more
sophisticated tectmiques.

- 20 =

SUMMARY AND ERCOMMENDATLONS

The Working Group studied the problems of measuring biological variables telated
to marine pollution, and concluded that the cusc was established for incorporatiog
such measurenents in wonitoring programmes,

1o discussing the scientifie requirements for biclogical menitaring, the Working
Croup proposed a set of principles for selccting soitable variables. It then
evaluated a sclection of possible variables in the light of the principles, and
listed measurcments rhat could be recommended for immediate inclusion in monitoring
programmes. The list included certain biochemical and physiological procedures, as
wirll as several morpholegical, population and commun ity measurements,

In addirion to these precedures and measurcements, which arc sufficiently well
doveloped for funmediate use as monitoring tools, thore are other aporoaches that
show promise, but require further study. It is recommended that countrics with well
developed roscarch organizations take the lead in such development.

The Working &roup neted the lack of anv general framework for applying biclogy
to monitoring prograwmes. It therelore developed a throc—part strategy for dealing
with the three phases: identification, gquancification and causation; and it provided
guidelines for implementing Lt. The strategy recognizes that appropriate chemical
analysis is always vequired and that the biologiuval input is most ef fectively deployved

in a suite of procedures carefully tailorad to the requircments of individual PTOfTammes .

The Working Group studied sceveral current projects and, for the most advanced
of rhese, sugpested some additional biological measursments. It is recommendod that
concerted efforts be made to apply the strategy in existing local and regional pro-
grammes and to bulld it into new programmes at the planning stage. FExisting methods
should be used since significant advances are more likely to follow at present [rom

an evaluation of jraccical experience than from noew theoretical or laboratory exercises.

After the strategy has been pursued for some time, it should be roviewed and modified
4% NeCESSary.

On the subjcct of copen—ocean monitoring, the Warking Group recopnized substantlal
problems at present. It suggested that open—ocean biglogical wmonitoring might be most
uscfully focused on the benthos at a few sites spoecially selected for their
stability and where the benefits of other, relevant, ongoing researeh would he
available.

Finally, the need for training in some of the bivlogical cechuignes was
diseussed., Tt was proposed that this be done by vislts from experts, by lecturcs
and courses, and by periods of training at seclected centres of expertise.  The value
of compiling a manual of methods was noted.



LNTRODUCTTON None of these six approaches could be highly recommended, according to our scoring,
for general use in routine monitoring programmes at present because: (1) they lack

The Lerms of reference of the Working Group were: an applied quantitative relationship with pollution; (ii) theyr have not been tested
and evaluated sulficiently in a field programme; and (iii) the two specilic bio-
(i) "a formulate a rationale for monitoring blological variables taking chemical effects have a low signal-to-noise ratio and can only he applied to a
into account existing amd planned regional and global menitoring limited number of species {n.g., amino-levulinic acld dehydratase is specific to
programmes, paying particular attention to theose which include lead pollution and is restricted to organisms with haemoglobin; acetylcholinesterase
monitoring of biological wariables, in the brain is specific to organo-phosphate pellution in fish and crustacea). In
spite of such comments, the fact that these approaches may be Found useful at
(ii) To determine rhe scientific roguirements for moenitoring relevant specific sites iz perhaps a useful reminder that generalizatiens should always be
biclogical variahles. treated with understanding and caution.
(iii) 1o assess the feasibility of establishing practical proccdures for 1f the working groups were to make any additionmal preposals feor inclusionr in
the monitoring of bloleogical variables related to wmarlne pollutien™, the Mediterranean programme they would be as follows:

{GFSAMP Hepores and Studies No.8).
(i) bicassay for general water—quality assessment;

The memborship of the Working Group is given in Annex I. The Group met in

Decembet 1977, May 1978 and Junc 1979, after which a small drafting group assembled the {ii} assessment of vertebral damage, asymmetrvy, {in ercsion, ulcers,
Final Heport. neoplasinftumours and liver/digestive gland and kidney structurc
alteration;

(iii) measurement of feeding rate, scope for growth, oxygen-to-nitrogen ratio
and body-conditien indices;

{iv) weasurement of taurine-to-glycine ratio, lyscsomal stability and
merallothionein.

Furthermore, it would be suggested that whenever possible che majority of these
biological effeces should be measurcd om the same indicater species or sentinel
organism used for chemical minitoring; e.g., the mussel, Mytilus galleprovineialis,
the deep-water pink shrimp, Parapenaeus longirostris, the striped mullet, mullus
barbatus, and the bluefin tuna, Thunuus thynnus. An integrated programme that
examines chemical cffects combined with general and contaminant-specific biolegiecal
eflents should provide informatiom on which to base environmental management decisions.

The Working Group then reviewod other United Nations activities, noting the
following initiatives:

1. LUNEP/Kuwait Action Plan.

2, TOC Programee for the Westerp Pacifie (WESTPAC).

[

UNEP/ECLA Caribbean Enviromment Programme,

UNEP &ctiom Plan for the Gulf of Cuinca and adjacent areas.

I

3. CPPS Action Plan for the Southeast Pacific.

6. 100 Co-operative Investigation in the North and Gentral Westcrn Indian
Ucoan (CTNCWTO),

7. WHO/UNED Pilot Project om Coastal Water Quality Control (MED-VIL) in the
Mediterranean.

The Working Group’s Terms of Reference would clcarly have permitted it to make
a detailed examination of those plans in an effert to produce explicit biological
monitoring programmes For cach, Unmfortunately, time was less permissive., OGur hope,
however, is that the guidelines set out in this report will be of usc to those
involved in further elaborating and carrying out the plans.
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MONITORING IN EXISTING AND PLANNLED PROCRAMMES

In setting up the stratecy and the method for implementing it., the Working
Croun attempted teo maintain a [lexible approach that could be readily adopted in
nrogramnes olready under wav or at an advanced stase of plannine. There are manv
such proerammes. and they are run by local autherities, national severnments,
international pollution commissionsz, scientific bodies (e.g., ICES) or by the
United Mations agencies.

These programmes are for the most part foeused on local situations as already
deseribed (outfalls, dumping grounds) where the most obvious Riological mouitoring
component may have been readily identified and used. But there is an Increasing
oumber of programmes concernca with environmental contamination on larger scales
{regional or global) that attempt to cncompass all contaminants from whatever source
that are likely to affect envirommental qualitey,

The "Ocean Pulse" programme off the east coast of the United States of America
is an example of a comprehensive project. Tt is designed to provide, among other
things, monitoring data on the continental shelf waters between Cape Hatteras and
the Canadian border. The very diverse programme Includes the monitoring of several
biclogical wariables such as mutagenetic analysis of fish eggs and larvae, structural
analysis of benthic cowmunities, and biochemiral/physiclogical measurements on blood
and tissucs of various Invaertebratcs and fish.

In general, however, repional monitering programmes in the past have, quite
properly in vicw of the earlier state of the artt, focused on chemistry, and the
biclogical aspects are either lacking or are at an cxperimental level. The Working
CGroup paid considerable attentien to the United Nacions agency programmes, and
examined the reports of several workshops and projects published up to the heginning
of 1979. The most advanced of thase was the UNEP Co-ordinated Mediterranean Pollution
Monitoring and Research Programme (MEDPOL). Two Pllot Projects, one on the effects
of pollutants on marinc organisms (MED IV), and another on the effects of pollutants
on populations and commmitics (MED-V) were of particular interest.

In these twe projects, moest of rhe biological effects measured fell Into the
general categories listed in Table 1, and several were in our "highly recommended"
groups;  e.g., bicassays and community approaches. There were o few effects we had
not listed, however, and we scored these againsg our criteria and arrived at the
following evaluations:

Biochemiral effects Fvaluation

Amino-levulinie acid

dehydratage 3

Trotein synthesis (regencrating

sponges) 3

Glyverlvtie and citric acid

cycle enzymes 3

Acctylcholinesterase in braln 3
Eehavioural effects

Righting behaviour +in

Paracentrotus lividus 2

Fecoleogical effects

Colonization by fouling communicies 3
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THE CASL TOR MONLTORING BTIOLOGTCAL VARIABLLS

In most wonitoring programmes, contamination is measured in terms of chemistry,
and chemical analvsis of material from the various compartments of the eoviconment
can provide a sensitive indication of the comcentrations of substances that have
heen selected for study. But pollution, as defined by CFSAMP, implies deleterious
effects and these are usually asscssed in relation to a binlogical system, Tn
pellution monitering, thereforc, biclogical information is required at some stage,
but thoere is considerable scope for discussion as to what sort of biology is most
appropriate, and at what stage in a monitoring programme it may be most effectiwvely
applied. Those who manage and control resources have cended to aveid the wide use
of bivlogical parameters because of the high degree of variability in naturat
svstens, and the complexity of an organism's reaction te stress from many physieal
and chemical factors. Rather, they have preferred the use of chemical analyses as
a routine procedure, and hiolegical eriteria have been introduced only at tho
evaluation stage.

Howewver, reliance on chemical analyses alone for studies of hionlogical offects
has serious shortcomings. Thus sllght and, in analytical chemical terms, inslgnificant
changes in the concentrations of certain chemicals can markedly affect water quality
from the bislogical standpoink. Also, chemicals which by themselves would have been
innocuous, may cause effects hy interacting io the general milieu of contaminared
waters. Further, chemicals whose identity is unknown or whose presence is neot even
suspected mey produce effocts. Finally, without observations linking leovels in the
water or sediment with tissue comcentrations and then with effects on organlams and
populations, and ultimately, with rthe well-belng of the ecosystem as a whele, an
adequate assessment of pollution is impessible.

Clearly, then, there iz a casc for using biological wariables to menitor the
effects of pollution. However, it should be cmphasized that the optimum monitoring
programme will include physical, chemical and bilological observations in the field,
and, merecver, that these observations should be backed up by appropriate experimental
work,



THY USE OF RTOLOGICAL VARIABLES
Previous worlk

The use of biological variables in the context of monitoring for marine pollution
has already heen the topic of considerable discussion in SCESAMP, At the sixth session
of CESAMP, a panel, chaired by Dr. Stjepan Keckes, was set up to specify parametcrs
relating to cffects monitoring, and its repert (IMCO ct al., 1974) recognized the
problem of defining a clear cause-effect relatienshiz between changes observed in
marine rommunitics and svecilic contaminants. It emphasized the wvalue of experimental
studies, in the laboratory and in =itu, for establishing links botween the bedy
burden of contaminants in organisms and levels of thoese contaminants in the sea water.
Regarding laboratory tests, it discussed the use of indicator organisms and experi-
mental ccosystems, and noted the impertance of determining the poilnt at which effocts
on individual organisms manifest themselves as harmlul at the population lowvel,
Regarding field studies, it pointed out that bio-accumulating erganisms, such as
mussels and harnacles, or communitics on fouling plates, could be t{ransported to ocoin
study areas wiere they are not indigenous. It concluded by recommending a number of
monitoring exercises, Including observations on phyteoplankten communitics, fish
populations, and open—ocean ialand systems.

Three FAD fisheries technical papers are particularly relevant., One {FAD,
1476 a) reviews the use of marine organisms as accumulators of pollutants, evaluates
thelr role, and provides guidance on their selcction and wtilizatlon in relation to
tie main pollutants,

The second (Fad, 1976 b) is concerned with devising a system of indices to
measure effects of stress, dee o human activities, on aguatic resources. Tt rTeviews
appropriate indices and their advantages, disadvantages and constraints. While it
deals with population, comeunity and ecosystem levels, it concentrates on community
indices and specifically excludes bicassay and toxicity studies. It recommends the
gzstablishment of an interpational network of scientists to produce, In about five
vears, a synthesis in the field of utilization of indices. Specifiecally, 1t suggests
sctting up two muleidisciplinary panels whosc deliberations would lead to an inter-
pational symposium. Tt motes the need for long-term, baseline studies.

The third (FaAf, 1977) deals with the bio-cvaluation of marine pollutants and
comcentrates on toxic chemlcals rather than organic wastes causing oxygen depleticn.
It refers to the tvpes of laboratary procedures and the types of organisms most
likely to he useful in reinforcing ecological studics of marine pollution cffects.

Twe recent reports focus on field situations. Ome (NFRC, 1976) is particularly
concerncd with hiolegical change, and for the marine environment It lists and
evaluates some Lime-series records available for plankton, fish and benthes, and
discussces the crganization of surveillance programmes.

The other {(Uncseo, 1973) concentrates on the continuous measurement of biclogical
variables and is not directed particularly towards pollution, but most of the variables
it dlscusses are relevant to pollution monitoring. The report deals with monitoring
strategy and statistical design problems, and its major section, om the technical
feasibility of I[ndividual metheds, constitutes a main part of the recommendations.

Lt stresscs the importance of monitoring natural warlahillity and calls for work on
assembling, processing, indexing and asscssing time-series data from the ocean. The

S R i

setting up of several working groups and review

bodies is recommended.

We paid particular attention to this, and Dr. Longhurst, who had been Chairman
of the Working Croup, reviewed its conelusions in the light of current conditions.
He suggested that substantial progress had becn made in the development of bielogical
survey aquipment since the report's publication, and that the means needed were now

to hand or could be readily developed.

-4 -

A& research programme in thoe United Stares of America sponsored by the National

The instrumentation is primarily designed to carry out measurements of geochemical
fluxes at the water—scdiment boundary, but alse includes sediment traps, current
meters, light-scattering meters and cameras for time-lapse photography of the sea-
floor. This programme and others designed to examine the problems of deep-ocean
dumping suggest that the techniques required for examining the decp benthes mentioned
above may scon be available.

- 17 -



Geopraphical sceales

Applivarion of the strategy will wvary, depending on the geographical scale, and
in gencral threoo voanges mav usclully be rocognised,  Fiest, al the locel level, one
can thinx in terms of point-source sollacion from individoal 1mrgas or of
localtized hot-spets on dumping grounds or around ifndustrial termicals, where the
datails of the input may be %pown and thoe siratoegy may therefore be more finaly
focused.  The Working Group discussed this aspect, bab in vicw of 15 terms of
reference, concontrated on the second Tewel:  rhe reglonal, which will cnoompass
the sum of the e2ffects of the local-scale pollution and include diffuse inputs freom
land and river ron-ofl and from the atmospheroe,

At the third Tevel, the global scale, the Working Croup concluded that there
was sufficient reason to modify its strategy with respect to opon ocoans,

There is increasing evidence that the division between estuvarine and shelf
walers, on the one hand, and Lhe open oceans, on the other, s surprisingly Tirm in
that "leakage" of pcllutants hetwzen the two is slight. Since most of the inpuis
of centaminants are to shelf waters {by main rivers, land ran-of{, dircct discharge},
it iz to be cxpected that Tological effcects will occur in rhese regions =move quickly
than in the open occans.  Accordingly, the greater proportion of monitoring effore
saould be concentratad on these sholl waters,

To the open ocoans the main input of pollutants is frow che atwmospheroe, but the
relatively short resideonce time of pollutants in the surface waters (£ 5 years) is
much less than can be arcounted for by the average sizing times { <20 vears) of the
surface waters with the deeper water. It appears that poellutants, on entering the
agualic phase, rapidly become associated, actively and passively, with detrital
particulate material of relatively lavpe sfze (7 50 um). These particles, almost
entirely derived from the kiclogieal cyele in the surface waters, are continuously
leaving the surface walteor resorvolr and may reach great depths almost intaer within
davs or weeks. lhere thoy accumulate as a superficial detrical laver on the sedlment.

Tt is this same recent allochthonous detrital material that contributes
15-30 ner cent of the reguired organic coarbon iaput te the decy benthic community
as a whole, and for some species, which scavenge sclectively as epibenthes, it
constlitntes thoiv prizary enersy supplv. These ssecies, in particular, are likelw
to be highly susceptible to tho quality and quantity of the sel]ing material [rom
the surface water.

Tt apprars that this deep bhenthic Fauna may be the most sultable component [or
monicoring the open occans. Monitoring phytoplanktom and zooplankton in the surface
waters is technically [c
important role, but at present the facters controlling spatial variability, esnecially
the influence of rings aund fronts, are so peorly understood as to argue against the
usc of the plankters. The technical problems of examining the decp benthos demand
complex and sophisticated sampting smethods,  Further, the swpatial heterogeneity of
the deep benthlc communities is largely unknown, and together these factors argue
against widespread benthic suvvevs. Indeed, such a atrategy would make seuse,
given the velative exposure of deep and shelf benthos, only if the deep benthos were
to be much more susceptible to pellutants.

asible, and remote sensing devie play an increasingly

The Working Group therefore recommends that if open-ocean monitoring is te be
included, it should at present be focused on the examination of deep benthos and be
conlined to a few selected sites preferably covering cach majer ocean, and located
where physical conditions and the orean floor are relatively stable - so-called
"quiet” areas - and whore synoptic observations on inputs to the detritus are being
made. At these sites, sensitive physiological indices such as scope for growth may
be apposite.

Finally, Lhoe FPeasibility of using blological offects in mon ftoring exeraiscs
wag examined by 2 study joroup set ap by the Tnteroatiomal Council! Lor the Exploration
of the Sea. Tt report {10KE, 1978) briefly revicws recent knowledge of the effects
of pollutanls on marine organi=sms and how such effects con be demonstrarted and
measured experinentally and detecred and evaluated in the fleld. Tt focuses inten—
tionally on shelf rvegions of industrialized countries, and exolicitly omits considera-
tion of open seas becaunse of the low levels of contaminants and the apparont uniformity
of these areas, Further, while recopnizing that whal motters in the long-term are
effects on the popelation and the community, the ICES roport concentrates on the
individual organism and on lower levels of bioclogical organization as a means of
approaching higher tevels and of obtaining earlicr recognition of effects, It makes
general suggestions about how such work could bhe fitted into certain types of ongoing
programmes, but it does not attempt to advise on specilic inputr to selected programmes
In named peographlceal areas, Finally, it recommended the couvening of a small inter-
national workshop of specialists to cxpand its conelusions. This Workshop on Pollution
Fffects Monitoring met in the United Skates of America in early spring 1979. Tt
divided into seven panels, dealing with hiochemistry, phvsiolegy, pathobiclogy,
hehaviour, geneties, ccolegy and bicassay. Each panel recommended a nmumber of
procadures considered suitable for inclusion in programmes of hiological mounitoring.
The published proceedings of the Workshop {MeIntyre and Whittle, 1980} provide
cxtensive refercnces to the |ilterature on bislogical effccts monitoring.

Discusgion

Te ensure that any GRSAMP iniriative did mot repeat or aignificantly overlap
eartiey work, the Worklng Croup carefully reviewed the publicatlons refcrred to above,
waich, taken together, arovide o substancial commentary on biclogical wvariakility and
on the problems this causes in monitoring.

The group concluded from theose docurients and {rom other material at (ks disposal
that much of the earlier argument against adding a bYiolugical component Eo monitoring
programmes was no longer tenable and that in gemeral it is no more difflcult to mount
a hiological prograzme than a chomical one. However, a consistent straregy [or
menitoring biclogical effeects has not been developed, and thoe procedures for imple~
menting auck a strategy have not so f£ar heen clearly set out togotheor in o unified
account.  Further, there has becn little integration of papers dealing with such
asnects as principles, methods and strategics. In spite of these deficiencies, the
fundamental principles for hiolopical monitoring have been fully explored beforc,
and it is wunlikely that any major new iosight will ho Forthecoming in the immediate
futdure. On the other hand, recent advances in science particularly concerned with
biochemical and physiolegical responses within organisms to suhlethal stress, have
introduced significant new technignes which are in some cases now ready to he

. =N RE] AT T AT YT o e e o m.
applied in wonitoering programmes.

 application of these will help to aveid
problems inherent in thoe more classical population approach to menitoring caused
by natural variabllity in population abundance in space and time.

It is noteworthy that scveral of the reports referred to abuve call for specifie
initiatives and It 15 not cloar why seme of thesc have not been followed up. The
need would therefore appear to be mot for furtier basic discussion but rather for
specific rocommendations followed by Immediate action,

The Wotrking Group lelt, therefora, that it could contribute most uselully by

{i} estahlishing a sct of criteria for cvaluating the usefulness of particulat
biolegical variables in pollution monitoring:

(ii1) evalanating = wide range of biological wariables according to this set of
criteriag

(tii) developing a strategy for biological menitoring based on, and incorporating,
appraprlate technigues ifdenrified by the evaluation urocess.

- 5 -



THY SCLENTIFIC REQUIREMENTS TOR BIOLOGICAL MONITORTWNG
Having established that there is a nced [or including biclogical wariables in
marine pollution monitoring programmes, ib is necessary to considor the selection

of suitable varlables and the context in which measurements of them may be appliwd.

Principles for selecting variables

Kot ail biolegical wariables will be equally appropriate for inclusion in
pollution monitoring programmes, and their suitabilivy for inclusion may be assessed
in torms of a number of criteria. Some of these criteria (listed as category & helow)
refer to the fundamental scientific aspects of assessing the biological impact of an
environmental change. Other criteria (category B) refer to the efficicocy of the
biologleal measurements and to their practical value as indices of ijmpact. 4 third
group of criteria (category () is related to administrative guestlions which may he
important in selecting indices for inclusion in monitaring programmes. To the
following 1ist the ecategories arc not ranked in order of priority, and no attempt is
made te provide a guantitative evaluation of the criteriz.

A 1. Ecological significance: can the effect be shown, or convineingly arguad,
to be related to an adverse or damaging eflect on the growth, reproduction
or survival of the individuzl or the population, and wltimately on the
well-being of the commumity/ecosystem?

%, Relevance to other efflccts: can the cflact be related to other effects at
hipher or lower lewels or organization?

3, Specificity: how spuclfic is the effact In relation co the causative
agent?

4, Reversibiliry: to what degree can the variable return to its original
level when the causative agent s removed?

L

Range of taxa: is the cffect specific bo particnlar taxa?
This criteriom may he relevant also to categorics B and C.

B 1. Quantitative aspects: does the elfect bear a quantitative or predictahle
relationship te the cause (L.e., pollution)?

2, Semsitivitv: what jntensity of stressor is required to alieir the effeoot?
3. Scope: over what range of intensity of stressor is the effect observab

4. Respounse rate: how quickly is there an vbservahle effeet?  (hours, days,
yaars)?

~Aa

Signal pelse ratio: ecam the effect (signal) be casily Cdetected ahove the
natural variability (nolse}?

6. FPrecision: can the effect be measured accuratcly and precisely?

c 1. Cost: how expensive 1s the measuroment of the wariable in terms of capital
squipment, running costs, training costs and manpower?

2. Appllcation: o what extent has the effect been used in a field monitoring
programme and shown to he related to pellution?

Effects measurements at any one level of %iclogical corganization will not score
high by all the above-mentloned critcria hecause some, such as "ecological siunill-
capce” and "semsitivity'/Vapecificity” may be inverscly related over the range of

- -

TABLE 2
LLEMERTS TN STUDYING TUE DISTRIBUTION OF RIOLOETCAT. REFECTS
Phase T Identification: Nistribution of known inputs:

- chemical analyses of water, scediment and
biota;

- solected bioassay of organisms (e.g., outimates
of lysosomal fragility)d;

- vlevated incidence of morphological /pathological
abmormal [Lics in fish populations;

- bilouassay of surface/deep water with oystor/
echinoderm larvac, hydroids.

Thase II Cuantification: Ter be dmplemented on defection of spatial wari-
ability of any phase T determinacions. In order:

- survey of benthic community structure;
- survey of benthic population parameters;
- physiotogical indices {e.g., scope for growth)

in selected widespread species (e.y., Crassostrea,
Mytilus};

LI _uS
- bicchemical dindices in above-mentioned species.

Phase TIIT Causation: To he implemented on confirmation of significant

effect ase ed by the above-mentioned procedures:

- by specific chemical analyses of water, sedimenc,
biota for suspectoed contaminants:

- bloassay, with specific chemical modifications
to water samples.

- biochemical techniques specific to chemicals
ar chemical classes.

Temporal aspects. Study of changes in intensity with time (5 concerned with
establishing trends. This can be done: (i) in conjunction with a spatial mapping
exerclse to demonstrate changes in geopraphical distribution, one spatial sarvey
identifying the distribution being repeated on an appropriate time sequonce; or
{1i) by repeated ohsgervations at the same site to demonstrate station-spocific
trecnds,  The approach can cloarly be applicd over various time scales, depending
nn the nature of the contaminant Inputs.

The strategy for determining temporal changes is similar to that for spatial
changes as set out in Table 2, except that the objectives bacome the identification
of chanping inputa, changﬁnﬁ lcvels of chemicals in the environment, changing
incidences of morpholopical modifications in fish, and changing sixe and frequency
of hot-spots. The use of bloassays provides a good basis for measuring changes in
water quallity, as long as a sultable bhascline such as synthetic sea water can boe
established. Tn such work, variations in water quality duc to seasonal iniluence,
blooms, changes in coastal run-off, efc., must be taken into account. An adequate
trend-monitoring study will require a sulte of biclogical procedures covering, in
particular, sensitiviey, cavsation and ecological relevance, drawn from the
vossibiliries listed under phases IT and TIT of the spatial study.
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liinloglical variables o phase I must be sensitive and precise. That is, they
should be responsive (o wvery slight changes in the chemical composition of their
environment bot, at thoe same time, thoy should be capable of precise measurement
and discrimination againsc normal wvarlakility — they should have o high "sipnal to
noise’ ratin.,  Aluwo, to be useful on a wide scale, they should be cheap and genorally
applicable. The incldence of abnormal morphological and pathobiclogical conditions
in fish, as defined earlier, appears to be highly suitable for broad-scale discrimine-
tion and over long time poriods, Bicassays of sea walLer samples, although probably
subject to greater tempoval variability, fulfil all other requirements, and resolu-
tion can be increased mercly by increasing the intensity of the sampling grid.
Observations on lysosomal stability of the bioassay orpganisms can alse be o useful
additicnal technique.

‘hase IT, The demonstration of a "hot-spot" by the ahove-mentioned procedures
does not of itself Indicate biclogical damage. ©Confirmation and quantIfication is
then required, and this constitutes phase IT, which relles on the examination of
more ccelogically significant variables, Sioce ome purpose of biclogical monitoring
is to ascertain the bhealth of the ecosystem, gross measurements at community lovel
arg fieportant. This approach would have Leen advocated in phase I but for its
relatively high cost, for its inseasitivity, and for the problems of interpretation.
The Working Group cndorsed the conclusion reached by rhe Feolopical Tanel of the
ICLES Workshop on Pollution Effects Monitoring, that analvsis of the benthic and
epibenthic communities, including littoral communities, is likely to be more cost-
effective than plankton work., Ax indicated earlier, however, the case for derailed
analysis of henthic communities in a wmonitoring role is wot yet Provern, and the
Working Croup recommends that only gross mcasures such as total abundance, total
hiomass, cotc,, be done initially, To obtain increased sensitivity, it is recommended
that goneral physiological measurcments, such as scope [or prowth and hlochuemical
maasurements, he made,

Phase TTT. At this stage It may be possible to ascribe the ecauses (whore these
are not already known) of any effects using circumstantial evidence, and this ean be
cnhanced by inecreased chemical sampling, with specilic analyses using advanced tech-
nigques. Tt may be noled that phase TIT requires a rather different type of chemistry
from that likely to be used in phase L. The later phases arc concerned with
quantification and with understanding dose/response relationships so that knowledge
o the speciation of chemicals and of their partition in difforent bivlopical compart-
ments 18 needed.  Bicassays on seawater samples modified in specific ways to alter
their chemical quality is a relevant biolegical approach, and it is at this stage
that the extensive nse of laboratory experiments on the effects of substancoes
(i.e., retrospective testing) bacomes particularly useful.

For a limited pumber of substances, or types of substances, specific hiclogical
cffects can be sought, but it should be noted that offects will often be produced by
the interactions of numerons contaminants rather than by single substances acting

alone.

The essential aspects of the strategy are set out in Table 2,

organizational levels, For example, eficcts at highor levels of organization
{community, populatlon) are gencrally morc significant ccologically but relatively
insensitive and noo-spocifie, in contrast to changes at lewer levels of arganization
{cellular and molecular} which are usually more sensitive and specilic but less
signilicant scologically. In any hiological cffects monitoring programme therc may
be a reguirement for highly specific or For nom-specific biologicnl clfects measuro-
ments, or both., Each biclogical variable selectid will then Le either: (i) a peneral
{(non-specific) stress response to the total covirommentsl stimulus - because pellution
is eiten nor dus to a specific causative agent but rather to a complex combination
of factors acting In concert with natural cnvironmental wvariables, or (i1) a spacilic
{selective) responsce to a particular class of contaminants chosen Ln an attempt to
establish a coause-effect rolationship.

Clearly, to mect boeth basic regquirements (i.e., generality and specificieyd, [t
is npeceasary to include biological effects at soveral levels of organization.

Fvaluation of selected biological variables

There are many variables that could he cvaluated by the eriteria sct out above,
but the Wovking Group agreed to focus on those that had already beoen subjected to
some systemntlic examination. Among these were the variables referred to by the
seven panels at the ICES Workshop on Pollution lEfccts Monitoring. We listod
37 wariables (Table 1) and assassed them according to the 13 criteria. Each wariable
was discusscd at length, then alloeated 2 scove, on a threa-point scalc, based on
its assessment according te the criteria. After consideration of the scoras, cach
variable was given a general evalualion {lLo some extent om & subjective basis since
it proved difficult to apply weightings to the different scores and criteria) and
categorized I, 2 or 3 as follows:

1. Highly rccommended for immediate use in monitoring programmes in all
reglons; or

+ Recommended only for selective use hocause 1t was more costiy or roequired
furtner tield testing before it eculd be used routinely; or

3. Potentially wseful but not recommendod at present hacause
technigues required [urther development,

tne approach and

A hiolopical effect highly recommended [or immediate use may not he entircly free

ol prodlems in Its rvoutine monitoring. An investigator musat be aware of the
limitations and the necessary scientific considerations (e.g., stetistical require-
ments, importance of endogencus and cxogonous factors) associated with cach offect
nting biolegical wenitoring programmes.  ‘Ihese
detailed sciemtitic consideratioms were discussed at the LCES Workshop on Pollution
Nffects Monitoring (McIntyre and Whiltle 1980) and are dealt with in a practical
manual in preparation at the Institute of Marine Fovironmental Research {Tlvmourh,
nited Kingdom),

o, |

ement before planning and implem

The evaluations of 37 bicological wvariables srve summarized in Tables la and lb.
The major advantages and disadvantages of each are Lricfly outlined below. & mors
detailed revicew is given by the reports of the seven panoels of the ICES Workshop on
Pollution Effects Momitoring (Melntyre and Whitele, 19303,



TARLE 1a

YARTADLES NTSCUSSEN AND THEIR FYALUATLON (553 LEET FOR EXPTARATLION)

Heasuremont

1.

4

BIOCIEMICATL FFFRCTS

Mixed function oxidasc
Metallothionein
Lysosamal stabilicy
Sterolds

Fnergy charge

Blood chemistry
Taurine/Glyeloe
Primary production

FNETIC EFFRCTS

Chromozomal abnormalitics
Mutagenicicy assay

PUYSIOTEH:ICAL EFFLCTS

Resviration

Feeding rate

Body condition index

Srope for growth (+ growth efficicnoy}
Oxvegen/litrogen

MORPIOLOCICAL AND PATHOLOGICAL FFFECTES

Gil1l deformity

Liveor structure

Gametogenic cvele

Liver as per ceont body weight
Ulcers

Fin ereslon

Neoplasia/Tumours

ASYImetry

Early developmental stage

BREHAVIOURAL LTTECTS

Torque test

LFCOLOGICAL EFTFRCTS

Community biomass

Abundance

Liversity

Alterations in distribution
Speries density

Growth rate

Reproduction (genad as Z body wt.}
Population structure

BLOASSAT

Bivalve/Lehinodern larvae
Microalgae bioassay
Hydroid bioassaw

Wwaluation
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THUE FEASIBILTTY (OF ESTABLISUING TPRACTTCAT. PROCEDURES

Strategy for bielogical momitoring

There are several possible monitoring objectives: for input comtroly  the
srotection of human health; the determination of spatial and temperal trends in
contamination and its effects on the ccosystem; the provision of environmental
management data.  Comstraints of time and resources often make it neceszsary that
a single monitoring exercise subserve severzl requirements, hut the programme,
whether single or multi-purposc, may usefully be built up according to 2 consistent
strategy that will emable the requirements of different objectives to be identified
and appropriate toctmicues used.

Tn devaloping such a strategy, the Working Groun recognized throe phases:
Thase T identlfication: detecting a change in time and/or space;

Phase I[1 quantification: establishing the degree or extent of the change;
Phase ITI  causatlon: determining the causce of the observed change.

The recognition of thesc phases is important because techniques appropriate to onc

phase will usually be less appropriate to anotier. For exsmple, it has been puinted
ogut that many of the readily observahle biclogical changes can be produced hy a wide

varicty of causes, not all related to pollutjon, but by selecting a suite of non-
spacific biclogical offects measurements, changes from the wnormal state, however

caused, can be gquickly identified and quaniified. On the other bhand, the measurement
ol hlological effects specific to one particular pollutant will nct identily effects

produced by other pollutants.

These phases may be regarded as a temporal scquence of discrete investipations
for monitoring biological effects of pollution. It should be aoted that in many
cases (for example, when hot-spots are already known) phase I, which concentrates
on chemistry and invalves biclogy largely to detect a signal, may have been accom-
plished before the start of the imvestigation. It is then possible to hegin with
phase II. At each phase, techniques could be used to increase the srecision or

sensitivity before the next phase was cntered into.  Furthermere, at any point within

this stratesy, an evaluation of the aituation bascd on sclentific or ceonomnic
comaiderations could indicate that further investigation is unwarvanted.

Implementing the sirvategy

We may now o
drawn jnto this f

Tt is useful for descriptive purpescs to consider sopatial and temporal aspects
separately, although the components of both arc essentially the same.

HAam
r

ne

4na how the variables ewval ted in rhe

the variaoies evasuaied in v rlier sections can be

o ¢
A =104

Phause 7. In the context of spatial wariability, the identification phase is
concetrned with mapping potential or actual effects and thus plopointing “hot-spots'
of pollution. This allows the effort In the later phasc: to he concentrated at
those sites where biolegical effects are most likely to ocenr.

Potential "not-spots" of effects can be inferred from the distribution of
contaminating inputs and from aress with elevated levels of contaminants in water,
sediment and biata. Increased resolution may be achisved using chemical apalysis
of wewslle suspension feeders of wide geogranhical distribution {guch as ﬁgpilus);
mobile species {such as fish) may alsc be used but they provide poorcr resolutlon.
Spatial discriminarion by these methods can be very high. General raquirementCs for
bivlogical accumulaters are discussed in a report already referred te (FAG, 1976 a).
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Alterations in lysosomal stability (s a biochemical coffect that can he readily
incorporated into a pollution monitoring programme becanse it Is gquantitative, non-
gpecific, sensitive, bas a high response rate and signal/fnoise ratlo, it can be
applied te a variety of organisas and has been tested in ficld studiess. The main
disadvantages are the relatively high cquipment costs {a cryostat is needed) and the
low ecological significanca, although it bhas been shown Lo be correlated with effects
measured ac higher levels of organization.

Two bilochemical effects measurements with some degree of specificicy are mixed-
function oxidase (MFO) and metallothionein; the former is concerned with the
metabolism of xenobiotics (including petroleum hydrocarbons) and the latter is
invelved in metal detoxification by protein hinding. Both biochemical effects are
sensitive, probably with a low scope, are responsive, applicable to 2 wide range of
organisms and have a high sigmal/noise ratio. llowever, their measurement involves
high coest in terms of equipment and training, and more extensive field evaluation
ig reguired. Consequently, these two specific bicchemical effects can be recommended
only for selective use ar present.

Although the Group restricted Lea discussion and evaluation ta the 37 wvariables
Iisted in Table 1, the 1ist is not exhaustive. Additional effects could be proposed,
assessed in terms of the 13 criteria, given an appropriate evaluatlon, and compared
with the oxisting list of wvariables.
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TAELE 1b

HIGHLY RECOMMENDETD MEASUREMENTS

Lvsosomal stability Asyumetey

Taurine/Glycine Community blomass

Feeding rate Abundance

Body condition index Niversity

Scope [or growth Alterations in distribution
Oxygen/¥itrogen Specics density

Liver as % body wt. Growth rate

Ulcers Gonad as % body wt,

Fin crosion Populatlon struecture
Vertebral damage Bioassays

Bicassay. Riloassay techniques are uscd primarily for biclegical asscusment of
water quality, Three types of bicassays (on bivalve/echinoderm larvae, microalgae
and colonial hydreids} have been applied succeasfully, albeit on a small scale,
and arc comsidered suitable for the identification of pollurion "hot—spots' 4n a
routine menitoring programme. They all have the advantage of being highly quantlta—
tive, sensitive and precise, with a high signal/noise ratio and respense rate
{e.g., within 48 hours for oyster and echinoderm larvac and wmicroalgae), combined
with a low cost. However, the use of hicassays should be limlted to identifying
the preseoce of '"hot-spors” because the response measured In Isolation has lictle
ecolaglical significance.

Ecological effects. Measurements of all the ecolegical effccts listed in
Table la are considered suitable for appllcution in a monitoring programme but the
effects generally have a low signal/noise ratio and a very slow respanse rate. An
initial asscssment of ecological conditions can be achieved by means of community
bicmass, abundance, diveraity indices, and alterations in the distribution of
selected species.  Measurcs of community biomass and abundance are included hecause
they are relatively easy to obtain and require little time and expertise In species
identification.

Further detailed analysis of community and population structure, spocies
density, and estimates of growth rate and fecundity are considered important
ezeological effects measurements but involve extra coat, combined with a need for
a higher level of tralning in sampling and statistical procedures. The sensi-
tivity and scopc of altered species distribution and demsity are usually low but
are largely a function of the specics selected for detajled study.

Growth rate, is an important hiolngical effect measurement but one that is
often difflcult to determinc accurately in invertcbrates. Estimates of growth
rate, measured in terms of shell lemgth, body length or weight changes, ofren ignorc
gamete production which can form a large proportion of the total production in many
adult stages and represent a component of growth that is most likely to boe affected
by stress and pollurion.

As well as invertcebrates and fish to which the above remarks largely refer, top
predaters such az birds and mammals are appropriate for ecological studies and may
be more amenable to direct cobservation and counting.

Behavioural effects. The behavioural offects panel at the ICES Workshop did
not recommend any specifiec teats for wse in a monitoring propramme, partly hocausc
behavioural efferts arc often different to measure in the fisld., One behavioural
response, the "torque test"”, has been demonstruated as a useful measurement of
pollution eflfects in fish and is therefore considered in Table 1, Tt is moderately
sensitive and bas been applied to a limited extent in a field monitoring wrogrammo
but has the disadvantage of being applicable to only a [ew fish soecies, and
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requiring ecxpensive wquipmont., In gzeneral, the effects of abnormal behavicoor may be
more readily observed and used than the immediate boehavioural responsc.  Thus avoldance
in fish may be reflected in alrered distribution while egg hroaking by birds and
abnormal suckling by scals result in changes in population numbers.

Morphological and pathebiological cffects.  Sewveral morphological and patho-
biological effccts {eo.g., vertebral damage, asymmetry, fin erosion and wlcers) can
be examined in fish pepularions at low cest and wichout [nvolwing highly trained
porsonnel or sophisticated scicntific equipment. They are, therefore, coosidered
suitable for the inicial identification of hot-spots. Howewver, the collection of
data from commercial fisheries may not be frasible if deformed and damaged fish are
disposad of before they are landed. It is noted that vertebrsl damage can be
assessed without the use of x-ray techmniques but there is a reduction in sensirivity.
The asscssmont of ulecers in terms of sensitivity and scope was not possible owing
to lack of experimentation.

Alterations in liver/digestive gland structure and gametogenesis, neoplasia/
tumenrs, granulocytomas and abnormalities in early developmental stages are all
measurenents suitable for ipclusion In a monitoring programme but require scientists
trained and experienced in micrescopic studies, In many cases these histopathological
cEfects measurements can bo performed on the same sections taken from the zame
individuals used for physiolegical and/or chemical analyses, and together these
measurements can form a major part of an dinteograted monitoriug preogramme. Gill
deforzity in fish, crustaces and molluses is not recommended for use at preseont
because the precision required eo detect change cannot be achieved without expensive
equipment and highly trained scientists, and it has not been adeguately tested in
ficld programmes.

Phvsiological effeecrs. The physiological respomses of organisms are more
quantitative, sensitive and responsive to pellution than ecological effects measure-
ments, and have becen applied and shown to be suitable for assessing che degree and
cxtent of pollution cifects., Uowover, the costs are generally higher in terms of
equlpment and training,

Respiration [s not considered suitable as an isolated response Dbecause it lacks
a clear cuantitative relationship wich stress and pollution, and is relatively
insensitive, but it should be measured as a component of the halanced energy equation
from which "scope for growth" is derived.

Fecding rate is quantitative and sensitive, and is of ecological significance
and therefore should be measured whenever peoasible as an individual rate function or
preferably as part of the balanced energy equation,

Scope for growth or the growth potential of an organism is derived from measure—
ments of rates of feeding, respiration, excretion and food absorptlon effliciency,
frllowed by Integration in terms of thoe balanced cnergy equation. This physiological
integravion is recommended slnce it [s guantltative, ccologically significant, relat-
ahle, has a wide scope, and has been evaluated in field monltoring programmes, Two
additional physiological stress dndices, the ratio of oxygen consumed to nitrogen
cxcreted, and growth efficiency, can be obtained from the same set of basic physio-
logical measurcments used to eompute Scope for growth without inecurring any additional
costs.  They provide information on the balance between catabolic processes and the
gfficiency with which an organism funections, satisfy many of the criteria, and are
therefore recommended for inclusion in monituoring programmes.

The body condition and bedy component indices are recommended for use in
monitoring programmes because body weights are usually required for other effects
measurements {(e.g. physiclogical, and population structure). Thev are easily
determined ar low costs, and are ecclogiecally significant (i.e., reflect changoes
in nutritional status). Heowever, they have the disadvantage of being insensitive,
variable and slow in responding to cnvirommental change.
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Cenetic cflects.  Neome of the genetic effects measuremcnts discussed at the
TCES Workshop om Pollution Effeces Monitoring can be rocommendod [or use at prescnt
but are reparded as having long-term potential following (urther development and
evaluation in pollution studics.

The assessment of chromosomal damage in relation to pollution is considered a
useful effects measurement, but at present it has a high cost in terms of trained
personnel and high quality microscopes, and may he relatively insensitive. Although
the mitagenicity assay bas been included as a biclogical cilect of pellution, it is
generally regarded as an assay for mutagenic chemicals and therefore difficult to
assess in terms of the 13 criterla. [t is clearly an important assay that should
be devetoped further, hut owing to its cost and insufficient testing in a {leld
programme, i1t is not suggested as sultable for inclusion in a monitoring programme
at present.

Biochemiral effects. Several biochemical cffocts arc considered suitable for
use in a4 monitoriang programme but only in conjunction with other effects measure-—
ments at hlgher levels of organlzation.  Bilochemical effects can be divided dnte
two categories; cthose that are general (non-speciiic) and those thar are indicative
of the specific toxie action of particular pollutants. Most biochemical indices
considered at the ICES Workshop were non-specific, and onty two apecific effects were
evaluated (mixed-function uxidase and metallothionein).

. X . 14, .. . L X .

Primary production, measured in Lerms of C fixacion, 1s included in the bio-
chemical effects, although It can he regarded as an ecclogical effoects measuroment
{i.e., total asroduction of micrecalgae and octheor micro—urganisms in a body of water).
It may be useful as a low cost, gpeneral indlcator of envirommenral condition, if
scintillation counters are available, but has the disadvantage of not showing a clear
quantitative relationship with pollution, high wvariabil ity {low signal/noise) and
insuifficient field ewvaluation.

The ratlo of two [roe amine-acids, taurine and glycine, in the tlissues of
bivalves is recommended for usce in monitoring programmes since it bas been shown
to be guanticative and moderately sensitive, with a wide scope, and has been apnlied
and evaluated in field programmes. lowever, Its use is restricted to marine bivalves
and to laboratorics with an amino-acid analvser.

Blood chemistry is a general term that includes o wide range of measurements.
The conclusions of the biochemistry and physiology panels ar the ICES Workshop was
that comsiderable rescarch still vemains to be carried out with fish and inverte-
brates before hlood chemistry is developed inte a proven monitoring technique. The
main disadvantages are that many of the blood components show no predictable and
guantitative relationship with stress and pollution, and there has been little field

application of the more promising techninues.

Adenylate energy change is a measore of the metabolic cnergy available Lo the
organizm. This peneral biochemical cffect is applleable to all organisws, is respon-
sive and has a high signalfooisce ratic;  but evidence suggests that [t is relatively
insensitive with a low scope and a hieh cost. Although energy chinge has boen
proposed as a goneral kiochemical erfect, it still requires fileld applicatlion and
evaluatlon,

Changes in steroid hormone metabolism may prove te he sensitive and ccolegically
significant indizators of pollution wifects, but only a few species of fish have been
studied in 4 very limited number of laboratories, Before stercoid-metabollism measure-
ments could be applied routinely in monitoring, it would be necessary to carry out
hasic stercid hormone research on a wide range of vertebrates and lpvertebrates in

order to establish the background information., Coenseouently, steroids are not suitahle

for use in monitoring programmes at present,



