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Knowledge of plankton composition can hslp to precise extension and intcns

el

e

of aliterations produced in a costal system by the addition of wastes, usually

e 4 Com . .

coming Irom an efflusnt and c<ispersed in an irregular or patchy envircnmente.

— -—To-be effectivey study of plankton must be associated with the knowledge of
s

- -other elements of ‘he scosysitem, usually in the frame of an appropriate

model. Careful consideration has ic beg&iven to the variables selected for

study, to the sampling program in wvelation with spatizl organization of the

.
10 tha

7
ecosysten, tc exchange and/miniusl extension regquired for an adenunte

understanding of the phenomensas Probatbly there is no purpese in oreparin

oty

long lists of indicator organisms, and many simpler methods may be equally
- . : 4 1Y q

o

. »

o useful as the tedious identifying a.d counting of organisms. More than
——-@Girect and siople measursments, a number of ratios, including counts of
organisma, and other parameters, may be useful as measurss of siress aid of
pollution. It may be convenient to prepare ratios and models tased on the

output of autcematic sensors, without & strict need to project the model on

& uodel based on the more conventional variables used by biologists.

e
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The assessment of the affects of pollution on planktoa pay be an interesting

soientific questione. The peciprocals to use xnowledge of plankton and of changes

in the plankton %0 asse8s aistribution of pollutions is an vieful applicatione

Engineers and ecologists have gifferent approachss vut they must work togetheTe

Engineers poed fixed criteria toC organize collection of informaticﬁ.and {0 pro~
"1&uce‘oleax‘cut decisionsc“ﬂﬁalogists feel that expediency may be pocs from & gcienti-
~fic pciﬂt of view. Ln‘fact, use of diversitys of plant pigments, of coli cotints,

38 often unchxlcalo Slmple recipes are not gubstitute Por substehtial knowledgee
——3But perbaps ecologists have resented +his too muchs Everything is allowed and &very
short cut can pe donei the only ccn&*txon peing that one must knowW what one i®
doinge T would advocate a benevolent view on djstorted use of some originally scien
tific approaches; and emphasize the need for ‘e more Trigorous approack foxr
v;n§ éyﬁthesis, for stating relations between gifferent parameterss or for combi~
ning data over time and spaces '

The study of plankton involves & Ledious jdentification end counting of orge—
nisms, and produces jnformation snat cannot ve obtained at & lesseT effort. Such
jpformetion may ve relevant in a cemnlax frame of study, dub often is not tre~
pendously jpportant jn relation with motual practical problemse. The essential is

—~40 have the problem stated. Contamination can ve detected usually by methods
ﬂ"”ﬁﬁié-é{hpléﬁthan the usual piological. 1 am not going o ad%ocate to prepare 1ist
of indicator organisms 4o be used *o agsess water @ qualitys and probably the days
’of»the~“3ap:obiensysteme“ are gonce BreVartbeloss, piological anelysis has the
_adventage 1° provide informaﬁion on an aveTrsge of past ovents; and alsc on single
- ~gvents of pollution that can g% undetected by othel ways of monitoringe At least
-~ A aur‘rivers, polluters tend to behave erratically and great amounts of polluia
are discharged at irregularl moments, perhaps expecting protection fpom such sort

protean behavioure. 1+ is less 80 in marina eanronmenﬁs, but chenging patterns




~f~o£4water»movementrintroducsdfgreat~complication,mandwcemmunities of -organisms
integrate and reflect the sequence and combination of many complex processesSs
The results of the study of plankton have to be interpreted in the frame of a
good knowledge of precedent states and of hydrographical conditions, and we reach
again the conclusion that the study of plankton has to bs integrated in a larger fra-
me of research or else, it is no palmcea.

__The prospective contribution of the plankton ecologist wmay be more. imporiant

—in anothar aspect. Polluiion {often) and fertilization arsy changes of the same

- .

-—-gign. The development of aguaculiure has to be combined somehow with the

ootreatment of polluﬁiéésmbue of the future fields of resezrch is the Study on how
to blend systems, and make the iransfer of matter or energy, between toem, the
less noxious and the most profitables
One serious difficulty for any review is that data ic comment on are few,
“Tand Very diverse or incomplets. Some situstions in the Atlaniic area in the
" Tregion of New York, in the Bali ic, in a few spots in the Mediterranean, and
in or close to harbours and bays , have been more or less studied. Also gingle
events of oil pollution have induced special projects of research. But it is

difficult to relate changes with what would be the unpolluted situation, and. the

problems that arise can only be discussed in the most general terms.

POLLUTION
- Inm;colggicai-seﬁs;; pollution resultg from poor or incomplete transport. At the
same time pollution act as a brake, because stressed systems wurk at a higher
speed and lower efficiency, and take part of the nutrients out of cycle. In‘plain
language, pollution changes for the worcse the properties of the environment and is
thérefore undssirable,; but cannct be i1dentified as an environmental factore. Thus,‘
polluﬁign cannot have a precise scientific meaning, a legal meaning maybe. In

coastal water there are discharges of domestioc, agricultural and iwndustrial sewage;

chemicals, warm watere Pathogenic organisms and redisctivity fall out of the scope



of this paper.
The'déérédable diganic matter adds nitrogen, phosphoruss; other nutrients and

consumes oxygens the resulis are usually refered to as eutroph?zatione Other

e

pollutants (chemical) last longer, accumulate and their impact may be progressive.
Chemical pollutants represent the metabolites of human culture and from the point
of view of ecology are not substaniially different from non biodegradable or poorly

degradable materials accumulated threough action of organisms, as humic substances
arge |

£}

Apart from directly fertilizing ov toxic effecte, pollutents can influence

-~
Se

otherwise the Tunction of ecosystemss Precipitation of zome slemsnts, or changes of
TTPHy “or scavenging subsitsnces in various precipitates, effscts of solid particles as

support or absorbers and, eveniually., as precipiters, etc.; alsc chelators and

~ surfactants may have tremendous importance in the biology of single speciesg and of

commur.ities.
Pelagic life is affected as wslil by'the suspended materials that, coming with

effluents, are finally incorporated to the sediments. They can liverate nuirients

directly, or make sediments more reducing , so that they give off nutrients from

thair owne
interface ..
Not only the sedlment/ﬁatefyls important, bu% also the inter face alr/wnter.

0ils and other tensiocactive substances influence the exchange of energy and the
. @iffusion of gases across the uéper boundary of the sea. Several of
%hé_a¥i§ing condgtions are reflectéd in tﬁe"composition of neustone
Thermal pollution contributes to thermic gradients and may slow dowmn vertical

transport. It can contribute also to horizontal heterogeneity, by formation of

bubbles or lenses of warm, and sometimes diluted, water. Intensifisd metabo-

liem under an increased temperature means a higher oxygen consunption, and may nct

be conpe nsated by more food.

A11 these effects are combined in an environment that changes continuously

The spatial structure defined by the presence of a pollution outlet is%ually
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named & "plumé", but its form and structuré are highly irregular. Diffusion is more
" rapid along an horizontal axis than along a vertical one, and still more rapid in
horizontal direction at the level of pycnoclines. Lenticular bodies of water depleted
in oxygen may be found as reznants of past events. Plankto;.is rbchily distributed ang
‘migration of animals, never uniform and presunably deflected by hetercgensous distri-
~bution of pollution, changes patchinesa of phytoplankion and influences regensration
of nutrients,ésedimentation of particulatsd matter and oxygen oonsumption. Morphology

~of the bottom may influence gensrai distributions, also through brealing of internal

" waves. Around a source of pollution the many influences eve distributed in a non

-~

coincident wayy-although, in general some exponentially decreasing function can
~be-accepted. In such complsx situation, organisms belonging to many different species
act as specialized sensors, and knowledge of their distribution mey help to ascer=

tain intensity and extension of disturbing agents.

te

——HODELS
-A-mciel is a conceptual frame of reference; and must embody a rather complete
idea of the system, although it may be difficult o materialize. The model, to start
with; must have the form of & theoretical construct, as large as possible, useful as
& memorandum of things that we cannot ignore. A model will spring spontaneocusly from
research, and it is a bad beginning to set as the main purpose of a joo, to construct
.8 model.

-

———.pometimes_in the process. of building a model, a large mass of miscellaneous

—knowledge, important but difficult to put in{quantitatively apprepriate terms, is

bleft out, and this is a regrettable loss. Nowsmodels are a sort of a fad. It can be
explained also because to build a model w3y be cheaper than to study nature, and, if

-not cheaper, is made easier by the usual process of development of most research
organizations, under the burocrgtic pressure.

Most-of the proposed models have the same basic form, down to essentiazl details

that can be traced back to writers that published severazl decadss ago (Volterras Rilep

5
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A number of variables (density of populations of species or groups of spe-

_ocles, concentration of nutrients in water, etc‘)are rg}aﬁed among them through

functions -usually consiéting in linear combinations of terms=~ with appropria-

te consitants describing intesity of interaction. Interaction is also mads pro-
portional ﬁsually to the product of the densities of the reactants. At their

!

furn, the used consuanta may depend on temperature, light, tlue, depth,; etce

Some random terms can be added, representing inputs from outside the system; or

B e -

) not defe“minsd from inside the model.

i e

Similar sets-of equatzons can be writen for d¢fferent compartments, into whic

e L R o i R et L e e e

the space is divﬂded, and supn’ementary func»lons of exchange between neighborirg
compartments added. With present computer facilities, modelis with a number of
- ——gtate variables x compartments- oven one thousand and more can be handled.
__Such models are realistic only if, starting with a suitable -set of initial condi-
. ... %ions, converge into an (usually smaller) set of states, that represent statie«
nary states for the system. It is often assumed that actually observed systeﬁs
or parts of systems are in stationary state, and woerking back from this some
model can be completeds; adju®ting the consiants to the necessary values. But,
in any case, validation of the madai'lies into its application to an indepen-
_ _  dent set of data, or in successful prediction.
. The aim of models is_to express in abridged form the mechanisms identified
—-=4in-the system. They may serve to predici the consequences of some external -
_or random~ input not generated by the same model, and that pushes the system
out of egquilibrium. In such way the presumable resulis of addirg nutrients or
toxicants can be modelled: the dirsct effects on local populations, and further
effects as they disperse in decreasing concentrgtions from compartment o
.eompartment. The kind of changes that follow coptribu#e generally to & Teco-

vering of a stato more like the initial one. But if the stress is continued,

LK



1

the system is maintained with a persistent difference in relation with its

o e‘
primitive state, and the difference can be considied proportional to the

importance of pollution. The difference is reflected in all the state variables,

-7

-and sny of them may give some measure of the pollutidh, and in this sense
composition and properties of plankton may be a measure as any other possible.
A model of a polluted area must be a compartment model, since the hetercgene

ty is important over large areas, adding to the already high degree of small sca

organization of coastal ecosystems. An sbridged model can consist in & mapping

of the-differences between the polluted system, and a primitive system of

”?afgreﬁéé;ioften<an:hypothetical oney since information relating to state of

g L DAty

gﬁwéré;”before the polluting events is usually very scarce. Such an abridged mod
recommends & few rules: 1) Choose & small number of highly relevant variables
“Mm*to“classify the different samples as points in a multivariate distribution. 2)
____Express exchange or interaction across asymmeiric boundaries in a simplified
fqrm. 3) Ana}yzs the degrse of‘alléwable horizontel dissection of the s stem
in vertical adjacent columns.
1) Variables (densities of species, concentration of elements, etc.) are
““more or less related. Their relevant associations may be detected through
principal component analysis. Some particularly important variables may bey
then, selected. VeryJoften it will be found that not simple varameters, but
R_Wﬁm"the%r ratios, are relevant in providing a convsnient description. There is
. —a_number of variables traditional with ecologists, as numbers of cells; amocunt
) of_chlorophyll, etc. There are other variables , as they come directly from
sensors, or otherwise operationally defined, as fluorescence, counte with &
__particle counter, etc. Models can be implemented on either set,'perhaps
forgetting for the moment about the correspondence or projection of one set
-on.the othgr. I mean that sound and reasonasble models can be constructed

using not numbers of cells of such and such spéciss,‘but direct outputs-of

physical or chemical sensors, or any othe®
_ 8ystem of eut omatic
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recor&ing, as . ‘he output of a particle counter. This would lead to accept as
"“““’reSPectéble;'ratios‘as‘llubrescenca“per‘particle of such size, and would simpli-

£y a technological approach 1o the whole probleme

2) The transport between adjacent compartmenis mﬁ§ be infered from ths

differences between them. In a pollution plume, the transport of substances

along the plume is proportional to local gradients and to diffusivity.

1

Any arhitrary boundary across the plume is asymmetrical. On one side thers may b{

more wutrients and more phytoplanktony at %he “other side moré ~zooplankton

"”““*“fmaxfbe:'Also different‘ratics may change accordingly. A compariment with a
,“;m?gtiéi:§¥ig§¥g p:oduction/biomass higher than in the neighboring volumess

e - POGUCES &N ezcess.gatter-%hat through different mochanisms drifts oute This

point of §iew has been developped to a certaing length considering that plark-

ton has & irue organization in space (Margalef, 1967). Patches of plankion

with & high ratio primary proéuc%icn/biomass s tend to be rounded inside

. _ B
populations of other properties, snd thus hcnaycoﬁlike structures can be

 created, with a possible psricdic repetition of ‘them.

3) Different variablies, and variavle ratios in adjacent spots imply some
asymme;rical exchange across the bhoundaries. A considerable body of ecological
theory ascumes that several variables of ithe ecosystems tend to become more
uniform over the space, or, in our case, over the horizontal extension. A

““Pinal plausible situation would be to have the water body decomposable in a
———patber of vertical columns or prisms, very alike. If it were so, & model of
one meter square section might be representative of the whole. This model
could be approrriate for some offshore ar;as, where horizontal gradisnts are
-—-Very small, and exchange across -any arbitrary vertical boundary is almoét
-~gymmetrical. But in.a stressed systemy; an upwelling area, or a polluted area;

2 . R . . . .
g column of 1 m© section is not representative, adjacent prisms are diffe-

faﬁt, and the model can be closed only —in terms of matter— if the so rce

of pollution is also included. In limnology, an oligotrophic lake can be modell
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a8 g lake, an even as a column of 1 m2 section. The model of an eutrophic

lake, of the same degree of completeness, turns out to be impossible if

the egricultural land of the basin as well as the towns, source of sewage, are?
not included. Horizontal size of the model, that iéfheoessary to get a model
closed, is a measure of stress. Important sources of pollution create large

hetercgeneous areas, and exige a survey of a large area. This is anothsr reasc

why 1 am advocating that the full utilization of biological analysis cunnot
be besed on a few samples, but needs undextanding of phenomera in a scale

~relatively large. The selection of the parameters to be measursd has to

—
-~

. ~be sﬁ%plemenﬁgé by & study of spatial structure, and of the minimal extension

TR bestudied to understand the organization of the whole systeme

SELECTION OF VARIABIES
T T7TModels provide a stimudus for getting much information and to give ca-
— —pagPul-censideration to-the sampling programy to increase its effectivity,
—m-«wsineentime; money and people are always in short supplye. The different .
variables hz e to .:@ measured synchronically, on the same samples of water.
For the study of coastal arsas, sampling as usually carried on in large
oceanographic expeditions is not suitable, because samples would be too
far avay in space and time, andhcaés%al processes develop with & high
hetercgeneity on a small scale, and sn orden of dimensions of 100 to 1000 m
ceve 48 relevante Probably the_best solution is to have speedy boats, equipped
~-to pump water continuously from conirolled depths, and with sensors to
-—.-measure in the place many of the desirable parameters. In connection with
water samples for biological analysis and zooplankiton sampley; some criteiia
have to be adopted to avoid accumulation of samples that never are studiede.
Cne of the possible criteria would be to adhere sampling to the rate of change

. ©f some selected parameter, that may function as a guide, as temperature.

The procedure may‘be useful in sampling throwgh a pipe which inlet describes
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a sinusoidal path behind the boate Evarj.unit step in the change of temperature
___.a.sample would be _tzken. Mumber.of sampies would be then larger in the vertical
than in the horizontal dimension, and a relatively smell number of samples would
be collected in laces of uniform water and high turbulesncs. It would be rewarding :
get a normal distribution of the properties measured in the samples. Then, distri-
‘bution of samples would reflect dir@cély the organization of the =scosystem in x
spacee. Density pf samples could turn to be proportional to the influence of
ﬂv~vpollutants.;Aﬂéther problem -of ssnpling concerns the track of the ships a zigzag
——track may be dﬁoosen, but the best control would bs to run it twice 4 in the same
. :prwinﬂdbpééif@ diréctiana
enBo identify ésiﬁgbﬁn% organiems is hard work, and identifications only to the
major groups, or sloppy worky méy*bs a wzste of time. There are not such tﬁings as
indicator owganisms, but any practicing.planktonologis% has many hints to offer.
Scmetimes they are based on an experience that rarely has been made explicit, for
"7%$he lack of appropriate informatiocn on other variables for reference. Euglenaies

—(Butreptiella) and green algae {Tetraselmis) develcp in surface water rich in

nitrogen compounds and with organic mattere Cryptomonads are plentiful in coastal
surface water, more or less enriched; but they can bte present also in offshore

areas. lany species (Prorocentrum, Scrippsiella, Chattonella = Olisthodiscus, etce)

develop blooms in eutrophic harbour water, and their dynamics is much akin to

- -%he true red tide species. The ceriss of diatom genera Skeletonema = Thalassiosira -

——-Chagtoceros - Rhizosolenia ~follows a pa%tern of diminishing nutrient concentira=-

" "tion, and may present more or less regular councentric zones outside of the
‘harbours and eutrophication sources. The mosf important factors in distribution of

_...phytoplankton, besides light, are not temperaé&re and salinity, but nutrient sup-—

 ..ply.ard turbulence, and they are usually associated together. In natural environ-
ments more turbulent water is usually also more nutrient_rich. But in polluted
area h{gh nut?ient conéentration may go on hand with staﬁilitye There is %iivergen%

s8trategy of life in the process of adaptation  the different combinations of
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the refered factors, embodied mainly in the differences between diatoms and dino-—

flagell

ates. In rich and stratified water, rounded and chlorophyll rich dinofla sl

late species may be dominant (£ige 1). The ratio mumber of diatoms /number cf dino

+

. - flagellates may be, in consequence, significant. Moreover; there is an increasing

knowledge of particular nmutritional requirements of selected species,; and their

presences may provide some information about concentrations of vitamins, toxiecs,; etc

Specialists on zooplankton could provide alsc a great number of useful suggestions

for interpretation of presence and abundance of different species and of different

groupse”

-

s

-~
- .

. Ratios may be more telling that simple counts oxr estimates of abundance.

T Following ratios have been chosen in the way that the numerical value usually

inoreases when a system is left closs to. evolve by itself, and deoreases as a

consequence of impredictable or random inpuis { a stress, as upwelling, or pollutio:

1)
2)
3)
4)
5)
6)
7)
8)

9)

10)
11)

*

Total biomass /primary production.

Total biomass / biomass of bacteris.

Zooplankton biomass / phytoplankion biomasse.

Carnivores biomass /herbivores biomass.

Phytoplankton biomass /chlorophylle

Oligotraphent bacteria /bactaria that require high concentration of degra=—
' dable material.

Binoflagellates /diatoms.

Degree of stratification and organization of vertica} wigration and

importance of the transport mediated by migration.

Diversity (not always) and steepness of the diversity spectra ( = beta diver

sity, always). _

Average size of organisms (not always).

Reciprocal of the nutrient concentration for maximal speed of assimilation.

The planktonologist is in measure 1o suggest methods involving easy and some-

times automatic procedures, and to correlate the results of the application of suc

4
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methods with other properties of aotualfplankton communitiesy; studied down to
~—identification of organ isms in a—fow selected and well known areas. In doing
this, the planktonolcgist place himself or herself out of job, but, I would
say, may be reserved by a beiter . and most necessary job of integration.
As the number of indirect methods_(chemical, optical, acoustic) increase,
the bas® data for reference (actual counts, analysis of organic carbon in organisms
otc.) may ?e too few. As mé%ioned before it may be advisable to renounce to tra-—
ddt "ional %ayS'af’expression and construct systems of relations with operationa-

A4 :

“”‘*”1Iyidefin§d'set5‘of“measurementé.

In"éﬁﬁmary, measurements that may be taken into account are:
”%*~=~ww&4)»Biomass.-»Orgé;isms-counted in sedimented samples, or in filters (with the
possible use of scanning eleciron micrgsccpe) or colliected with nets. Amount ol
total organic matters; or of selected components, as carbon, nitrogen, phosphorus,
chlorophyll, proteins
”’“Awﬁwwwa)*bompésiﬁién.~ Diversity in cells, pigments, fatty acids. Among other result:
may help to discriminate among different conditions of mixing, with or without
toxics, with or without complementarity of nutrients. Inmunological studies.
3) Activitye.~ Primary production, respiration, electron transport systemns,
enzyme systems in general, ATP concentration; zratio RNA/DNA.

4) Distribution in space.- Gradienmts in all variables, exchange, diversity

“spectra; size, ‘shape and topological distribution of patches; periodici . in

their distribution. Neuston (collection of different thicknesses of surface film

_ with capillarity collectors of different mesh size).

Some methods are specially appropriate for use in continuous sampling sys—
tems ¢
Pigments.~ Extraction of plant pigments and recording the complete spectra
of gh;orption, before and after acidification; analysis of spectra to select

ratios (for instance D430/D665{‘that may be correlated with important proper=

tles of the plankton and of the systéms. Analysis of fluorescence of water
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provides an useful shortcut. It would . bé mich better if used together with
*‘;égvegflonal pigment extraction, since the ratio fluo;escence/chlorophyll is
higher in the presence o? fluorescent pollutants,; or of_~ ‘inhibitors
of photosynthesis, or of detritic chlorophyll, or at mgéht, and finally, may be
related to the dominant algze in the phytoplanktone.
Particles.~ There ars very convenient particle counters. Possibly two machine

with di*ferent size of hole should be used simultansously; in oxier to prov:de

accurate meauuremﬁﬁba over & wide range of size. Iuwbers of particles and spectrs

of 1tswéxstr1bution according 1o aize is a good characteristic of water bodies ar

" 'may be of much help in desoridbing configurations of effluent plumes.

a3

Diversity indices are of common use in the study of benthos, but must be
used critically (Hedgpeth, 1973). lLimitations may be more serious in the planktor

for following reasonss Diversity spectra, and not just point diversity, are impo:

tant and much related 4o turbulence. Difficulty for identification of small
components of phytoglankton makes often impossible computation of indices.

An index computed on representatives of a single group may be meaningless if
such group has a rather narrow ecological range (diatoms, for instance, absent i

stratified and nuirient poor water).

FINAL COMMENTS

If the complexity of the basic problem is not lost frcm view, it is not

__difficult to single out a number of criteria, some based on the direct examina-

tion of plankton, most of them involving comparison of communities with pigmenis

primary production and selscted chenical parameters of the environmsnte Later
and distribution
on, in routine work, the pracence/of selocted species may be used to recognize

intensity and extension of contamination. But probably it is impossible to

produce a modus overandi to cover all situations in all seas. In a very large
project, the planktonologist canuot neglect to keep an eye and use all the in-

formation that is cominge. It may be bad to have the whol
e
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- —project cut down at the administrative level in small packaged problems that
T keep the Scientists working happy and forever on small things. If plankton
is studied at all, counting of plankion samples develops a tremendous lage
The result is that when decissicns are to be made, plankgbn counts and observa-
tions are usually ignored. A realistic approach needs a problem, a motivation,

and a selection of methods to be rezily used in decisions.
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