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EDITORIAL

The present volume is based on papers presented at a Symposium held on 14 and 15
October 1982, in Utrecht, The Netherlands. This Symposium, organized by the Dutch
Ecological Society, was devoted to ‘Ecological Indicators for the Assessment of the
Quality of Air, Water, Soil, and Ecosystems’.

It can be regarded as an answer to a part of the questions posed by the Board of
INTECOL, the International Association for Ecology, concerning the ecosystem
response to stress as measured by the persistence, resistance, and resilience of commu-
nities, and the development and value of indications of ecosystem condition.

Within an ecosystem, the stress of single species or of a part of the ecosystem can
help to measure, evaluate, integrate, and predict the effect of both natural and man-made
perturbations on the structure and function of this ecosystem. Many questions arise in
this context: what is an ecosystem, what are its boundaries, how can we measure its
natural or its stressed conditions, and what are the best indicators for such conditions?.

In this issue, firstly an elucidation is given of the concept of ecological indication,
and the possibilities and difficulties in the use of bio-indicators, and the problems
concerning the notion of quality. In the next sections, the ecotoxicology and the
ecological indication for, respectively, air, soil, water, and even more complex ecosys-
tems, are treated. To end with, some remarks from a governmental point of view on the
possibilities of bio-indication. The different papers vary greatly in their character,
ranging from a short introduction or the description of a planned sampling scheme, to
amore or less extensive review of the pertaining literature or a thorough research paper.

This Symposium was supported financially by the Ministry of Public Health and the
Environment.

We hope that this varied Dutch contribution will be of use to the international public.

E. P. H. BEsT
J. HAECK

Environmental Monitoring and Assessment 3 (1983) 205.



PRINCIPLES OF BIO-INDICATION*

I. S. ZONNEVELD

International Institute for Aerial Survey and Earth Sciences, Boulevard 1945, 7500 AA Enschede, The
Netherlands

(Received November 1, 1982)

1. Some Concepts

1.1. ‘INDICATION’ AND ‘QUALITY’

The concept indication as used in this series of papers points to making visible what
is not immediately perceptible. In this case the non-immediately visible is the quality of
air, water, soil and the living world which surrounds us, in short: our environment the
ecosystem on which also man depends. One can try to find indicators which tell us
directly something about the quality, i.e. the usefulness, resp. harmfulness for a certain
purpose. However, one might be content with the indication of environmental factors
which are not the quality itself, but which decide the quality indirectly such as moisture
content, composition of minerals and the like.

In other words, one can apply the indication with two different incentives:
- in order to gain more knowledge on the indicated item in pure scientific sense;
- in order to be able and judge the quality of the indicated item (applied research).
The latter goes further than the former as it requires a presumption on good and evil
and even a consideration of society. In this paper we restrict us to the indication as such.
Schroevers (1983) will elaborate the conception of quality in a social context further on in
this issue.

1.2. INDICATORS, CRITERIA, AND NORMS

Literally indication means: ‘pointing out’. For instance, the hands of a clock, the needle
of a manometer, are indicators. To be able to point out: A criterion is necessary such
as a unit of time in case of a clock, unit of pressure in case of the manometer, percentage
of moisture in case of a hygrometer, etc.

Next one needs a norm in order to be able to interpret what the registration means
for the purpose for which it is indicating. (Van Leeuwen (1981c) argues that these
concepts sometimes are confused).

The criteria are closely linked with the type of indicator and can vary from the colour
of a tissue, the attitude of a leaf, to the species composition of an entire ecosystem
expressed in quantitative or qualitative units.

The norm is either the quality as a whole, but in most cases the critical (marginal)
values of an agent deciding the quality. The latter can be abiotic environmental factors

* Paper presented at a Symposium held on 14 and 15 October 1982, in Utrecht, The Netherlands.
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© 1983 by D. Reidel Publishing Company.



208 1. S. ZONNEVELD

such as water, nutrients, poisonous matter and the like. With a ‘neutral’ attitude there
is no question of a clear norm, one ascertains only a situation.

1.3. BIOLOGICAL INDICATION

Biological indication is making use of relatively easy, observable reactions of living
matter as indicator. This matter may be parts of organisms up to total ecosystems. This
is opposite to more or less direct measurement of these environmental factors
themselves. Biological indication has been applied for a very long time. Within living
memory hunters, shepherds and farmers have recognized the quality of land by the
growth of plants and by the behaviour of animals, when they choose the place of their
settlements, their huntinggrounds, their fields and pastures.

Pellerwoinen, the Finnish mythological figure, sowed Alder on the wet spot, Fir on
the dry spots and the Finns knew so. The pre-technological people of Western Africa
still recognize good soil by the Gau-tree (Acacia albida), the Gaya-grass (Andropogon
gayanus) and also the Roan-antelope (Hippotragus equinus).

Biological indication is possible because there are ‘correlative complexes’ (relation-
systems), in which the behaviour, the form, the existence of biological features of various
kinds are connected causally, direct and indirect, with actions of the environment. These
actions can be abiotic in nature (heat and cold, dryness and wetness, the presence of
minerals which are necessary or poisonous) but also of biological nature such as grazing,
trampling, manuring by animals. In all cases the main law in ecology holds (good): for
each action one can distinguish a minimum required and a maximum tolerated. Between
these is the optimum level for the influence of each environmental factor. With minerals
an excess of the maximum tolerable is called: poisoning. Being insufficient to the
minimum requirement is called: deficiency. There are in general poisonous doses, rather
then real poisons. Notably the plant-nutrients such as nitrogen, potash, phosphor can
be deficient, but also poisonous, dependent on the doses.

2. Why Biological Indication?

Why would one use biological indicators even for physical and chemical measurable
factors? There are six reasons:

- Often it concerns cumulative processes of strongly fluctuating factors which can
not be measured by one single observation using a chemical or physical method. The
classical examples are groundwater, presence of nitrogen in soil and climate properties.

— Physical and chemical methods may be too time-consuming and/or too costly to
repeat them often in space and time. For instance, gradients and processes in the
vegetation or fauna can help to extrapolate a limited number of physical/chemical
measurements in space and time. Important examples are soil qualities, climate zones.

- Sometimes the quantity and/or intensity of the working agent is thus (low) that
chemical and physical assessments are very complex and at any rate not accurate
enough. With biological indication often gradients can be indicated. By chemical/physi-
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cal measurements of the extremes of such a gradient the bio-indication can then be
relatively quantified.

- Sometimes the combination of effects is more important than the separate factors.
For instance, the indication of soil moisture is always a reaction on the total availability
of water in the ground, not on the easy measurable phreatic level only. Fertility indication
is in most cases a combined reaction on Potash, Mn, N, PH etc. The total effect can
be different from the mere sum of all separate actions (synergy).

— Itis also important to realize that various factors are very difficult to measure with
respect to their proper direct (operational) action. Van Wirdum (1981) distinguishes
between ‘operational’ and ‘conditional’ factors. The latter are complex circumstances
to which the concerning real operational factors are connected directly or indirectly, but
which are not the real agents themselves*. In various cases it may be stated that the
proper operational actions are still unknown. By measuring the effect one gets a more
realistic image than by measuring some ‘pretended’ agents themselves. Moreover the
so-called direct measurements are in essence extremely rough. For instance, what is the
relation between the subtle process of the actual ion-exchange between soil and
plantroot, compared to the coarse chemical methods to determine these ions after
demolition by grinding fine with fierce force of soil samples, then devoid of structure and
life?

Examples are the relation between texture and fertility and humidity of soil as
indicated by the vegetation. Fertility depends on availability of diverse nutrients of which
the quantity and availability (absorption complex) is related to the texture. Moisture-
holding capacity is especially determined by the structure which is again connected to
certain extent by the texture. Thus texture is a simple conditional factor. Structure and
making of the absorption complex inclusive the reaction on this by the plants is a
complicated conditional situation which determine diverse operational effects.

By Bannink et al. (1973) an other example is given of the difficult measurableness of
operational factors such as the phosphate-supply in forest grounds. It appears that
within a definite type of soil, a clear correlation exists between the 2N-HCI. solvable
phosphate both with the growth of planted trees and the spontaneous forest floor-
vegetation. The relation appears to exist on three groups of different soil types:
‘plaggenboden’ (old arable land), ‘brown forest’ soils and a group of ‘(veld)podzol’ soils,
on the understanding that in each of the three (groups of) soil types a correlation exist
between P and vegetation. An absolute correlation between P and vegetation type
(neither tree production) does not exist however. Evidently the measured quantity of
phosphate is not identical with the ‘operational’ quantity. Other factors, specific for each
type of soil, under which probably the form in which humus and iron are present in the
soil, define the operationality of the phosphate, which is defined only coarsely via a
rough method of destruction and subsequent dissolution in relatively strong acids
(2N-HClL.)*.

It is also generally known that a total N percentage of the soil can hardly reflect

* See for this ‘positional’ factors Section 5.3.
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anything of the operational availability of this nutrient, although here also, high values
tend to indicate to probably better availability than low values. This follows also from
the observation that the decomposition of organic matter with higher percentage of
nitrogen proceeds also often more rapid than that of organic matter with a high C/N
ratio. Experiments are required to find out to what extent the differences in vegetation
indicate phosphate and/or nitrogen or something else. From fertilizer tests it appears
that phosphate application can cause the differences in vegetation of the kind mentioned
before. Agricultural fertilizing advise is usually given empirically. The chemical analysis
of soil can only be used if one takes into account all kinds of conditional factors.

- Finally there is a sixth important argument for biological indication. This can be
formulated, one should ‘ask the patient herself how she is feeling’. This often is done
whenever the quality of a certain environment for the means of indication itself or related
processes of live is concerned, or for the total ecosystem of which the means of
indication is a main attribute. Such is the case e.g. if spontaneous vegetation in forests,
arable fields and pastures are concerned. For deciding the actual situation this is the
ideal way of doing.

However, there are also disadvantages: A patient may not know about ‘why’ he feels
good or bad and ‘what there is to be done’. In order to state the latter further
investigation is necessary, in order to assess what factor is too much or too little (and
how much the excess or shortage is).

Indeed, biological indication is often lacking quantitative data. In general, a combi-
nation of biological and chemical/physical methods is the most ideal way.

3. Biological Indicators

Bearers of life are, in the order of successive integration levels, macro-molecule,
organelle, cell, tissue, organ, organism, population, community, ecosystem, biome. In
practice all these 10 levels are used for indication.

So chromosome structure is already useful to indicate the action of poisonous matter
(macro-molecule and organelle), see Everts in this issue. At the other side of the scale
is the biome, the complex ecosystem which implies broad climate zones or lifezones (e.g.
Holdridge, 1959). The integration levels most frequently used for indication are,
however, tissues and organs, organisms (plant and animal taxa) and communities (viz.
vegetation types). Tissues are used especially for indication of true pollution. The
criterium is deterioration, the measure is the intensity. The determination of the content
of poisonous material adsorbed to plant tissues such as bark of trees or moss
(Sphagnum) which are specially exposed to poisonous air in bags, tends already to non
biotic means of indication.

* The various ways of solving phosphate, P-citron, P. Al, P. water appear to be all just approximations. They
never are really revealing the operational quantity. Even if they approach the ideal, the content of P in natural
soils may be so low that the determination figures do lie in the range of determination errors. Only in arable
soils relative high P contents are available even in poor soils. For these the existing methods give acceptable
results.
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The Avena coleoptyle method (Went) to determine phytohormones (auxine) is a
well-known example of using an organ as indicator. The wilting of leaves of young
sunflower plants as a measure for moisture tension (pF) is an other example and also
for ‘using the patient to show how he/she is feeling him(her)self’.

In this case the organism reacts as a whole. The same holds for all kinds of tests for
hormones and vitamines with various plant and animal species. Air pollution indication
is mainly done with a limited group of species, be it again mainly through tissue
reactions: Petunia, Medicago, Urtica, Poa, Apium graveolens, Gladiolus (special races)
(see Posthumus in this issue). The herdsmen, farmers and hunters mentioned earlier
distinguish usually species as indicators. The dutch name ‘Zorggras’ (sorrow grass) for
Holcus mollis, points to the sorrowful situation in an agricultural sense, if this grass
appears in the arable fields: a sign of depletion of fertility. The old farmer who says that
he in pitch-darkness can tell where the best soils are by walking on his socks knows
that thistles (Cirsium arvensis) only occur on the best soils, be it that it reveals a somewhat
shoddy farmer. Still quite some criticism rose during recent decades parallel with the
development of agro-chemistry and technology about these old ‘farmers wisdom’ and
use of species as indicators. This criticism is partly justified (see Section 4, 5, and 6).
The use of vegetation types represents a following level of integration. Part of the
objections against the use of single species as indicator can be eliminated by using
vegetation types (e.g. De Boer, 1983).

Growth and life forms are an important medium for bio-indication instead of species.
One and the same species may indicate certain environmental conditions by its growth
form (phenotype). This may be due to seasonal differences in climate at present or in
the past. In subarctic and subalpine areas the form of trees may indicate thickness of
the snow cover. The same species looks quite different depending on the influence of
snow, the wind and the browse intensity.

Schreiber (1977) used the deformation of branches caused by frost damage to buds
to indicate climatic fluctuations in the past. Growth rings in wood are used for the same
purpose, but than for a much larger period.

Life forms are hereditary properties that can be interpreted as genetically fixed
adaptations to the environment. Various lifeform systems do exist, and more could be
thought off. The hydrotype systems of Iversen (1936) describes adaptations to the factor
water. The spectrum of various types of adaptations can be used as a measure of the
hydrological regime (compare Zonneveld (1959, 1960) and Zonneveld and Bannink
(1960)). The system of Raunkiaer (1937) depends on the adaptation to the most
unfavourable season (hibernation strategy). This characteristic makes it very suitable for
climate indication, especially of biomes, but also of plant associations (see Section 5).

4. Limitations of the Use of Bio-Indication

The use of organisms as indicator is restricted by limitations arising from the four
following main laws:
— The law of Baas Becking-Beyerinck: ‘Everything (diaspores) is everywhere but the
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environment selects’ confirms indicatory value on presence or absence of organisms but
neglects the restrictions of accessibility.

- The law of the physiological (potential) and ecological (actual) amplitude. Compe-
tition and tolerance, priority and primarity determine also the occurrence of species
(taxa).

- The law of relative site constancy (Walter). Species behave more critical towards
a site factor the further they are removed from there optium (centre of their plant-
geographical distribution area).

— The complex character of factors. Correlation with measured factors differs
depending on interacting of other factors. The difficulty in measuring operational factors
compared with conditional factors plays a role here, as well as synergy.

The first mentioned law of Baas Becking and Beyerinck only applies to organisms
with very light and numerous diaspores. Even here the current windsystems cause
differences in accessibility. For most other organisms various barriers like mountain
chains and oceans hamper the transport. This means that a certain organism does not
occur on many places where suitable niches are available. Competition is at least as
important for the absence of a species at a certain site. Its place is occupied by another
species because the latter is stronger, or because it was by chance just a bit earlier and
strong enough to resist others, or because at that site an individual of another species
as relict from a former succession stage is growing, which may be less suitable for the
site, but for the time being holds itself (primarity). Competition, priority and primarity
determine together the above mentioned law which states that the ecological (actual) and
physiological (potential) site amplitude differ. This means that results of laboratory
experiments with single or small group of plants may not be extrapolated to the field
situation.

Nevertheless, one is used to distinguish e.g. nitrogen-indicators, moisture-indicators,
etc. Even handbooks do exist with indication values for taxa, irrespective the compet-
ition circumstances (Ellenberg, 1974; Londo, 1975 and others). These lists are
reasonably valid within the local area for which they are developed based on field
experience (mainly estimation).

— The law of relative site constancy is postulated by Walter (1973) especially for the
phenomenon that many plants, originating from relatively humid climates ‘withdraw’
themselves from the dryer climates to local humid topoclimates and/or more humid soils.

An example is the galery forest along rivers in savannas with clear relation to the
rainforest on the upland in the more humid tropical climates. Species growing at the
fringes of their distribution areas, become in general more accurate indicators of certain
environmental factors then they are in the center (Hengeveld and Haeck, 1982). Arable
weeds are also good examples*.

* The law of Lundegirdh-Mitcherlich pointing, that the more a factor is in the minimum, the stronger the
influence of that factor on an organism is, plays a role here. The extreme of the latter is the well-known law
of the minimum factor of Liebig, which plays an important role in indication.
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— Finally the complex character of environmental factors with their interrelations,
makes it very difficult to determine precise relations between species and the real
operational factors. So certain species like Eupatorium cannabinum, Epilobium hirsutum,
Sambucus nigra and Fraxinus exelsior react on nutrients liberated from rapid decom-
posing organic matter (N and P especial). This situation occurs in areas with strongly
fluctuating eutrophic waters but also in soils rich in lime, far away from any groundwater
influence.

By consequence the same species are found amoung the ‘phreatophytes’ indicating
(fluctuating) groundwater and as lime-indicators as well. They do in reality ‘simply’ react
on the operational factors phosphorus and nitrogen, which are both conditioned by
rapid decomposing organic matter.

The answer to the restrictions mentioned in this chapter is the use of a combination
of species instead of single ones, the use of vegetation types preferably in combination
with other observable land attributes like relief and soils. This is treated in the next
section.

5. Integrated Use of Plant-, Vegetation and Land Indication

5.1. SPECIES COMBINATION AS INDICATION

The advantage of using more than one species as indicator is:

(a) By using more species, indication will be sharper, even if competition and synergy
would not be of influence.

(b) By using more species local deviation in behaviour of one of the species will be
less relevant.

(c) The vegetation unit as a whole points to a complex environmental situation,
usually correlated with certain conditional factors. Certain operational factors may in
turn depend on these conditional factors.

A combination of the use of vegetation units (possibly also land units) together with
single species is the so-called ‘Coincidence or Calibration’ method introduced by Tiixen
(1958) (Koinzidenzmethode, Eichungsmethode). By using the phytocoenological table-
(or an other matrix-) method, the coincidence is assessed between the occurrence of a
species and a factor considered as operational. These factors are physically measured
(groundwater, N, P, K etc.) within a certain syntaxonomic vegetation unit (possibly also
in combination with a soil unit or land use unit or landform). By doing this it is
guaranteed that influences of competition and the law of relative site constancy will be
considerably reduced.

Bannink et al. (1973, 1974) elaborated examples of these methods for groundwater
indication and general chemical fertility by arable weeds and also forest floor vegetations
of coniferous forest plantations in the Netherlands. In this way indicator species could
be assessed, which could be allocated together in so-called ecological groups, composed
of species (taxa) with similar ecological amplitude for certain environmental factors. By
having a number of indicator plants for a certain factor one has a reasonably reliable
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means, because although on each concrete site certain species may be absent due to
unknown reasons, still the others care for the indication. The value of indication by
single species and vegetation units is also discussed by de Boer (1983) and Oosterveld
(1983).

5.2. STRUCTURE AND LIFE FORM AS INDICATION

Structure and life form of vegetation are of high value for the purpose of indications.
Only a few examples may be mentioned. Zonneveld (1959, 1960) gives examples of
indication of hydrological factors such as duration, frequency of flooding and mechani-
cal influence of currents on life forms that can be expressed as frequention diagrams per
vegetation type. Not published studies by the same author (Zonneveld and Bannink,
1960) show clear correlation of Iversens and Raunkiear life forms with factors as
(ground)water fluctuation, humus formation and sand deposition in inland dune and
heathland areas in the Southwest Netherlands and Belgium. Climate indication in
general by Raunkiaers life forms is very well-known.

On airphotos horizontal structural images (pattern) usually are informative. So dot-
patterns, be it small vegetation elements in a homogene matrix, but also ‘patchiness’
(bare areas in a dense vegetation) indicate extreme conditions, like salinity or other
extremely ‘dynamic’ factors. The vertical structure in forests is strongly related to the
humidity regime via the climate. From the tropical rainforest towards the steppe via the
savannes, one observes a gradual simplification of the structure. Half way forest vege-
tation composed by two or three strata predominate. To the humid side these grades
via more strata into a complete, the space filling, profile of the ideal tropical rainforest
where only the lowest strata are rather open.

Towards the dry side the tree (and shrub) layers become more and more open until
only a grass/herb layer remains in steppe-like vegetations often also with annuals and
xerophytic chamaephytes, along the fringes of the almost pure bare deserts. However,
the use of structure as an indicator in detail is in many places hampered by the fact that
human influence in the past and in an increasing way recently, has changed the structure
so much that reliable observation becomes difficult. Floristic properties change also, but
much slower and they still give better possibilities for indication.

5.3. USE OF THE LAND CONCEPT AND POSITIONAL FACTORS

The use of the ‘land’(scape) concept is a far reaching applicating of integrated ecological
indication. Beside vegetation data abiotic land attributes as relief, soil, rock,
groundwater etc. are utilized, together composing ‘land units’, at certain scale also called
‘land systems’. These land units then are indicative for a whole series of properties that
as ‘qualities’ are important for land evaluation (Zonneveld, 1979).

Another example is the ‘lifezones’ concept of by Holdridge (1959), where by means
of a combination of climate stations — in which all kinds of data about temperature,
temperature and precipitation are being measured — and vegetation classification the
quantitative data over large areas are extrapolated. The same principle is applied with
the UNESCO’s bioclimatic maps.
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The use of ‘potential actions’ (potentiéle werkingen) (see Van Leeuwen, 1981b and
Van Wirdum, 1981) as indication of the environment, depends also on the integration
of abiotic land factors. Here we deal with spatial circumstances pointing to the existance
of certain operational factors. The most simple example is the relief. The lowest places
receive, due to gravimetrical powers material from above (water and/or nutrients).

In this respect Van Leeuwen (1966 and 1981a, b, c) proved that the potential value
for natural values (diversity, occurrence of rare organisms) coincides with such gradient
situations where an oligotrophic environment ‘rules over’ (is situated above) an eutropic
environment. In the opposite situation, the eutrophic environment will spoil quickly the
lower situated oligotrofic vegetation. The observation can be done by abiotic means (e.g.
assessment that peat occurs above limestone) or biotic means (one maps the vegetation
and by indication, one observes that an oligotrophic (peat) vegetation lays over a
calciphylous vegetation). Then one can predict that the transitional zone will have the
high valuable character or (it may be disturbed by present land use) at least the potention
to develop in that direction.

6. Quantitative Versus Qualitative

In the foregoing the possibilities and restrictions of bio-indication have been discussed.

A warning has still to be given against efforts to use these on a too quantitative
way. It may be clear from what is said, that real quantitative data, even those obtained
with the most delicate chemical and physical methods, are difficult to assess, because
of the fact that so many real operational factors are not liable for such measurements.
This is contrary to some conditional factors of which the measurements, however, only
supply indirect data.

Although the biological indicator may react directly to the operational factor, real
quantitative results however, cannot be expected due to the complex nature of the
cybernetic system of life and its communities. In most cases one should satisfy oneself
with a diagnosis of what is happening. If real quantitative data are required in order to
interfere into an ecosystem, a combination of bio-indication and physio-chemical
assessment methods will be necessary in most cases. Still empirical work and experi-
ments will be also unavoidable (see also Zonneveld, 1982).
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1. Indicators for Quality?

An indicator is something which makes visible, audible or perceptible which in itself is
not visible, audible or perceptible. Many times indicators concern rather concrete
matters, that might be experienced also in a more direct way. Acidity can be tasted, but
a pH-meter is a better instrument. If such an instrument is not available the presence
of Sphagnum cuspidatum tells, that the pH cannot be higher than 6.5. And when the
accumulation of mercury in special tissues of fish constitutes a good reflexion of mercury
content of water, the observation will be far easier.

But speaking of indicators we mostly have other things in mind. In assessing the
influence of the sea on inland waters chlorine concentrations can be measured by means
of simple titrations. Nevertheless an impressive typology of brackish water exists, in
which organisms function as an indicator for the ‘degree of brackishness’. Many times
we even experience that the assessment with the help of these organisms does not agree
with that of our titrations (den Hartog, 1963). In such cases we tend to believe more
in the values indicated by our organisms, rather than in the actual chlorine contents.
We are not interested in chlorine as such, but in the response of the structure of the
ecosystem as a whole, a response to the dynamics characteristic for a water which in
some way is influenced by the sea. Brackish water shows its own character, and hence
we attribute to it of its own quality.

With this description the concept of ‘quality’ is introduced. Quality is something
which is not visible, audible or perceptible, but which can be made it by our indicators.
We experience how behind the perceived reality another reality is hidden, an abstract
reality, not of matters but of principles. Is ‘quality’ such a principle? Are we able, by
looking to the things around us — plants, animals, communities, tissues, oxygen concen-
trations — to tell something about this difficult phenemenon ‘quality’?

2. Quality, a Source of Concern. An Example

Recently the hydrobiologists of the Provincial Department for the maintenance of dikes,
roads, bridges and the navigability of canals of Utrecht found a series of interesting
diatoms in a ditch near the city of Utrecht. These diatom species belong to a community,
normally found in a special type of shallow waters on pleistocene soils, called ‘fens’. This
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watertype had formerly a modest distribution in the eastern part of The Netherlands but
it has disappeared almost entirely by eutrophication. If the find had taken place in the
eastern provinces, and in regions under the management of the State Forest Service,
it would have been an argument to design the ditch as a nature reserve. But this was
not the case. Moreover, the ditch was situated along a highway, in a region where
activities, took place for the construction of a traffic junction. As a consequence of these
activities, an old woodland area had been damaged seriously — a source of great concern
during more than ten years for local environmental action groups (v.d. Pijl and
Grimbergen, 1983). The construction of these traffic works has given rise to the
occurrence of the very rare diatom species, to which justifiably is attached much value.
The same activities, however, damaged a centuries old woodland. Is a highway under
construction to be seen as a source of enrichment or impoverishment of the Dutch
nature?

The problem is still more complicated. No fish was detected in the ditch. This might
be natural, since the ‘fens’ in our eastern provinces are also mostly without fish. On the
other hand, since water bodies along highways in general contain large amounts of lead,
the water might be too poisonous for fish. In terms of environmental quality such ditches
form an issue open for discussion. Nevertheless, the rare diatom species grow well,
whether or not in reality lead loading is considerable. Heavy metals are not necessarily
an impediment for natural diversity, certainly not in small organisms at a low organi-
zation level. Several researchers showed the existence of physiological races for
temperature, pesticides, heavy metals and other phenomena. These races may behave
differently under specific circumstances or replace each other. Especially in micro-
organisms such replacements may take place very quickly (Johnson, 1952; Moraitou-
Apostoloupoulou and Verripoulos, 1978).

What is the quality of this ditch? ‘Abominable’ some experts argue. ‘The water is full
of lead, and nothing can be done with it’. ‘But the absence of fish may be caused by
other factors’, other experts will assert. ‘Possibly the relative paucity of nutrients causes
the lack of fish. Besides, these ditches are not meant as a source for drinking water;
many other things can be done with them’. The people who use mapping as a tool for
assessing the environmental quality have another approach in their mind. Their main
interest is the lock, stock and barrel of a piece of nature, for which lead is only one of
the threats. In the present case nature is apparently able to face it. According to their
standards the ditch has a good quality, since it contains a particular community. The
members of the action group for saving the woodlands, however, do not have a single
word of appreciation. Very few people are interested in diatoms, but the deterioration
of the woodlands, closely connected with the existence of the ditch, concerns thousands
of people. According to their ideas the ditch should never have been dug.

So many men, so many minds. They are all ecologists, speaking about the same
matter. But their views differ from one to another. Discussing the notion of quality
means ending up in a tangle of conceptions, misunderstanding, contraditions and
prejudgements. Taking up the challenge is stirring up a hornet’s nest.
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3. Thinking of Quality in an Ecological Way

Is quality a principle of nature? Are we able by looking to the things around us, to tell
something about this phenomenon? The example shows that quality is a hydraheaded
monster. Will it be possible to survey all aspects in an encompassing view and to catch
this view in a good definition?

The publication ‘Language of the Landscape’, set up by the working group on theories
of the Society of landscape ecologists in The Netherlands (W.L.O.) defines quality as
the relation between environmental requirements and accomplishment of functions
(Schroevers, 1982). This definition shows, how quality in its last resort is of ecological
nature. For, in what way we may think of the accomplishment of functions, ranging from
playing football or windsurfing, up to the mere survival of the human species — the
relationship with environmental requirements forms the central point, and what is more
ecological than thinking of environmental requirements?

Another derivative can be made from this definition. Quality is an interpretation. It
tries to fit a given situation, something we percieve or experience in nature, into a
framework, made by ourselves through active thinking. Such a framework may be based
upon natural principles. The hydrobiologists of the Department of Public Works in the
Province of Utrecht could give their ditch the qualification ‘fen’, in agreement with the
distribution of their organisms which are generally restricted to ‘fens’. If so, they relate
their findings to an abstract, typological model. Researchers, who are well up in this
approach, often tell that they want to see quality only as a ‘situation’ (De Lange and
De Ruiter, 1977). In my opinion this is not appropriate, for they do interpret. But their
interpretation deals with qualitative properties, and does not want to judge about ‘good’
or ‘not good’, to evaluate. The functions to be accomplished are considered only as
scientific, cultural ones. Everybody will agree that the study of these properties and their
interpretation represents a task to the science of ecology. But it remains an open
question to what extent the man in the street will be interested in it.

The largest number of ecologists prefer another approach. The standard situation as
mentioned in the definition means more to them: it is a situation which they consider
more or less as a target ideal. The water in the ditch shows uncommon features and
hence they are inclined to consider its presence as valuable. If we interpret the definition
in this way we end up in a social discussion. We make decisions on good and bad and
leave the path of science.

In this issue most ecologists write about quality in this sense. According to their ideas
scientific insights and methods allow them to speak about good and bad. But the
problem is more complicated. Most scientists do handle decisions on quality, but they
do not define their subject — even stronger: they do not want to define it. They resist
the so-called ‘objective’ way, in which values of nature were expressed formerly. ‘Forget
this’, they say: ‘Leave it to democracy to indicate desirabilities. We can give standards
and methods to measure. We attend on very concrete functions of nature as they are
seen and understood by everyone. If we think of quality it concerns the very direct wishes
of man with respect to nature, such as production of crops, availability of water for
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drinking; aims which concern our health and our economy. If we speak about
indicators, we have measuring methods in our mind to judge about these matters (Meelis
and Ter Keurs, 1976). The point of view concerns a banishment of the concept of quality
from the ecology. Mostly this referes to definitions used in policy-making by the
government, the European Economic Community or the Council of Europe. Partly this
proceeding is correct. Judgements of value do not belong to the field of science. But this
does not imply automatically, that ecologists have to restrict themselves to technical,
methodological implementation with respect to functions as an answer to decisions
made by others. In that case they forget their ‘Landscape-language’ definition, in which
accomplishment of functions is related to environmental requirements. In the last resort
the statements on ‘good’ or ‘not good’ concern a ‘to be or not to be’, and we may say
that this is an ecological statement. In such a respect the situation for man is not different
from those of the three-horned stickleback, the green woodpecker or the buttercup.
But man has different ways in which he claims his environment. This is a starting point
for conflicts of interests. The example of the Utrecht ditch showed some of them.
Ecologists are not able to dispose of these conflicts. But they can indicate how they
all have to do with survival. They can show how conflicts of interest can be appeased
for the short term, but how these activities give rise to new problems in the long term;
problems connected with the survival of mankind. Thinking in this way we must admit,
that the conflicts really concern ecological boundaries, not differing from those in
sticklebacks, woodpeckers or buttercups. Ecologists can speak in a meaningful way
about quality, not by telling what is good or bad, but by delivering arguments needed
for judgements; arguments mainly applying for the long term. In its utmost consequence
the delivery of a scientific basis for our thinking of values constitutes the only important
thing they have to offer to the world. Human culture is the search for a balance between
the desirable and the possible. Opposite the question: ‘What do we want to achieve?
at any moment the question ought to be asked: ‘What are the consequences if things
go wrong? This balance is rather disturbed now, as we are all aware of. Very little
attention is paid to the latter question, if compared to the violence of the obtainable in
an economy of growth. It is a question of quality, and the criteria for this come at long
last from ecologists. Ecologists who do not admit it avoid their responsibility. They
suggest to give it to democracy, but in fact they give it to the opportunistic strategies
of current economy. And as there is no opposition, those strategies will pretend to be
necessary for the constitution of our picture of the future world. We simply have to look
around, e.g. to the ways in which a problem as unemployment is attacked, and to see
the arguments, used by economists from left to right in the political spectrum. In the
battle for nature the latter is always a closing entry rather than a basic condition. Leading
politicians eagerly listen to experts, as we know. But why don’t they come to ecologists ?

4. The Social Meaning of an Ecologically Defined Quality

The Proposed Program for the sanitation of surface waters of 1975 (I.M.P.) introduced
the word Ecological Function (I.M.P., 1981). Engineers charged with the responsability
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for the quality of surface waters had some troubles with the traditional, pragmatical
approach, in which the water is alotted a number of functions for human life: drinking,
fishing, cooling, water for agriculture, for industrial processes and so on. ‘Water is not
an addition sum of separate functions’, they stated. ‘Water is something living, with its
own laws and regulations, and we have to face it that way.” Although the word is not
appropriate — ecology is a science, not a human target —, it was a progressive touch and
ecologists appreciated it. But, unfortunately the elaboration of this new notion is far from
being progressive. It is my thesis, that the tackling of the problem, meant as a
fundamental one, is in fact to be seen as a form of ‘nostalgism’. Biologists are requested
to assess the ‘naturalness’ of our waters and they try to give an answer by looking to
the past. The year 1900 is more or less regarded as a breaking point. Before that year
man lived in peace with nature, and the decline began after it. The wish, implicitly
expressed in the approach, is a return to former situations. Is not that a form of
nostalgism? It is, however, a misconception. People of former centuries did not live in
peace with nature. Their way of interacting with nature differs from ours, but the source
of this difference has to be sought in different economical structures, not in another ethic.
Nature, on the other hand, is in our time not less ‘natural’ than it was 50 or 100 yr ago.
It is the self-evident response on human activities, expression of economical processes.
Poppies and camomilles along the borders of the highway belong to the economy of
today and they form a spontaneous reaction on its processes, more natural than the
heath tracks for instance, which have to be kept free from birches and grasses with much
cost and much pain.

Nature was rich in 1900. The natural diversity was undeniably much higher than it
is now, especially in The Netherlands. To draw this fact into our memories does no
harm. Diversity is a good criterion for a ‘general ecological function’, but the use of the
past as a standard is a wrong way. Better is, to develop an understanding, how diversity
comes off, how human activities influence it and how this phenomenon is related to other
features of nature, features to which man attaches much value. If this understanding is
obtained, the insights in ‘quality’ can guarantee new developments. They will be
progressive.

If nutrients penetrate into a bog region by means of human activities, some new
species will occur which have never been there, like reed and nettles. Here an external
dynamic force has increased the diversity of the bog. In this way eutrophication,
entrance of minerals can achieve the fixation of new species, and the question whether
nettles or orchids are concerned makes only a gradual difference. This is the way we
have to understand the origin of our beautiful haymeadows, known as ‘bluegrasslands’,
and of the Desinid-richness as we find it in our Brabant ‘fens’. Diversity and unaltered
virgin nature are not an unbreakable unity; the relationship between man and nature
is of another character. A certain amount of human influence - say ‘disturbance’ — may
benefit species richness, and it is not ‘man’ who spoils the matter, but rather a process
which has become beyond control. In such a picture man is not contrary to nature. There
are many resemblances and a failed economy could be the reason why things fail in
nature. This conception is meaningful to our quality concept. It implies that old values,
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due to old economic structures never come back, when they have disappeared. It also
expresses, however, how new economic relations may create new chances for nature.
Ecologists would be able to indicate the opportunities and to describe the conditions
for it. Would not that be a better starting point for an ‘ecological function’?

5. A Picture for the Future

Imagine that all those people concerned with the problem of the ditch in Utrecht decide
to come together and to discuss their conflicts. They look upon their differences as
unsatisfying, whereas they have the same target in their mind. What could be the course
of such a conversation? The specialist on lead will be originally only interested in the
question, whether the absence of fish would be a good indicator or not. Of course he
understands the interests of others, but he does not look upon his experiences as a
contribution to these interests. But the diatom specialists make him doubt. Lead — and
for other alien matters the same will apply — may attack a community radically, but it
does not necessarily do so. Theoretically we can imagine that small amounts of lead
may be favourable for the growth of diatoms in that it may suppress other harmful
factors. In certain regions in neighbouring countries a particular lead flora is found
(Ernst, 1965). Influence of a poisoning substance like lead may stay for a long time
unnoticed, and suddenly the community may collapse, if other changes occur. We speak
about ‘synergism’ which clarifies nothing, but which shows how the problems of lead
and those of diatoms are connected. The troubles between the diatom specialists and
the ‘Friends of the Woodland’ are of a more serious nature. But they find a common
viewpoint with respect to the scale in which processes take place. Large scale processes
may have a beneficial influence in certain cases on small scale structures; parts of a
region may profit from them. The ‘Friends’ acknowledge it. Of course the controversies
remain, when the interests are brought into the discussion. But some understanding
glimmers. The main conclusion, drawn from the discussion is, that differences in the
valuations proceed from functional restrictions and choices in scale; whereas in some
way the different approaches tell the same story. All participants agree in the recognition
that the balance as a whole is a negative one, due to a ‘too much’ of dynamics, in some
way connected with ‘too much’ of energy. But in certain places, where nutrients are
withdrawn a ‘too little’ may serve as a source of new biological richness. In spite of
contradictory propositions in actual situations the empirical experience of the contribu-
tors has led to such a common insight.

The way of thinking exposed in this little fantasy is a valuable one, worthwile to be
elaborated. Such an enterprise is, however, impossible to undertake within the scope
of this paper. Firstly we have to give an analysis of the origin of the Dutch landscape
through the ages (Schroevers, 1980). In this way we can learn, why special plants and
animals are found in special regions. Secondly we have to relate these findings to
economic developments, in particular the development of ‘production forces’, e.g. to the
use of energy. Thirdly we have to handle the problem of scale, which teaches us, when
alterations have to be seen as an enrichment or as an impoverishment. And finally we
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have to clarify the relationship between diversity and productivity, as an understanding
of mutual connection between functions. The considerations brought together will lead
to an ecological model for quality. Such a model may help to convince policy-makers
and economists. It may be used in discussions on future strategies. But its construction
is not simple. It is by far not enough, if some ecologists, accidentally brought together,
devote some meetings to the subject, as described here. And when the model is con-
structed, its value has been admitted, many interests have to be changed, much struggle
must occur. We hope, however, to have made one thing clear: the question for an
ecological quality concept appears to be an important question. We have to search for
an answer.

Summary

Quality assessments with respect to our environment are done in many different ways.
Generally these assessments are connected with functions which the environment has
to accomplish for man. These are partial approaches in which some characteristics are
selected from the complex reality. Although such assessments are useful for the solution
of conflicts, they are insufficient for long term strategies. We need a view on the totality,
the ‘self-ordering’ of nature. Judgements based upon such a concept can be placed
opposite the economical ones, which follow conscious ordering by man. Quality
concepts like these can have a meaning in different fields:

— In conflicts between interests. Many times we are aware that ecological arguments
are much stronger than we are able to express. A universal concept helps to find a
reconciliation of points of view.

— In current quality-assessments. By comparing them to a universal concept we can
experience the opportunities for the long term in short-term solutions.

— In policy-making we are overflowed almost daily by economic value concepts
pretending to be all-embracing. Ecologists have to counter them.
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In this paper the word ‘fen’ is used in order to avoid linguistic problems. The Dutch
word for the mentioned watertype is ‘ven’ (plur. ‘vennen’). The word refers to small
ponds on pleistocene soils with a more or less strongly fluctuating water level. ‘Fen’ and
‘ven’ are not completely synonymous.
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The use of the word ecotoxicology has become common practice in recent years. The
objectives of ecotoxicology are clear, it concerns the study and judgment of possible
noxious effects of chemicals on ecosystems. It is a multidisciplinary field of science
which comprises toxicology, environmental chemistry and ecology as outlined in the
triangular diagram below.

toxicology

ecology environmental
chemistry

Toxicology is concerned with effects at the level of the individual organisms in a
population of a species. It requires knowledge and insight in the fields of physiology,
pathology, biochemistry, immunology and other basic sciences dealing with the
functioning of man and other organisms. Environmental chemists measure the occur-
rence of chemicals in the environment and analyse processes related to their distribution,
deposition and degradation. These scientists are generally trained in analytical chemis-
try, biochemistry and microbiology. Working together toxicologists and environmental
chemists are able to judge whether exposure of organisms under natural circumstances
may reach levels at which toxic effects are likely to occur. Whether or not such effects
may have consequences for the populations of the organisms concerned or for other
organisms in an ecosystem is a matter covered by ecology. An ecologist is a biologist
with a special knowledge in fields like life-cycle biology, nutrient cycles in nature,
population dynamics and other matters required for the elucidation of relations among
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species and their abiotic environment. Ecotoxicologists mastering the whole field
probably do not exist, unless one identifies these scientists either as toxicologists with
some feeling for environmental chemistry and ecology or as ecologists with some feeling
for toxicology and environmental chemistry. An environmental chemist cannot easily
become labelled as ecotoxicologist because of a lack of background in physiology and
general biology.

The contribution of toxicology to the evaluation of ecotoxicological risks consists of
a qualitative (type of effect) and quantitative (dose/concentration-effect and time-effect
relationships) registration of the effects of chemicals per species. In that way the
potential vulnerability of species and taxonomic groups can be assessed. From a
toxicological point of view relative vulnerable species could be seen as indicator species.
Organisms of these species are the first where effects are likely to show up after the use
or disposal of chemicals under practical circumstances. These effects could be an
incidence of mortality, changes in reproduction parameters, organ weights and the
activity of certain enzymes and for instance cytogenetic effects. The indicator function
may also be measurable at the population level in case the effects have consequences
for the age composition or size of populations. However, this does not happen always.
It is possible for instance that an increased rate of mortality is compensated by an
increased rate of reproduction or by an immigration of individuals from other places.
In these situations population parameters cannot be used as indicators.

The other contributions to this section will illustrate how ecotoxicological indicators
can be used in studies on environmental quality.
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Abstract. In many places in the tropics pesticides are applied in the natural environment to control insects
either for crop protection, or for human health. The present study concerns the side-effects of insecticides
that are applied in West Africa against tsetseflies (Glossina spp), which are the vectors of human and animal
sleeping sickness. Pyrethroids and endosulfan were sprayed either by helicopter or by ground spraying on
riverine forests and on forests around villages.

Because of the complexity of the terrestrial and aquatic ecosystems under study, a selection was made
of populations in which side-effects were assessed (so-called indicators). Fish and benthic arthropods were
studied in the rivers; Diptera, Hymenoptera and spiders in the forest. Observations on short-term effects
revealed the most vulnerable populations (indicators for effects) depending on the insecticide and the
method of application. Long-term studies, up to two years, revealed the differences amongst these
populations in ability to recover from local depletion. The populations which recovered most slowly were
regarded as indicators for recovery.

Differences in hydrological regime between climatic zones are regarded to be highly related to differences
in vulnerability of ecosystems to irreversible damage by pesticides.

1. Introduction

Pesticides are applied at a large scale to the natural environment for the control of some

vectors and agricultural pests. Examples of vector control in Africa are:

— onchocerciasis or riverblindness: the larvae of the vectors, Simulium damnosum
subspp., are controlled by spraying rivers,

— schistosomiasis or bilharzia: standing and running waters are treated against the
vectors, snails of the genera Bulinus and Biomphalaria,

— tryanosomiasis or sleeping sickness: forests and grassland are sprayed against
tsetseflies.

Some examples of the agricultural pests are:

— locusts: wadis and oases are sprayed,

— grain-eating birds, especially Quelea spp: trees and other nesting sites are treated.
In all these cases alternative control methods are too expensive or not operational.

However, the executing authorities are in general very inclined to avoid environmental

damage. This is obtained by adapting the pesticide and the application method to the

specific environmental situation. However, the environment where control campaigns

are carried out varies from area to area. Therefore a thorough knowledge of the effects

of the used pesticides is required from as many different situations as possible.

* Paper presented at a Symposium held on 14 and 15 October 1982, in Utrecht, The Netherlands.
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The present study concerns the effects of chemical control of tsetseflies in Upper
Volta and the Ivory Coast from 1978 to 1981. Because of the experimental character
of the campaigns, they were executed on a limited scale (100-500 km?) and with more
than one insecticide. The experiments were carried out under responsibility of the World
Health Organisation and the Food and Agricultural Organisation.

The treated habitats were gallery forests along rivers and forests around villages. The
treatments were directed to the resting sites of the flies. Both residual and knock-down
methods were tested. The former method requires one to three treatments, the latter one
five to seven treatments at 10-209, of the residual insecticide dosage.

2. Measuring of Ecological Damage

For the observations on side-effects, acute damage and long-term effects were studied
by sampling natural populations. The sampling period is determined by the time needed
for recovery. Damage is not always separable from the variations caused by all other
affecting factors, either because the side-effect are extremely small (Russell-Smith, 1982)
or the methods used are not sensitive enough (Miiller et al., 1980).

Because of the complexity of the ecosystem at the studied habitats (the vegetation,
the forest bottom and the water) the observations were restricted to a limited number
of species, considered as indicators for ecological damage. These species are relatively
easy to recognize and to sample at a large scale. They are of ecological importance, and
they have a specific sensitivity for the used pesticide. The value of indicators for a
side-effect is distinguished from that of the many known other ecological indicators by
the strict necessity of timeseries of observations. The latter give information on the
abiotic and biotic environment by their presence or absence at direct observation. In
the case of a small number of sequential treatment (1 to 4, depending on the temporal
variation of the sampled taxa), data from a treated zone should be compared to those
from a control zone. To be suitable to serve as a control zone requires intensive preceding
research. However, the longer the period over which effects can be observed, the more
the value of the control zone diminishes. This problem can partly be met by selecting
more than one control zone. After a certain period of time recovery can be observed
in most cases. From then on populations fluctuations in the treated zone coincide with
those in the control(s). Another approach is possible when the treatment is repeated
many times (5 or more). In this case changes in numbers of a taxon may coincide
significantly with the treatments, and no data from a control zone are required.

From earlier observations by Koeman et al. (1978), Takken et al. (1981) and Smies
et al. (1980), it appeared that endosulfan and pyrethroids, applied at dosages which were
effective against Glossina spp, did not affect warm-blooded animals, Takken et al. (1981)
found that insects and aquatic crustacean populations were affected by pyrethroids.
However, no data were available on long-term effects and on the specific sensitivity of
species, genera or families.

The equipment used for the sampling of the populations studies was standardized and
fabricated locally. In the forest pitfall traps and malaise traps were used for edaphic and
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flying arthropods, respectively. The correlations of the sampled numbers of several
groups of organisms and environmental factors have been calculated in order to
minimize variation between the traps. Thus 10 malaise traps and 30 pitfall traps per
running kilometer of gallery forest met the requirements. During the sampling period of
1980/81 50 malaise traps and 150 pitfall traps were put into position at different sites
at the Ivory Coast. In the water scoopnets, casting-nets and drag-nets for fish were used;
driftnets and plankton-nets for insects and shrimps, and artificial substratums for
benthic insect larvae. The artificial substratum consisted of concrete blocks that were
suspended in the water. All methods which required human activity were standardized
for time and hour of the day. The fishing methods were applied for the collection of
qualitative data. When necessary visual observations on acute effects were made.

3. Observed Ecological Damage

3.2. AQUATIC HABITATS

Examples of effects on aquatic organisms which were observed after deltamethrin
treatment are presented in the Figures 1 to 3. In Figure 1 the change in the natural daily
drift of benthic organisms as a result of the treatments is given. The most obvious effect
of the treatments is usually observed in ephemeropteran families, while Odonata appear
to belong to the least sensitive groups. In Figure 2 the composition of the casualties
which drift off after repeated spraying are given. Both crustaceans (shrimps) and the
ephemeropteran family Tricorythidae have disappeared after the second treatment. The
effect on Tricorythidae can also be seen in Figure 3, where the occupation by benthic
organisms of artificial substratum is presented before and after treatment. After their
tempory disappearence the Tricorythidae were found again at the end of the sampling
season. Simulid larvae virtually disappeared after the spraying, but within one week the
populations had recovered, consisting mainly of the youngest larval instars.

numbers of organisms
1000
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Fig. 1. Increase in the natural daily drift of the benthic arthropods as a result of insecticide applica-
tions.
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Fig. 2. Aquatic causualties of three treatments of the same river with deltamethrin.
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Fig. 3. Ephemeroptera on artificial substratum during a spraying cycle with deltamethrin (? = no data
available).

The shrimp Marcrobrachium vollenhovenii was affected temporarily by deltamethrin,
in that the animals showed abnormal behaviour or drifted off due to paralysis. Recovery
occured within two days.

The following effects on fish were observed after the spraying of endosulfan. At a
dosage of 100 g (active ingredient)/ha several dead animals were found, while at 200 g
or more all fish were killed. Some Cyprinidae (Epiplatys spp. and Aphyosemion spp.)
showed symptoms of poisoning earlier than the other fish species. Tilapia spp. and Lates
niloticus (all young specimines) were the first ones to reimmigrate in a deserted river.

3.2. TERRESTRIAL HABITATS

3-4.000 Arthropod species can be caught by pitfall and malaise traps in West Africa,
part of which has been described in the literature.
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We found about 130 species of spiders. The juveniles and adults of Aporoptychus
lamottei, an orthognath spider of which only the females have been described, appeared
to be particularly sensitive for deltamethrin, permethrin and cypermethrin. Six weeks
after treatment, recovery of adult animals was observed. In the Diptera and Hymenop-
tera, the lowest taxonomic level that could be named under the given circumstances, was
that of the families. Of one family, the Scelionidae, the genera could be studied.
Permethrin had a significant effect on Chalcididae, Encyrtidae and Pteromalidae. The
Braconidae were affected by cypermethrin initially, although recovery was observed three
weeks after treatment. These hymenopteran families, which are all parasitic, are of
economic importance.

Deltamethrin had a marked effect on muscidae. As Glossina spp. are muscid flies, a
specific effect of delthamethrin on this family may indicate a certain selectivity towards
the target-species.

4. Other Risk Factors

The described effects only form a part of the risks to which the ecosystems concerned
are exposed. Unabridged application of agricultural chemicals, but also the frequent
abuse for fishing purposes, threaten of ecosystems. Also the construction of dams
may result in irreversible losses. In the case of M. vollenhovenii it may block the passage
to brackish coastal waters, where it reproduces. Furthermore the control of tsetseflies,
especially in potential cattle breeding areas, leads to serious disturbance of the fauna
and the vegetation.

5. Recovery from Damage

As illustrated, several mechanisms for recovery can be observed. The young larvae of
Simulium damnosum hatched from unaffected eggs after depletion of the older popu-
lation. Tricorythidae recovered by drifting in from untreated areas. Recovery of Aporop-
tychus lamottei occurred by reimmigration from adjacent untreated fields. The capacity
to recover after damage may differ considerably between related species. The small
shrimp Caridina africana (<4 cm) which disappeared after deltamethrin spraying,
recovered in one year over 40 km of river. The larger shrimp Macrobrachium raridens,
which is slightly less sensitive than C. africana was not observed until two years after
its extinction in the same stretch of river.

It appears that in certain situations it is not only worthwhile to recognize indicators
for an effect (like C. africana) but also indicators for recovery (like M. raridens). The
latter group consists of those species in the affected taxa of which recovery requires more
time than for the remaining species.

In Figure 5 the effect of a pesticide on the numbers within a group of organisms is
illustrated by means of a diagram. The curve is a simplification of the effects which were
observed in the field. The height of the curve, the distance N, — N., which determines
to which extent the effect is observed, depends on the heterogeneity of the group of



234 J. W. EVERTS

Fig. 4. Indicators of side-effects of insecticide treatments and recovery. A, Aporoptychus lamottei; B,
Macrobrachium raridens; C, Caridina africana; D, Tricorythus sp.; E. Encyrtidae gen. sp; F, Pteromalidae gen.
sp; G, Chalcididae gen. sp; H, Braconidae gen. sp.
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Fig. 5. Diagram of an effect of a pesticide on a natural community or population.
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organisms studied. The higher the number of species (or subspecies, ecotypes, develop-
mental stages etc.) within that group, the flatter the curve because of the differences in
sensitivity. If the toxicity of the pesticide for the animals concerned has ended at ¢;, the
period t; — ¢, (retention time for recovery) depends on the ecological isolation of the
affected habitat. The period ¢, — f; depends on the reproduction capacity of the
populations. The total period ¢, — £ is also affected by the dispersal capacity of the
animals.

6. Selection of Indicator Species

Specific animal indicators can be selected for environmental effects of most insecticides.
Some of them are illustrated in Figure 4. Consequently, research concerning side-effects
should be done on more than one taxonomic group in order to avoid false-negative
observations at the introduction of new chemicals. This requires a considerable
taxonomic effort. In some situations a limited number of taxa (< 20) from all levels is
sufficient to demonstrate an effect by applying multivariate analysis (Green, 1978;
Everts et al., 1983). However, the observation of recovery of an affected taxon is of
limited biological value when there is no knowledge on its total species composition. On
the other hand, information on the species composition does not meet shifts in
intraspecific variation and age-structure or changes in behaviour and resistance of
particular species.

Many factors play a role with the selection of indicators. Let us consider as an
example the ants. This group of animals is of considerable ecological importance. The
numbers that are trapped during side-effect studies are high. The individuals are sensitive
for most insecticides. However, observations on ant ecology must be directed to the
nests which ecologically can be considered similar to plants. The sensitivity of working
ants gives very little information on the vulnerability of the nests. The extremely exposed
nest of the treedwelling Oecophylla longinoda, of which the working ants formed the
major part of the casualties that dropped from the vegetation, survived all aerial
sprayings. Furthermore, on the Ivory Coast, approximately 1200 species are found, a
lesser part of which is described. Thus in this case the ecologically important, abundant
and sensitive ants are not good indicators.

7. Geographical Factors

In the area the hydrological cycle is blocked at the end of the annual rainy season. The
biological production stops, except in those places where water remains available,
namely near rivers and lakes, in marshes or in lower areas. A part of the fauna is adapted
to the seasonal harsh conditions. Many animals go into diapause or bury themselves
in the ground, eventually in cryptobiosis. Of the species which display activity
throughout the year, many are found concentrated around the remaining green areas,
which are functioning as refuges. These species are dispersed over a wider area at the
beginning of the rainy season. The process of concentration and dispersion is presumably
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not the result of directional movement, but of a tendency of some species to display more
moving activity in unfavorable places than in favorable ones (Baars, 1981).

The crowding and the unfavorable conditions in general in the refuges make the
animals more vulnerable for insecticides. Because these populations form the base for
a repopulation of the environment, when the growing season begins, disturbance of the
refuges will have a consequence for the ecology of a much larger area. These effects are
more extreme in dryer zones where at the same time the isolation of the habitats is an
important factor in relation to the recovery by reimmigration.

8. Conclusions

Summarizing it can be stated that the effects of insecticide applications against vectors
in Africa can be studied by observations on indicator species. Within this group
indicators for effect and indicators for recovery can be distinguished. The extent in
which the effect disturbs a year-round green area depends on geographical and climatic
factors.
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Abstract. Attention is given to two different approaches to determine the water quality in relation to toxic
stress.

The first approach is based on direct observations on the state of health of the biota naturally occurring
in the environment to be judged. In the original concept of biological indicators of water pollution the
existence of differences in stress-susceptibility of different species is assumed. However, toxicity studies
indicated that there are no species whose absence or presence gives information on the degree of toxic
pollution. When attention is solely directed to health aspects of one species, a higher specificity and
response-rate is obtained, but water quality indexing is not possible. Examples of effects of chemical pollution
on the health of fish from the river Rhine are presented.

The second approach is based on indirect observations, determining the water quality by examination of
the state of health of organisms experimentally exposed to the water under controlled conditions. To save
testing time it is useful to concentrate the toxic compounds prior to testing. An example of these methods
is given, describing the water quality of the rivers Rhine and Meuse in terms of toxicity and mutagenicity.

As both approaches are complementary with respect to ecological significance and specificity, it is
recommended to apply them simultaneously to obtain appropriate information on environmental quality and
stress factors.

1. Introduction

The strength of biological methods for environmental judgement is the acquisition of
information on the total effect of perturbations in a rather unique and direct way.
However, this is also a weakness. Although each stress contributes to a loss of energy
(Odum, 1967), the ecosystem response to a stressor depends on the point of attack of
the stressor on the system (Lugo, 1978), as well as on the properties of the ecosystem.
Therefore a proper quality assessment based on biological characteristics needs a
thorough knowledge of the relationships between the type and extension of the stress and
the response of the system. As to pertubations by toxic chemicals, this knowledge is
insufficient and therefore environmental qualification is seriously hampered. In case of
toxic substances biological monitoring should be based on the measurement of (1)
deleterious effects specific for toxicity, (2) which are of ecological significance, (3) can
be measured accurately, (4) with a high signal to noise ratio, (5) with a high response
rate, (6) which are perceptible over a wide range of stress intensity, (7) which are
reversible, (8) can be expressed in indices and (9) can be assessed at relativeley moderate
costs (UNESCO, 1980). In practice, some of these criteria are not consistent with each
other since their fullfilment is directed by different levels of biological integration. In this
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paper examples are given to emphasize the need to use different biological methods to
indicate the stress caused by toxic chemicals in the aquatic environment.

2. Stress Quantification Based on Field Observations

2.1. COMMUNITY STUDIES

The existence of ‘keystone’ species for chemical stress was already recognized at the turn
of this century. Kolkwitz and Marsson (1909) introduced a system, in which species are
classified according to their tolerance to biodegradable organics. Although extended by
many authors, this so-called saprobian system has not been essentially altered (Sladecek,
1973; Persoone, 1979; Hawkes, 1982).

As for toxicants, it is known that there are large differences in the susceptibility between
species (McKee and Wolf, 1963). Differences in the susceptibility of species occupying
crucial positions in the food-web may have far-reaching consequences for the structure
and functioning of an ecosystem. To indicate whether or not there is some proof for the
existence of ‘keystone’ species relative to toxic compounds, results of some comparitive
toxicological studies are evaluated.

The results of a study on the (sub)acute toxicity of 15 chemicals to 22 different species
are summarized in Table I and II. (Slooff ez al., 1983a) Table I shows that the sensitivity
to the toxicants is highly variable amongst the species depending on the chemical tested.
This leads to the conclusion that compound-specific indicator species may be
recognized. However, when the relative susceptibility of a species based on the individual

TABLE 1

Maximum difference in the susceptibility of 22 fresh water species
for toxic compounds based on (sub)acute toxicity (Slooff et al.,
1983a)

Test compounds Factorial difference
in susceptibility

Allylamine 8970
Aniline 8000
Cadmiumnitrate 2800
Mercury (II)chloride 1000
Pyridine 364
Acetone 278
Pentachlorophenol 185
Ethylpropionate 87
n-Propanol 68
Benzene 58
o-Cresol 46
Trichloroethylene 40
Salicylaldehyde 33
Ethylacetate 32

n-Heptanol 30
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TABLE 11

Relative susceptibility of 22 fresh water species for 15 chemicals based on (sub)acute toxicity
(Slooff et al., 1983a)

Species Taxonomical group Relative susceptibility
Pseudomonas putida Bacteria 4.0
Microcystis aeruginosa 1.2
Chlorella pyrenoidosa 4.2
Scenedesmus pannonicus Algae 42
Selenastrum capricornutum ' 3.5
Entosiphon sulcatum 2.0
Uronema parduczi Protozoa 5.3
Chilomonas paramacium 3.2
Daphnia magna 1.4
Daphnia pulex Crustaceans 1.0
Daphnia cucullata 1.2
Aedes aegypti Insects 46
Culex pipiens 6.3 .
Lymnaea stagnalis Molluscs 29
Hydra oligactis Coelenterates 4.6
Leuciscus idus 3.5
Salmo gairdneri 1.7
Poecilia reticulata Fish 53
Oryzias latipes 5.3
Pimephales promelas 1.8
Xenopus laevis Amphibians 3.7
Ambystoma mexicanum 2.7

toxicity data on all compounds are taken into account (Table II), the differences are much
smaller. Therefore the existence of indicator species for gross chemical pollution can be
seriously doubted.

In a similar study the acute toxicity of the same 15 chemicals to 13 different macro
invertebrate species was determined (Slooff, 1983a). The test organisms used were
representatives of ‘keystone’ groups for the whole range in the saprobian systems. From
the results presented in TableIII it can be derived that the differences in relative
susceptibility of the invertebrate species are rather small. Table IV, showing the toxicity
of an organic mixture concentrated from water of the river Rhine, confirms the
assumption that ‘keystone’ species for toxic stress resulting from a variety of chemicals
are not likely to be identified. Yet, this conclusion can be criticized for obvious reasons,
taking into account the relatively short exposure time and the disregard of sublethal
effects like influences on reproduction, development and growth.

However, a study on the long-term effects of toxicants on different fresh water species
yielded results similar to those obtained from the (sub)acute tests (Slooff and Canton,
1983).



240 W. SLOOFF AND D. DE ZWART

TABLE III

Relative succeptibility of macro invertebrates for 15 chemicals
(see Table I) based on acute toxicity (Slooff, 1983a)

Species Relative susceptibility
Tublficidae 32
Chironomus gr. thummi 23
Erpobdella octoculata 33
Asellus aquaticus 1.9
Lymnaea stagnalis 2.6
Dugesia cf lugubris 2.8
Hydra oligactis 2.7
Corixa punctata 34
Gammarus pulex 1.0
Ischnura elegans 1.5
Nemoura cinera 2.6
Cloéon dipterum 49
TABLE IV

The tolerance of benthic invertebrates to mixtures of organic compounds
concentrated from water of the river Rhine (Slooff, 1983a)

Species Concentration factor which results
in 50%, mortality in 48 h (LCF50)

Oligochaeta

Tubificidae 159 x
Diptera

Chironomus gr. thummi 144 x
Isopoda

Asellus aquaticus 158 x
Amphidopa

Gammarus pulex 192 x
Trichoptera

Athripsodes cinereus 124 x
Ephemeroptera

Cloéon dipterum 184 x
Plecoptera

Nemoura cinera 214 x

These examples stress the warning of Sladegek (1973) that traditional biological water
classification in which the water quality is expressed in terms of the presence or relative
abundance of certain species is not applicable to toxic pollution. Only when a surface
water is polluted by a few known toxicants, certain biotic indices may be workable
(Winget and Magnum, 1979; Lawrence and Harris, 1979). Loading with a variety of toxic
chemicals will result in a non-specific decrease of species richness and population size.
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Therefore, the measurement of parameters describing the structure or functioning of
ecosystems seems to be of little value in estimating water quality explicitly related to
toxicity.

2.2. SINGLE SPECIES STUDIES

Laboratory studies on individuals have revealed much about possible toxic effects of all
kinds of chemicals. The knowledge gained from this expertise can contribute to the
recognition of biochemical, physiological and morphological effects possibly observable
in the field related to toxicity. In this way a study on the health aspects of bream (4bramis
brama) inhabiting surface waters of a different degree of chemical pollution (the rivers
Rhine and Meuse, and Lake Braassem as a reference) was performed. The results of this
study are summarized in Table V. Bream from the river Rhine areas showed a somewhat
higher prevalence of tumors than fish from the river Meuse (hepatocellular carcinoma),
TABLE V

Some parameters on the state of health of bream (4bramis brama) from the rivers Rhine and
Meuse. The parameters are expressed relative to reference values obtained from Lake
Braassem fish.

Biological parameter Meuse Rhine Waal Lek
Prevalence of tumors =1 —_— 217 —
Prevalence of deformed fins 1.5 3.6 3.8 5.8
Prevalence of pugheadedness 1.7 9.0 8.7 9.7
Relative liver weight 2.0 23 2.1 1.7
Hepatic enzyme activity 1.8 22 - -
Fecundity 1.0 1.3 1.0 1.2
Annual mortality (2 @) 1.5 2.1 1.7 14
Annual mortality (&' &) 1.5 19 1.9 1.7

whereas no neoplasms were found in Lake Braassem fish (Slooff, 1983b). This accor-
dates with the observation that bile fluid of Rhine fish is relatively highly mutagenic (Van
Kreijl et al., 1982) and that liver homogenates of Rhine fish livers were able to activate
pre-mutagens in the Ames-test (Slooff and Van Kreijl, 1982). Besides the livers of Rhine
fish were significantly enlarged (hypertrophy; Slooff ez al., 1983b). Liver enlargement
often results from exposure to xenobiotic compounds and is usually associated with
induction or stimulation of hepatic enzyme activities. Based on differences both in time
and place of liver mono oxygenase activity and of degree of metabolic activation of
pre-mutagens such an association was established (Slooff and Van Kreijl, 1982; Slooff
etal., 1983b). Furthermore, several skeletal anomalies were observed such as
pugheadedness, deformed fins, absence of fins and girdles, asymmetric crania, shortened
operculae, fusions of vertebrae and spinal curvatures (Slooff, 1982). The highest
frequency of occurrence was found in the river Rhine areas, the lowest in Lake Braassem.
Based on the age-frequency distribution of representative samples of the local popu-
lations, the annual mortality proved to be the highest amongst fish from the Rhine areas
(Slooff and De Zwart, 1983). This higher mortality rate can not be explained by a higher
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density of parasites or predators, nor by a more intensive fishing. Rhine fish displayed
also a higher fecundity which may be a compensatory response to the enhanced mortality.
This hypothesis is strongly supported by (1) the observations on other fish species that
showed a significant increase in fecundity when the size of the population was reduced
by fishing (e.g. Jensen, 1971), and (2) laboratory observations on neutralization of toxic
effects at low pollutant concentrations by antagonistic responses of regulatory mecha-
nisms (e.g. Stebbing, 1981). Besides information on the water quality in terms of toxic
stress, the observations also indicated that the load of the river Rhine with toxicants has
been reduced during the last years. The first indication is that the frequency of occurrence
of the most prevalent skeletal anomalies decreased for succeeding year classes (Slooff,
1982), which corresponds with a decrease of concentrations of possible causative
chemicals in the last decade (Rijkswaterstaat, 1980; De Kruijf, 1983). Also the
back-calculated length of 5-yr old bream of succeeding spawning years (1966—1976)
increased (Slooff and De Zwart, 1983). A third indication of improved water quality is
that in the period of 1979-1982 the liver size of Rhine fish decreased to normal
proportions, accompanied by diminishing of enzyme activities to levels that do not
deviate significantly from those of Lake Braassem fish (Slooff et al., 1983b).

From this study it can be concluded that field observations on one species can be used
to indicate temporal and geographic differences in toxic stress in surface waters.
Although it can be assumed that, in principle, every species and parameter is suitable
for this purpose, this approach has several drawbacks. Leaving aside the rather high
research costs and the problems related to whether or not standardization of species and
parameters is desirable, most problems are related to the transformation of the obtained
data into an acceptable water quality index. Definitely, an indicator is not an index. To
reach that state, it has to be compared to a standard (Inhaber, 1976). If reliable reference
c.q. standard values are available, this will be no problem for the parameters separately.
In the presented studies the data on Lake Braassem fish can be considered as reliable
references since both chemical and biological studies revealed that the water quality of
Lake Braassem is rather good (Anonymous, 1979; Hovenkamp-Obbema et al., 1982).
However, to arrive at a single index for comparison purposes, the indices on the separate
parameters should be combined, taken into account the relative ecological significance
of the parameters measured. In practice, this process evokes severe problems. For most
parameters knowledge is lacking which value is indicative for ‘the worst’ possible quality.
In most cases it is not possible to mark the parameter value within an index range varying
from e.g. 0-10. For example, if a frequency of occurrence of skeletal anomalies of 1007,
is considered to be the maximum, Rhine water should be qualified as rather good as ‘only’
209, of the fish showed skeletal anomalies. It is even more complicated when the
maximum deviation from normal is not known (e.g. relative liver weights). Also there
is insufficient knowledge to express the importance according to the ecological value of
the impaired properties and to determine whether or not the properties are mutually
independent. Therefore, it can be concluded that observations on the health aspects of
one species will never lead to a uniform water quality index; their strength is solely
directed to give evidence of toxic stress and the possible causative agents.
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3. Stress Qualification Based on Laboratory Observations

Toxic stress can be determined also experimentally. Water quality can be assessed by
exposing one group of test organisms to the water concerned and, subsequently,
comparing their state of health with that of another group of organisms maintained in
unpolluted water under strictly defined conditions (e.g. Van der Gaag et al., 1983).
Compared to field studies, this approach has the important advantage of a relatively high
signal to noise ratio. However, laboratory experiments are often too time-consuming and
too expensive to be performed on a routine base. This disadvantage, which is almost
typical for biological methods, has led to the inferior role of biological methods compared
to chemical measurements in assessing and controlling environmental quality. The only
way to change the attitude towards biological methods is to cast them in the same mould
as chemical techniques. Thus, the experimental design has to be modified in such a way
that only sum-parameters are studied in simple and standardized tests giving results
within a few days. A recently developed feature in this field is to apply a technique to
concentrate toxic compounds from the water before testing to speed up the response rate.
This also enables the testing of several concentrations in order to determine a concen-
tration-response relationship. This method has been applied to assess the degree of
hazardous chemical pollution of surface waters in The Netherlands (Kool et al., 1981;
Slooff and Van Kreijl, 1982; Slooff ez al., 1983c). Concentrates of the water were
examined on mutagenic activity with the Ames Salmonella/microsome assay and on
toxicity, using an acute (48 h) fish mortality test. Figure 1 shows that both mutagenic
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Fig. 1. Mutagenicity and toxicity of concentrates of water of the rivers Rhine and Meuse (0 = control;
| = Rhine at Lobith; 2 = Waal at Gorinchem; 3 = Lek at Vreeswijk; 4 = Meuse at Eysden; 5 = Meuse at
Keizersveer) (After Slooff and Van Kreijl, 1982; Slooff et al., 1983c).
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activity and toxicity of water of the river Rhine areas (Rhine, Waal, Lek) are generally
higher than those of water of the river Meuse areas. Still the results of such studies have
to be interpreted with some caution. Each concentration technique is specific for certain
groups of chemicals and its application will result in an alteration of the chemical
composition of the concentrate. However, the results give definitely an indication about
the presence of hazardous chemicals in the aquatic environment. Therefore it is
recommended to incorporate this kind of bioassay as a routine measurement of water
quality in monitoring programmes.

TABLE VI

Advantages (+) and disadvantages (—) of the direct and indirect method for
determining water quality related to toxic pollution.
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Conclusions

In the present paper some examples were given of two principally different approaches
in assessing water quality in relation to toxic stress: the direct (field studies) and indirect
(laboratory studies) method. As summarized in Table VI both have their advantages and
limitations. Major disadvantages of the direct method are the low specificity to toxic
stress and the low signal to noise ratio, whereas the indirect method usually suffers from
a poor ecological significance. Since both methods are complementary, it is recom-
mended to apply them simultaneously to obtain information on the ecological state of
surface waters in relation to possible causative factors, such as toxic pollution.
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Abstract. A series of bioassays with fish was developed in order to evaluate toxicological aspects of polluted
rivers in The Netherlands. A long term exposition of trout to riverwater under standardized conditions
enables the detection of pathological effects such as growth retardation, liver and kidney enlargement
and changes in clinical blood parameters. Bioaccumulation of heavy metals and organochlorine compounds
can also be measured. Embryo-larval tests with trout were less suitable, because of yearly variations in egg
quality. In the near future, sister chromatid exchange (SCE) assays in vivo with Nothobranchius may
become available for the detection of mutagenic effects. It was possible to measure trends in toxicological
quality of Rhinewater with these tests. However extrapolation of results to ecosystems and tracing of the
causes of changes occurring in waterquality are still problematic.

1. Introduction

In the past decennia, many aquatic ecosystems, and Dutch rivers in particular, have been
burdened with various kinds of pollutants. Most of the time such pollution is monitored
by chemical measurements. However, chemical monitoring does not allow detection
and quantification of adverse effects on aquatic organisms. Only a small part of organic
compounds can be isolated from water and identified with present gaschromatographic
and mass spectrometric techniques (Van der Gaag et al., 1982; Noordsij et al., 1982).
Most compounds identified in river water in The Netherlands occur at concentrations
below the ‘no toxic effect’ levels stated in literature. Also limited data are available on
joint toxic action of different substances. Therefore, it seemed worthwhile to investigate
whether bioassays with aquatic organisms are needed to obtain more information on
effects of pollution on the aquatic environment.

In order to detect and quantify possible adverse effects on fish of polluted river waters
in The Netherlands, a number of bioassays has been investigated or developed in our
laboratory. The primary aim of this research was to be able to observe toxic effects in
raw water sources for drinking water preparation. In this paper the background and a
number of results of this research are discussed, with special attention for the possibilities
to use these bioassays for the evaluation of aquatic ecosystems.

* Paper presented at a Symposium held on 14 and 15 October 1982, in Utrecht, The Netherlands.
** Present adress: Shell International Petroleum Maatschappij, Medical and Toxicological Division, the
Hague, The Netherlands.
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© 1983 by D. Reidel Publishing Company.
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2. Experimental Set-Up

In all experiments fish exposed to river water were compared to control fish reared under
similar conditions in unchlorinated groundwater of optimal quality. In order to detect
effects of water quality on different parameters, test conditions have to be standardized,
with respect to continuous water supply, aquarium dimensions, feeding, temperature
and oxygen saturation. Most of the bioassays described in this study were carried out
at the KIWA-Toxicological laboratory in Nieuwegein, where Rhinewater was con-
tinuously available (Poels et al., 1980).

Sublethal influences of environmental factors can be measured at different levels in
organisms. Growth, reproduction and teratogenicity can be monitored in whole animals.
Measurements of relative organ weight, enzyme activity, clinical parameters in blood
and bioaccumulation as well as histological examination can be carried out in different
organs. They give information on specific organ activities, stress and fate of non
biodegradable compounds. DNA damage or chromosomal aberrations can be measured
at cellular level and are an indication for the presence of mutagens. The determination
of all these parameters could be possible in one long term experiment. For practical
reasons however, the different measurements have been divided into three standardized
assays, allowing shorter test durations:

(1) a long term exposition (24 weeks) of yearling trout (Salmo gairdneri, Rich.),
including measurements of growth, relative liver and kidney weight, blood parameters,
identification of accumulated organohalogens and heavy metals. This assay was derived
from the long term test described by Poels et al. (1980).

(2) an embryo-larval bioassay with trout (6 to 10 weeks) for measurements of
mortality, embryonic development, growth and teratogenesis (Van der Gaag unpubl.).

(3) a DNA-damage test with mudminnows (Umbra pygmaea) or Nothobranchius
rachowi by measurement of sister chromatid exchange (SCE) frequency (Alink et al.,
1980; Van der Hoeven et al., 1982).

3. Longterm Toxicity Tests

3.1. LONGTERM TOXICITY TESTS ON WATER OF THE RIVERS RHINE AND MEUSE

Compared to control, rainbow trout exposed to water from the Rhine showed retarded
growth, increased relative weight of both liver and kidney, and lowered haematocrit
(Table I). These effects were observed during experiments in 1975/°76 (Poels, 1978;
Poels et al., 1980) as well as in 1981/°82, but their impact was stronger in the first series
of tests. Accumulation of organohalogens in adipose tissue was also higher in 1975/°76
than in 1981/°82, while a larger number of different compounds was identified in 1975
(DDT, TDE, PCB’s, penta- and hexachlorobenzene and dieldrin) than in 1982 (penta-
and hexachlorobenzene, pentachlorothioanisol and y-HCH) (Table I). Other effects
which occurred after longer exposure in 1975 (increased blood glucose levels after
6—8 months, atrophy of hepatocytes, histological changes in the spleen after 15 months)
were not observed during the 24 weeks experiment in 1981/°82. Evaluation of effects
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TABLE 1

Summary of a number of parameters measured in trout exposed to water of the rivers Rhine
and Meuse for 24 weeks

Rhine Meuse
1975/76 1981/82 1981/82
Average waterflow (m3/s) 1600 3800
(Lobith)
Growth
length -22%® - 8%*® - 7%*
weight -36%*? -22%® - 18%2
Relative liver weight + 5492 +21%2 ns
Relative kidney weight +309%2 +20%® ns
Hematocrit -28%2 -13%=® ns
ZOCI® (mg/kg fat) 9.4 24 0.7
2 p<0.01.

® Sum of organochlorine compounds accumulated in adipose tissue.
ns: no significant change.

detected in long term tests over a period of eight years (Poels and Strik, 1975; Poels
et al., 1980 and this paper) point to a gradual improvement of Rhinewater quality with
respect to chronic toxic effects in trout. Whether this is associated with improved waste
water treatment or with increased dilution due to a higher river flow (Table I) is not yet
clear.

Next to the evaluation of water quality trends in time in one water body, a comparison
of two rivers is also possible. In 1981/°82 the standardized 24 weeks assay was also
performed in water of another important river in The Netherlands, the Meuse. The water
of this river showed a different effect, resulting only in a significant growth retardation
and a slight accumulation of organohalogens (Table I). This indicates that the quality
of Meuse water with respect to chronic toxicity to fish was at that time better than that
of Rhinewater.

3.2. GROWTH RETARDATION

Growth retardation is the first chronic toxic effect that can be detected in long term tests
with trout exposed to river water. It is the resultant of all small adverse effects that
cannot be measured as such. Therefore it is not possible to indicate which (group of)
compound(s) is responsible for this effect. However, growth is a very sensitive and
accurate parameter under standardized laboratory conditions, and therefore very
suitable for quantification of water quality trends over a number of years. One of the
adverse effects of growth retardation may be a lowered offspring production, as the
egg production of female fish is directly related to their body weight (Weatherley, 1972).
However, field studies conducted by Slooff and de Zwart (1983) revealed that a com-
pensation occurred in bream from the Rhine, due to production of a larger number of
smaller eggs.
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3.3. LIVER ENLARGEMENT

Increased relative liver weight (RLW) in fish has proven to be a specific effect of
Rhinewater over a number of years, both in laboratory (Poels and Strik, 1975, Poels
et al., 1980) and field studies (Slooff and de Zwart, 1983). Liver enlargement is accom-
panied most of the time by an increased metabolism of lipophilic xenobiotics or by toxic
effects on liver functions (Schulte-Hermann, 1974). In order to obtain more information
on the causes of RLW increase, the activity of aminopyrine N-demethylase (APDM)
was monitored in livers of trout exposed to Rhine water.

In a first series of experiments, specific APDM activity (maximal capacity) was
lowered by 20 to 309 after exposure to Rhinewater for 6 to 18 month (Poels, 1978).
Using an improved method, APDM activity was also measured in following tests at low
substrate concentrations, more representative of intracellular situations. The enzyme
activity was assayed on the day the fish were killed, at the same temperature as that of
the water in which the fish were reared (16 °C). This is to be prefered when enzymes
of poikilotherms are assayed (Hochachka and Somero, 1971; Bouck et al., 1975). The
APDM activity at low substrate concentration was calculated according to Cornish-
Bowden and Eisenthal (1974).

Within two weeks, activity of APDM at low substrate concentrations in trout exposed
to Rhine water was 389, higher than in control animals (p < 0, 05, Figure 1). At the
same time, the specific activity was lowered by 12%,. These observations would indicate
that both toxic effects (lowered specific activity) and adaptation (increased substrate
turnover at physiological concentrations) are involved. It is not possible to indicate at
this stage whether specific activity inhibition of N-demethylase (this paper) or induction

Fig. 1 Specific activity and activity at low substrate concentrations of aminopyrine N-demethylase after
a 15 days exposure to Rhine water.
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of other enzymes (Slooff and Van Kreijl, 1982) are predominantly responsible for the
liver enlargement observed in Rhinewater fish. Such a simultaneous occurrence of
enzyme induction and inhibition in fish exposed to complex effluents has also been
observed at other sites (Forlin and Hansson, 1982).

Another aspect of liver enlargement is that much knowledge is available about
compounds which can induce this effect. One class of such substances consists of
organohalogens which are known to be accumulated in adipose tissue. Many of these
compounds were detected in adipose tissue of trout exposed to surface waters in the
past years. A certain relation seems to exist between the amount of organohalogens
accumulated in adipose tissue and the differences in RLW between exposed and control
fish (Figure 2). This indicates that bioaccumulating organohalogens contribute to an
increase of RLW as observed in river waters in The Netherlands, probably together with
many other compounds which can also induce this effect.
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Fig.2 Relation between the sum of bioaccumulated organohalogens in adipose tissue (£OCI) and the
difference in relative liverweight as a percentage of body weight (RLW) in fish reared in polluted water and
control water.

4. Embryo-larval Test

The embryonic and larval development in fish are known to be more sensitive for toxic
compounds than later life stages (McKim, 1977). As a complement of long term tests,
short term embryo-larval tests with trout were also carried out in Rhinewater each year
in January between 1977 and 1982. Yearly variations in egg quality resulting in differences
in control mortality do not allow quantitative comparisons. However, an improvement
of Rhine water quality can be demonstrated with this test over the five year period
(Figure 3).

In 1977 mortality rates of trout eggs were higher in Rhinewater than in control. This
increased mortality mainly happened during the early embryonic development
(5-10 days after fertilization) and during the sac-fry stage (28—35 days after fertilization)
(Figure 3). In 1978 no differences were found in mortality in the embryonic stage, but
larval mortality was still higher (Figure 3). Higher embryonic mortality was only found
in following years when eggs were hardened in Rhinewater (Figure 3), a procedure which
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Fig. 3 Mortality of embryo’s and larvae of trout in Rhinewater and control from 1977 to 1982.

was not followed in 1977 and 1978. From 1980 onwards, the differences in larval
mortality between Rhinewater and control were small and not significant. Similar yearly
quality variations of egg batches also interfere with an accurate determination of
teratogenic or epigenetic effects. Moreover, no teratogenic effects can be scored in dead
eggs. As dead eggs could represent a large part of teratogenic effects, comparisons
between groups with different egg mortality are difficult. However, one type of effect,
pugheadedness, occurred at a high rate in Rhinewater. The fish concerned had a
distinctly shorter upper jaw compared to the lower jaw, while both jaws normally have
the same length. In 1981 this effect was observed in 11%, of the fish that hatched after
incubation in Rhinewater. No such defects occurred in control. Similar effects have been
described in bream in the Rhine and in trout and pike exposed to dioxin (2, 3, 7, 8
TCDD) (Slooff, 1982; Helder, 1982). Whether dioxins or related compounds are
responsible for the effects found in Rhinewater is not known.

5. Mutagenicity Assays with Fish

The last type of assay involved is aimed at the specific group of genotoxic pollutants,
i.e., those compounds which cause DNA damage or mutations. Two techniques are in
use to evaluate chromosomal damage in fish in vivo, either monitoring of chromosomal
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TABLE II

Induction of sister chromatid exchanges (SCE) in gill tissue of Umbra (January 1978) and Nothobranchius
(November 1981) after exposure to Rhinewater

Test Group Number Number of SCE/frequ.
of fish chromosomes chromosome

1978 control 10 3123 0.050 + 0.013
Rhine 6 2416 0.128 + 0.023
(3 days)
Rhine 5 2317 0.155 + 0.021
(11 days)

1981 control 4 599 0.055 + 0.026
Rhine 4 1739 0.104 + 0.018
(7 days)

aberrations (Kligerman et al., 1975; Prein et al., 1978; Hooftman, 1981) or sister
chromatid exchange (SCE) frequencies (Kligerman and Bloom, 1976; Alink et al., 1980;
Hooftman and Vink, 1981; Van der Hoeven et al., 1982).

The latter technique was chosen for a number of experiments in which either
mudminnows (Umbra pygmaea) or Nothobranchius rachowi were exposed to Rhinewater.
Both in 1978 (Alink et al., 1980) and in 1981 (Van der Gaag et al., 1983), a significant
increase in SCE frequency was found after a short stay in Rhinewater (Table II). Umbra
is not very well suited for routine screening because of its poor availability and its
relatively low mitotic index (Hooftman, 1981; Van der Hoeven, 1982). Nothobranchius
rachowi offers better possibilities. But a number of problems associated with suboptimal
sister chromatid differentiation staining, are still being investigated in order to obtain
a routine test. Aceurate evaluation of the possibilities of the Nothobranchius-SCE test
will take place when these problems have been solved.

6. Evaluation

Evaluation of the bioassays presented in this paper can be separated in two different
parts, depending on the aim of the investigation.

If the aim is to give objective parameters in order to evaluate trends in toxicological
aspects of a watertype, these bioassays can be useful monitoring systems. Toxic effects
of a specific waterbody with a certain pollution load seem to be rather stable over a
number of years, such as was demonstrated for Rhinewater. From 1974 to 1982, a
similar pattern of altered parameters was observed. This included embryonic mortality,
growth retardation, liver and kidney enlargement, low haematocrit and bioaccumulation
of organochlorine compounds in adipose tissue. Over these years the intensity of
changes in the different parameters decreased, suggesting a quality improvement of
Rhinewater. However the toxic effects of Rhinewater are still more severe than in
Meusewater. This suggests that a quantitative routine monitoring of toxic aspects of
polluted waters is possible. The long term test with trout is particularily suitable for this
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purpose, and can possibly be supplemented in the near future by the SCE-test in
Nothobranchius.

However, a number of difficulties arise when extrapolation of test results is needed,
in order to evaluate effects of toxic contaminants on ecosystems. A number of similar
effects were found in laboratory and field studies of Rhinewater, such as higher mortality,
growth retardation, liver enlargement and even some teratogenic effects (Slooff and
de Zwart, 1983). However, it is not excluded that environmental factors could
compensate for toxic effects in the ecosystem. Until such aspects have not been subject
of further study, it is advisable to remain careful when laboratory results of the present
bioassays are used for evaluating the influence of pollutants on ecosystems.
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1. Introduction

Man-made air pollution comes from many sources. By far the most important are the
stationary and mobile combustion processes, being responsible for most of the sulphur
dioxide and nitrous oxides and for the photochemical pollutants in the atmosphere. A
great variety of less common pollutants originates in industry and agriculture. Amongst
the latter are: fluorides, heavy metals and polychlorbiphenyls (PCB’s). Agriculture
contributes pesticides, fertilizers, manure and ammonia (bio-industry!) as polluting
agents.

Air pollutants may spread over hundreds and even thousands of kilometers, depend-
ing on meteorological circumstances, especially wind direction and speed. It is therefore
important to establish a monitoring network over large areas, e.g. a whole country, in
which the most important air pollutants are measured chemically. Beside chemical
measurements biological evaluation of the situation is desirable. For this purpose
biological indicators are used. Mostly plants are preferred as several plant species or
cultivated varieties as well as mosses and lichens appear to be much more sensitive to
most air pollutants than man and animals. Exceptions are hydrogen sulphide (H,S) and
carbon monoxide (CO).

2. Types of Bio-Indicators

Grodzinski and Yorks (1981) distinguish three main categories of bio-indicators:

- True indicators, in which the degree of pollutant-incited damage is related to
morphological and/or physiological symptoms in one selected species.

- Scales of indicator species, relating the level of air pollution to the presence or absence
of sensitive species.

- Accumulators or collectors, being plant or animal species acting as a quantitative
collector and/or accumulator of air pollutants.

3. True Indicators

Some higher plants appear to possess a more or less specific susceptibility to certain
air pollutants. Symptoms caused by such components can be distinguished and
measured, also under field conditions. If one uses standardized plants, grown in special
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containers, unnecessary variation in the effects to be studied can be prevented. Thus
it is possible to monitor, on a local, regional or national scale, the biological effects of
certain air pollutants. This has been done e.g. in The Netherlands for the last twenty
five years, first only on a local basis, later nationwide. This appeared to be important
as a warning for possible damage to natural or cultivated plants and for raising the alarm
for possible risks to man, animals and materials by specific air pollutants to which plants
are much more sensitive than animals (Posthumus, 1982). It is essential that all
fieldwork is supported by careful laboratory work, including fumigation of plants in
special fumigation chambers with known concentrations of pollutants during shorter or
longer exposures. In fumigation experiments one can also investigate the influence of
combinations of pollutants, which may lead to the discovery of synergistic effects. As
in the field the presence of more than one pollutant will be the rule rather than the
exception, bio-monitoring is an essential addition to chemical monitoring.

Strange reactions of plants have been found as the first symptom of the presence of
an (unknown) air pollutant. A classical example of this is the severe damage in
Californian spinach fields in the fourties. Haagen Smit ez al. (1952) could prove that this
was due to a new (photochemical) type of air pollution, mainly derived from exhaust
gases of automobiles. Later the new pollutant appeared to be ozone. In 1965 the
syndrome of another photochemical product, peroxyacetylnitrate (PAN), originally
described in California, was found on a local scale in The Netherlands. Under very
exceptional weather conditions damage to a number of crop plants by PAN or similar
oxidants may still occur, as e.g. in September 1982. For that reason special indicator
plants for PAN or related oxidants (e.g. Urtica urens) are being used beside those for
SO,, HF, ozone and ethylene, in the national monitoring network of The Netherlands.

Lichens are very susceptible to air pollution, especially SO,. Here also differences in
susceptibility exist among the various species (Skye, 1968; de Wit, 1976). In the papers
of Posthumus and de Wit the true indicator plants and to a certain extent the accumulator
plants are treated in more detail. A special type of true indicator is common maple (Acer
pseudoplatanus). The leaves of it are frequently infested by the fungus Rhytisma acerinum,
causing so-called tar spots. As this and many other fungi are susceptible to sulphur and
SO,, reduction of the number of tar spots is directly related to the annual average
SO,-concentration (Bevan and Greenhalgh, 1976).

Animals are seldom used as true bio-indicators for air pollution (Newman, 1975).
Recently André etal. (1982) used the bark mite Humerobatus rostrolamellatus as
indicator for SO, in Belgium. After one week the mortality of adult mites in small glass
tubes covered by a screen, correlated very well with the average SO,-concentration in
the suburbs of Brussels during that period. Mortality varied from 0 to 499,.

Special mention should be made of the work going on in Czechoslovakia, where
changes in the physiology of animals are used to indicate the influence of air pollution
near factories. The hemoglobin content of the blood of hares was significantly lower in
industrial areas and the pH of the urine was higher (8.5) near cement works and lower
(3.4) near a SO,-emitting factory (Novakova, 1968), than those in non-polluted areas.
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4. Scales of Indicator Species

As not all plant species possess the same susceptibility to a certain air pollutant and
as their reaction to various air pollutants often is diff