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Satellitee photo of the Rivers Nederrijn, Waal and Maas, The Netherlands (photo by ESA/NLR)

Understandingg the distribution and abundance of species is one of the
cornerstoness of ecological science. Therefore, insight is required in the
resourcee requirements of species, their life history, intra- and interspecificc interactions and their response to environmental conditions
(Townsendd et ah, 2000). Similarly, understanding the distribution of
speciess as affected by pollution requires a specific analysis of the
parameterss determining the persistence of species in disturbed environments.. Here it will be attempted to evaluate whether traditional
ecologicall concepts on the distribution of species can be used to analyze
thee impacts of toxicants. The insight generated in this thesis on specializedd river insects coping with large variations in water quality will be
reviewed. .
Inn many studies, physical characteristics shaping differences in riverine
habitats,, are often recognized as major factors governing the distribution
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off species (for example Allen, 1995; Ward, 1992; Leland and Fend, 1998;
Rempell et al., 2000). Riverine ecosystems consist of a diverse array of
habitatss along the longitudinal axis of a river, varying profoundly in
manyy physical factors (Allen, 1995; Ward, 1992). In undisturbed lotic
ecosystemss aquatic insects (and other aquatic species) are (more or less)
predictablyy structured according to longitudinal gradients in, for
example,, current velocity, substrate composition or oxygen regime (for
examplee Hynes, 1970; Statzner et al, 1988; Charvet et al, 2000). Also
resourcee requirements of riverine organisms predict the shifts in the
relativee abundance of feeding guilds over the longitudinal profile of a
river,, as described by the river continuum concept (Vannote et al., 1980).
Thee ability of a species to maintain a viable population in its specific
riverr habitat, however, depends on its response to the prevalent
environmentall conditions (Townsend et al., 2000). The ways in which
tolerancess and requirements of species interact and match the conditions
andd resources provided by certain habitats are addressed in the niche
concept:: numerous environmental conditions together build a multidimensionall hypervolume within which a certain species can maintain a
viablee population (Hutchinson, 1959). On the large longitudinal scale of
riverss ranging from groundwater-fed streams to low-land rivers,
t e m p e r a t u r ee is, for example, considered to be a factor of major importancee in determining the distribution of species by influencing various
life-cyclee aspects (Ward, 1992). Insects can maintain viable populations
onlyy within certain temperature limits, as demonstrated for caddisflies
byy Lowe and Hauer (1999). On the other hand, an increase in the
temperature,, caused by human influences such as cooling water
discharges,, has been shown to enable the invasion of (exotic) species
fromm other climate zones (Rajagopal et al., 1999). Thus, the habitat
characteristicss and (complex interactions between) the numerous environmentall conditions add up to a set of locally defined selective forces
whichh act as 'filters' selecting certain (indigenous) species from a much
largerr pool of potential inhabitants.
C a nn the presence of contaminants also be thought of as being dimensionss in the multidimensional niche? Consequently, can the impact of
toxicantss be analyzed analogously to the analysis of natural conditions?
Sincee species specific responses of aquatic insects to different degrees of
pollutionn are apparent (chapter 2), toxicants could act analogous to other
dimensions,, like for example temperature, in defining conditions that
discriminatee the distribution of species. The absence of species in the
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severelyy polluted large European rivers in the 1960/70s and the mortalityy of aquatic organisms after the Sandoz accident in 1986 (chapter 1),
clearlyy illustrate t h a t the temporal persistence of species could indeed be
affectedd by the presence of toxicants in the field. Therefore we argue t h a t
aa disturbance by environmental contaminants, due to anthropogenic
activities,, can cause niche dimensions to vary outside of the normal
rangee or introduce previously non existing dimensions. Subsequent
shiftss in the abundance of species could be expected, therewith impairing
thee structure or functions of the riverine ecosystem. However, whereas
changess in for example current velocity, temperature, and light result in
aa (more or less) predictable annual cycle of seasonal succession of species
(Patrick,, 1975; Allan, 1995), the run-off of environmental contaminants
superimposess a large proportion of unpredictability on this regularity:
minutee changes in concentrations of chemicals, due to for example accidentall spills, could result in large changes in niches and therefore in the
dominancee of opportunistic versus specialized species. Indeed in the
presentt thesis it was demonstrated t h a t the maximum peak concentrationss of organophosphorous insecticides in the field are in the same
orderr as the observed effect levels for sensitive juvenile river insects
determinedd in the laboratory (chapter 2). Riverine insects, t h a t require
stablee environmental conditions because of their relative long life-cycle,
aree likely not able to maintain populations in rivers which are frequently
disturbedd by such accidental peak concentrations of contaminants.
Simultaneously,, this example shows that spatial and temporal aspects of
pollutionn in relation to the life-cycle characteristics of the organisms,
determinee the extend to which contaminants impair the persistence of
species.. For example, not only the concentration and kind of chemical
spilledd are determining the effects on biota, but also the frequency and
seasonall timing at which the organisms are exposed to it. Considering
thiss relationship between chemical stressors and life-cycle characteristicss of the exposed riverine species, also chemicals present during
longerr periods at concentrations below acute lethal effect levels could
preventt species to persist in certain habitats. For copper, maximum field
concentrationss do not reach acute effect levels (chapter 2), but the
averagee load in for example the river Meuse is in the same order as the
observedd behavioral effect levels for H. angustipennis (chapter 2). These
behaviorall responses are likely to reduce the fitness of organisms
(Blaxterr and Ten Hallers-Tjabbes, 1992) and therewith indicative for
potentiall life-cycle effects. Conditions t h a t are steadily sub-optimal such
ass a continuous exposure to low concentrations of copper, as well as peak
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exposuress such as pesticide spills, may therefore limit the distribution of
species.. Especially the species with a sensitivity above average and/or
speciess with relative long life-cycles are prone to local extinction.
Itt can be expected t h a t chemicals interact with each other as well as
withh other environmental conditions. Mixture toxicity is an example of
suchh an interaction: in the present thesis, experiments revealed that the
testedd model toxicants contribute to mixture toxicity below their individuall effect levels (chapter 4.1). Adverse effects in the field are, therefore,, not determined by the effects of (incidental discharges of) individual
compoundss only. In the field, mixture toxicity has indeed been demonstratedd to be responsible for adverse effects on riverine invertebrates
(Stuijfzand,, 1999). Similarly, interactions between environmental cont a m i n a n t ss and other limiting conditions can be expected. Considering
t h ee large differences in response types to these different dimensions,
suchh interactions can be expected to appear in a variety of ways: in
chapterr 4.2 it was demonstrated that the combined effect of copper and
loww oxygen is much higher than can be expected based on the effects of
bothh factors separately. Since in the field the lowest oxygen concentrationss often coincide with the highest toxicant concentrations, it was
concludedd t h a t 'multiple stress' actually occur in large rivers carrying
complexx pollution and that under such conditions adverse effects of
chemicalss on riverine biota can be unexpectedly high. Simultaneously it
wass shown, however, t h a t such interactions between multiple stressors
aree compound specific: no synergistic effects of a combination of lowered
oxygenn and diazinon were found (chapter 4.2). Similar contrasting
observationss have been reported for the effects of temperature, salinity
a n dd food availability on the toxicity of chemicals (Heugens et al., in
press).. On the other hand, there are also variables in complexly polluted
rivers,, such as elevated concentrations of nutrients or organic waste,
t h a tt may mask or (over-) compensate the response of certain organisms
too toxicants (De Ruiter and Hendriks, 1996; Dubé and Culp, 1996;
Stuijfzand,, 1999).
Basedd on the results of the experiments presented in this thesis, we
arguee t h a t in rivers suffering from a complex pollution, chemicals and
otherr environmental factors act together in re-structuring the niches of
benthicc invertebrates. This is consistent with the manifold observations
onn changing biodiversity in polluted rivers (for example Doledec et al.,
1999;; Delong and Brusven, 1998). When general ecological principles are
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usedd to put our limited understanding of the impact of pollution on
specializedd river insects in perspective, it becomes clear t h a t spatiotemporall aspects of environmental contaminants in relation to life-cycle
characteristicss of the organisms are critical in regulating the persistence
off species.

REFERENCES S
Allen,, J.D., 1995. Stream Ecology. Structure and function of running
waters.. Chapman & Hall, London, UK.
Townsend,, C.R., J.L. Harper, M. Begon, 2000. Essentials in Ecology.
Blackwelll Science Inc., UK.
Blaxter,, J.H.S, C.C. Ten Hallers-Tjabbes, 1992. The effects of pollutants
onn sensory systems and behavior of aquatic animals. Neth. J.
Aquat.. Ecol. 26: 43-58.
Charvet,, S., B. Statzner, P. Usseglio-Polatera, B. Dumont, 2000. Traits
off benthic macroinvertebrates in semi-natural French streams: a n
initiall application to biomonitoring in Europe. Freshwat. Biol.
43(2):: 277-296.
Dee Ruiter, H., A.J. Hendriks, 1996. Vormen giftige stoffen in Rijn en
Maass een belemmering voor de groei van populaties watervlooien?
H 2 00 29(6): 760-762. (in Dutch).
Delong,, M.D., M.A. Brusven, 1998. Macroinvertebrate community
structuree along the longitudinal gradient of an agriculturally
impactedd stream. Environ. Management 22(3): 445-457.
Doledec,, S., B. Statzner, M. Bournard, 1999. Species traits for future
biomonitoringg across ecoregions: patterns along a humanimpactedd river. Freshwat. Biol. 42(4): 737-758.
Dubé,, M.G., J.M. Culp, 1996. Growth responses of periphyton and
chironomidss exposed to biologically treated bleached-kraft pulp
milll effluent. Environ. Toxicol. Chem. 15(11): 2019-2027.
Heugens,, E.H.W., A.J. Hendriks, T. Reede, N.M. van Straalen, W.
Admiraal,, in press. A review of the effects of multiple stressors on
aquaticc organisms and analysis of uncertainty factors for use in
riskk assessment. Crit. Rev. Toxicol.
Hutchinson,, G.E., 1959. Concluding remarks. Cold Spring Harbour
Symp.. Quantitative Biol. 22: 415-427.
Hynes,, H.B.N., 1970. The ecology of running waters. Liverpool
Universityy Press. Liverpool, UK.

pagee 135

Concludingg remarks

Leiand,, H.V., S.V. Fend, 1998. Benthic invertebrate distributions in the
Sann Joaquin River, California, in relation to physical and chemical
factors.. Can. J. Fish. Aquat. Sci. 55: 1051-1067.
Lowe,, W.H., F.R. Hauer, 1999. Ecology of two large, net-spinning caddisflyy species in a mountain stream: distribution, abundance, and
metabolicc response to a thermal gradient. Can. J. Zool. 77(10):
1637-1644. .
Patrick,, R.P., 1975. Stream communities, in: Cody, M.L., J.M. Diamond
(eds).. Ecology and evolution of communities. Belknap press of
Harvardd University Press, Cambridge, UK.
Rajagopal,, S., G. van der Velde, B.G.P. Paffen, 1999.Life history and
reproductivee biology of the invasive amphipod Corophium
curvispinumm (Crustacea : Amphipoda) in the Lower Rhine. Arch.
Hydrobiol.. 144(3): 305-325.
Rempel,, L.L., J.S. Richardson, M.C. Healey, 2000. Macroinvertebrate
communityy structure along gradients of hydraulic and sedimentaryy conditions in a large gravel-bed river. Freshwat. Biol.
45(1):: 57-73.
Statzner,, B., J.A. Gore, V.H. Resh, 1988. Hydrolic stream ecology:
observedd patterns and and potential applications. J. N. Amer.
Benthol.. Soc. 7: 307-360.
Stuijfzand,, S.C., 1999. Variables determining the response of invertebratee species to toxicants. A case study on the river Meuse. PhD
Thesis,, University of Amsterdam, Amsterdam, The Netherlands.
Vannotte,, R.L., G.W. Minshall, K.W. Cummins, J.R. Sedell, C.E.
Cushing,, 1980. "The river continuum concept'. Can. J. Fish.
Aquat.. Sci. 37: 130-137.
Ward,, J.V., 1992. Aquatic insect ecology. 1. Biology and habitat. John
Wileyy and Sons, Inc. New York.

pagee 136

