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Insectss in polluted rivers: an experimental analysis

PARTT 1.
GENERALL INTRODUCTION

Thee River Rhine in Mainz, Germany (photo by the author)

"If"If we give rivers room to breathe, protect and use them wisely, and restorestore nature which has been lost, the benefits for people and wildlife are
considerable.considerable. Living rivers and their floodplains offer better flood control,
productiveproductive natural resources, flood regulation, natural purification and a
richerricher diversity of wildlife: ecologically-based river management has been
provenproven to work and it makes economic sense."
Worldd Wildlife Fund (Europe's Living River Campaign, 2000).
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LARGEE RIVERS

Riverss are the most important freshwater resource for man (Chapman,
1992).. Large rivers and their flood plains have several important
functionss (figure 1.1). Besides draining the land and carrying away the
water,, numerous economically important functions depend on the geological,, hydrological and chemical properties of our large rivers: for
example,, rivers provide shipping routes, connecting coastal ports with
ourr main cities, and hydro-electric power stations provide electricity. The
waterr is used for industrial applications, irrigation of agricultural land
andd as a main source for drinking water. Sand, gravel and clay are used
forr construction works and the flood plains as recreational and agriculturall areas (Middelkoop and van Haselen, 1999).
Butt also in terms of biodiversity, large rivers are of main importance,
despitee the intensive anthropogenic impact.
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Figuree 1.1. Services of river ecosystems
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Largee rivers and their flood plains are complex ecosystems consisting of
numerouss habitats and biotic communities (Chapman, 1992). They form
livingg areas and migration routes for many terrestrial and aquatic
organisms,, including birds, amphibians, mammals and insects. The high
levell of spatio-temporal heterogeneity makes riverine floodplains among
thee most species-rich environments known (for example Ward et al.,
1999;; Hubalek, 1999).
AA pristine and resilient riverine ecosystem has been, amongst others,
characterizedd by a high biodiversity of especially the macro-faunal communityy (Ward, 1992). Macro-invertebrates play a key role in the
dynamicc riverine food web (figure 1.2) as an important link in the
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turnoverr of organic material (Jonsson and Malmqvist, 2000). They also
providee a food source for many fish and bird species.

nutrients s
light t

Figuree 1.2. Example of a simplified model of principal carbon fluxes in riverine ecosystem,, in which the plankton and the benthos interact dynamically.

Threats Threats
"Moree t h a n one-half of the world's major rivers are being seriously depletedd and polluted, degrading and poisoning the surrounding ecosystems",, says the World Commission on Water for the 21 s t Century
(www.worldwatercommission.org).. Riverine biota are clearly suffering
fromm these threats. A century ago large river ecosystems were still
characterizedd by a high biodiversity, especially of benthic communities.
Duee to regulation of streambeds and the construction of weirs and dams,
however,, the surface area of suitable habitats for invertebrate species
decreasedd dramatically (for example Stanford et al., 1996; Kingsford,
2000;; Kondolf, 1997). Secondly, discharges of many industrial, agriculturall and domestic activities resulted in serious pollution of the water
(Admiraall et al., 1993). These threats resulted in impoverished ecosystemss with a low biodiversity in which opportunistic species are
dominantt (for example Nijboer and Verdonschot, 1997).

pagee 9

Generall introduction

Sincee this thesis focuses on water quality issues as a potential cause of
a nn impoverished riverine community, no attention will be paid to habitat
deterioration.. One should in keep in mind, however, t h a t in order to
establishh and maintain an ecosystem with natural characteristics, all
requirementss must be met, including a suitable habitat.
ImpactImpact of poor water quality on riverine

communities

Nott only the availability of suitable habitats, but also the chemical
characteristicss of the river water (including the presence of toxicants)
determinee to a great extend the presence or absence of species as well as
t h ee physiological performance of individual organisms in that river (for
examplee Leland and Fend, 1998; Chapman, 1992; Alba-Tercedor et al,
1995). .
Inn some large European rivers, the climax of pollution was reached in
thee late 1960s, early 1970s. The river Rhine, for example, was excessivelyy polluted at t h a t time (Beurskens et al., 1994; Tittizer et al., 1994).
Thiss was indeed clearly reflected in the changes in species richness
duringg the previous century: a n analysis of the development of the
benthicc macro-fauna in the 20 th century reveals a drastic decline in the
n u m b e rr of species from the mid-1950s to the early 1970s (Tittizer et al.,
1994).. In figure 1.3, the changes in biodiversity in the river Rhine during
thee previous century are presented, clearly coinciding with the changes
inn concentrations of two selected model contaminants (a metal and a
PAH). .
Thee improvement of the water quality of the river Rhine at the end of
t h ee previous century was a direct result of an increasing interest from
governments,, industries and NGOs in environmental issues. For the
Rhinee basin, this resulted in the initiation of the 'Rhine Action Program'
inn 1987, triggered by a large accidental spill at the chemical company
Sandozz in Basel, Switzerland. Nowadays the basic water quality of the
riverr Rhine has improved to such an extent t h a t no direct adverse effects
cann be revealed by standard bioassay experiments (Hendriks et al,
1994).. For other large European rivers, like for example the rivers
Meuse,, Elbe and Oder, rehabilitation is, however, until now not as
successfull as for the river Rhine (Van Dijk et a/., 1994), in spite of water
qualityy improvements.
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Figuree 1.3. Changes in number of macro-fauna species (from: Tittizer ef a/., 1994)
andd in concentrations of two model contaminants, a metal (Pb) and a PAH (BaP), in
thee river Rhine during the previous century. The toxicant concentrations are
measuredd in sediment core samples (in mg/kg) and plotted against the estimated
yearr of deposition (from: Beurskens ef a/., 1994).

Havingg solved the problems associated with high concentrations of a
relativelyy small number of key toxicants (as in the 1960s-1970s), the
questionn remains, however, if the present diffuse pollution with a wide
rangee of toxicants in low concentrations (Hendriks et al., 1994; Heemken
etet al., 2000) hamper further ecological recovery of riverine communities.
Manyy different micro-pollutants still enter the large rivers from point
sourcess and effluent discharges from domestic and industrial sources,
fromm diffuse sources and through atmospheric deposition (Chapman,
1992).. But also other compounds, like for example metals, can in some
riverss still be detected in elevated concentrations due to diffuse
emissionss (for example Rautengarten, 1993). Adverse effects of this
'cocktaill of chemicals' (mixture toxicity) on riverine biota are difficult to
determinee and are therefore at this moment hardly investigated. Even
whenn a relatively high number of compounds is measured in the river, it
appearss to be impossible to attribute the observed toxicity to specific
compoundss based on laboratory experiments (Hendriks et al. 1994). This
iss even more complicated by the fact t h a t besides toxicants, several other
variabless influence the distribution of aquatic organisms: most large
Europeann rivers are nowadays, for example, affected by eutrophication
(Vann Dijk et al., 1994). Also lowered oxygen concentrations (anonymous,
1992),, often as a result of this eutrophication, and changes in salinity
andd temperature are observed. These different environmental stressors
cann interact in a variety of ways, which are until now hardly explored. It
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is,, however, most likely t h a t such interactions influence the response of
aquaticc organisms to polluted river water ('multiple stress' Heugens et
al.,al., in press).
Too determine the potential impact of environmental contaminants in
nature,, single substance laboratory tests under favorable conditions
(optimall temperature, oxygen regime etc.) are therefore no longer
sufficient:: the presence of mixtures of chemicals and multiple stressors
inn the field h a m p e r s the translation of results from standard laboratory
testss to field situations, and insight in their joint effects is therefore
required. .
Besidess the problems associated with diffuse pollution and multiple
stressors,, there is another serious threat to riverine biota: even when the
basicc water quality and the habitats are no longer limiting the distributionn of riverine species, accidental discharges may still prevent the recolonizationn of sensitive invertebrate species (Lindgaard-Jorgensen and
Bender,, 1994; Malle, 1994; Prat et al, 1999). One of the most clear and
welll studied calamities in de last decades in the west European rivers is
thee 'Sandoz accident' in 1986 when water contaminated with pesticides
flowedflowed into the river Rhine after a fire at Sandoz in Basel (Switzerland)
causingg massive kills of aquatic organisms (Capel et al., 1988). Monitoringg of the benthic communities downstream of the spill showed t h a t
suchh a chemical disturbance may have catastrophic effects (Van Urk and
Kerkum,, 1987), despite the fact t h a t in general riverine communities are
adaptedd to cope with natural disturbances (like for example floodings;
Hendrickk et al., 1995). When t h e chemicals had disappeared from the
river,, however, a relatively rapid re-colonization by opportunistic species
occurred,, most likely due to the natural dynamics of the riverine populationss (Van Urk and Kerkum, 1987). On a longer time-scale, therefore,
nott only the concentration and kind of chemical spilled are determining
t h ee effects on biota, but also the frequency of the accidents. In this light,
alsoo smaller accidents are potentially limiting the distribution of smaller
orr larger numbers of aquatic species. Incidental peak concentrations of
toxicants,, exceeding the environmental standards, are in some rivers
stilll frequently observed. In t h e river Meuse (at the Dutch/Belgian
border),, for example, more than 100 incidents were reported by the
Institutee for Inland Water Management and Waste Water Treatment
(RIZA)) in the period 1994-1996 (Stuijfzand, 1999). The exact impact of
suchh events on the riverine communities is, however, hardly investigated.. To illustrate the potential adverse effects of such incidents, as an
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examplee a literature review was made investigating the potential impact
off an accidental spill of the insecticide diazinon in the River Meuse:
Impactt of a diazinon calamity in 1996 on the aquatic macro-invertebrates in the
riverr Meuse, The Netherlands.
(...)) In April 1996, high concentrations of the pesticide diazinon were measured in the
waterr of the river Meuse at the Belgian-Dutch border (Eijsden). Diazinon is a nonsystemicc organophosphorous pesticide used to control a broad variety of leaf eating
andd sucking insects in agriculture (Giddings etai, 1996). The maximum concentrationss measured in the spring of 1996 (ca. 1 ug/L on April 14, 0.8 ug/L on April 21
andd ca. 1 ug/L on April 28; RIZA; unpublished data) exceeded the Dutch standardd for
drinkingg water quality (RIWA-A limit; 0.02 ug/L). The actual maximum concentrations
off diazinon and the fluctuations in time are unknown, since water samples were not
takenn continuously, but only at certain time intervals. In biological warning systems
att the RIZA monitoring station at Eijsden, a change in activity of the fish Leuciscus
idusidus and the waterflea Daphnia magna was observed and consequently an alarm
wass sent out by RIZA. Despite the high concentrations and the biological alert, little
attentionn was paid to this diazinon accident.
Althoughh there are many uncertainties to take into account when determining the
ecologicall impact of the diazinon discharge and no monitoring of natural invertebrate
communitiess was carried out after the accident, it is most likely that the macro-fauna
communityy in the river Meuse was severely damaged. LC50 values for several
aquaticc species were exceeded, a high mortality in bioassays with C. riparius and H.
angustipennisangustipennis occurred and changes in activity in the biological warning systems
weree observed. It is likely that the ecological impact was even more severe than can
bee expected from the results of laboratory toxicity tests, since the diazinon peak
coincidedd with low oxygen concentrations. Moreover, the diazinon calamity occurred
inn the spring, when many species are present as sensitive first instars (Hynes,
1970).. An inventory of the structure of the aquatic invertebrate community in the river
Meusee before the accident took place (Bij de Vaate, 1995; Ketelaars and Frantzen,
1995)) showed a poor community in which opportunistic species dominate, despite
thee recent recovery of the average water quality. Recovery of such a community
afterr an accident is expected to take place within one generation, as happened after
thee Sandoz accident in 1986 in the river Rhine (van Urk et a/., 1993). Frequent accidentall discharges, a poor average water quality and the absence of suitable habitats
hamperr the rehabilitation of other species that require stable conditions. But even
whenn the basic water quality and the habitats improve as results of action programs
initiatedd under the Meuse Treaty, accidents like the diazinon discharge in spring
19966 may still prevent the re-colonization of sensitive invertebrate species in the
riverr Meuse (...)
Quotee taken from: Van der Geest er al., 1997. Neth. J. Aquat. Ecol. 30(4): 327-330.
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RIVERINEE INSECTS AND WATER QUALITY

Too answer the questions related to the present environmental problems
inn large river ecosystems, as described above, the integration of ecotoxicologicall and ecological techniques is needed (Admiraal et al., 2000).
Especiallyy since toxicant concentrations in the field are decreasing and
becausee rehabilitation programs are location specific, there is a need for
testt organisms and bioassays which can be used for ecological water
qualityy assessments. The selection of test organisms should be based on
bothh the sensitivity to stressors and the representativity for the ecosystemm of concern.
Inn the process of rehabilitation of the large European rivers measures
weree taken to allow the number of aquatic species to increase. The
numberr of riverine insects, however, is still strongly reduced when comparedd to the situation one century ago: in figure 1.4 the development of
t h ee number of species in the river Rhine during the previous century is
presented.. After a period of very low biodiversity in the 1970s, the Rhine
Actionn Program has resulted in an improved water quality and consequentlyy in an increasing number of macro-fauna species. The contributionn of aquatic insects to the benthic community in the river Rhine at
thiss moment, however, is much lower t h a n it was at the beginning of the
previouss century.
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Figuree 1.4. Number of macro-fauna species in river Rhine during the previous
centuryy (Landesamt für Wasser und Abfall Nordrhein-Westfalen, 1988).
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Althoughh the introduction of exotic species (especially of crustaceans)
mayy have contributed to these observations, we argue t h a t riverine
insects,, which are representative for pristine riverine ecosystems, could
playy a key role in assessing the ecological status of aquatic communities
andd in indicating ecological recovery. This is also supported by the Dutch
approachh to indicate ecosystem quality: in the so-called AMOEBE,
severall representative plant and animals species have been chosen, the
presencee and abundance of which (relative to a defined target situation)
shouldd indicate a intact ecosystem. For the large rivers two midge larvae
(Diptera),, one caddisfly larvae (Trichoptera) and one mayfly larvae
(Ephemeroptera)) are incorporated (Van Dijk and Marteijn, 1993), indicatingg the importance of aquatic insects for water management. In
addition,, also many biotic classification systems use the distribution of
aquaticc insects to define water and/or habitat quality (Resh, 1992).
Exampless are the widely used EPT-index, the benthic index of biological
integrityy (B-IBI; Fore et al., 1996) and RIVPACS (River invertebrate
Predictionn and Classification System; Wright et al., 1998).
Thee construction of biotic indices t h a t use riverine insects to assess
pollutionn and other anthropogenic disturbances often requires insight in
thee sensitivity of taxa. In contrast to the above, aquatic insects (and
especiallyy Ephemeroptera, Plecoptera and Trichoptera) have rarely been
includedd in standardized ecotoxicological test schemes and most sensitivityy data is based on field observations only and often highly subjective
(Metcalfe,, 1989). Consequently, the responsible environmental or
anthropogenicc variables limiting the distribution of aquatic insect
speciess are at this moment hardly known.
Thee following example demonstrates t h a t the knowledge of the autecologyy and the sensitivity to toxicants of a relatively well known aquatic
insectt species is still missing: in 1993 and in 1994 two papers regarding
thee reappearance of the caddisfly Hydropsyche contubernalis in the
Riverr Rhine were published, both giving different explanations for the
observedd distribution pattern of this species: Van Urk et al. (1993)
suggestedd that a decrease in concentrations of insecticides in the river
Rhinee was responsible for the reappearance of this caddisfly, whereas
Neumannn (1994) suggested that this re-colonization was due to the increasingg oxygen levels.
Thee lack of toxicity data on riverine insects is also illustrated in figure
1.5,, in which the number of laboratory derived LC50 values reported in
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thee U.S.EPA aquatic toxicology database AQUIRE is presented for
riverinee insects (mayflies, caddisflies and stoneflies) and the standard
testt organism Daphnia. Is it clearly shown t h a t the number of toxicity
testss using mayflies, stoneflies or caddisflies is much lower than the
numberr of tests with daphnids, especially when one considers the fact
t h a tt in figure 1.5 Daphnia represents only a few species whereas mayfly,
caddisflycaddisfly and stonefly represent complete orders. Moreover, the majority
off the tests performed with the riverine insects were done using field
collectedd larvae, while Daphnia tests use controlled laboratory cultures.

daphnia a
mayfly y
caddisfly y
stonefly y
00

100

200

300

400

500

numberr of lab derived LC50s
Figuree 1.5. The number of laboratory derived LC50 values, reported in the U.S.EPA
aquaticc toxicology database AQUIRE (AQUIRE, 2000).

Onee obvious reason for the lack of toxicity data is the difficulty of
handlingg riverine insects, like caddisflies, mayflies or stoneflies, in the
laboratory.. The most frequently used test organisms in standardized test
proceduress were traditionally selected because of their ease in culturing,
handlingg and testing (for example McCahon and Pascoe, 1988; Watts
andd Pascoe, 1996). In general, species with little demands with respect
too their habitat, are more easily kept under laboratory conditions. On
thee other hand, such opportunistic species are also likely to be more
tolerantt to changing environmental variables such as increasing levels of
toxicants.. Another complicating factor in the handling of riverine insects
likee mayflies or caddisflies is the length of their life-cycle: it takes only a
feww weeks to complete the life-cycle of chironomids (another group of
frequentlyy used test organisms) under laboratory conditions, but for univoltinee species like many caddisflies and mayflies this may take much
longer,, up to several months.
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Thee length of the life-cycle of an organism itself is an important variable
determiningg the effects on populations of organisms in the field: as
demonstratedd in many field studies, accidental discharges have more
effectss on univoltine species than on multivoltine species with short lifecycles,, because it will take at least a year before the number of individualss will increase again (for example Van Urk et al., 1993). Since
riverinee insects like mayflies and caddisflies have in general much
longerr life-cycles t h a n the standard test organisms like chironomids or
daphnids,, sensitivity data for such species would give more insight in
adversee effects of environmental contamination in the field situation.
Whenn the available toxicity data is related to the recovery times of the
correspondingg test organisms, however, again it is clear that at this
momentt only little attention is paid to species with long life-cycles (and
consequentlyy long recovery times) such as mayflies, caddisflies or stonefliess (figure 1.6).
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Figuree 1.6. Median recovery times for several aquatic species after chemical or
physicall disturbances (Niemi et al. 1990) in relation to the total number of records
(bothh laboratory and field studies, all endpoints) in the U.S.EPA aquatic toxicology
databasee AQUIRE (AQUIRE, 2000).

Inn earlier attempts to use riverine insects for water quality assessments,
field-collectedd late instars have been used (Frick and Herrmann, 1990;
Diamondd et al. 1992). The major disadvantage of this approach is the
relativee unknown and probably low sensitivity of late instars compared
too young instars (Hutchinson et al. 1998; Williams et al. 1986). Also a
continuouss supply of larvae with a known history and age is needed to
advancee the use of key species of invertebrates.
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SCIENTIFICC CHALLENGE AND OBJECTIVES OF THIS THESIS
Too u n d e r s t a n d the key factors limiting the distribution of insect species
inn rivers, a basic understanding of their dependence on water quality
variabless is needed. These variables are natural (for example oxygen
concentrations)) as well m a n made (for example toxicants). It is argued
t h a tt the questions on the distribution of species are similar in natural
gradientss and pollution gradients. Ward (1992) points to the extreme
richnesss of insect species in flowing waters t h a t is partly due to the
stabilizationn of oxygen supply and temperature. This species richness is
hypothesizedd to be lost during the downstream transition to lower rivers
a n dd lakes; environmental variations in oxygen, nutrients etc. are likely
too explain this. The loss of insect species over this gradient can be regardedd as analogous to the loss of species over gradients of man-made
perturbationss (eutrophication and subsequent oxygen depletion, toxicants). .
Thiss thesis aims to generate insight in how specialized river insects cope with large
variationss in water quality. Based on this understanding, the key environmental
standardss could be defined that allow rehabilitation of the original biodiversity in degradedd rivers. Therefore in this thesis, basic eco(toxico)logical knowledge on
representativee riverine species will be provided. Riverine insects that play a key role
inn indicating ecological recovery, as argued above, are selected as model species.
Thesee selected model species are to be developed as sensitive tools for the ecologicall management of rivers.

Untill now only a very limited number of aquatic insects, representative
forr undisturbed riverine ecosystems, can be cultured in the laboratory.
Therefore,, investments in rearing riverine insect species in the laboratoryy is needed and insight into their basic requirements and life-cycles is
too be gained. Furthermore standardized methods for toxicity testing with
thesee species are essential to evaluate the effects of environmental cont a m i n a n t s .. Such toxicity tests can then be used to determine the sensitivityy of the selected test organisms to different model toxicants or to
complexx conditions present in situ. This information is to be analyzed in
conjunctionn with ecotoxicological data from literature, in order to determinee the sensitivity of these specialized river insect species relative to
otherr ubiquitous or opportunistic organisms. In this way, the newly
developedd ecotoxicity tests may be developed as tools for environmental
riskk assessments. As mentioned before, most large rivers are nowadays
sufferingg from a diffuse pollution by a wide range of compounds in low
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concentrations,, often coinciding with sub-optimal environmental conditionss (such as low oxygen concentrations). Therefore, this thesis also
aimss to gain insight in the joint effects of chemicals (mixture toxicity)
andd multiple stressors on riverine insects. In this way, adverse effects of
environmentall relevant concentrations of contaminants can be quantifiedd and compared to field observations on the occurrence of river
insects. .

TESTT ORGANISMS

Selection Selection
Thee selection of the insect species that are used as test organisms in the
presentt study was based on two criteria: the past and present distributionn of the species in the large European rivers and the ability to keep
thee organisms in the laboratory under controlled conditions. Attempts
havee been made to develop laboratory cultures for several caddisfly,
mayflyy and midge species. Based on the results of these attempts, two
caddisfliess (Hydropsyche angustipennis;
Hydropsychidae, Trichoptera
andd Cyrnus trimaculatus;
Polycentropodidae, Trichoptera) and one
mayflyy {Ephoron virgo; Polymitarcidae, Ephemeroptera) were selected
(figuree 1.7). More information on the ecology and distribution of these
speciess is given below.

Figuree 1.7. (From left to right) larvae of the caddisflies Cyrnus trimaculatus and
HydropsycheHydropsyche angustipennis (from: Eddington and Hildrew, 1981) and of the mayfly
EphoronEphoron virgo (from: Kureck, 1996).

Ecology Ecology
Inn natural ecosystems, the case-less and net-spinning caddisflies
HydropsycheHydropsyche angustipennis and Cyrnus trimaculatus, play an important
ecologicall role as a decomposer of organic material and as a predator respectively.. On their turn, they are a food source for fish and birds.

pagee 19

Generall introduction

Caddisfliess are insects with a complete metamorphosis. The flying adult
femalee usually deposits an egg mass, containing a few hundred eggs, on
aa submerged boulder. After hatching, the larva develops through a series
off five instars. The fully developed larva constructs a stony pupal case
whichh is firmly attached to hard substrate. When the pupa is fully
developed,, it swims to the water surface where it emerges from the
pupall skin. The adult flies from the surface, ready to mate.
Inn order to filter particles out of t h e water H. angustipennis larvae spin a
nett in between hard substrates. The larvae are omnivorous; they eat
algae,, detritus and small invertebrates from their nets and occasionally
itt h a s been observed t h a t they scrape periphyton off the substrate. Nets
spinnedd by C. trimaculatus larvae consist of a silken tube, in which they
hide,, and have catching surfaces at both ends. They are usually
describedd as carnivorous, but it h a s been observed that they also feed on
plantt material.
Inn addition, one mayfly (Ephemeroptera) species, Ephoron virgo (Polymitarcidae)) was selected. E. virgo is one of the large mayfly species typical
forr large rivers and also plays a n important ecological role in natural
riverinee ecosystems. The univoltine life-cycle of E. virgo in the River
Rhinee is described in detail by Kureck (1996). The eggs of E. virgo hatch
inn spring followed by a larval stage of 3-4 months. When the larvae
reachh the sub-imago stage they swim to the water surface where they
emerge.. E. virgo adults occur in mass swarms over the rivers just after
twilightt at the end of August and the beginning of September. The males
emergee earlier t h a n the females and land on the river banks where they
moltt their sub-imago exuviae after which they return to the river to fly
horizontallyy above the water surface searching for emerging females.
Thee females remain sub-imagoes during their adult lives and are fertilizedd in flight. After mating, the female deposits two egg masses,
containingg in total 2000-3000 eggs, on the water surface. The adults die
afterr the flight period, which last for approximately one hour. The eggs
sinkk to the bottom of the river were they attach to the substrate with a
stickyy polar cap to prevent drifting (Kureck, 1996). During winter the
eggss are in diapause which is deactivated in spring by the rising
temperatures. .
Thee larvae of E. virgo live on and in the river sediment. The first instars
doo not have tracheal gills and live freely in the substrate. Later instars
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startt burrowing U-shaped-tubes in the river sediment. By generating
wavee like movements with their feathered tracheal gills a water current
iss generated through the U-tube providing oxygen and food, such as
detrituss and algae which are filtered from the water.
Theree is little known about the habitat preferences of E. virgo larvae.
Literaturee on required stream velocities and oxygen demands is not
available,, while data on the substrate requirements of E. virgo are
divergentt and all based on field observations. Schleuter (1989) observed
t h a tt a combination of fine sediment and stones was the most favorable
substratee in the River Main. In contrast, Bij de Vaate et al. (1992)
concludedd from a field survey t h a t the river sediment from which larvae
weree collected mainly consisted of sand. Tobias (1996) reported stable
layerss of clay and Gysels (1991) loamy river banks as the most suitable
substrate.. Before they became extinct in the River Rhine, Schoenemund
(1930)) reported t h a t E. virgo larvae could be found in muddy or sandy
depositionss and clay banks. In the River Rhine E. virgo larvae were
foundd by Kureck (1996) in fine sediment between groynes as well as in
thee main channel where fine sediment was obviously stabilized by
stones.. Based on all these different observations it can be concluded t h a t
thee substrate preference of E. virgo larvae is not very strict.
Distribution Distribution
Thee utility of the three selected species to monitor ecological rehabilitationn is based on their distribution in two large European rivers, the
riverss Rhine and Meuse, during the previous century. Around 1900, both
riverss had a species-rich caddisfly and mayfly fauna, but during the
previouss century the diversity of these insect species declined (figure 1.8)
(Nijboerr and Verdonschot, 1997; Van den Brink et al., 1990).
E.E. virgo was in the beginning of this century present in mass numbers in
thee Dutch rivers (Schoenemund, 1930; Albarda, 1889) but was observed
forr the last time in 1936 (Mol, 1985). It was extinct in The Netherlands
forr more t h a n fifty years until Bij de Vaate et al. recorded some larvae
nearr the German/Dutch border in 1991 (Bij de Vaate et al., 1992). A
surveyy afterwards concluded that the Rhine branches and a small part of
thee Meuse were already colonized by E. virgo (Bij de Vaate et al., 1992).
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Figuree 1.8. Number of mayfly and caddisfly species recorded in the beginning (ca.
1900)) and the end (1981-1995) of the previous century in the rivers Meuse and
Rhinee (from Nijboer and Verdonschot, 1997).

Thee colonization of the River Rhine took place in downstream direction,
probablyy starting from the River Main (Bathon, 1983). E. virgo is nowadayss present in the River Rhine (and some of its large tributaries, the
Mosel,, Main and Neckar) downstream from Mannheim where the River
Neckarr flows in the River Rhine (Schöll, 1996). The colonization of the
lowerr part of the River Meuse does probably not originate from upstream
locationss of the River Meuse, but from a branch of the river Rhine, the
Riverr Waal (Bij de Vaate et al, 1992), which is connected to the River
Meusee by a canal. Also the two caddisfly species used to be present in
thee rivers Rhine and Meuse. Originally, H. angustipennis
was widely
distributedd in small streams as well as in large rivers (Eddington and
Hildrew,, 1981), but nowadays this species is not found in the lower
reachess of the rivers Rhine and Meuse. C. trimaculatus usually appears
inn the lower reaches of large rivers, but also occurs in ponds en lakes
(Eddingtonn and Hildrew, 1981). During the previous century, however,
alsoo this species was not found in the rivers Rhine and Meuse for a long
periodd of time. Only since the last two decades of the previous century,
specimenss of C. trimaculatus were recorded again. Based on their past
andd present distribution, the three selected species are potential useful
speciess as indicators for ecological recovery of river ecosystems.
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OUTLINEE OF THIS THESIS
Too meet the objectives formulated in this thesis, a stepwise approach
withh increasing complexity and environmental relevance was chosen.
Thiss approach is reflected in the consecutive parts in which this thesis is
divided: :
EcologyEcology and handling

of riverine

insects

Inn this part, methods were developed to start and maintain laboratory
culturess of the caddisflies H. angustipennis and C. trimaculatus. For the
mayflyy E. virgo, a method was developed to collect fertilized eggs in the
field,, an keep them in the laboratory in an artificial diapause. For all
threee selected species, this ensured a continuous supply of young larvae,
withh a known history and age. Secondly, standardized short-term
ecotoxicityy tests were developed for all three species. With the developmentt of cultures and tests, two basic requirements were fulfilled,
providingg the opportunity to gain insight into the sensitivity of the testorganismss and to determine the effects of toxicants (in single exposures
orr in combination with other toxicants or water quality parameters) and
off field collected (pore)water samples in the laboratory.
RiverineRiverine insects coping with selected

contaminants

Thiss part reports on newly developed short-term survival tests with
larvaee of the three selected riverine insects, using two model toxicants,
copperr and diazinon. Copper and diazinon were selected as model
toxicantss based on their occurrence in large European rivers and differencess in mode of toxicity. Copper represents a micro-nutrient which is
essentiall for a variety of physiological processes within organisms, but
mayy become toxic at higher concentrations. Diazinon is an organophosphorouss insecticide used to control a wide variety of insects in agriculture.. Inhibition of the enzyme acetylcholine-esterase (AChE) is
consideredd to be the most important mode of toxicity.
Inn addition to the standardized experiments using mortality as the endpoint,, a short-term behavioral test using larvae of the caddisfly H.
angustipennisangustipennis
is developed. The behavioral responses were used to
determinee the adverse effects of ecological relevant doses of contaminants,, below the acute lethal effect level. By testing the different model
toxicants,, using different endpoints, basic ecotoxicological information
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forr these riverine insects will become available. This information will be
comparedd with ecotoxicological d a t a from literature, in order to determinee the sensitivity of the selected species relative to other organisms.
Inn this way, the potential role of t h e newly developed ecotoxicity tests in
environmentall risk assessments will be evaluated.
SurvivalSurvival

of riverine insects under combined

stressors

Thee extrapolation of results of single compound toxicity tests to natural
riverinee ecosystems is speculative, since aquatic ecosystems are often
pollutedd with a large number of chemicals originating from many industrial,, agricultural and domestic activities. Therefore, in the last experimentall section of this thesis, attention is paid to the effects of mixtures
off chemicals. Since adverse effects are expected below individual effect
concentrationss when compounds are present together, it is expected t h a t
moree insight is obtained in the potential effects of environmental
relevantt concentrations of copper and diazinon, by determining the joint
effectss of both compounds on larvae of the mayfly E, virgo. In addition, a
contributionn is made to the theoretical field of mixture toxicity testing: a
methodd is proposed to gain insight in the influence of differences in the
shapess of dose response relationships of the separate compounds as well
ass t h a t of the mixture on the judgment of mixture toxicity, by testing for
additivityy at different effect levels.
Inn standardized laboratory ecotoxicity tests, the adverse effects of
toxicantss are generally determined under favorable experimental conditions.. In riverine ecosystems, however, environmental conditions are
oftenn variable, therewith influencing the toxicity of contaminants. One of
thee variables in the aquatic environment of considerable importance to
benthicc communities is the oxygen concentration of the water and the
upperr sediment layers and it can be expected that, besides its direct adversee effects, low oxygen concentrations influence the response of
aquaticc insects to environmental contaminants. Since temporary low
oxygenn conditions still occur frequently on a regional scale in large
Europeann rivers, and often coincide with elevated toxicant concentrations,, the joint effect of low oxygen and the presence of toxicants is
investigated. .
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ConcludingConcluding

remarks

Finally,, in the concluding remarks, it will be attempted to evaluate
whetherr traditional ecological concepts on the distribution of species can
bee used to analyze the impacts of toxicants. The insight generated in this
thesiss on specialized river insects coping with large variations in water
qualityy will be reviewed.
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