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Chapter V

CADDISFLIES (TRICHOPTERA: HYDROPSYCHIDAE) USED FOR EVALUATING
WATER QUALITY OF LARGE EUROPEAN RIVERS

Abstract
In many European rivers, biodiversity has declined dramatically, and especially riverine
insects have disappeared during the past decades. It remains unclear whether poor water
quality or deteriorated habitats are limiting the distribution of sensitive aquatic insects in these
rivers. The aim of this study was therefore to find out if water quality alone is limiting the
distribution of these insects in rivers that have suffered from anthropogenic disturbances. To
this purpose, caddisflies of the genus Hydropsyche, which are representative riverine
insect species, were incubated in two large European rivers, the Rhine and the Meuse.
Survival of caddisflies in the River Rhine was fairly high, while there was almost no
survival in the River Meuse in three out of five field experiments. The incubations of
Hydropsyche in the River Meuse provide evidence that even adequate structural habitat
would be insufficient for the re-establishment of Hydropsyche species. The factors limiting
the distribution of Hydropsyche species change with the changing constitution of the water:
there is not one (group of) compound(s) responsible for the poor water quality. Besides
chemical factors, physical factors (like oxygen and current velocity) may be limiting in the
River Meuse for Hydropsyche species.
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Introduction
In many European rivers, water quality as well as structural habitat have been affected
tremendously during the past decades (Admiraal et al., 1993). Consequently, the
biodiversity in these river ecosystems has declined dramatically, and especially riverine
insects have disappeared (Bournaud etal., 1996). The return of several riverine insects to
the River Rhine (Van Urk et al., 1990; Bij de Vaate and Oosterbroek, 1992) could
therefore be seen as an indication of the improvement of the environmental conditions.
There is, however, disagreement on which exact factors have improved to such an extent
that the environmental demands were met for these riverine insects (Van Urk ef a/., 1993
vs. Engels er al., 1996 vs. Neumann, 1990). In general, it remains unclear whether poor
water quality or deteriorated habitats are limiting the distribution of sensitive aquatic insects
in disturbed European rivers. Although studies on benthic community structure are accurate
indicators of overall environmental conditions (Metcalfe, 1989; Roux etal., 1993), these
studies are unable to distinguish between habitat quality and water quality.
The aim of this study was to examine if water quality alone is limiting the distribution of
riverine species in rivers which have suffered from anthropogenic disturbances. By
incubating test species in experimental cages in the field, possible adverse effects of poor
structural habitat will be excluded. In addition, the species are free of interspecific
competition and/or prédation and other field complications due to crowding (Bitterman etal.,
1994).

Caddisflies of the genus Hydropsyche, which are representative riverine insect species,
were incubated in two large European rivers, the Rhine and Meuse. In spite of a
substantial improvement of the water quality (Hendriks, 1994), only two Hydropsyche
species have returned to the lower Rhine (Higler, 1995), while there were originally six
Hydropsyche

species inhabiting this river (Engels etal., 1996). Recently, some

improvement of the water quality of the River Meuse was also indicated. In bioassays,
performed in 1994 and 1995, Meuse water hardly affected the zebra mussel Dreissena
polymorpha (Stuijfzand et al., 1998), whereas in the early nineties, filtration rates of this
species were dramatically decreased when exposed to this river water (Kraak ef a/.,
1994). Nevertheless, the caddisfly genus Hydropsyche is rarely found in the polluted
stretch of the River Meuse (Ketelaars and Frantzen, 1995), although it used to be widely
distributed in this river (Klink, 1985). Therefore, Hydropsyche species were selected to
gain insight into which factors hamper the distribution of aquatic insects in recovering large
rivers. The zebra mussel Dreissena polymorpha was simultaneously tested, for
comparison with previous results.
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Materials and Methods
Caddisfly larvae
Caddisfly larvae of the genus Hydropsyche were collected in a tributary of the River Rhine,
the River Erft (near Cologne, Germany). The larvae were removed gently from stones,
and were placed on wet tissues in plastic containers (500 mL). Each box contained 25
larvae at maximum. The containers were placed in a coolbox, which was kept cool with ice
or frozen elements. During transportation from the River Erft to the laboratory, no mortality
of the larvae occurred.

current

Fig. 5.1. Experimental set-up for in situ exposure of Hydropsyche larvae. The set-up
was derived from Vuori (1995).

Immediately after arrival, 120 (experiment A, B, C) or 180 (experiment D, E) fifth instar
larvae were distributed randomly over 6 PVC tubes (length: 35 cm, 0 : 1 2 cm) (Fig. 5.1).
In the last two experiments (D, E), 15 individuals of two Hydropsyche species were placed
in each tube, separated by a septum. (The septum was placed parallel to the current flow.)
After distributing the larvae over the tubes, the remaining collected larvae were kept in
alcohol (70%), in order to definitively identify the caddisfly species afterwards (Table 5.1). It
is assumed that the ratio between the identified species is representative for the exposed
caddisfly larvae in the tubes.
In the tubes, larvae were able to settle and build nets on artificial substrate (a plastic
doormat, with bristles standing out). The tubes were placed in an aquarium, containing
water from the River Erft. Gauze (mesh size: 1 mm) was placed at both ends of the tubes, in
order to let the water flow through. The current flow in the aquarium was generated by
aquarium pumps, and oxygen was supplied by airstones. Throughout the acclimation
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period (4-6 days), the temperature was gradually adjusted to the temperature at the
experimental sites. The temperatures of the Meuse and Rhine were approximately similar,
and the temperature of the Erft was usually approximately 5° higher than in both rivers.
The temperatures in Meuse and Rhine on the day of the start of the experiments varied
from 4 - 2 1 °C.

Table 5.1. Identification of Hydropsyche larvae collected in the River Erft (Germany) in
1996.

sample date

species

H. angustipennis

A

B

C

D

E

23-Feb

19-Apr

24-May

8-Aug

11-Dec

86%

71%

48%

50%

H. siltalai
H. exocellata

48%

100%

14%

29%

2%

50%

2%

H. pellucidula

Table 5.2. Number of Hydropsyche larvae at the start of the experiments in 1996.

start experiment

tube

Lobith

Eijsden

A

B

C

27-Feb

23-Apr

28-May

D
14-Aug

E
16-Dec

1

2

1

2

I

20

19

20

15

13

15

15

II

20

19

20

15

14

15

15

III

20

19

20

13

15

15

15

I

20

19

20

12

16

15

15

II

20

19

20

14

14

15

16

III

20

19

20

16

14

15

15

After the acclimation period, the larvae in the tubes were counted, and if there were dead
larvae or pupae, these were removed. The actual numbers of larvae per tube, on the day
of the start of the experiment, are listed in Table 5.2. There was almost no mortality, and in
experiment D only, some larvae had turned to pupae during the acclimation period. Since
most larvae had spun nets and built cases between the bristles during the acclimation
period, it is assumed that the artificial substrate was sufficient for the caddisflies.
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For in situ incubations, six tubes were transported in two coolboxes, containing Erft water.
The temperature of the water was approximating the temperature at the experimental site.
The transport time was 21/2 h for both river sites, and took place simultaneously. At the
experimental site, the tubes were connected to a floating tube, by two metal pens (Fig. 5.1).
This way, the larvae were kept at 65 cm depth. This experimental set-up was derived from
Vuori (1995). The tubes were tied to the observation platforms of RIZA (the Institute for
Inland Water Management and Waste Water Treatment) at Eijsden and Lobith, parallel to
the water current.
Survival was counted weekly. Besides the surviving larvae, the number of dead larvae
were counted, as well as the number of pupae. The experiments lasted three weeks, or
shorter, in case of extreme high mortality of either species at one of the experimental sites.
Zebra mussels
Zebra mussels (Dreissena polymorpha) were collected at Lake Markermeer (The
Netherlands). The mussels were picked from stones, and transported in a bucket with Lake
Markermeer water. Immediately after arrival in the laboratory, the lengths of the mussels
were measured, ranging between 1.5 and 2.5 cm. The mussels were distributed over 8
(experiment B) or 6 (experiment D,E) cages. Per experiment, the average length of the
mussels did not differ between the cages. Cages consisted of two colanders ( 0 : 24 cm),
which were placed on top of each other. In each cage, 20 mussels were placed on a tile.
The tile was tied to the cage, in order to prevent movement.
The cages were placed in aquaria, containing Lake Markermeer water. Oxygen was
supplied by air stones. The mussels were allowed to acclimatize for 1-3 days, during which
they were able to attach to the tiles. After the acclimation period, the mussels were counted.
In all experiments, all mussels survived the acclimation period. The caged mussels were
placed in polypropene containers, containing Lake Markermeer water, and were
transported simultaneously with the caddisfly larvae. The cages were tied to the
observation platforms of RIZA at Eijsden and Lobith.
Survival was counted weekly. It was noted if dead animals had suffered from mechanical
damage (broken shell).
Site description
Caddisfly larvae and zebra mussels were exposed in the rivers Meuse (at Eijsden, which
is located at the Dutch/Belgian border) and Rhine (at Lobith, which is located at the
Dutch/German border) (Fig. 5.2).

71

CHAPTER V

Fig. 5.2. Map of the Dutch section of the rivers Rhine and Meuse, presented with the
experimental sites Lobith and Eijsden, respectively.

Both Meuse and Rhine are large rivers, but have several different characteristics. The
Rhine has a higher water discharge than the Meuse (Table 5.3). The Rhine shows a
higher conductivity; e.g., chloride and natrium levels are higher than in the Meuse. On the
other hand, ammonium and phosphate levels are higher in the Meuse than in the Rhine.
Xenobiotic contaminants like metals and pesticides also occur in higher concentrations in the
Meuse. For a more detailed overview, see the yearly reports of RIWA (1997a; 1997b).
At Eijsden and Lobith, a warning system is installed on observation platforms by RIZA.
Detected elevated concentrations of toxicants or reductions of oxygen, measured during
the period of testing, were provided by RIZA. Water discharge and current velocity data
were provided by the Directorate-General of Public Works and Water Managemant
(Limburg Directorate). It should be noted that the data reported by the alarming service of
RIZA may deviate (to a small extent) from the data in Table 5.3, since the latter are data
from a regular sampling program.
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Table 5.3. Physical and chemical parameters measured in the River Meuse at Eijsden
and in the River Rhine at Lobith in 1996 (RIWA 1997a; RIWA 1997b).

Lobith

Eijsden

n

min.

avg.

max.

n

min.

avg.

max.

water discharge (m3/s)

366

6

143

794

366

1010

1760

4360

temperature (°C)

337

2.5

14.2

26.4

345

2.2

13.2

23.2

dissolved oxygen (mg/L 02)

333

2.5

8.5

17.0

343

7.6

10.6

13.8

suspended matter (mg/L)

361

<

12.4

150

362

2.9

28.4

120

7.37

7.80

8.07

128

parameter

pH

343

7.19

7.54

8.06

348

conductivity (mS/m)

342

28

50

74

349

51

92

HC03 (mg/L)

12

120

172

232

13

149

172

205

CI (mg/L)

341

18

49

109

366

71

157

259

S04 (mg/L)

53

27

47

69

27

43

65

88

Na (mg/L)

27

14

34

57

27

45

85

127

K (mg/L)

27

2.8

4.6

6.5

25

4.2

6.1

7.6

Ca (mg/L)

25

51

70

87

27

69

82

98

total hardness (mmol/L)

25

1.49

2.06

2.53

27

2.13

2.51

2.99

ammonium (mg/L N)

53

0.15

0.90

2.25

27

0.03

0.22

0.98

nitrate (mg/L N)

53

0.93

2.92

5.11

27

2.26

3.59

4.77

total phosphate (mg/L P)

53

0.20

0.47

1.20

27

0.13

0.22

0.51

chlorophyll a (u,g/L)

52

1

12

72

26

9

57

Cd (u.g/L)

51

0.03

0.41

2.45

26

<
<

0.07

0.16

Cu (u.g/L)

52

1.8

5.0

15.9

26

2.3

5.2

7.0

Zn (WJ/L)

40

<

73

660

21

2

27

78

X6PAHBorneff(u.g/L)

6

0.03

0.09

0.17

7

0.05

0.08

0.12

AMPA (u.g/L)

12

0.28

2.15

4.00

12

0.47

0.78

1.70

atrazine (u.g/L)

13

0.05

0.18

0.48

14

0.03

0.05

0.10

diuron (u.g/L)

14

<

0.22

1.00

14

0.05

0.12

simazine (u.g/L)

13

0.01

0.07

0.30

14

0.02

0.08

parathion-methyl (u.g/L)

12

<

0.09

1.00

14

<
<
<

<

0.01

Cholinesterase inhib. (ng parathion/L)

23

<

1.19

6.40

13

<

0.20

0.39

73
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Results
During the first incubation (A), carried out in February/March 1996, the survival of
Hydropsyche larvae was very high: after three weeks in the River Rhine, 95% of the
larvae was still alive (Fig. 5.3), and in good condition (the larvae were very vivid). There
were no pupae. In the River Meuse, there was a slight, but significant decrease in the
number of caddisfly larvae after 2 weeks (2-way ANOVA, p<0.05). During this period,
there were no reports of alarming peak concentrations of toxicants in either river.

D LO
H EU

Fig. 5.3. Survival (%, with standard error) of caddisflies during three weeks of incubation
in the rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation
period: 27/2/96-19/3/96.

In experiment B, which took place in April/May 1996, 75% of the caddisfly larvae survived
one week in the River Rhine (Fig. 5.4), and 33% of the surviving larvae had turned to
pupae during this week. The ratio between H. angustipennis and H. exocellata was
approximately equal to the ratio at the start of the experiment. In contrast, in the River
Meuse, most of the larvae died (95%). The experiment in the Meuse coincided with
elevated concentrations of several toxicants: diazinon (0.6 jig/L), diisopropylether (20
jj,g/L) and ammonium (1-2 mg/L). In addition, the oxygen level was quite low during this
week (2-3 mg/L), as well as the average water discharge (57 m.3/s). The (calculated)
minimal current velocity was 12 cm/s. In the Rhine, no incidental discharges were
measured. Oxygen was never limiting; in 1996, oxygen levels were always above 7.5
mg/L (Table 5.3).
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•
•
D

dead
pupae
larvae

location
Fig. 5.4. Percentage of larvae, pupae, and dead caddisflies after 8 days incubation in the
rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation
period: 23/4/96-1/5/96.

In experiment C (May/June 1996), 37% of the H. siltalai larvae died in the River Rhine,
but still, 16% of the surviving caddisflies were found as pupae after one week (Fig. 5.5). In
contrast, all specimens died in the River Meuse. There were elevated concentrations of
diuron (1 ng/L) and trichloroethane (29.4 \iglL) measured during the incubation period in
the Meuse, while no reports were made of peak contaminations in the Rhine.

•
•
•

LO

dead
pupae
larvae

EU
location

Fig. 5.5. Percentage of larvae, pupae, and dead caddisflies after 8 days incubation in the
rivers Rhine and Meuse, at Lobith (LO) and Eijsden (EU), respectively. Incubation
period: 28/5/96-5/6/96.
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In experiment D, which was carried out in August 1996, it was possible to compare the
response of two Hydropsyche species, simultaneously exposed in the rivers. The survival
of H. angustipennis in the Rhine (74%) was again slightly decreased, as in experiment B,
and the survival of H. siltalai (62%) was again somewhat lower, as in experiment C (Fig.
5.6). The ratio of larvae that had turned to pupae in the River Rhine was also similar to the
previous two experiments (29 and 19%, resp.). However, the difference between the two
species was not significant (t-test). No reports were made of incidental contaminations in the
Rhine. In sharp contrast to the situation in the Rhine, both hydropsychid species did not
survive one week in the River Meuse; again, complete mortality took place. The mortality of
the caddisflies in the Meuse coincided with very low oxygen concentrations, which was
only 1.7 mg/L on the first day of the experiment. In addition, elevated concentrations of
ammonium (4.1 mg/L), diisopropylether (60 u.g/L), fluoride (1.3 mg/L), diuron (0.8 u.g/L)
and numerous unidentified compounds were detected in this week. The average water
discharge was only 38 m3/s, and the (calculated) minimal current velocity was 4 cm/s.

• dead
• pupae
D larvae

Fig. 5.6. Percentage of larvae, pupae, and dead caddisflies (ang: H. angustipennis, sil:
H. siltalai) after 7 days incubation in the rivers Rhine and Meuse, at Lobith (LO) and
Eijsden (EU), respectively. Incubation period: 14/8/96-21/8/96.

The last experiment took place in winter (December 1996/January 1997), during which
there were no incidental discharges reported in the River Rhine. In the Meuse however,
coaltar residues (6 identified PAHs; in total 17.5 u,g/L) and unidentified contaminants (1-12
mg/L) were measured three days before the start of the experiment. Nevertheless, the
larvae survived very well at both sites (Fig. 5.7). Even after 3 weeks, the mortality of either
H. angustipennis or H. exocellata was insignificant (0% and 6.7% in the River Rhine, and
4.4% and 0% in the River Meuse, resp.). During the experiments there were no pupae,
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which was most likely due to the low temperatures: the temperatures in both rivers had
almost reached the freezing point.

120
100

eu

|

60

D

LOang

0

LOexo

•
EU ang
F3 EU exo

3
CO

40
20

.%
' •
0

21

14

0

day
Fig. 5.7. Survival (%, with standard error) of caddisflies (ang: H. angustipennis, exo: H.
exocellata) during three weeks of incubation in the rivers Rhine and Meuse, at Lobith
(LO) and Eijsden (EU), respectively. Incubation period: 16/12/96-6/1/97.

Table 5.4. Survival (%) of D. polymorpha at the end of experiment B (1/5/96), D
(21/8/96) and E (6/1/97), at Lobith (LO) and Eijsden (EU).

experiment

location

survival (%)

st. error

B

LO

99

1.3

EU

99

1.3

LO

95

5.0

EU

92

3.3

LO

97

3.3

EU

83

4.4

D
E

In all experiments in which zebra mussels were exposed simultaneously with the caddisfly
larvae, the survival of the mussels in both the rivers Rhine and Meuse was very high
(Table 5.4). After three weeks of incubation (experiment B), only 1 out of 80 mussels died
in both Rhine and Meuse. The highest mortality was observed at Eijsden during
experiment E. This mortality was mainly caused by mechanical damage, which was
indicated by crushed shells. Apparently, the tiles in the mussel cages were still able to move
to some extent, even though they were secured to the cages. Still, mussel survival was as
high as 83% (Table 5.4).
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Discussion
Experimental considerations
The experimental set-up used to incubate the caddisflies seemed to have no significant
effect on survival, since Hydropsyche was in good condition in the River Rhine, even after
three weeks of exposure. The survival of caddis larvae in experiments B, C and D was
somewhat lower, which might indicate some stress in the set-up. However, in earlier studies
in which a comparable device was used, a high survival of controls (H. angustipennis and
H. siltalai) during experiments was observed (Vuori, 1995), suggesting that the
experimental set-up was not limiting survival. This is supported by the observation in the
present study, that a substantial part of the larvae had turned to pupae during the
experiments, which might indicate they were in good condition. On the other hand, current
velocities would have been reduced to some extent within the tubes, thereby reducing
oxygen levels as well. Vuori (1995) observed a reduction in current velocities of 27% in
the tubes compared to outside the tubes. These changes might have affected Hydropsyche.
Still, in the River Rhine, these reductions should not have been a problem for Hydropsyche
species, since the current velocities and oxygen concentrations were never limiting. This
study showed, that the experimental set-up is not only suitable for headwater streams
containing runoff from acid sulphate soils, as indicated by Vuori (1995), but is also suitable
for large river systems, containing complex mixtures of toxicants. The great difference
between responses of caddisflies in the Rhine and in the Meuse indicates that the caddisfly
test is suitable to follow ecological recovery of disturbed rivers.

Environmental conditions
The field experiments showed a striking difference between the two large rivers: the
conditions in the Rhine were always better than in the Meuse for Hydropsyche. Unlike the
tests with caddisfly larvae, the zebra mussel test was not able to discriminate between the
rivers Meuse and Rhine. In accordance with previously performed filtration rate bioassays
(Stuijfzand et al., 1998), the mussels are no longer inhibited by the water quality of the
River Meuse. The observations on the caddisfly mortality are in accordance with the
distributions in the field: a few Hydropsyche species occur in the Rhine (Higler, 1995), but
Hydropsyche species are seldom found in the polluted stretch of the River Meuse
(Ketelaars and Frantzen, 1995), where the present experiments were carried out.
Both H. angustipennis and H. exocellata inhabited the lower River Rhine in the beginning
of the century, but have disappeared in the past decades (Higler and Tolkamp, 1983;
Engels et al., 1996). Although in winter experiments the two species were doing well in the
River Rhine, and both species occur in it's tributaries, they are still absent in the Rhine. It
remains unknown why these species have not returned to this river. The observed (slight)
reductions of the larval survival in April (H. angustipennis and H. exocellata) and August
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(H. angustipennis) do not rule out that the water quality is limiting the distribution of these
species in the Rhine. Even though this river is cleaner than the Meuse, it still carries
chemical loads. On the other hand, the current habitat may not be sufficient for these
caddisflies.
The low survival of the caddisflies in the Meuse in the spring and summer of 1996,
observed in this study, implies that even if structural habitat (substrates) would be optimized,
this would not be sufficient for the maintenance of Hydropsyche in this river. It is therefore
concluded that the water quality of the River Meuse are still limiting the distribution and
maintenance of typical riverine species like Hydropsyche.
Besides the constant limitations (in spring and summer) in polluted rivers like the Meuse,
additional calamities may further affect macrofauna species. As indicated by the field
experiment carried out in April, a calamity can wipe out a population in a short period of
time. Especially species with a long life cycle, like caddisflies and mayflies, will take a long
time to recover, recolonize and maintain populations in rivers frequently suffering from
calamities.
Species specific differences
Contrary to H. exocellata, the survival of H. siltalai in the River Rhine seemed lower than
that of H. angustipennis, suggesting that H. siltalai may be more sensitive to pollution. It has
indeed been observed that H. siltalai is more sensitive to runoff from acid sulphate soils than
H. angustipennis (Vuori 1995). Different responses between the tested species could also
have been influenced by differing demands for oxygen levels and stream velocities
(Philipson and Moorhouse, 1974). H. angustipennis is the least sensitive to low oxygen
levels, followed by H. exocellata, while H. siltalai is most sensitive to oxygen deficits
(Engels, 1997). It is difficult to classify the three caddisfly species on basis of tolerance to low
current velocities, since there are large variations in observations (Tachet ef a/., 1992).
However, H. siltalai is generally found in fast running streams (Higler and Tolkamp, 1983;
Tachet etal., 1992; Joensuu and Vuori, 1993), while H. angustipennis can also endure
low current velocities (Higler and Tolkamp, 1983; Tachet etal., 1992). H. exocellata is
known as a downstream species (Higler and Tolkamp, 1983; Tachet etal., 1992). Based
on these autecological observations, it seems that H. angustipennis is most tolerant to nonriverine conditions (low current velocities, low oxygen levels), followed by H. exocellata,
and then H. siltalai. These different requirements seem to be in accordance with the results
obtained in the River Rhine.
A literature study on toxicity data (in Aquire; updated to end 1996) showed that there is
even less known about the sensitivities of the individual Hydropsyche species to toxicants
than about autecological characteristics. Not one of the chemicals (9 in total) was tested on
more than one Hydropsyche species used in this study, making it impossible to compare
their sensitivities to toxicants.
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Possible chemical and physical factors affecting caddisfly survival
Because of the lack of toxicity data for Hydropsyche (on the compounds concerned), it
remains difficult to point out the factors which had contributed to the high mortality of the
caddisfly larvae in the River Meuse in spring and in summer, especially since mixture
toxicity is likely to have occurred. Nevertheless, it is possible to link the decrease in survival
to the extremes measured in the period of testing, using literature data on (other)
macrofauna species. Although there were several elevated concentrations of toxicants
measured in the River Meuse during experiment B, it is most likely that diazinon was one of
the main causes of death. This insecticide is known to be extremely toxic at concentrations
as occurred in the River Meuse (0.6 |ig/L), especially to arthropods (Van der Geest et al.,
1997). Molluscs are generally less sensitive to these concentrations (Van der Geest et al.,
1997), and indeed, D. polymorpha was unaffected by the exposure to Meuse water. The
other two detected compounds, ammonia and diisopropylether, are not likely to have
caused the observed mortality of Hydropsyche (Williams et al., 1986; Stuijfzand er al.,
1996). The measured oxygen levels were low, but not so low that mortality could be
expected (Engels etat, 1996). Even if the current velocities and oxygen concentrations in
the tubes were slightly lower than the concentrations measured in the River Meuse (see
Experimental considerations), it is not likely that mortality took place due to these factors
(Philipson and Moorhouse 1974). However, they may have decreased the condition of the
larvae, thereby increasing the sensitivity to toxicants like diazinon.
The complete mortality of H. siltalai in the River Meuse in experiment C can not be
explained by the measured physical or chemical parameters. Both diuron (Knapek and
Lakota 1974; Johnson and Finley 1980) and trichloroethane (Le Blanc 1980; Adema and
Vink 1981; Richter et al. 1983) are not likely to be toxic at these concentrations. The
observed mortality of H. angustipennis and H. siltalai in experiment D can also not be
explained by the measured and identified chemical parameters (Knapek and Lakota 1974;
Johnson and Finley 1980; Williams et al. 1986; Camargo et al. 1992; Stuijfzand et al.
1996). However, it is likely that the low oxygen level has influenced survival. Philipson and
Moorhouse (1974) observed a severe change in ventilation rates of H. angustipennis
below 2 mg O2/L, at a current velocity of 2.5 cm/s. Negative effects were even more
pronounced at high temperatures (Philipson and Moorhouse 1974). These conditions are
comparable to the field conditions during the present experiment (which took place in
August). Therefore, it is likely that the caddisflies died of hypoxia.

The minimum water discharge (6 m^/s) in the River Meuse in 1996 was 132 times lower
than the maximum discharge (794 m3/s). These fluctuations in discharge are caused by
changes in rain fall, but are also influenced by dams, weirs (Admiraal et ai, 1993), and a
hydro-electric power station which is situated just upstream of Eijsden. It is clear that such
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fluctuations in water discharge have great impact on overall toxicity: firstly, the bulk of
toxicants that are discharged into the river will be concentrated when the water discharge is
low. When it is assumed that the daily bulk of toxicants is constant throughout the year, the
concentration of toxicants would have been more than 7 times higher during the experiment
carried out in August than during the experiment in March. Secondly, the lower the water
discharge, the lower the stream velocity, the less favourable are the conditions for riverine
insects.
The field incubations have shown that even if structural habitat (in the form of substrates)
would improve for riverine insects, these changes would not be sufficient for the survival of
these insects. Oxygen levels are occasionally too low, and toxicant levels are still too high
for hydropsychid caddisflies to return to the River Meuse and maintain stable populations.
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