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ABSTRACT

The fauna composition and the biomass of Ephemeroptera and Plecoptera were observed in
ameandering lowland river, a prealpine stream and a regulated river. The faunal diversity in
the regulated river was poor compared to the other two rivers due to the limnic character of
the water, specially the suspended particles floating in the water. Growth of Serratella
ignita depended mainly on the water temperature. The largest biomass of Ephemeroptera
was observed in the lowland river, whereas that of Plecoptera was observed in the prealpine
stream. The dam-regulated river produced the most biomass, composed principally of
Gammaridae. Their inorganic compounds were three times higher than those of Epheme-
roptera and Plecoptera.

INTRODUCTION

The biocenosis of a stream is determined by abiotic factors such as the slope (Ambitihl,
1959; Statzner and Higler, 1986), the sediment (Hefti et al., 1985; Reynoldson, 1987; Maier,
1994; Palmer et al., 1995), the altitude (Margreiter-Kownacka, 1990; Ward, 1994), the tem-
perature regime (Humpesch, 1980a, b, 1981; Ward and Stanford, 1982), the oxygen concen-
tration (Jacob and Walther, 1981; Jacob et al., 1984), the chemical compounds in the water
(e.g. Buikema et al., 1982; Smock, 1983; Townsend et al., 1983; Dewey, 1986; Winterbourn
and Collier, 1987) and also by biotic interactions of the organisms, specially on the trophic
level (Hawkins, 1986). The three investigated rivers, a prealpine stream, a meandering low-
land river and a dam-regulated river, have different characteristics which influence the di-
versity of the species, the growth of the organisms and also the production of the biomass.

The aim of the present study is to show the influence of physical and chemical parame-
ters on Ephemeroptera and Plecoptera, specially in the regulated river.
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MATERIAL AND METHODS
Geographical Situation

The three rivers Nessleraa, Neirigue and Petite Sarine are located in the Canton of
Fribourg (Fig. 1). The water of the Sarine river is used several times for the production of
hydroelectricity. A seventy-meter high dam near Rossens forms the Lac de la Gruyére, water
from a catchment area of about 640 km”. Some 20 m* water per second pass through the
power plant turbines 12 km downstream from the dam and the remaining water (rest water)
at 1 m* per second is released in the river bed between the dam and the hydroelectric station
and forms the Petite Sarine. One of the stations is situated near the dam (400 m downstream),
whereas the second station, Hauterive, is located 12 km downstream between a waste-water
cleaning plant and the power plant releasing the water into the Petite Sarine. The Nessleraa
and the Neirigue have a catchment area of 30 and 57 km?, respectively. Their normal water
quantity amounts to about 0.5 m? per second. However, after thunder-storms in summer, the
water level rises quickly up to 80 cm above the normal water level. The Neirigue, in
particular, experiences extremely high water occurences with 180 cm higher water levels.
The water of these two rivers joins the Sarine near Fribourg and via the Aare and the Rhine
finally empties in the North Sea.

Physical Characteristics and Chemical Properties

* The values of pH, temperature, conductivity and oxygen content were measured directly
in the field. The amounts of nitrogen and phosphorus were determined by standard procedu-
res in the Laboratory for Environmental Protection of the Canton of Fribourg.

The composition of sediment in the rivers were determined by analyzing a volume of 50
dm? at a depth of 0-30 cm from the river bottom.

Sampling of the Organisms and Their Analysis

From March 1997 to March 1998 samples were taken from four sites (Fig. 1). Sampling
was carried out by a surber sampler of 41 cm side length and a mesh size of 0.7 mm. Three
lentic and three lotic probes of 0.168 m? each were taken. The sampling was carried out up
to a depth of 20 cm in the sediment. The organisms were floated in a solution of 350 g/l
MgSO, in a flat basin, gathered and conserved in 80% alcohol for further investigations.

The organisms captured from April to November were determined principally by the
keys of Aubert (1959), Brittain and Salveit (1996), Studemann et al. (1992), Tachet et al.
(1984) and Warninger and Graf (1997).

The measurements of body length and head capsule width of Serratella ignita were car-
ried out with a binocular microscope. The measured individuals (if available at least 40
specimens) were grouped by size classes of 0.35 mm.

The biomass of Ephemeroptera and Plecoptera were determined by the dry weight (or-
ganic and inorganic compounds) after drying the probes at 100°C over four days. The ani-
mals were incinerated at 900°C for one hour, and the amount of inorganic compounds was
estimated from the ash. The determination of the biomass was carried out ten times from
April 1997 until March 1998.

RESULTS
Physical and Chemical Characteristics

The temperature regimes in the Nessleraa and in the Neirigue are comparable as well as
their oxygen contents (Table 1). The temperature in the Petite Sarine shows a different pattern
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Fig. 1. General map of the main Swiss rivers and detailed map of the four investigated localities near Fribourg. A:
Petitc Sarine/Hauterive; B Petite Sarine/dam; C: Nessleraa and D: Neirigue. The scale represents 5 km.

Table 1. Physical and chemical characteristics (mean + SD) of the stations investigated
(*measured 5 cm above ground)

Nessleraa Neirigue Petite Sarine / dam  Petite Sarine /
Hauterive
Altitude [m a.s.l.] 666 652 610 577
River slope [%o] 22 11 3 3
Water current* {cm/s] 0-95 0-120 0-60 0-115
Conductivity [uS/cm] 464 + 74 526 + 51 415 + 46 442 + 66
O, content [%] in Summer 90 96 81 84
Annual mean temperature [°C]  10.2 + 2.1 102 +2.7 8.1x26 11.6 3.0
Daily amplitude [°C]}
- Summer 12.4 - 15.1 140 - 175 102 - 11.7 14.0 = 25.6
- Winter 1.8 -49 23-43 1.3-35 -1.7-44

pH 8.0+04 7706 8.0+09 77+05




274 P. Landolt, J. Thiier, and D. Studemann

0.08

0.06

0.04

0.02

=

0 + + + + + +
S« » 0 Z L 3 «

E =
1997 1998

Fig. 2. Concentration of chemical compounds (mg/ml) in the three rivers. A: ni-
trate; B: orthophosphate; ® Nessleraa, B Neirigue, A Petite Sarine/Hauterive
and X Petite Sarine/dam.

between the dam and in Hauterive, 12 km downstream; the station upstream is under the in-
fluence of the 60 m deep lake water and the temperature at the dam reflects the lake temperatu-
re at 60 m depth (a low mean temperature and low temperature amplitudes within a year). At
the Hauterive station, after the meandering of the river in the 200 to 500 m broad canyon, the
environmental temperature influences are shown; the water temperature resembles the air tem-
perature (low winter and high summer temperatures with high daily amplitudes).

The pH, buffered by the carbonate substrate, remained slightly alcaline and stayed
stable throughout the observation period.

The mean oxygen levels in Neirigue and Nessleraa are higher than in the regulated Petite
Sarine. In winter, the oxygenation levels rise about 5% in all the rivers. The conductivity
amounts to about 500 puS/cm for the Neirigue and Nessleraa and nearly 430 pS/cm in the Petite
Sarine (Table 1).

" The amount of nitrate exceeded the Federal legal limit level of 3 mg/ml ( Federal edict
1975) once in the Petite Sarine/Hauterive (12 mg/ml in April) near a waste-water cleaning
plant (Fig. 2). Otherwise the amounts of the nitrate fluctuated between 0.5 mg/ml and 1 mg/
ml in the regulated river. They were two times smaller than the amounts in the Nessleraa and
Neirigue (Figure 2A). The amounts of nitrite were similar to those of nitrate, and the values
for ammonium never exceeded the legal limits (0.1 mg/ml) (data not shown). The amounts of
orthophosphate were generally low; in the Petite Sarine lower (less than 0.01 mg/ml) than in
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Fig. 3. Proportion (%) of different substrate classes: A: boulders (> 100 mm in diameter), B: large gravel
(20-100 mm), C: fine gravel (2-20 mm), D: sand (1-2 mm) and silt (< 1 mm) at the sampling sites NESS
(Nessleraa), NEIR (Neirigue), PS/DAM (Petite Sarine/dam) and PS/HAUTERIVE (Petite Sarine/Hauterive).

the two other rivers. The concentration in the Nessleraa was normally less than 0.03 mg/ml,
but reached 0.13 mg/ml in May. In the Neirigue however, the mean value of orthophosphate
was constantly much higher (mean value 0.08 mg/ml, Fig. 2B). The progress of the curves
for the total phosphorus were comparable to those of the orthophosphate (data not shown).

The composition of sediment in the rivers is presented in Fig. 3. Boulders represented
the major proportion in the Nessleraa and in the Petite Sarine near the dam, whereas large
gravel was the largest fraction in the Neirigue and Petite Sarine/Hauterive. Sand (0.1 to 2.3
%) and silt (0.4% to 2.6 %) were minor constituents in the investigated rivers.

Faunal Composition

The presence of insects, crustaceans, nemathelminthes and annelides were recorded and
determined from March to November 1997. Erpobdella octoculata and Helobdella
stagnalis (Hirundinea) occurred all the time in high numbers in the Petite Sarine/Hauterive,
whereas in the other stations these two species were found once. Crustacea (Gammaridae
and Asselidae) were collected all over the year in the Petite Sarine, at Hauterive.
Gammarus pulex lived also in huge amounts at the station near the dam. Gammarus
represents the big mass of the macroinvertebrates of the Petite Sarine (see section biomass),
these animals were present only sparsely in the Neirigue and Nessleraa.

The captured insects were representatives of Ephemeroptera and Plecoptera (Table 2),
Trichoptera (species from 4 to 8 families, depending on the station), Diptera (5-7 families),
Coleoptera (2-4 families) and some sparse individuals of Heteroptera (Plea sp. and Corixa
sp.) and Megaloptera (Sialis sp.).

Table 2 gives the occurrence of the representatives from March to November 1997. The
most common and abundant Ephemeroptera species was Baetis rhodani. Alainites muticus,
Baetis vernus and B. alpinus were also observed. Serratella ignita was present in all the
investigated rivers (Table 2), but the other Ephemerellidae species (Ephemerella mucronata)
was observed only once in the Petite Sarine near the dam. A large amount of young
Ecdyonurus larvae (especially E. venosus) were collected in spring, Rhithrogena
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Table 2. Genera of Ephemeroptera en Plecoptera recorded in the stations investigated from
March to November 1997 (e = presence).

Nessleraa 103 263 104 294 205 36 246 87 217 18 218 19 169 299 511
EPHEMEROPTERA
Baetis

Epeorus
Rhithrogena [ [ ° °
Ecdyonurus [} [
Heptagenia [ .
Serratella L] .
Caenis

Paralepiophlebia ° L]
Habroleptoides .

Habrophlebia °
Ephemera [
PLECOPTERA

Bruchyptera ] . . .

Protonemoura ]

Amphinemoura

Nemoura

Leuctra [ [ [
Perlodes

Isoperla [ .

Neirigue 103 263 104 294 205 36 246 87 217 |
EPHEMEROPTERA
Buetis

Epeorus
Rhithrogena
Ecdvonurus
Hepragenia
Serratella

Caenis .
Paraleptophlebia L] . . 3

Habroleptoides . .

Habrophlebia o ° [} ° . [
PLECOPTERA
Brachyptera
Amphinemoura
Nemoura
Leuctra
Isoperla
Perla [ [

oc

218 1.9 169 299 5.l
L] [ ° [ o

Petite Sarine / dam 103 263 104 294 205 36 246 87 217 18 218 19 169 299 51
EPHEMEROPTERA

Baetis [ . [} [ [} [ * . . . [ ° ° . [
Epeorus .

Rhithrogena .

Ecdvonurus . o . . . ° [} .
Serratella . [} . . . . ]
Ephemerella ]

PLECOPTERA

Brachyptera [ .

Nemoura L)

Leuctra 3

Petite Sarine/Hauterive 103 263 104 294 205 36 246 87 217 18 218 19 169 299 5.1

EPHEMEROPTERA

Buaetis . . . ) . ) . . . ° . . . . .
Epeorus .

Rhithrogena ° ° ° L] °

Ecdvonurus ) . o ] [ . o . .
Heptagenia [} [ [ [}

Serratelia ] ° . . . [ . ]
Paraleptophlebia . (] . . ]

Habroleptoides .

PLECOPTERA

Nemoura [




Biomass of Ephemeroptera and Plecoptera 7 277

N 2 O

Lo - T = B ¢ -]

10

N A ® O

) SRSt —

e
v
v
...v‘l_
| A
- _.l..v -
v
[CEa A

106 176 246 1.7 87 157 217 "18 ’ 1.9

3 s I )

bl (mm)

FRAEEFE

w Ny %S4 "

106 7.6 246 17 87 157 217718 7

-
[le]

bl (mm) * g

RN

-

L S )

367176 246 17 87 157 21718 ' 19

L

bl (mm)

_4444441

T r ¥ '
106 176 246 1.7 87 157 217 "138 4 1.9

Fig. 4. Size distribution (bl=body length in mm) of Serratella ignita larvae for each sample from June to Sep-
tember 1997 at the stations A Nessleraa, B Neirigue, C Petite Sarine/Hauterive and D Petite Sarine/dam. The
arrows represent the mean length of the larvae, and the white bars represent the presence of mature larvae.

semicolorata was abundant, too. The Heptagenia representative was the common H.
sulfurea. Both Epeorus species (E. alpicola and E. sylvicola) were observed in the
Nessleraa; in the other rivers only E. sylvicola occurred. Leptophlebiidae (Paraleptophlebia
submarginata, Habroleptoides confusa and Habrophlebia lauta) were found occasionally.

The diversity of Plecoptera genera was relatively high in the Nessleraa and Neirigue
with seven and six genera respectively. In the Petite Sarine only three genera occurred near
the dam and some individuals of Nemoura sp. were caught in April in Hauterive.
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Table 3. Dimensions of Serratella ignita nymphs (at least 15 specimens tested, mean + SD).

Nessleraa Neirigue Petite Sarine / dam  Petite Sarine /
Hauterive
First appearance July 8 June 24 August | June 17
Mean head width (hw) [mm] ‘ 1.30 1.27 1.24 1.37
Mean body length (bl) [mm)] 6.31 5.96 6.32 6.72
bl/hw (male) 4.82 + 0.55 4.63 + 0.27 5.15 + 0.52 4.70 + 0.48
bl/hw (female) 4.90 £ 0.15 5.14 £ 0.50 520 +0.28 5.00 + 0.25

Growth of Serratella ignita

The larval growth of Serratella ignita is shown in Fig. 4. The animals in the Petite
Sarine near the dam presented a synchronous growth. Their growth was slower than those of
the populations in the other stations. The maximal mean length was achieved only in Septem-
ber, the first larvae of the last instar (larvae with black coloured wing pads, also called
nymphs), appeared late at the beginning of August. The station Petite Sarine/Hauterive pre-
sented the other extreme situation: the earliest appearance of nymphs were observed already
in the middle of June but not later than the beginning of August. The most variable length of
the larvae per sample and the maximum mean length of the larvae (7.4 mm in July) also were
found in Petite Sarine/Hauterive. The maximum mean length of the animals in the Neirigue
was achieved at the beginning of July (6.24 mm), whereas in the Nessleraa specimen with
their maximum length were detected two weeks later (5.7 mm). The nymphs were observed
in the Neirigue from June to the beginning of September, in the Nessleraa concentrated on
two weeks in July.

The ratio body length to head width (bl/hw) for nymphs was always larger for females
than for males due to the smaller head width of the females (Table 3).

Biomass of Ephemeroptera and Plecoptera Larvae

Figure 5 shows the biomass of Ephemeroptera per square meter in the rivers (lentic and
lotic zones together). The Neirigue is the most productive river for Ephemeroptera with the
biomass maxima in spring (1.64 g/m?) . After the hatching of the spring species, the weight
dropped during the summer and autumn comparable to the production of other rivers. In the
winter season, an increasing number of first small and then larger individuals of Baetids and
Heptagenids was observed. The maximum amounts per square meter was 0.83 g in the
Nesslera, 0.28 g in the Petite Sarine/Hauterive and 0.39 g at the dam station. There was about
three times less biomass of Ephemeroptera collected during the ten quantitative collection
trips in the Nessleraa (2.3 g) than in the Neirigue (6.8 g). The station in the Petite Sarine near
the dam was more productive (1.8 g) than in Hauterive (1.2 g). During the summer months, the
main portion of the Ephemeroptera in the Petite Sarine were Baetidae. The general
distribution during the year is comparable between the Nesslera and the Neirigue, but the
peaks were different.

The biomass of the Plecoptera is presented in Figure 6. No prominent amounts of bio-
mass were registered in the Petite Sarine: only three samples contained Plecoptera weighting
20 mg near the dam and none at Hauterive. The highest amount of 0.33 g/m? was captured
March 1998 in the Nessleraa and 0.15g/m? in the Neirigue. The whole sampled biomass was
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Fig. 5. Biomass of Ephemeroptera in gramme per square metre (g/m?). Samplings were taken from April
1997 i}l March 1998 at the stations NEIR (Neirigue), NESS (Nessleraa), PS/DAM (Petite Sarine/dam) and
PS/HAUTE (Petite Sarine/Hauterive).

0.52 g in the Neirigue and 0.71 g in the Nessleraa. In both rivers, the main proportion resul-
ted from captures in January, February and March.

The production of invertebrate biomass in the Petite Sarine was dominated by the crus-
tacea, mainly gammarids. Up to 19 g/m? dry weight was measured in August in Hauterive
and 21 g/m? were collected near the dam. The productivity in the Neirigue and Nessleraa
was much lower, due to another more diversified fauna composition. During summer and au-
tumn, Diptera (chironomids and simulids) and Trichoptera were mainly present; the Diptera
fauna reached 1.2 g/m? in the Neirigue and 0.2 g/m?in the Nessleraa, the caddisfliés 4 g/m?
in the Neirigue and near 1 g/m? in the Nessleraa.

For Ephemeroptera and Plecoptera, the inorganic matter, equivalent to the ash weight,
reached comparable amounts of about 10% of the dry weight (Table 4). The inorganic pro-
portion was slightly higher in January than 10 weeks later, when the larvae had matured. The
proportion of ash in Trichoptera (5.3%) amounted to about half of that measured for
Ephemeroptera. For gammarids, the high content of ash (31.6%) determined in the Petite
Sarine in July reflected well the amounts measured in other probes (other stations and pe-
riods, data not shown). It was always about three times higher than those for Ephemeroptera
and Plecoptera. The comparison between the dry weight of single specimen of gammarids
with those of Ephemeroptera (e.g. Baetidae) revealed values of about five times higher the
weight of gammarids (about 50 mg for a Gammarus pulex and about 10 mg for a Baetis
specimen). The proportion of the organic material was-calculated finally to 34 mg for a
gammarid and 9 mg for a Baetis individual.

DISCUSSION

The permanent chemical charges of nitrogenous and phosphorous compounds, issuing
principally from agricultural sources, are comparable to other Swiss rivers like the Glatt,
Urnisch, Sitter, Thur, Necker, Aare, Kander or Simme (reports from the Environmental
Offices of various cantons). The values in the Petite Sarine and the Nessleraa reach the
average values measured in Switzerland, whereas the Neirigue reaches the upper limit. This
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Fig. 6. Biomass of Plecoptera in g/m2 Ten samplings were taken from April 1997 till March 1998 at the
stations NESS (Nessleraa), NEIR (Neirigue), PS/DAM (Petite Sarine/dam) and PS/HAUTE (Petite Sarine/
Hauterive).

river runs in a valley surrounded by fields highly improved by agriculture. The waste-water
purification plant just upstream from the station Hauterive in the Petite Sarine has no
measurable influence on the river when the new plant works well. The dilution of the
released cleaned water in the river amounts to about 1:50. The exceptional high amounts of
nitrate and orthophosphate on 29.4.1997 could originate from a malfunctioning of the waste-
water cleaning plant or another source such as agriculture. The chemical parameters
measured for this study are similar to those from Noél and Fasel (1985). After the system of
Klee (1993), all four stations are classified as slightly organic charged. The constant
monitoring of the rivers in the canton of Fribourg by Noél reveals a stable biotic index after
the system of Verneaux and Tuffery (1967) since 1990 (Noél’s personal communication),
indicating the stability of the situation.

The presence of species depends more on the physical properties of the biotope, such as
substrate or slope (Higler, 1987; Verdonschot, 1990), than on dissolved chemical substan-
ces. Marten and Reusch (1992) suggest that other factors, such as current velocity or substra-
te, modify or superpose the effects of waste water.

The water flow determines temperatures and oxygenation, as well as the composition and
changing events of the sediment. The low and constant velocity in the regulated Petite Sarine
differs from the characteristic of the Neirigue and Nessleraa. These rivers react with hi gh wa-
ter levels after rainfall, specially after regular thunder storms from May to September. These
events change the river course in the Neirigue-bed frequently, or at least wash out primary pro-
ducers like bacteria. In the Petite Sarine however, a black layer on the lower surface of the
stones shows the presence of reducing anaerobic bacteria, which indicates the low amount of
oxygen in this zone. This factor influences the embryonic development of deposited eggs from
macroinvertebrates and fish (Dedual, 1990). The upper surface of the stones is covered by a
centimeter-thick coat of stromatolite-like structures. These formations are produced by differ-
ent organisms, such as coccoid bacteria, cyanophytes, eucaryotic algaes and bryophytes
(Freytet and Plet, 1996). The principal composition of blocs in the Nessleraa varies only
slightly, even in high water levels, but the «cleaning-effect» happens in contrast to the Petite
Sarine. The comparable composition of the sediment in Neirigue and in the Petite Sarine/Hau-
terive on the one hand, and Nesslera and Petite Sarine/dam on the other, indicates only a mod-
est influence of the substrate on the faunal composition in these three rivers.
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Table 4. Proportion (%) of inorganic substances corresponding to the ash content in Eph
(Ephemeroptera), Plec (Plecoptera), Trich (Trichoptera) and Gammarus.

ash [%]
January 15 March 30 July 7
Eph: Neirigue 12.7 9.4
Eph: Nessleraa 12.5 10.3
Plec: Ness + Neir 12.3 10.6
Trich: Neirigue 5.3
Gammarus: 31.6

Petite Sarine / dam

The sediment composition, the water velocity and the pH values are similar at Petite
Sarine/Hauterive compared to the other two rivers. The poor fauna diversity in this station
results therefore from other factors. This is also true for the station near the dam.

The majority of Ephemeroptera and Plecoptera species are spring species in the rivers on
this altitude. In summer Baetis rhodani, Alainites muticus, Serratella ignita and Ecdyonurus
venosus have been observed. Imhof et al. (1988) showed the existence of two populations of
E. venosus with shifted developmental times in the Petite Sarine and another river near
Fribourg. The very similar genetic pattern of the populations assumes that interbreeding
between spring and autumn populations happens; that means that these populations are
partially bivoltine and larvae can be found throughout the year (Imhof et al., 1988). |

Probably, the lower oxygen content diminishes the presence of Plecoptera in the Petité
Sarine compared to the Nessleraa and the Neirigue. In the last two rivers, only Leuctra spe-
cies were captured all year. This observation agrees with those of Gonser and Schwérbel
(1985) in the Gutach-Wutach in southern Germany.

The Gammaridae have a broad spectrum of distribution but prefer to live in organic
charged waters (Engelhardt, 1974). The organic material from washed lake-sediments im-
proves their diet.

One important factor in the development of Ephemeroptera and Plecoptera is the water
temperature. The two stations in the Petite Sarine differ principally in this characteristic. A
time shift of development is generally observed for the captured macroinvertebrates as well
as for the composition of the representatives of three Plecoptera genera in the cool water
near the dam. The only single observation of Plecoptera 12 km downstream in the summer
heated water can be explained by the effect of the temperature.

The growth of Serratella ignita clearly demonstrates the influence of temperature
which was shown even in the embryonic development by Jazdzewska (1980) and the growth
of larvae by various authors (e.g. Hefti and Tomka, 1990; Riano et al., 1997; Tiunova,
1997). Larvae in the Hauterive station are caught early in the season and they mature early
too. The larval growth near the dam starts later, but runs more synchronously, and nymphs
are formed only late in the autumn. The ratio body length/head width of male and female
Serratella nymphs is clearly larger in the cool water environment than in the other stations.
The growth of §. ignita is comparable to that of the individuals in the Sense, a prealpine
Fribourg river (Hefti and Tomka, 1990).

The productivity of different individual Ephemeroptera species has been investigated
by various authors (e.g. Welton et al., 1982; Zelinka, 1984, Hefti and Tomka, 1990). The
present study presents the total biomass of all Ephemeroptera and Plecoptera species, re-
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spectively. In the Neirigue, their biomass is dominant in winter and spring months with a
maximum of 1.6 g/m?*in March. The amount in the Nessleraa at the same time is about half
(0.8 g/m?). The total dry weight of the captured Ephemeroptera amounts to 6.8 g in the
Neirigue, 2.3 g in the Nessleraa, 1.8 g in the Petite Sarine near the dam and 1.2 g in Hau-
terive. The Plecoptera are more abundant in the Nessleraa (0.71 g in ten samples) than in the
Neirigue (0.52 g). In the Petite Sarine, the quantitative captures were successful only three
times with 0.02 g at the dam station.

Elliott et al. (1988) calculated the production of the Ephemeroptera to be 25 % of the total
zoobenthos. The stoneflies do not predominate either in the Nessleraa or in the Neirigue in
agreement with the findings of Teslenko (1992). Kocharina et al. (1988) estimated the annual
biomass of the stonefly larvae in Far-East rivers to 12.6 % of the entire benthos biomass.

The negligible findings of Plecoptera and the only small proportion of Ephemeroptera
in the Petite Sarine are presumbably due to the influence of the dam. The particles suspended
in the water, issuing from the bottom of the sediments of the storage lake behind the dam, are
released constantly into the Petite Sarine and they affect considerably the fauna elements.
This influence, combined with the small and constant water volume over the year and the
gently flowing limnic water in the broad river-bed, determine principally the poor fauna di-
versity with the dominant presence of the Gammarus which represent 81 % to 99 % of the
biomass (depending on station and period). The drop in mayfly species by a dam is reported
by Klonowska-Olejnik (1997) too. Usseglio-Polatera (1997) observed that dams lead to a
simplified redistribution of ecological niches through the growing uniformity of the substrate
and possible sources of food.

Bargos et al. (1990), Landa and Soldan (1991), Buffagni (1997) and other authors con-
sidered the mayflies as good biological indicators. The observation of long-term changes in
mayfly and stonefly fauna are necessary to determine trends on a large scale (Landa et al.,
1997a,b). Further investigations in collaboration with the producers of hydroelectricity will
clear the impact of the interference of the particles on the faunal diversity as well as the
water regime.
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