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INTRODUCTION

The present paper gives the results of the research of the benthos of two trout
brooks in the Beskydy Mountains (Moravia, Czechoslovakia), carried out in the
years 1966 to 1971 within the framework of the International Biological
Programme. It is not an exhaustive study, such as was reported by French
team working at similar problems in the trout waters of the Pyrenees (see e.g.
TriBauLT, 1971), but it is a contribution to the characteristics of our medium-
sised trout streams, with minimum influence hitherto by the activity of man.

Most materials have been processed. Part of the results were published in
preceding years (e.g. ZELINKA 1969, KUBiCEK et al. 1972), part are stored in the
form of diploma theses at our department. The material concerning drift will be
processed and published later on.

This paper brings mainly quantitative characteristics of the brooks under
investigation and considerations about the influence of fish on the composition
and density of the benthos.
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1. The characteristics of the brooks under investigation

The trout brooks Brodska and LuSova are situated in the central part of the
Vsetinské vrchy hills, forming a part of the bend of the Carpathian bow starting
with the Small Carpathians (Malé Karpaty). They are right-bank tributaries of
the river Bedva in its upper stretch (Figs. 1 and 2). The whole drainage area
consists of flysch, for the most part sandstone. In the drainage area of both
brooks there are no standing waters and it is practically not at all inhabited or



influenced by agricultural cultivation of the soil. 90 per cent of the drainage area
consists of woods. Coniferous wood forms about 60 per cent of the total wood
area. About 8 per cent of the areais formed by meadows and the remaining area
are small fields and roads.

v

Fig. 1. Situation of the area of the Beskydy brooks under investigation.

Only in the lower stretch of the Brodska (B le—see below) slight pollution
due to denser settlement occured in the last years of investigation (1969 to 1971).

The height above the sea level varies from 433 m (the estuary into Becva) to
892 m. The average annual air temperature is 6.0 °C, average precipitations are
1,000 mm. The winds are predominantly north-west, i.e. the valleys are protected
by the surrounding hills.

The drainage area of the brook LuSovi is 9.75 sq.km, the length of the main
stream being 6.00 km. The drainage area of the brook Brodska is 11.80 sq.km
and the length of the stream is 5.95 km. The discharge conditions are not systema-



tically followed. The data on characteristic discharge rates have been calculated
by analogy according to measurements of many years performed in a similar
drainage of the brook Kychova.
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Fig. 2. Situation of the catchment areas of the brooks and the distribution of all stations.

The beeline distance of the centres of the discharge areas is about 8 km
(VALEK 1953):

! average discharge | minimum

LuSové — upper station 45 1/sec 0.66 1/sec

Lusovéd — lower station 145 1/sec 2.25 1/sec

Brodska -— upper station ’ 38 1/sec 0.56 1/sec

Brodska — lewer station | 176 1/sec 2.60 I/sec
|

The discharge varies a great deal, the difference between the minimum and
the maximum is a multiple of several hundred. The samplings in which the
discharge was measured by the hydrometric propeller were carried out at average



Fig. 4. Brook Lusovi: lower station—L1.



Fig. 5. Brook LuSova; upper station—L2.

Fig. 6. General wiew of the valley in lower part of the brook LuSova.



Fig. 7. Brook Brodska; lower station—B1b (increased fishstock).

or low discharge. The depth of water did not exceed 30 cm in places where the
samples were taken. Otherwise there were only few places where it was higher.
It was mainly under small wooden weirs whose function is the diminution of
erosion (Fig. 3). The speed of the current in torrential zones varied between
(15) 20 and 50 cm/sec. It was higher only during increased discharge. In places
where samples were taken near the bank, the current speed was under 15 cm
per second and the direction of streaming was often irregular.

Both brooks start as small spring rillets (eucrenon and hypocrenon sensu ILLIES
1961) and after joining of several rillets there originate a trout-brook — epirhithron
which flows into the river Beéva which has the character of metarhithron. The
stations of regular sampling were chosen in the upper and lower stretches of the
epirhithron of the two brooks. The investigation aimed at finding out the influence
of the fishstock on the zoobenthos was carried out in the lower stretches of the
epirhithron of the brook Brodska. In that stretch there were suitable conditions
for that purpose, two high weirs dividing the individual stretches. The width
of the stream in the upper stations was only little more than 1 m, in the lower
stations on the average slightly less than 3 m. The bed is slightly cut into the
bedrock, the banks are supported by vegetation (mainly alder and willow) and
only in short zones by stone navigation (Figs. 3—8). The bottoms of both brooks
are purely stony (sandstone), most of the smoothed stones lie freely. Two thirds
of the stones are of the size from 15 to 160 sq.cm; the remaining part up to
500 sq.cm; bigger stones occur only rarely. Smaller stones are situated under
stones of the sizes quoted.
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Fig. 8. Brook Brodsk4; upper station—B2.

Fish are represented only by the yellow trout (Salmo trutta m. fario L.) and
the sculpin (Cottus poecillopus HeECKEL). The density of the fishstock was also
investigated by the workers of the Institute for the Investigation of Vertebrates
of the Czechoslovak Academy of Sciences in Brno parallel with our investigation.
In the period of 1966/1967 it was, on the average, as follows:

LuSové upper station — trout O+ . . . . . . . . . 306 specimens per are
trout 1 and more . . . . . . 40 specimens per are
sedpiy L9000 o - DYy S

Lusova lower station — troutO+ . . . . . . . . . Vi
trout 1 and more . . . . . . 20 specimens per are
sculpin 0 . . . . . . . . . . 300 specimens per are
sculpin 1 and more . . . . . 43 specimens per are
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Brodska upper station — fishstock not followed, approximately the same as in
the lower station

Brodska lower station — trout 0~ . . . . . . . . . 6 specimens per are
trout l andmore . . . . . . 14 specimens per are
sculpm 04 . . . . . . . . . 100 specimens per are
sculpin 1 and more . . . . . 12 specimens per are

In this account there are not stages up to the size of approximately 2.5 cm.
In further years there was an intentional change of the fishstock (see Chapter 2).
The temperature conditions of the brooks under investigation were not followed
systematically. During every sampling the actual temperature was measured

164°C

months

oL . months \
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Fig. 9. Maximal average daily temperature in the period of 1966 to 1969.
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every month in the course of 3 years. As the quantity of spring water is very
small, the annual and the daily course of temperature of both brooks is influenced
by outer factors, above all by the temperature of air and by solar radiation.
According to our measurements the annual course of temperature in the Lusova
as well as in the Brodska can be characterised as follows (Fig. 9). Towards the
end of December the temperature of the water sinks towards zero or down to
0 °C and starts rising again towards the end of February. If at that time snow is
driven by wind in high layers into the brooks, the temperature of water is slightly
higher. Afternoon temperatures (i.e. the daily maxima) in March are on the aver-
age 3 °C. A rapid increase in temperature occurs in the middle of April with the
average daily maxima over 12 °C and this average persists also in May, in the
first half of which there is, however, a decrease. The highest annual temperatures
were measured towards the end of June (maxima of the three-year investigation

Tab. 1. Average values and range (in parentheses) of chemical data of the LuSova and Brodska
(1969—1970)

Lusova Brodska
upper lower upper lower
pH 7.95 8.00 7.92 8.02
(7.4—8.15) (7.4—8.2) (7.3—8.2) (1.4—8.35)
Oxygen mg/1 10.70 10.64 11.22 11.25.
(8.9—12.9) (9.0—12.6) (9.0—14.3) (9.1—14.1)
Oxygen 9, of sat. 93.0 93.6 97.1 98.2
(89.1—99.6) (89.2—102.0) (89.8—117.5) (90.6—117.9)
Total acidity meq/1 0.05 0.03 0.04 0.03
(0.0—0.10) (0.0—0.08) (0.0—0.10) (0.0—0.08)
Total alkalinity 2.42 2.49 2.14 2.38
megq/1 (0.76—3.4) (0.76—3.5) (0.75—3.6) (0.78—3.6)
Total CO, mg/1 (33.4—149.6) (33.4—154.0) (33.0—158.4) 104.7
106.5 109.6 94.2 (34.3—158.4)
Total hardness °G 8.62 8.98 7.76 8.38
(4.0—-11.0) (4.4—11.4) (4.0—11.1) (4.7—11.3)
Ca++ meq/1 2.61 2.72 2.35 2.53
(1.22—3.36) (1.32—3.43) (1.18—3.29) (1.36—3.36)
Mg++ meq/1 0.48 0.48 0.41 0.45
(0.22—0.72) (0.25—0.65) (0.25—0.61) (0.25—0.72)
PO,-P mg/1 (0.0—0.020) (0.0—0.006) (0.0—0.016) (0.0—0.002)
NH;-N mg/1 0.07 0.05 0.07 0.04
(0.0—0.16) (0.02—0.08) (0.01—0,16) (0.0—0.06)
NO:-N mg/1 0.008 0.005 0.005 0.003
(0.006—0.02) (0.003—0.01) (0.003—0.01) (0.003—0.01)
NO;-N mg/1 1.04 1.11 1.67 1.15
(0.66—1.70) (0.66—1.33) (0.84—2.08) (0.63—1.63)

Chemical analysis were pursued according to Hofmann et al. (1965)
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over 18 °C), the daily maximum at that time being 15.8 °C. In July to September
the temperatures are without great oscillations with an average daily maximum
about 15 °C. The temperature sinks in October and November to 11.5 °C and
5.1 °C respectively (averages of daily maxima). In the upper stretches of both
brooks the summer temperature are on the average lower by about 2 °C, in
winter the temperature rarely sinks down to 0 °C.

Chemically the water of the brooks under investigation is characterised by
medium hardness, alkalinity and nitrate contents (see Tab. 1). There were
minimum differences in the ionic composition of water of the two brooks. The
content of dissolved oxygen was not lower than 9 mg per litre (e.g. 89 %, of
saturation). In the course of the year there are major deviations from the average
values only in the time of the snow thaw and in major downpours.

2 Metheds

In the first year of investigation (1966/1967) zoobenthos was collected in
4 stations (upper and lower parts of either brook—see Figs. 4, 5, 7, 8). In the
second and in the third years of the investigation the upper stations were dropped
from the programme and the lower part of the Brodskd was divided into
3 neighbouring stretches with different fishstock (see Chapter 5).

In every station samples were taken in the torrential zone as well as in the
bank zone. Samples were taken regularly once a month with the exception of
December, 1966 and February, 1967 when, for technical reasons, it was not
possible to collect.

Uniform station marking:

Upper LuSovd (L 2) — only in the first year of investigation

Lower Lusova (L 1) - throughout the period of investigation

Upper Brodska (B 2) — only in the first year of investigation

Lower Brodska (B 1) — throughout the period of investigation, natural fish-
stock

Lower Brodska (B 1b) — in the second and the third years of investigation,
excessive stocking (fishstock)

Lower Brodska (B 1c) — in the second and the third years of investigation
without fish

2.1 Periphyton

Qualitative and quantitative observation of periphyton on natural and
artificial substrata in the brook Brodskd was carried out in the period from
February 1970 to March 1971. On the broock LuSova periphyton was observed
only qualitatively on natural substrata (stones). On the brook Brodska, besides
the upper and lower stations (B 2, B 1c) described above, another station was
chosen (Brodskd middle—BM, see Fig. 2). It was situated about 1 km above
the lower station and it represented the stretch of the brook with a lower speed
of the stream, strongly shaded by riparian vegetation. The upper and lower
stations were medium shaded, by a wooded ridge and by riparian vegetation
respectively.
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As artificial substratum was used polyethylene foil wrapped around a transite
board, affixed to a brick (BackuAuUs 1967). This device was situated in horizontal
position among bottom stones and secured against overturning. The foils with
periphyton were transported in broad neck bottles completely filled with water.
Plastic foils were mostly exchanged at intervals of 5 to 7 weeks, samples of
periphyton from the stones being taken at the same time.

Periphyton from the stones was taken by removing the periphyton from the
surface of the stone limited by the neck of a 100 ml plastic bottle whose bottom
had been cut off (Doucras 1958). Released algae were then flushed by a pipette
into the collection vessel. An average sample represents periphyton from 10
stones taken in this way. For further analyses performed in the laboratory
periphyton from the plastic foils was removed by means of a nylon brush and
mixed in a certain amount of water.

Dry weight of the periphyton was then determined gravimetrically after drying
at 105 °C, ash-free dry weight as a loss by burning at 650 °C. The quantity of
chlorophyll-a was calculated according to ParsoNs and StricKLAND (1963)
after measuring the extinction of aceton extract at wave lengths of 630, 645,
and 665 nm on the spectrocolorimeter Spekol Zeiss.

Abundance was found out by counting the cells of algae in the Biirker chamber.
In counting the cells the identification of algae was performed, for an exact
identification of diatoms pleurax mounts were used.

The productivity of periphyton on the foils was measured several times by
the oxygen light and dark bottles method. 5 to 30 cm? of foil with periphyton
was placed into exposed bottles of about 120 ml. The duration of exposure was
4 hours at noon.

2.2 Collection and processing of zoobenthos

Zoobenthos was collected both with a bag-like water net with a circular
orifice with a diameter of 25 ¢cm (mesh 0.5 mm), the bottom area being determined
by measuring the stones by the Schrider method (ScurADER 1932), and with
a triangular frame net (benthometer) with the surface area of 0.1 sq.m (mesh
0.5 to 0.7 mm) suggested by Kusitek (1967, not published, Fig. 10). The
benthometer consists of two metal frames and stretched fabric ended in the rear
by the collection bag. The device can be folded (Fig. 11) and the fabric part is
stretched on 3 metal bars. Two slanting walls oriented against the current are
made of thinner fabric (mesh 1 mm) for a greater efficiency of the current. The
lower part of the bethometer being equipped with a dented frame which, during
sampling, can penetrate several centimetres in the layer of free stones, it is
possible to obtain also organisms from the lower horizonts of the bottom.

The circular net was used in the first year of investigation for collecting all
samples, in further years only for the bank zone, where, due to slow current,
it is impossible to use the frame net. Comparison tests of both ways showed
results lower in the circular net (TRNKOVA 1972).

Mostly we took sample areas of about 2,000 sq.cm (2 X 1,000) from each
stretch under investigation. The bottom area of the samples taken in the bank
zones was mostly about 2,000 sq.cm, only exceptionally it was smaller.

Our samples were representative both for their number and for the size of the
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Fig. 10—11. The frame net (benthometer) for collecting zoobenthos (in detail see in text).
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collection area and caught about 60 %, of all species living in the investigated
brooks and 100 %, of the species important for the production (TRNkOVA 1972).

The organisms collected were taken out and classified on the spot; individual
groups of organisms were weighed as fresh weight (for procedure see KuBf¢Ex
1969). The material was fixed by 49, formaldehyde.

The determination of the zoobenthos was done mostly by the authors
themselves according to literature available. Black-flies were determined by
J. Knoz, some Diptera larvae by R. Rozko$n¥.

2.3 Estimation of zoobenthos production

For determining the production of benthic animals several methods were
elaborated (see e.g. EDMoNsoN and WiNBERG 1971), which, however, have not
general validity. Their employment in populations with continuous reproduction
is particularly problematic. That is why we used a procedure in which we
started from the data on the frequency of specimens of a certains species in the
individual length classes. For the calculation we used above all the procedure
by HamiLron (1969), in the application of which we did not start from annual
mean values but from the values obtained in monthly intervals. In doing this
we tried—by individual corrections—respect the fact thatlongitudinal growth does
not proceed in time in the linear way. The losses in the number of specimens
between the monthly intervals are evaluated as a 509, increment of the biomass.
We also specified the dependence between lenght and weight (ZELINKA, in print).
A detailed procedure for determining production is given e.g. in KuBi¢Ek and al.
(1972), MARVAN (in print).

2.4 Correction for the area of the brook bottom

With the change of the discharge rate there also changes the area of the water
level and the area of the inundated bottom. Most species of the benthos are very
plastic and quickly populate newly inundated areas or react by withdrawing to
more favourable environs before the drop of the water level. Thus the population
in the current becomes thinner or denser without a substantial change in the
total number of organisms per unit area. That is why we measured the mean
breadth of the water level irrespective of the roughness of the ground every time.
Based on these measurements we determined a conversion coefficient for a more
accurate statement of quantitative data per area unit of the stream. This
coefficient equals 1 at the average inundated area in a long-term period (about
300 day water). In higher discharge rates the coefficient is higher than 1, in low
water levels it is smaller than 1 (in detail see ZELINKA 1969).

3. Periphyton
Periphyton is important because of its production of organic matter parti-

cularly in shallow, quickly running streams. In this type of ecosystem it is
practically the only primary producer, since production of other origin (plankton,
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macrophytes) is missing. Periphyton serves as an important food component
of herbivorous benthic fauna.

The study of primary production in running waters was lagged behind the
research of standing waters due to considerable difficulty. It has been developed
in recent years only; it is however still in the stage of seeking the most suitable
methods. SLADECKOVA (1962) gave a survey and a detailed description of qualit-
ative and quantitative sampling of periphyton, use of artificial substrata, and
various devices in studying periphytic communities. The methods of measuring
primary production were summarised in a handbook of I.B.P. by VOLLENWEIDER
and al. (1969). According to the approach the methods of determining primary
production of periphyton can be divided into three groups.

For measuring production the first approach utilises changes in the chemical
composition of water due to metabolism of periphyton, isolated in inclosures.
Isolated samples are mostly exposed ““in situ”. AssMaNova (1951) was the first
to use the oxygen light and dark bottles method for determining the production
of epiphytic periphyton in lake Glubokoe. In running waters this method was
applied e.g. by McConNELL and S1cLER (1959) who exposed in jars stones covered
with periphyton, and KoBavas1 (1961b), who exposed in bottles periphyton
loosened from the substratum. BAckHAUS (1967) measured primary productivity
of periphyton grown on polyethylene foils by the 14C method. HausMANN, LANE
and Harr (1971) and BomMB6wWNA (1972) tried to solve in their apparatus the
main drawback of that approach—the absence of the streaming of water in the
enclosures.

Another approach to finding out primary production in running waters utilises
the measurement of metabolical changes in natural conditions on non-isolated
communities. The methods of this access were elaborated for running waters by
Opum (1956, 1957). The calculation of the production of the stream from the
daily curves of dissolved oxygen found out in two cross-sections was used by
e.g. EDwarDs and OwWENs (1962), DUrFER and Dorris (1966) and FLEMER (1970).

A number of authors used indirect methods for the determination of the
production of periphyton in running waters. Most of them followed the
accumulation of organic matter or chlorophyll on artificial substrata exposed in
streams (GRZENDA, BREHMER 1960, WaTERs 1961, Kinc, BaLr 1966, Cusuine
1967, Bair, KEVERN and Linton 1969, Backmavs 1969, FLEMER 1970).
McCoNNEL and S1GLER (1959) as well as KoBayasr (1961) calculated the annual
primary production from the determined values of chlorophyll, the dependences
of the chlorophyll number on the intensity of light and data on solar radiation.

3.1 Results

Algal periphyton in the brooks Brodska and Lufova was formed throughout
the whole year above all by diatoms. Dominant were the genera Achnanthes,
Diatoma, Gomphonema and Cymbella. From green filamentous algae there
occurred Cladophora glomerata (L.) K1z. in the summer months in torrential
zones with sufficient light; from autumn to spring Ulothrix zonata Korz. was
comparatively frequent. :

There being no substantial differences in the species composition of periphytic
communities in the individual brooks and stations we give a suvey of the
dominant species together in the Chapter 7.
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.

The species composition of periphyton on the foils did not differ from the
periphyton on natural substrates from the qualitative point of view. Cladophora
glomerata was an exception, as it was not found out on the artificial substrate
in accordance with other authors (FLEMER 1970). The seasonal periodicity of
dominant species was inexpressive.
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Fig. 12. Seasonal changes in abundance of periphytic algae (number of cells per cm?) on natural
(white columns) and artificial (black columns) substrata in the brook Brodska.

The annual courses of the values of abundance, ash-free dry weight and chloro-
phyll-a content in the periphyton on natural and artificial substrata in the brook
Brodska are shown in Fig. 12, 13 and 14.

Tab. 2 gives the average values of the indices of the biomass of periphyton
found out.

19



60+ _q/m2

} upper
40!
20} | | H
L ood 0ol o5
60 middle
1 ]
M _
20!}
0 ] il -H =
6ol []
lower _
40! -
20} H
0 ."fJ—l — L ” ﬂ )
M A

Fig. 13. Seasonal changes in ash-free dry weight of periphyton on natural (white columns) and
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Tab. 2. Average annual values of abundance, dry weight, ash-free dry weight and chlorophyll-a
content in periphyton on natural and artificial substrata in the brook Brodska.

[ Abundance Dry weight Ash-free dry weight|  Chlorophyll-a
No. of cells . 103/cm? g/m? g/m? mg/m?
l Substra- - - —-
tum Station Station Station Station

\ upper middle lower | upper middle lower | upper middle lower | upper middle lower

‘i B2 BM Bl B2 BM Bl | B2 BM Bl | B2 BM Bl

! \
\ stones 1,160 1,011 2,688 66.1 67.5 88.8' 14.9 221 28.1| 37.0 40.7 129.6
‘ foil 195 122 289 99 2.7 3.7, 22 3.6 14 6.0 7.8 6.6

The average annual abundance of periphytic algae was highest at the lower
station, both on natural and on artificial substrata. It was above all due to more
favourable light and hydrological conditions during the winter period, as the
other stations froze over and were covered with snow at the beginning of 1970.
The abundance at the lower station showed maximum values at the end of
winter (February, March), at the other stations the maximum was not
outstanding.

The average quantity of chlorophyll-a in periphyton on the stones was highest
at the lower station. There was no substantial difference between the annual
average values of chlorophyll-a in the periphyton on the foils of all stations.
At the lower station there is also the highest average quantity of ash-free dry
weight per stone surface unit, unlike foils, where the highest quantity is at the
middle station.

The abundance of algae and chlorophyll values on natural substrata (n = 23)
are significantly correlated (r = 0.649) irrespective of the station of the brook
Brodska or the season. Significant correlation also exists between abundance
and ash-free dry weight (r = 0.493) and/or between ash-free dry weight and
chlorophyll-a quantity (r = 0.653) on the stones.

Tab. 3. Determined amounts of ash-free dry weight on foils exposed in the brook Brodski and
results of measurement of gross primary productivity of periphyton on foils by the oxygen light
and dark bottle method.

;- .
Ash-free dry weight i Gross primary productivity
Exposure g/m? mg Oz/m? hr
Date of sampling time S I
(days) Station Station
i upper middle lower upper middle lower
| 17 Feb., 1970 ! 103 — — 2
24 Mar. 35 — — 3.83
20 Apr. 28 — — —
. 3 Jun. 44 3.32 22.68 2.42 76.4 101.3 —
i 25 Aug. 35 12.22 1.48 0.48 149.5 11.1 79.3
© 5 Oect. 42 0.32 0.50 0.84 : 117.9 16.5 24.2
| 24 Nov. 42 1.42 3.50 - 52.3 31.8 —
1 5 Feb., 1971 ! 73 2.26 1.78 0.24 25.2 22.8 11.3
18 Mar. ] 42 — 2.40 1.78 — 7.5 94.5
i
{ PO

22



There are also significant correlations between ash-free dry weight and
chlorophyll-a (r = 0.873), as well between abundance and chlorophyll-a (r=
= 0.655) on polyethylene foils (n = 18). On the other hand, no linear relation
between ash-free dry weight and abundance (r = 0.148) was found out on
artificial substrata.

Tab. 3 summarises the results of the determination of ash-free dry weight
of periphyton on foils and the established values of gross primary production
of periphyton on foils by the oxygen light and dark bottle method.

3.2 Discussion

In recent years the number of papers dealing with the study of periphyton
has grown. Their survey and evaluation is given by SLADECKOVA (1962) and
WET2EL (1964). For comparison with our results we quote some papers observing
the indices of biomass and productivity of periphyton in running waters.

As far as abundance is concerned, results of the same order as those from the
Brodska are given by BurcHER (1946) from the studies of periphyton on glass
slides as well as by DoucrLas (1958) who followed the abundance on natural
substrata in a stony brook.

In Silver Spring, Younc (1956) calculated the average quantity of chloro-
phyll-a on glass slides to be 34.7 mg/m? at a 16 day exposure of the slides. In the
Valley Creek, WaTERs (1961) used concrete cylinders as substratum for peri-
phyton. The average value from his data represents 18.5 mg of chlorophyll-a
per sq.m. (14 days). A high average quantity of chlorophyll-a (300 mg/m?) was
found out by McCoNNELL and SiGLER (1959) in the mountain river Logan, the
values of chlorophyll being even higher in the lower part of the river (under the
dams). KoBayast (1961a) found a linear relation between the number of cells
and the quantity of chlorophyll in the periphyton in the mountain river Arakava.
The average quantity of chlorophyll in the periphyton in the caynon stretch
of the river was 25 mg of chlorophyl per sq.m, in the lower part 70 mg of chloro-
phyll per sq.m. of natural substrata.

A considerable influence of the geological origin of the bottom on the value
of primary production was found out by DUFrFER and Dorris (1966) in the Blue
River. The annual production calculated from the daily curves of oxygen dis-
solved in water was 2.5 kg O,/m? in the limestone stretch, 7.8 kg O,/m? in the
granite stretch, and only 1.1 kg O,/m? in the sandstone stretch per year.

Cusning (1967) followed the production of periphyton on glass slides in the
Columbia River. After an exposure of 14 days he found out the average
production of 4.2 g of dry weight per sq.m and/or 22 mg of chlorophyll-a per sq.m
The production was highly correlated to chlorophyll-a and also to the quantity
of solar energy. There were also highly conclusive correlations between dry
weight, ash and chlorophyll-a.

King and Barr (1966) calculated the average production of periphyton of
the Red Cedar River from the increments of organic matter on plexiglass as
* 281.8 mg of organic matter per sq.m day. In the same river BALL, KEVERN and
LinTon (1969) determined the values of organic matter as 10 to 20 mg/m?. day
in winter and 300 to 500 mg/m?. day in summer. There was a highly conclusive
correlation between the so-called phytopigment units and the number of cells.
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BackbAus (1969) exposed polyethylene foils in spring tributaries of the
Danube. After a 30 day exposure the average production in unpolluted stretches
was determined as being about 5 g of organic matter/m?. 30 days. The highest
values were found out in the spring months.

The influence of organic pollution on the extent of primary production was
observed by FLEMER (1970) in the north branch of the Raritan River. In the
upper unpolluted station I the average abundance was 64 . 103 cells/cm?, the
average quantity of chlorophyll-a was 6.7 mg/m? after a 14 day exposure of
microscope slides in the stream. In station II and III, situated below the effluent
of the water from an activated sludge plant the quantity of periphyton was
higher (station II: 353 .10% cells/cm? and 32.7 mg chlorophyll-a per sq.m,
station ITI: 306 .103 cells/cm? and/or 21.6 mg chlorophyll-a per sq.m. The
author did not find significant correlation between the increments of organic
matter on substrata and the results of gross primary production calculated from
_ the daily curves of dissolved oxygen. The highest production was measured in
April.

The results of the determination of chlorophyll-a on natural substrata of the
brook Brodska roughly correspond to the results published by KoBAyast (1961a).
Higher average values were found out by McConNELL and SicLER (1959) and
in one case also DUFrer and Dorris (1966).

The average quantities of chlorophyll found out on polyethylene foils exposed
in the brook Brodska are mostly lower than those given by other authors (WATERS
1961, Younc 1965, Cusming 1967). Approximately the same results were
obtained by FLEMER (1970) at the upper unpolluted station of the Raritan River.

Primary production of periphyton measured as an increment of organic matter
on artificial substrata in the brook Brodska corresponds to the results obtained
by CusHaING (1967). Similar values were also found out by BackrAUs (1969) in
the upper unpolluted stretches of the Breg and the Brigach, while in the polluted
stretches the production valués were higher. High primary production was also
found out in the Red Cedar River (King, BALL 1966 and/or BaLL, KEVERN and
LintonN 1969).

It is however necessary to bear in mind the fact that an absolute comparison
of the results of the studies utilising artificial substrata is difficult due to various
times of exposure in the stream, various kind of substrata and their position
in the stream. After all, the results obtained in that way are only relative,
representing the value of nett primary production of periphyton reduced by losses
due to e.g. current, grazing, in long exposures dying of cells. These losses can be
partly avoided by using a series of substrata with a graded time of exposure
(GrzenDA, BREEMER 1960), which helps to obtain a curve of colonisation and
production of periphyton.

KEVERN, WiLEM and vaN DyNE (1966) found out a close correlation between
the results of production of the laboratory brook calculated from the changes of
dissolved oxygen and the accumulation of organic matter on artificial substrata,
if they did not take into consideration the beginning phase of the colonisation
of the substratum for the calculation of production.

The speed of the stream has a considerable influence on the growth of peri-
phyton. The streaming of water supports the growth of algae by a continuous
supply of nutrients and by removing vaste products of the metabolism. A high
speed of the current, howerer, causes a considerable wear and removal of peri-
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phyton and a more difficult colenisation of artificial substrata. From comparing
the results in the brook Brodska it follows that the losses due to streaming were
higher on smooth foils than on uneven and rough stones. The July sample,
where the losses of periphyton due to floods were almost absolute, was not
included into total results (19 Jul., 1970—81 mm of precipitation). The high
values of the indices of the biomass of periphyton towards the end of winter
under minimum discharge rates, dropped sharply during the increased rate
in the period of the snow thaw. Great losses of periphyton in above-average
discharge rates were also observed by e.g. BACKHAUS (1968, 1969) and BoMBOWNA
(1970). BaLs, KEVERN and LinToN (1969) determined as optimum for the growth
of periphytic communities in the Red Cedar River the current speed of 0.3 to
0.9 m per second.

The determination of the productivity of periphyton by the oxygen light and
dark bottle method carried out in situ yield relatively more exact results about
immediate productivity than indirect methods. This method is, however, biassed
by an error, as the metabolism of rtheophilic periphyton is influenced by the
absence of the streaming of water in enclosures (WHITFORD, Schumacher 1961).

The results obtained by this method in several measurements in the brook
Brodské (see Tab. 2) are somewhat higher than the values measured by other
authors. McCoNNELL and SIcLER (1959) found out the values of 0.5 to 0.7 mg 0,
per 1 mg of chlorophyll-a per hour in measuring the productivity rate of peri-
phyton on stones. For the calculation the authors used the value of 1.5 mg per
1 mg of chlorophyll-a per hour. The average value of the assimilation number of
periphyton on artificial substrata in the brook Brodska (7.6 mg O; per 1 mg of
chlorphyll-a per hour) is also higher than that stated by KoBayast (1961 b —
2.1 mg O, per 1 mg of chlorophyll-a per hour in winter and 4.9 mg O, in summer
under light saturation). The lower determined values of assimilation numbers
of the authors mentioned can be explained by a higher quantity of chlorophyll-a
per unit area, as the assimilation number (mg 0, per 1 mg of chlorophyll-a per
hour) drops with the increasing quantity of chlorophyll-a.

BomBéwNA (1972) gives the limits of productivity for diatom communities
of the River Raba as 0.5 to 3.0 mg O, per 1 g of dry weight per hour; for Clado-
phora 3.0 to 7.0 mg O per 1 g of dry weight per hour. These data correspond to
our results (average value 3.8 mg O, per 1g of dry weight per hour). If we
recalculate the results obtained by Backmaus (1967) who used Ct4 method for
measuring the productivity of periphyton on the foils to the production of oxygen,
we obtain the values of 0.8 to 10.0 mg O,/m2.hr, i.e. lower values than those
in the present paper.

4, Zoobenthos

In the following chapters we give a survey of the composition of the individual
groups of the zoobenthos, its distribution on the bottoms of the brooks and
qualitative as well as quantitative changes in the course of the year. Notes on
the influence of fish on the zoobenthos are attached.
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4.1 Vermes
4.1.1 Turbellaria

The most frequent representatives of worms in the trout brooks are the
planarians, above all the species Dugésia gonocephala (Ducis). They occurred
frequently under stones in all stations under investigation, both in the current
and near the banks.

The differences in the abundance of planarians between the upper and lower
stations are not significant, and due to scanty material collected in the years
1966/67 it is impossible to evaluate quantitative relations of planarians reliably.
In the LuSova we did not find any planarian in the upper stretch in the current,
while under the stones near the banks there lived about 30 to 36 specimens
per sq.m. In the Brodski planarians occurred in the stream less in the upper

stretch than in the lower one, the stones in the current being less populated than
those near the banks (Tab. 4).

Tab. 4. Average annual abundance of Dugésia gonocephala in the Lusova and Brodska

! | -

Trout brook : Lusova ‘ Brodska
f Station L2 LI B2 Bl Blb | Ble

— R - ————
i 1966/67 | 0 | 30.2 138 | 327 — —
| Current 1967/68 | — . 428 | | 302 27.2 28.1
1968/69 | — | 22.8 — J 48 | 111 4.9
| 1966/67 . 360 |  30.1 312 | 89.4 { — —
" Bauk 1967/68 | — | 501 — | 163 | 129 95.8
| 1968/60 | — | 335 — 1 352 | 261 60.6
i [ J }

Substantial differences in the distribution of planarians were noticed between
the current and stagnant water near the banks. From Tab. 4 it is evident that
the values of the average annual abundance of planarians are in all cases higher
near the banks than in the current; they are multiples of the values of occurrence
in the current. Also the difference in the density of population of the stones of the
two brooks is evident. While in the current there lived more planarians in the
Lusova than in the Brodska, there occurred more planarians near the banks in
the Brodska than in the Lugova. This difference in the distribution corresponds
to the outer character of the brook Brodska.

In the annual cycle planarians show the highest development in May to
August (Fig. 15); in the remaining period of the year they occurred less frequently.

he maximum densities do not fall into the same time; there are differences
between the situation of the maxima in the course of the year as well as in the
quantity reached. Maximum abundance of planarians reached the values of 100
to 290 specimens per 1 sq.m, which corresponds to the biomass of 2.1 to 6.2 g
per 1 sq.m.

The biomass of planarians was calculated from the average weight of 1 speci-
men: 21.48 mg. That is why the changes in the biomass correspond to the changes
in the abundance in the individual stations (Fig. 15).
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Fig. 15. Space and time distribution of Dugésia gonocephalu in the lower stations of the Brodska.

We did not find out any correlation between the abundance and or the biomass
of planarians and the density of population of the yellow trout in the Brodska.
Even though there are certain differences in the abundance of planarians between
the stretches with a different population of the yellow trout, these differences
are not significant. The importance of planarians as food of yellow trout or
sculpin is, after all, insignificant; in the digestive organs of both species no
planarians were ever found (ORsAc and ZELINKA, in print).

The production of planarians was not specifically stated.

4.1.2 Oligochaeta

The time and space distribution of Oligochaeta was irregular in both brooks.
There occurred unspecified species of Tubificidae and Lumbriculidae. The
quantitative part of both families in the total zoobenthos is negligible in both
brooks. Due to scanty material collected in the period of the whole research
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it is impossible to evaluate the differences between the two brooks, the individual
stations and biotopes.

As can be seen from Tab. 5, Oligochaeta were mostly not found at all. As far
as they occurred, their abundance was insignificant. The average annual abun-
dance of both families varied between 0.7 to 18.3 specimens per 1 sq.m. Relatively
highest were its values in the current in the lower stretch of the LuSova and
lowest in stagnant water near the banks in the LuSova and the Brodska in the
lower stations.

Tab. 5. Average annual abundance of Tubificidae and Lumbriculidae in the LuSova and Brodski

7
Trout brook Lusova Brodska

Station L2 | L1 B2 B1 Blb Ble
1966/67 0 0 0 0 — —
Current 1967/68 — 18.3 — 1.7 0.9 1.7
1968/69 — 14.4 — 10.4 8.6 5.6
1966/67 1.2 0 0 0.7 — —_
Bank 1967/68 — 14 —_— 6.2 1.2 1.8
1968/69 — 2.4 —_ 4.4 5.5 7.3

Owing to insufficient material neither the biomass nor the production were
separately specified. ‘

4.1.3 Hirudinea

The trophic importance of leeches is small and they are insignificant as food
component of the yellow trout and the sculpin. Therefore, Hirudinea were
followed only separately and were not included in the total calculation of the
zoobenthos. All leeches found belonged to the genus Herpobdella.

From quantitative indices we only found out abundance in Hirudinea. Its
values were for the most part very low and both in the time. In the space and
time distributions there was a great irregularity. Hirudinea were missing in the
upper stations of both brooks and in the lower station of the LuSova. Isolated
occurrences come from the lower stations of the brook Brodski, where they
occurred most frequently in the lowest stretch (B lc), which was without fish.
We found them under stones both in the current and near the banks. Their
relatively more frequent occurrence in the lower stretch of the Brodska is
probably due to certain slight organic pollution. The average abundance reached
1.2 to 2 specimens per 1 sq.m.

4.2 Mollusca

Mollusca were represented in the brooks by one slug, Ancylus fluviatilis
MULLER; from Lamellibranchia we only found 4 specimens belonging to the
genus Pisidium for the whole time of the investigation in the lower station of
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the Brodski. Within the framework of the whole phylum we shall therefore
evaluate only the production ecology of Ancylus fluviatilis.

In the first year of the investigation, 1966/67, it did not for the most part
occular in the upper stations with the exception of the current in the Lugova.
But also in the lower stations its representation was mostly very weak. In the
following two years its population was much more numerous, especially on the
stones near the banks.

While in the brook LuSova the density of population in both biotopes was,
on the whole, well-balanced, there was a substantial difference in the population
of the bank and the torrential zones in the Brodska. This is clearly evident from
the percentual shares in the total number of the specimens collected throughout
the whole investigation in the Brodska: current—28.9 %,, bank—71.1 9%,.

Tab. 6. Average annual abundance of Ancylus fluviatilis in the LuSova and the Brodska

Trout brook Lusova Brodska

Station L2 | LI B2 } Bl Blb Ble

1966/67 0.6 1.0 0 4.9 — —

Current 1967/68 — 18.3 — 15.7 10.3 13.2
1968/69 — 0.8 o 2.6 2.6 5.2

1966/67 0 6.2 0 14.0 — —

Bank 1967/68 — 0.9 — 43.1 19.7 40.9
1968/69 — L6 — 24.1 11.6 25.3

Analogical differences also occurred in the values of the average annual
abundance (Tab. 6); they are again particularly conspicuous in the Brodska.

We found out the differences between the individual stretches of the Brodska
with different yellow trout population. The middle stretch with increased
fishstock has relatively the lowest abundance of Ancylus fluviatilis.

The biomass was determined from the average weight of 1 specimen, viz.
2.6 mg. The changes in the biomass therefore correspond to the changes in the
abundance. Production rates were not separately calculated.

4.3 Amphipoda

In the Beskydy brooks Amphipeda are represented by the only species—
Rivulogammarus fossarum (KocH). The population of this species and its import-
ance in the ecosystem of streaming waters have been little studied in this country.
The papers by STRASKRABA (1966) on the analysis of populations and their
distribution in the streams Lucina and Moravka and their relations to the
fishstock, as well as that by Obrdlik (1972) about the same species from a small
wood brook without fish in the surroundings of Brno have so far been the only
ones.

The material from both Beskydy brooks contained more than 12,600 specimens
and the analysis of that population will be contained in another paper. In this
chapter we deal mainly with quantitative indices and estimated production rate.
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In the first year of investigation, 1966/67, samples were taken in the upper
and lower stretches of either brook. In the further stage the upper stations were
left out of the study.

The upper stretches of the brooks had a population with the average annual
biomass of 2.192 g and abundance of 212 n/sq.m. (LuSova) and 1.965 g and
146 n/sqm. (Brodska). The annual production of those stretches corresponded
to about a quadrupole of the average biomass.

4.3.1 Annual cycle

In the lower stretches of both brooks under investigation the annual cycle
proceeded in similar ways. Adult specimens which had survived the winter gave
rise to a new generation which matured and in turn founded a new generation.
That generation survived the winter and matured early in spring. That is why
there are 3 main depressions in the course of the changes of the abundance,
viz. in summer (June, July, or August), in autumn (September or October), and
in winter (January, February, or March) according to hydrological and thermal
conditions (Fig. 16). The summer and autumn depressions of the abundace are
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Fig. 16. Abudance and biomass (black columns) of Rivulogammarus in the lower parts of the
Lugovd and the Brodska (L1, BI).

probably due to the mortality of the wintering specimens and juvenile specimens
of the following generation. The winter depression is influenced by increased
mortality under adverse conditions, especially in the bank zone. Nor the influence
of fish predation can be excluded (see Chapter 5, 6).

This cycle corresponds to the diagram as described by Hynes (1955) and as
observed also by LEEMANN (1967). Similar fluctuations in the course of the
abundance in Rivulogammarus can also be read from the data by OsrpLix (1972)
on the example of the small wood brook.
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The course of the changes in the density of population in individual stations
of the Beskydy brooks does not tally exactly, as it depends on a number of
biotic and abiotic factors of the environment, particularly on the change of
torrential and fluviatile stretches divided often by weirs and on different fishstock,
as was pointed out before by STra¥krABA (1966).

4.3.2 Differences in the density of population between
the torrentile and the bank zones

We take into consideration the fact that the share of the bank zone is about
20 %, the torrentile zone about 80 %,. In most of the samples taken the number
of specimens was higher in the bank zone than it was in the torrentile zone. The
differences varied and were dependent mainly on hydrological and thermal
conditions in the course of the year. The relative representation of the population
of Rivulogammarus in the bank zone and in the current of the stations under
investigation was as follows:

Station/year bank : current
Lusovd — lower (L 1) 3.0:1
1966/67
1967/68 20:1
1968/69 2.2:1
Brodska — lower (B 1)
1966/67 1.7:1
1967/68 1.3:1
1968/69 19:1
(B 1b)
1967/68 15:1
1968/69 15:1
(B 1¢)
1967/68 08:1
1968/69 1.6:1

The instantaneous stages of population in the evaluated zones (bank, current)
were sometimes also opposite or the same (1 : 1), particularly at higher discharge
rates, when the current speed from bank to bank was higher than 15 cm/sec.,
or, on the other hand, at low water level (totally lower current) or in winter,
when a major part of the bank zone froze down to the hottom. Such changes
being more frequent in the brook Brodské than in the Lusova, the density of
population in the bank zone of the Brodska was, on the average, lower than that
in the LuSovi. These changes also concerned the biomass which, however,

always remained higher in the bank zone than in the current (min. 1.2 : 1,
max. 3.6 : 1).

4.3.3 Size composition of the population

A preliminary analysis of the population of Rivulogammarus in the Beskydy
brooks showed that, in the ration of both sexes ($9 : &%) the males prevailed,
only in some samples from the spring months the share of females was slightly
increased. The situation in the share of sex groups in the individual stations was
as follows:
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LuSova—lower R 55 adult : juvenile

bank current total bank current total
1966/67 0.8:1 06:1 07:1 1.7: 1 11:1 1.5:
1967/68 0.7:1 0.7:1 0.7:1 12:1 16:1 14:1
1968/69 0.4 :1 04:1 0.4:1 1.09:1 11:1 1.08:1
Brodska—lower
B1 1966/67 0.7:1 0.7:1 0.7:1 14:1 1.1:1 13:1
1967/68 0.7:1 0.6:1 0.7:1 19:1 1.2:1 14:1
1968/69 06:1  0.7:1 06:1 14:1 14:1 14:1
B 1b 1967/68 0.8:1 0.7:1 07:1 08:1 1.02:1 09:1
1968/69 0.5:1 03:1 04:1 0.4 :1 0.7:1 1.06 :1
B1c 1967/68 0.7:1 09:1 08:1 09:1 13:1 1.05:1
1968/69 0.6:1 05:1 06:1 1.8:1 0.7:1 12:1

For juvenile were taken specimens up to the length of 4 mm incl. (see OBRDLIK
1972). Specimens up to 2 mm incl. were frequent particularly in the summer and
autumn months, the sizes from 2 to 4 mm were frequent towards the end of
summer and autumn and in winter. Adult specimens exceptionally reached the
lengths of 13 to 14 mm, more frequent were sizes of 10 to 11 mm. OBRroLIK (1972),
who measured these populations, states the average size of males as 8.2 mm and
of females 7.7 mm.

The most continuous distribution of size groups was found in the LuSova
(Fig. 17, L 1). The specimens of the Brodska population of the size above 8 mm
were irregularly frequented, particularly in the stretch with excessive fishstock
and in the stretch without fish (Fig. 17, B 1b, B lc).

4.3.4 Abundance and biomass

The course of the abundance and of the biomass throughout the year are given
in Fig. 16 and 18 and the mean values of those indices in Tab. 7. The variation
of the values in the course of the year shows regular decrease and an increase
in some summer, autumn, and winter months in all stations according to the
course of the annual cycle of population.

Tab. 7. Average abundance (A), biomass (Bi) and production (P) of the Rivulogammarus in the
stations under investigation

i | I .
Station | 1966/1967 | 1967/1968 | 1968/1969 | P in g/m?
| i per year
LuSova A 183 210 220 201 n 10,6227
lower Bi 2.012 2.740 3.323 2.527 g/m? -
Bl | A 319 376 244 313h 10.4483
Bi 1.831 3.075 2.567 2.726 g/m?
[ — ,
28 | gp | A — 347 288 318n 12.4041
%z Bi 3.072 2.243 2.657
=
~=
\ A — 510 321 4150
Ble | g; — 4.689 2.860 3775 gjm2 | 7400
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The minimum values of abundance in the LuSova for the whole period of
investigation were 20 n and of biomass 0.200 g/sqm, maximum 819n and
6.083 g/sqm. The minimum values in the Brodska (B 1) with normal fishstock
were 12 n and 0.242 g/sqm, maximum 841 n and 6.362 g/sqm.

In the stretch with excessive fishstock (B 1b), which borders on the preceding
one, the values were higher: min. 12 n with biomass 0.420 g/sqm., max. 972 n
and 10.710 g/sqm.

In the stretch without fish (B l¢) the values were as follows: min. 45 n and
0.360 g/sqm, max. 1,370 n and 8.609 g/sqm.
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Fig. 17. a — Average monthly increments (of the production rate) of Rivulogammarus population
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According to average values for two to three years the lowest annual abundance
in the brook Lu$ovd was 201 n and the biomass 2.527 g/sqm (Tab. 7). In the
three succeeding stretches in the brook Brodska (B 1, B 1b, B 1¢) the abundance
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Fig. 18. Abundance (white columns) and biomass (black columns) of Rivulogammarus in the
lower part of the Brodska. Stretch with normal fishstock (B1), with increased fishstock (B1h)
and without fishstock (Blc).
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of the first two stretches was the same (313 and 318 n), in the third it was
higher by about one-third (415 n). The lowest biomass was however, in the
middle stretch (B 1b, with excessive fishstock). The highest biomass was in the
stretch without fish (B 1¢)—3.775 g/sqm. In that stretch there was also a higher
frequency of specimens of 8 and 10 mm (Fig. 17).

4.3.5 Estimated production rate

The calculation of the production rate was done by means of the ZELINKA
procedure based on the length-weight curve (Fig. 19) and by determining the
monthly increments between the individual size classes. The annual production
rate was not calculated in each year of investigation but for the whole period
by adding the monthly values to obtain one ideal year. In the brook Brodska
the highest increments were obtained towards the end of the year (October to
December), the lowest in January or in February. The spring generation had

the highest increase in June—July, the summer generation in September—
November.
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Fig. 19. The length-weight curve of the Rivulogammarus population in the Beskydy brooks.
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In the LuSova the increments were less outstanding (see Fig. 17).

The average annual production rate of Rivulogammarus in the lower part of
the LuSova was calculated as being 10.6227 g/sqm and corresponds to more
than a quadruple of the average annual biomass (Tab. 7).

In the individual stretches of the lower part of the Brodska production
conditions were different. The lowest production rate was in the stretch with
natural fishstock (B 1), the highest in the stretch with no fish (B lc). The

production rate of both these stretches was more than 3.5 times higher of the .

average annual biomass. The production rate in the stretch with excessive
fishstock (B 1b) was 12.404 g/sqm per year. This quantity corresponds to more
than a quadruple of the average annual biomass.

Considering the mean value of the whole lower part of the Brodska as a part
with various fishstock, we can, in the population of Rivulogammarus calculate
with the production of 12.7962 g/sqm per year. This quantity corresponds to
about a quadruple of the average annual biomass. This value is also given in the
final results.

4.3.6 The influence of the fishstock on the population of
Rivulogammarus

A conclusive influence of fish on the Rivulogammarus population cannot be
supported from our results. From the values of abundance, biomass, and
production rate it can be judged that the stretch of the Brodska without fish
(B 1c) is highest as for the quantitative indices. Also in the size composition of
the population this stretch shows the greatest share of specimens from 8 to 12 mm
and more (24 %,), where as in the remaining two stretches this share is lower.
Both stretches of Brodska with different fishstock show little difference in
abundance and biomass. In the production rate the stretch with excessive
fishstock is even somewhat more fertile than that with natural fishstock (Tab. 17).
Also the qualitative characteristics of the population of those two stretches
shows little difference.

The lower stretch of the Lusova (L 1) was without fish (for detail see Chapter 5),
but soon after the fish were removed, the Carpathian sculpin which is an
important consumer of shrimps, multiplied here. We think therefore that even
this stretch “‘without fish” was influenced by fish predation, the same as the
stretch of the Brodskid with natural fishstock (B 1). Also the conspicuously
balanced increments in the Rivulogammarus population for the most part of the
whole year (Fig. 17, L 1) would point to the influence of the Carpathian sculpin.

The trouble with the evaluation of the influence of fish on the density and
composition of the population of Rivulogammarus consists also in the fact that
the shrimps belong to very active migrants (drift) and that their natural
distribution in the stream (mainly the colonisation upstream) was made difficult
by obstacles (weirs) separating the individual stretches (for the problems see
e.g. MELJERING 1972).
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44 Hydracarina

The species determination of mites was not done; we therefore evaluate only
quantitative relations of the whole group. The differences between the two brooks
and between their upper and lower stations are not clear; the stones were
populated more or less to the same extent.

Major differences in the density of mites occurred between the torrential and
the bank zones. The differences, however, are not so unambiguous as in the
Coleoptera or Simuliidae. In most cases the percentual shares in the total number
of mites are higher in the current than near the banks; Brodska: current—
58.9 %, bank—40.1 %; Lulovéa: current 65.9 9, bank—34.1 9. It is the
same when comparing the average annual abundance of mites (Tab. 8). Hydra-
carina populated stones in the current much more frequently than stones near
the banks.

Tab. 8. Average annual abundance of Hydracarina in the LuSovi and the Brodska

T
Trout brook “ Lusova Brodska
Station 12 o1 B2 Bl Blb | Ble
] |
1966/67 15.5 8.2 13.3 16.1 — —
Current 1967/68 — 42.9 —_ 47.3 46.0 14.6
1968/69 —_ 50.2 — 49.1 38.7 38.8
1966/67 11.8 9.9 29.5 34.4 —
Bank 1967/68 — 28.9 — 59.1 18.1 9.1
1968/69 —_ 24,1 — 44.3 19.4 8.6

The main period of their development is the end of spring and the summer.
In the maximum the density of mite population reached roughly 100 to 200
specimens per 1sq.m (sporadically more than 250 specimens per 1 sq.m). The
minimum development was noticed in the winter months.

Neither in this group did we find out significant differences between stretches
with various population of the yellow trout in the Brodska. From Tab. 8 is
evident certain thinning of the population of mites down the stream towards
the lowest station (B lc).

The biomass and production of Hydracarina were not separately specified.

4.5 Ephemeroptera

Mayfly larvae are one of the main components of the zoobenthos of the
Beskydy brooks under investigation. In abundance they surpass considerably
the representation of other animal groups, in the biomass they follow the order
Trichoptera. Some results of the investigation have been published (ZeLinka
1969, ZeLiNkA 1972) and from the publications quoted we repeat here only the
basic information, necessary for drawing general conclusions.
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4.5.1 Differences in the fauna of mayflies between
the two brooks in their upper and lower stretches

In the first year of investigation we carried out the investigation in the upper
and lower stretches of the trout sector (epirithron) of the two brooks. From
Tab. 9—12 it is evident that the differences in the species composition,
abundance, and biomass are comparatively small and for the most part they
do not surpass the possible methodological error. The same concerns the
differences between the brooks Brodskd and LuSova. As we found out by an
informative investigation in some other tributaries of the river Bedva, the
conditions in the myafly fauna are practically the same in them (in detail see
ZELINKA 1969). We found out the total of 19 taxa.

Tab. 9. Representation of the individuals species of mayflies in the
current (average number of individuals per 1 m? in the period of

1966/1967)
Brodska Lusova
Taxon Station . - :
. upper '\ lower 1 upper ‘ lower
Ephemera danica 2 + 3 3
Ecdyonurus sp. div. 39 89 94 80
Heptagenia lateralis 0 1 1 0
. Rhithrogena semicolorata 92 109 188 173
’; Epeorus assimilis 20 29 21 16
: Habrophlebia lauta 1 3 7 13
: Habroleptoides modesta 32 55 33 52
: Baetis rhodani 261 253 315 222
Baetis bioculatus 2 2 4 30
Baetis alpinus 43 43 2 24
Baetis pumilus 22 42 67 24
Ephemerella ignita 11 13 30 5
. Chitonophora krieghoffi 5 0 3 3
{ Torleya maior 10 36 34 18
Caenis macrura 1 2 3 5
Sum total (s41) | 6717 | 805 | 668
Sum of taxa e 1
i i

452 Annual cycle

In the following two years we only followed the lower stations of the two
brooks. We can therefore evaluate the average rates of a three-year investigation.
The annual cycle of the growth of the larvae and the emergence of the imagines
corresponds to the data known from the literature for our territery (e.g. LANDA
1969), with respect to the local temperature conditions. In all three annual
cycles all the species found out were always present in the brooks. In the individ-
ual years the abundance in some species was changing, which is evaluated lower.
The total abundance and biomass, on the other hand, remains practically the
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Tab. 10. Representation of the individual species of mayflies near
the bank (average number of individuals per 1 m? in the period of
1966/1967)

b :
| Brodska : Lusova
Taxon Station '~ 1

; : .
| upper | lower . upper | lower

|
| Ephemera danica 6 4 6 7
Ecdyonurus sp. div. 125 115 166 75
Heptagenia lateralis 8 13 33 34
Rhithrogena semicolorata 4 2 10 3
Habrophlebia lauta 50 52 62 65
Habroleptoides modesta 48 38 48 66
Paraleptophlebia submarginata 0 2 29 4
Baetis rhodani 30 12 40 18
Baetis bioculatus 0 3 0 0
Baetis pumilus 4 5 23 0
Baetis niger 0 0 2 0
Centroptilum luteolum + 0 45 3
Centroptilum pennulatum 0 6 1 1
Ephemerella ignita 10 3 3 +
Chitonophora krieghoffi 2 0 2 2
Torleya maior 24 23 26 14
Caenis macrura 9 3 16 9
Sum total (3200 | 281 | 512 : 301
Sum of taxa 13 14 | 16 ; 14

same. Here we should like to draw the attention to the fact that the time of the
emergence of the imagos of most species is comparatively long, so that the
emergence in species with two generations per year overlaps and in the collections
we then find larvae of the most different sizes. This makes the following of the
growth as well as the estimated production rates very difficult.

4.5.3 Differences in the occurrence of mayfly larvae
in the current and near the bank

Comparing the species composition of mayfly larvae living in the current of
the brooks under investigation and those living in the stagnat water near the
banks we find out distinct differences. From the Tab. 9—13 it follows that some
species live only in the current (Rhithrogena semicolarata, Epeorus assimilis, most
representatives of the genus Baetis), while others live only in the calm water near
the banks (Heptagenia lateralis, Paraleptophlebia submarginata, Centroptilum).
Typical representatives of the species living both in the current and near the
banks are the species of the genus Ecdyonurus, Habroleptoides modesta, Torleya
maior. Interesting conditions are also in the abundance and biomass, as stated
in the following chapter.

Through repeated collections we found out large and quick shifts of mayfly
larvae due to the change in the speed of the current. Torrential species shift
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according to the changes of the speed of the current and within hours they
populate even places originally without current or even without water (see e.g.
Verrier 1953). The density of population varying with the width of the current

it is necessary to use a conversion factor in the data of quantities of mayflies
per area, as it is stated in the methodological part.

4.5.4 Abundance and biomass

On the basis of the first year of investigation we can say that in the abundance
and biomass of mayfly larvae there are comparatively small differences between
the two brooks on the one hand and between the upper and the lower stretches
of each brook on the other hand (Tab. 11 and 12). A higher abundance in the

Tab. 11. Average abundance of mayfly larvae (number of individuals
per 1 m? in the period of 1966/1967)

Upper station Lower station
Brook
current bank current bank
Brodska (541) (320) 677 281
Lusova 805 512 668 301

Tab. 12. Average biomass of mayfly larvae (weight in g per 1 m?
in the period of 1966/1967)

Upper station Lower station
Brook
current . bank current } bank
Brodska ‘ 1.967 2.378 2.533 l 2.474
Lusova \ 3.738 1 3.272 3.889 ‘ 2.259

upper stretch of the brook LuSova was due to a higher number of larvae of the
species Centroptilum luteolum and the genus Ecdyonurus. In the former, whose
occurrence is otherwise mostly rare, it is not possible to exclude the possibility
of a chance collection of a high number of specimens in one place. For technical
reasons it was not possible to carry out collections every month, which distorts
the resulting averages and therefore we do not use the results of that station
in further evaluations. The results given in the tables and graphs are average
results of the three-year investigation (sample taking every month) in 4 stations
of the brooks under investigation and their validity is very high owing to the
length of investigation and the number of samples taken.

The average abundance in the current was 754 larvae per 1sq.m. (com-
parative), near the bank 387 larvae per 1 sq.m. The average biomass in the
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current was 3.046 g per sq.m, near the bank 2.675 g per sq.m. With the ratio
of the area of the current to calm water being 80 : 20 this means a total average
of 681 larvae weighing 2.972 g per 1 sq.m. of the surface area of the water of the
brooks. Calculated per 1 hectare of the water surface of the brooks it means
6,810.000 larvae weighing 29.72 kg on the annual average.

The abundance in the current is thus by 100 per cent higher than near the
bank, while the difference in the biomass is small. This is due to the fact that
there are few small larvae of the genus Baetis living near the bank; on the other
hand near the banks occur big larvae of the species Ephemera danica and Hepta-
genia lateralis and also big nymphae especially of the genus Ecdyonurus shift to
the bank zone. The average weight of one specimen in the current is substantially
higher (Fig. 22).

In the course of the year the abundance and biomass varies in accordance
with the well-known course of individual species (Fig. 20 and 21). In the May
maximum there are represented mainly the species Rhithrogena semicolorata the
end phase of the first and the beginning phase of the second generation of Baetis
rhodani as well as individuals hatching after a diapause. The emergence of
a number of species occurs simultaneously in June, the summer rise in the
abundance is mainly due to the second generation of Baetis rhodani. The biomass
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Fig. 20. Abundance of mayfly larvae in individual months (averages from 4 stations in 3 years);
current, — — — — bank.
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does not increase and there is a drop in it until the end of September. Up to the
arrival of frosty days both abundance and biomass increase, in the course of
the unfavourable winter reason the number of individuals drops (the same occurs
in floods and after the snow thaw) and the increments in most species are small
(cf. also production). An abrupt rise comes in spring. From the course of the
total abundance curve and particularly the abundance of individual species it
follows that in many cases the eggs hatch successively or that the larvulae stay
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Fig. 21. Biomass of mayfly larvae individual months (averages from 4 stations in 3 years);
current, — — — ~ bank.
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Fig. 22. Average weight of 1 specimen in individual months (averages from 4 stations in 3 years);
current, — - -~ - bank.
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for a long time in the interstitial and are not caught by current collections of
zoobenthos.

The total abundance and biomass of mayfly larvae were well-balanced in the
current, in the course of the three years of investigation. This, however, cannot
be said about the conditions near the banks where, in the period of 1967/68 there
was an abrupt increase (Tab. 13). Species with the smallest ability of resisting

Tab. 13. Representation of individual mayfly species (annual averages from all stations)

‘ Current ; Bank
Taxon - - - . R
- 1966/67 | 1967/68 | 1968/69 = 1966/67 | 1967/68 | 1968/69
Baetis rhodani 1 263 132 254 — - .
Rhithrogena semicolorata I 157 110 149 — — —
Ecdyonurus sp. div. ; 88 84 88 119 120 56
Habroleptoides modesta (, 47 45 95 51 85 40
Torleya maior ; 29 109 98 21 74 40
Habrophlebia lauta ; 8 | 21 53 60 130 82
Baetis alpinus ; 23 | 88 62 — — ——
Baetis pumilus j 44 | 44 39 — — —
Epeorus assimilis | 22 18 8 — — —
Heptagenia lateralis ‘ —_ — — 27 40 13
Ephemera danica l — - — 6 13 9
i Caenis sp. — — — 9 9 10
| Centroptilum sp. dir. — - - 18 16 8
Other species 36 22 25 60 28 18
. Sum total I 717 673 871 | 371 515 276

the current increased in their numbers: Habrophlebia lauta, Torleya maior and
‘Heptagenia lateralis. In the following year their abundance dropped again. In
our opinion the reason of the rise of their number were well-balanced discharge
-rates without major spates. Differences were found out also in the abundance of
some species (Tab. 13). Striking was the drop in Baetis rhodani in the period
of 1967/68 and, on the other hand, the increase of the species Torleya maior
in the same period. Minor changes were found out in some further species; in
lothers the representation was well-balanced all the time (Rhitrogena semicolorata,
‘Habroleptoides modesta, the genus Ecdyonorus). These changes are most probably
.due to unfavourable or favourable conditions in the critical development stages
;of individual species.

\

4.5.5 Production

Having considered all circumstances connected with the calculation of the
'production of the zoobenthos of streaming waters we decided to follow the
‘abundance and the growth of individual size groups in the course of the whole
‘year. '
- Out of 19 taxa represented the most frequent are three, forming 75 per cent
of the total biomass: Baetis rhodani, Rhitrogena semicolorata and the genus
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Ecdyonurus. In these taxa there were always collected a sufficient number of
individuals for following the growth in the course of the whole year. Examples of
calculations were published in the papers by ZerLiNka (1972), KuBi¢Ek and al.

Tab. 14. Estimated production rate for Baetis rhodani (average based on collections for the period
of 1966/1967 in 3 stations

Average weight Increment in mg
Date of sampling n/m? mg/m? | of one individual
n mg per month per day
16—17 May 262 1,297.0 4.95 — —
2022 Jun. 446 624.8 1.40 Jun. 810.02 27.0
18—19 Jul. 361 851.3 2.36 Jul. 691.5 22.3
15—16 Aug. 280 384.5 1.37 Aug. 523.8 16.9
12—13 Sep. 340 752.4 2.21 Sep. 455.4 15.2
10—11 Oct. 305 249.9 0.82 Oct. 247.4 1.9
14—15 Nov. 222 189.2 0.85 Nov. 101.1 3.4
Dec. 56.8 1.8
25—26 Jan. 140 180.3 1.29 Jan. 72.5 2.3
Feb. 131.6 4.7
1—2 Mar. 191 198.9 1.04 Mar. 354.6 11.4
12—14 Apr. 248 668.5 2.70 Apr. 712.9 25.8
24 May 394 1,892.7 4.80 May 1,097.8 354
]

Sum 3,189 7,289.5 23.79 ! 5,317.0 174.1
X 290 662.7 2.29 14.57

Tab. 15. Estimated production rate for Rhithrogena semicolorata (average based on collections
for the period of 1966/67 in 3 stations)

Average weight Increment in mg
Date of sampling n/m? mg/m? | of one individual

m mg per month per day

16—17 May 116 1,712.3 14.76 —_ —_

20—22 Jun. 87 1,255.3 16.42 Jun. 634.3 21.1

18—19 Jul. 17 225.8 13.28 Jul. 255.3 8.2

15—16 Aug. 3 61.8 20.6 Aug. 40.1 1.3

12—13 Sep. 23 33.3 1.45 Sep. 192.0 6.4

10—1I11 Oct. 209 303.6 1.45 Oct. 397.4 12.8

14—15 Nov. 193 371.1 1.92 Nov. 351.9 11.7

Dec. 296.6 9.6

15—26 Jan. 172 601.4 3.50 Jan. 408.9 13.2

Feb. 846.5 30.2

1—2 Mar. 281 841.1 2.99 Mar. 1,831.5 59.1

12—14 Apr. 458 3,019.2 6.59 Apr. 3,407.9 113.6

24—25 May 994 7,088.9 713 May 3,815.9 123.1

Sum 1 2,553 15,514.0 90.09 12,478.0 | 410.3
4 232 1,411.0 6.08 34.19
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(1972). We can only repeat here that we did not follow the individual instars,
as for finding out the production it is substantial to express the length increment
which is not always the same in the instars.

Tab. 16. Estimated production rate for the genus Ecdyonurus (average based on collections for
the period of 1966/67 in 6 stations

Average weight Increment in mg
Date of samling n/m2 mg/m? | of one individual
In mg per month per day
16—17 May 40 743.0 18.6 — —
20—22 Jun. 74 1,243.7 16.8 Jun. 824.7 27.5
18—19 Jul. 53 1,095.3 20.7 Jul. 827.4 26.7
15—16 Aug. 26 608.3 23.4 Aug. 507.7 16.4
12—13 Sep. 66 337.5 5.1 Sép. 709.5 23.7
10—11 Oct. 211 971.3 4.6 Oct. 1,019.0 32.9
14—15 Nov. 147 1,469.9 10.0 Nov. 740.8 24.7
Dec. 511.5 16.5
25—26 Jan. 104 1,313.0 12.6 Jan. 541.3 1.5
Feb. 627.2 22.4
1—2 Mar. 95 599.6 6.3 Mar. 630.4 20.3
12—14 Apr. 112 1,144.6 10.2 Apr. 707.9 23.6
24—25 May 111 1,758.3 15.8 May 822.4 26.5
Sum 1,039 ‘ 11,285.0 1 144.1 8,470.0 | 278.7
|
x 945 | 1,025.9 ; 10.86 221

In Tab. 14—16 are given all the results of calculations for the three most
frequent species. From Fig. 23—25 follows the course of growth of individual
species and the production throughout the year. The estimated production rate
in Baetis rthodani is 5.317 g per 1 sq.m of the current per year. As the current
takes up 80 per cent of the brooks under investigation and as this species lives
practically only in the current, it means 4.234 g per 1 sq.m of the surface area
of the brook per year. Similarly, after reducing the species Rhithrogena semico-
lorata by 20 per cent, the production makes up 9.982 g per 1 sq.m per year.
The production of the genus Ecdyonurus was calculated according to the
increment of larvae irrespective of the species in question. In our calculations
we used the ratio 80 (current): 20 (near the bank), as these larvae are found all
over the area of the brooks. The estimated annual production rate in these
larvae is 8.470 per 1 sq.m.

It is interesting to notice that in all three cases there is approximately the
same ratio between the annual production and the average annual biomass,
viz 1 : 8.02 in Baetis rhodani 1 : 8.84 in Rhitrogena semicolorata and 1 : 8.25 in
Ecdyonurus. We are, therefore, of the opinion that we can count on the average
ratio between the biomass and production (i.e. 1:8.37) in all species of the
brooks under investigation. If we multiply the average biomass of mayfly
larvae, found out by the three-year investigation (see above), then the estimated
production rate per year is 24.875 g per 1 sq.m. From Table 17 it is possible
to calculate the production rates for the individual stretches. The variation of
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Fig. 23. Average monthly biomass and production rate of the species Baetis rhodani per 1 m?

of the torrential zone (averages from 3 stations in the period of 1966 to 1967); columns—pro-
duction, — — — — biomass.
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Fig. 24. Average monthly biomass and production rate of the species Rhithrogena semicolorata
per 1 m? of the torrential zone (averages from 3 stations in the period of 1966 to 1967); columns-—
production, — — — — biomass.
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the total production rate in the individual years of investigation was com-
paratively small (see Tab. 18). The variations near the bank are in connection
with the variation of the biomass, as mentioned above. It is interesting to note

J FMAMUJI JASONTD

Fig. 25. Average monthly biomass and production rate of the genus Fcdyonurus per 1 m? of the
area of the whole brook (averages from 3 stations in the period of 1966 to 1967); columns-—
production, ~ - — — biomass.

that the drop at the bank was accompanied by the increase in the current and
vice versa.

Tab. 17. Biomass and abundance of mayfly larvae (annnal averages from 4 stations)

{

Biomass in g/m? ' 1966/1967 1967/1968 ' 1968/1969 Average
Bank (209,) 2.668 3.642 L7116 2.675 ;
Current (80 %) f 3.387 2.721 3.029 : 3.046 ‘
Sum total (100 %) 3.244 . 2.905 2.766 2.972

— T e }
Abundance in n/m? 1966/1967 © 1967/1968 1968/1969 ; Average
e S S A SR
: : |
Bank (20 ©,) \ 371 515 276 ; 387
Current (80 %) ! 717 \ 673 , 871 754 i
e A R
Sum total (100 %) 648 642 152 681
; ; L i ‘

The production rate of mayfly larvae per 1 hectare of the trout brooks in the
Beskydy can, according to our calculations, be estimated to be 246.9 kg per
year. With respect to the procedure used we think that this estimate correspond
to a great extent to reality.
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Tab. 18. Production of mayflies in g/m? (averages from 4 stations)

Period 1966/1967 ‘ 1967/1968 1968/1969 Average

|
Production in the whole brook 27.152 24.316 23.152 24.875
Production in the current 28.349 22.775 25.352 25.494
Production near the bank 22.332 30.484 14.363 22.396

4.5.6 The influence of the changed fishstock

An investigation lasting two years in stretches with the changed fishstock was
carried out in the brook Brodski (see the methodological part). The results
showed that a difference of almost 100 per cent in the density of population
in the yeallow trout and almost +50 per cent in the density of population of the
sculpin did not show demonstrable differences in the biomass of mayfly larvae
(Tab. 19). There was, however, a difference in abundance (Tab. 20), when in
a stretch with a high fishstock there increased the numbre of mayfly larvae in
the current by almost 50 per cent. At the same time the average weight of
1 specimen decreased (Tab. 21). This leads to an assumption that the fish con-

Tab. 19, Biomass of mayfly larvae in stretches on the Brodské with changed fishstock (annual
averages in g/m?)

Current Bank
Stretch Period
1967/68 | 1968/69 | Average | 1967/68 | 1968/69 | Average
B1 natural fishstock 2.696 2.105 2,401 3.879 1.661 2.770
B1b increased fishstock 2.994 2.535 2.765 3.321 1.408 2.365
Blc without fish 2.180 2.545 2.363 3.415 1.676 2.546

Tab. 20. Abundance of mayfly larvae in stretches of the Brodska with changed stock (annual
averages of individuals per 1 m?)

|
Current ! Bank
Stretch i
1967/68 ] 1968/69 \ Average ' 1967/68 ‘ 1968/69 i Average
[

B1 natural fishstock 651 581 616 490 285 387
B1b increased fishstock 809 862 835 494 226 360
Blc without fish 442 742 592 482 223 353
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Tab. 21. Average weights of mayfly larvae in stretches of the Brodsk#
with changed fishstock

Individual average weights in mg
(two years)
Stretch
current bank
B1 natural fishstock 3.898 7.158
B1b increased fishstock 3.311 6.569
Ble without fish 3.992 7.213

sumed more major larvae and in the smaller competition more smaller larvae
could resist. Further research, will however, be necessary to confirm this
assumption.

Mayflies are one of the main components of the food of the yellow trout and
an important component of the food of the bullhead, as was confirmed for the
brooks of the Beskydy (ZeLiNka and ORsig, in print). They become prey to
the trout chiefly in hatching as subimagines and further larvae of the species
living in the periphyton. In the food there are greatly represented those species
in which the emergence of the subimagines from the surface takes a long time,
such as the genera Baetis, Ephemerella, Rhithrogena. In the periphyton of the
brooks there is mainly Baetis rhodani, which is also mostly represented in the
drift. The sculpin looks for the food under the stones and is by no means

Tab. 22. Species composition of mayfly larvae in stretches of the Brodska with changed fishstock

Bl B 1b B lc
ﬁl;isl:o?:k increased fishstock without fish
Taxon
avc/erazge aw;razge o ave/rage o
n/m n/m n/m !
1967 to 1969 | 1967 to 1969 | A = 100 | 1967 10 1969 | A = 100
Beatis rhodani 119 118 158 151 127
Baetis alpinus 70 115 164 29 41
Baetis pumilus 30 41 137 31 103
Rhithrogena semicolorata 114 135 118 115 101
Ecdyonurus sp. div. 71 82 106 73 95
Habroleptoides modesta 43 63 146 58 135
Torleya maior 116 130 112 64 55
Habrophlebia lauta 24 33 137 47 196
Epeorus assimilis 7 20 286 12 171
Other species 16 28 175 12 75
Sum 616 835 135 592 96

Note: Near the bank without major differences in the representation of individual species.
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fastidious. If we relate these ascertainments to the abundance of individual
species in the followed stretches of the brook Brodska, then the most influenced
by fish predation should be larvae of the genus Baetis and Rhithrogena semi-
colorata. From Tab. 22, however, it follows that in the stretches with highly
increased fishstock all species were always more frequent, most frequent of them
being the species Baetis rhodani. Whenever there was a change in the abundance
of some species in the course of the investigation, then this change occurred
uniformly in all the followed stretches irrespective of the density of the fishstock.

As for mayfly larvae as fish food in the trout brooks, it can be said that they
are no limiting factor for the increase of the population of the yellow trout to
the numbers stated in Tab. 51.

4.6 Plecoptera

An important group of the zoobenthos of the brooks in the Beskydy mountains
are the Plecoptera. In rich material we have found out a total of 21 species (see
Tab. 23). The taxon stated in the tables as Leuctra sp. juv. are juvenile, not
exactly specified larvae which very probably belong to some of the stated species

Tab. 23. The abundance of stone-fly larvae in the current and near the bank (the average number
of specimens per 1 m? in the period 1966/1967)

[ |

Current Bank ‘

i ) . ‘

Taxon Brodska i Lusova Brodska i Lusova ‘

, - ‘ S - ; -

upper x lower | upper : lower | upper . lower l upper \ lower

_ - : L ]
Dinocras cephalotes 0 0 0 0 0 0 ‘ 0 0
Perla burmeisteriana 0 0 0 0 0 o 0 0

Perla marginata 22 23 18 15 0 | 3 2

Perlodes microcephala 1 1 2 0 0 o 1 0 |

Isoperla oxylepis 21 30 25 24 0 o | 0 1
Protonemura meyeri i 1 1 9 | 1 0 0 ‘ 0 0

Protonemura nitida 12 12 13 4 0 0 | 0 | B

Protonemura intricata l 4 1 5 5 0 0 ‘ 0 0 i

Protonemura praecox | 0 0 0 0 0 o 0 (I

Nemoura fulviceps P01 1 1 0 1 ] 1 ‘ 0 1

Nemoura cambrica 1 13 22 9 11 ¢ 12 . 30 28 |
Amphinemura sulcicollis | 19 20 13 12 0 | o | 0 2
Leuctra hippopus P00 0 0 12 1 ‘ 10 ‘ 4 13
Leuctra albida ‘ 0 13 o 23 19 16 8 14
Leuctra prima \ 1 0 0 0 ] i 0o | 1 0

Leuctra autumnalis 0 0 0 1 1 0 ! 0 1 }

Leuctra inermis ‘ 3 3 5 | 0 0 | 0 ‘ 0 o

Leuctra aurita ‘ 0 0 0 0 0 | 0 0 0
Leucira sp.juv. _ 18 12 | 21 | o2 5 0 14 3 2
Chloroperlidae div.sp. | 0 1 (| 0 ‘ 0 | 0 0

e - | - | S ——— -

Sum of specimens 116 . 126 ~ 140 128 48 . 54 | 50 | 65

Sum of taxa 12 13 11 11 | 6 6 . 1 ‘ 10
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of this genus. The taxon Chloroperlidae sp. div. includes the species: Chloroperla
tripunctata (Scop.), Siphonoperla torrentium (Pict.), and Siphonoperla neglecta
(RossTock), which were not distinguished in processing the material.

4.6.1 Differences in the fauna of stone-flies between the two
brooks and their upper and lower stretches

On the basis of a three-year research we can say that, as for the species
composition of stone-flies, both brooks are practically the same. Only some
quite sporadically occurring species that could not always be found in quantita-
tive samples were missing in some samples in one of the brooks (Tab. 23).

Minor differences exist between the upper an the lower stretches of the brooks
and evidently follow from clear-cut requirements of stone-fly larvae for tempera-
ture conditions (Tab. 23). In the upper part of the brook LusSova e.g. Leuctra
hippopus and Leuctra albida were missing, whereas Perlodes microcephala was
missing in the lower part. In the Brodska, which has smaller temperature
difference, the differences are not so marked. All the differences are, however,
so small that they are of no practical importance for the evaluation of the total
biomass.

4.6.2 Annual cycle

From the Fig. 26 it is evident that most stone-fly larvae occur in the brooks
in the cold season of the year. The emergence of a number of species occurs
mostly in April and in May (from the frequent ones e.g. Leuctra hippopus in
March and even February, Nemoura cambrica in April, Isoperla oxylepis from
April to June, Amphinemura sulcicollis in April to May). In summer only Leuctra
albida and Leuctra autumnalis are most frequently represented and, of course,
species with a development of several years, i.e. Perla marginata; but even this
species showed a clear drop in abundance in May. In autumn the number of
larvae of most species grows quickly again. This course corresponds to hitherto
information.

4.6.3 Differences in the occurrence of stone-fly larvae in
the current and near the bank

Stone-fly larvae live mostly solely in streaming water. Also in our case the
number of species and the total abundance are substantially lower near the bank
than in the current (see Tab. 23, 25). Only the species Nemoura cambrica, Leuctra
albida, and Leuctra hippopus were regularly found in higher numbers in stagnating
water near the banks. Also nymphae before emerging shift towards the banks
and thatis why ahigh number of representatives of some species, otherwise living
in the current, sometimes occurs in the individual takings near the bank. Total
averages are, however, only slightly influenced by this fact.

4.6.4 Abundance and biomass

The course of abundance and biomass of stone-fly larvae for the whole period
of investigation has been comparatively well-balanced (see Tab. 24, 25, 26). Nor
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in this respect did we find out any substantial differences between the two
brooks or between their upper and lower stretches. Unlike mayflies, however,
the average abundance near the bank makes up below 24 per cent and the biomass
only 16 per cent as compared with the current. It follows from what has been said
above and, on top of it, the big larvae of the genus Perla live for the most part
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Fig. 26. The abundance of stone-fly larvae in the individual months (averages from 4 stations

in 3 years); current, — — — — bank.
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Fig. 27. The biomass of stone-fly larvae in the individual months (averages from 4 stations in
3 years); — current, — — — — bank.

in the current, so that the average weight of an individual in the current was
19.39 mg, whereas near the bank it was 8.20 mg. Like in mayflies there was
a certain growth of both abundance and biomass near the bank in the period
1967/68 (chiefly Leucira albida), which again clearly indicates well-balanced
discharge conditions in that period. Otherwise we have not found out conclusive
differences.

The average abundance found out on the basis of all samples in the course of
three years was 61 specimens near the bank and 144 specimens in the current (per
1 sq.m); the biomass near the bank was 0.464 and in the current 2.843 g/sq.m
(calculated for an average sq.m in the current). For the surface area of the whole
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Tab. 24. The biomass of stone-fly larvae (yearly averages in Ig/m?)

T

Current Bank

Station Period Biomass of ]‘ Biomass of | Biomass of | Biomass of
Plecoptera ’ Perla Plecoptera ? Perla
LuSova upper 1966/67 2.640 2.255 0.568 l 0.427
1966/67 2.551 2.246 0.540 0.207
Lugova lower 1967/68 2.368 1.873 0.405 0.149
1968/69 2.426 1.890 0.358 0.131
Brodsk4 upper 1966/67 3.107 2.861 0.251 0.020
B1 1966/67 3.389 3.001 0.135 0.035
1967/68 2.746 2.318 0.918 0.687
1968/69 2.575 1.926 0.204 0.060
Brodsk4 B 1b 1967/68 3.521 3.080 0.555 0.370
lower 1968/69 2.788 2.116 0.239 0.020
B lc 1967/68 3.050 2.720 1.081 0.736
1968/69 2.959 2.221 0.310 0.124

Tab. 25. The abundance of stone-fly larvae in the individual years (yearly averages from 4 stations)

Taxon

Current

Bank

1966/67 ‘ 1967/68 | 1968/69

1
[

‘ 1966/67 | 1967/68

1968/69

Dinocras cephalotes
Perla burmeisteriana
Perla marginata
Perlodes microcephala
Isoperla oxylepis
Protonemura meyeri
Protonemura nitida
Protonemura intricata
Protonemura praecox
Nemoura fulviceps
Nemoura cambrica
Amphinemura sulcicollis
Leuctra hippopus
Leuctra albida
Leuctra prima
Leuctra autumnalis
Leuctra inermis
Leuctra aurita
Leuctra sp.div.juv.
Chloroperlidae div.sp.
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Tab. 26. Total abundance and biomass of stone-fly larvae (yearly averages
from 4 stations)

. . ‘ } \ ;
Biomass in g/m? | 1966/1967 | 1967/1968 . 1968/1969 | Average
i i |

|
near the bank 0.374 0.740 0.278 0.464 |
in the current 2.992 2.921 2.687 2.843 !
in the whole brook 2.412 2.485 2.205 2.367

‘ - -
Abundance in n/m? 1966/1967 | 1967/1968 | 1968/1969 | Average

near the bank 55 72 55 61 |
in the current 128 145 160 144 |

| in the whole brook 113 130 139 127
|

brook it means 127 specimens weighing 2.367 g/m? (Tab. 26). Calculated for
1 hectare it means 1,270.000 specimens weighing 23.67 kg in the average of the
whole year.

There are 5 main taxons constituting the abundance:

Perla marginata 14.7 %,
Isoperla oxylepis 17.9 %
Nemoura cambrica 7.9 %
Amphinemura sulcicollis 15.4 9,
Leuctra sp. div. (chiefly L. albida) 33.7 %
other species 10.4 %,

In the biomass it is, however, the genus Perla (practically P. marginata)
constituting 84 %, of the total biomass of stone-fly Jarvae in the current and
82.4 9, in the whole brooks. That is why the curve marking the course of the
biomass is not well-balanced (Fig. 27) and is influenced by catching major larvae
of the genus Perla in quantitatively taken samples.

4.6.5 Production

As follows from the evaluation of the biomass, the level of production of
stone-fly larvae in the brooks under investigation will be determined by the
production of the species Perla marginata. We have, however, not acquired
sufficient material in this species to proceed in the same way as in the calculation
of production of mayfly larvae, as the density of larvae is comparatively low
and it would have been necessary to take samples from a considerably larger
area of the bottom. We could not carry out special takings aimed at the genus
Perla and in the estimate of the production rate of stone-flics we tend to coef-
ficient 8.1, by which the average yearly biomass is multiplied. Coefficient 8 or
near this number has been stated in a number of representatives of the zoobenthos
of these brooks and we suppose that it will not be much different in the larvae
of the stone-flies. According to this the estimated production rate of stone-flies
is 18.972 g/sq.m per year, i.e. 189.72 kg per 1 hectare of the brook surface per
year.
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4.6.6 Influence of the changed fish stock

The results of the investigation of the total abundance, the abundance of the
individual species and the biomass of stone-fly larvae are stated in Tab. 27 and
28. 1t follows quite clearly that neither the incresaed nor the decreased fishstock

Tab. 27. The bi and abund of stone-fly larvae in the stretches of the Brodska with
changed fishstock (averages for the whole year)

Biomass in g/m?

Stretch Current Bank
1967/1968 ; 1968/1969 ‘ Average | 1967/1968 | 1968/1969 | Average
e ———— . |
B1 natural fishstock 2.746 2.575 { 2,661 0.918 0.204 0.561
B1b increased fishstock 3.521 2.788 ‘\ 3.154 0.555 0.239 0.397
Blc without fish 3.050 2.959 l 3.004 1.081 0.310 ° 0.695

Abundance in n/m?

B1 natural fishstock 149 l 159 154 i 74 49 62
B1b increased fishstock | 152 170 161 \ 75 64 69
Ble without fish 131 150 141 l 87 56 71

of the yellow trout and the sculpin had any influence on the occurrence of the
stone-fly larvae. On the whole, it corresponds to the representation of these
larvae in the food of the two species of fish. From the evaluation of hitherto
results of the investigation into the food of yellow trout (ZeELINkA 1971) it is
evident that stone-flies are represented in the food of yellow trout by about 5 %,
(mostly small species), which can by no means influence their occurrence. In the
sculpin (Orsic and ZELINKA, in print) it is also about 5 9, (without a choice
of species) and on top of it, the stock of the sculpin could be changed only partly.

4.7 Trichoptera

Caddis flies are an important component of the fauna in the Beskydy brooks
under investigation. Their larvae constitute a substantial part of the abundance
of the rheobenthos and, as for the weight, they belong to the components with
the highest biomass. The share of caddis fly larvae in fish food is by no means
negligible. The qualitative composition of the caddis fly fauna corresponds to
the character of the brooks under investigation. In the brook stretches under
investigation there occured species current in and typical of those biotopes,
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Tab. 28. The species composition of stone-fly larvae in the stretches of the Brodska with the changed
fishstock

B1
natural . Blb . Ble
fishstock increased fishstock without fish
Taxon

Average n/m? | Average n/m? % Average n/m? %

1967 to 1969 | 1967 to 1969 | A = 100 | 1967 to 1969 | A = 100
Dinocras cephalotes 0 1 0 1 0
Perla burmeisteriana 0 0 0 0 0
Perla marginata 26 30 115 33 127
Perlodes microcephala 2 1 0 1 0
Isoperla oxylepis 33 29 88 26 79
Protonemura meyeri 2 4 0 4 0
Protonemura nitida 2 3 0 4 0
Pr-tenomura intricata 1 2 0 0 0
Protenomura praecox 2 3 0 0 0
Nemoura fulviceps 0 0 0 0 0
Nemoura cambrica 6 5 0 4 0
Amphinemura sulcicollis 41 45 110 30 73
Leuctra hippopus 5 8 ] 13
Leuctra albida 7 2 3
Leuctra prima 0 1 I 1
Leuctra autumnalis 1 0 } 95 1 87
Leuctra inermis 1 3 I 1
Leuctra aurita 0 1 0
Leuctra sp.div.juv. 24 21 ] 14
Cloroperlidae div.sp. 1 2 0 5 0
Sum of specimens 154 161 105 } 141 92

|

Note: Near the bank without major differences in the representation of individual species

as also follows from Tab. 29 and 32. It is possible to draw the attention to less
known specie Rhyacophila mocsaryi KvAp. and Beraeamyia hrabéi MAYER. On
the whole more than 34 taxa were determined. Most data are based on the finds
of adults specimens or mature pupae.

4.7.1 Differences in the fauna of caddis flies between the
two brooks and their upper and lower parts

The two brooks do not differ a great deal in their population of caddis fly
larvae. The qualitative composition of the groups important for the production
(families Rhyacophilidae, Hydropsychidae, Limnephilidae and Sericostomatidae) is
very similar in both brooks (Tab. 29). Slight differences in the population between
the individual corresponding stations of the two streams were probably due
to differences in the methods. (Expressive differences in the occurence of larvae
found out between the torrential and the bank zones correspond to the nature
of the streams.)

As for the quantitative aspect, both streams are very similarly populated by
caddis fly larvae (Tab. 30, 31). Certain differences in abundance and biomass
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Tab. 29. Abundance of the individual species of Trichoptera in the current and in the bank zone
of the brooks. Average number of specimens per 1 sqm in the period 1966 to 1967, (P — only
pupae were found)

Biotope Current Bank

Station i B2 | L2 ‘ Bl | L1 | B2 | L2 | B1 | L1
Rhyacophila fasciata (P) 1.3
Rhyacophila moscaryi (P) 0.4 1.1
Rhyacophila nubila 4.8 6.3 | 14.6 6.8 3.6
Rhyacophila obliterata (P) 0.2 1.0 1.5
Rhyacophila tristis 1.3
Rhyacophila sp.div. 8.5 | 14.6 9.3 2.9 2.7 1.5 0.5
Rhyacophila total 13.5 | 22.6 | 26.2 9.7 2.7 6.2 1.5 0.5
Glossosoma boltoni 3.0
Agapetus sp.juv. 0.5 :
Hydroptila sp. 1.0
Philopotamus sp. 2.4
Hydropsyche instabilis 8.5 6.4 | 18.4 1.3 1.0
Hydropsyche pellucidula 1.5 0,7
Hydropsyche saxonica 7.1 4.1 9.2 8.8
Hydropsyche sp.div.juv. 9.3 | 10.3 | 21.1 | 25.0 1.5 1.0 0.7
Hydropsyche total 16.4 | 229 | 36.7 | 53.7 1.5 1.3 2.0 1.4
Plectrocnemia conspersa 0.1 0.4 2.8 1.3
Polycentropus flavomaculatus 0.7 1.3 1.2 0.6 | 14.3 8.2
Tinodes waeneri 0.2 1.6 k :
Micrasema sp. 0.4 i
Drusus annulatus 1.8 5.1 :
Ecclisopteryx guttulata 1.5 3.8 5.6 1.5 1.0 5.0 |
Potamophylax latipennis 1.8
Potamophylax nigricornis 0.7 0.7 32,5 0.6
Potamophylax sp.div. 0.7 8.0 3.3 1.0
Halesus radiatus ‘ 3.5 13.5
Halesus sp. v 4.4 0.6 0.5 4.6 4.1
‘Stenophylacini g.sp.juv. 5.3 | 16.3.
Chaetopterygini g.sp. 1.1 1.7 7.0 2.8 | 39.7
Limnephilinae g.sp.juv. 1.8 3.0 1.1 1.9 | 12.0 | 473 2.5 | 19.0
Limnephilinae total 8.0 5.0 1.6 9.0 | 55.0 | 52.4 | 25.1 | 79.7
Silo pallipes 1.4 1.3 0.5 2.5 3.5 2.1
Silo piceus 0.4
Silo sp.juv. 1.8 0.2 0.7 1.0 3.0
Seicostomatidae g.sp. 2.7 6.5 | 10.3 | 14.6 7.7 1.6 | 205 | 26..3
Beraea pullata 0.4
Beraeamyia hrabsi 1.0 1.0
Odontocerum albicorne 0.2 11.2 1.1 2.8
Trichoptera juv.div. 6.6 9.3 | 43.1 | 10.2 | 10.4 | 13.0 8.3 6.5
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between the two brooks are not conclusive enough to make it possible to speak
about a different character and production abilities of the two brooks. These
differences, as seen from Tab. 30 and 31 were much less conspicuous in the

Tab. 30. Abundance of Trichoptera (n/m?). Average values for the period 1966 to 1967

‘ Upper parts . Lower parts l < Total !

| I ‘ ; " - average |

| | Carrent | Bank Current | Bank

! Brodska 54.1 ‘ 90.0 ! 72,0 124.1 79.6 3 101.8 86.9

| Ludova 76.5 86.5 ' 815 108.8 134.0 121.4 101.4
Tab. 31. Bi of Trichoptera (g/m?). Average values for the period 1966 to 1967

- = : - N — _

‘; ‘\‘ Upper parts ~ Lower parts - Total

! ‘ { ‘ * P * average

‘ | Current ' Bank ! Current Bank

‘ | 3 S

| Brodska i 148 3.23 . 235 2.35 4.56 . 3.45 2.90

‘ Ludova ‘ 2,15 2.74 2.44 3.03 8.46 5.74 4.09

following year (1967 to 1968). Quantitative data for the two years are, therefore,
more balanced: The total average abundance and biomass of larvae in the
Brodska (166 n/m2, 4.02 g/m2?) does not differ much from the values obtained
in the Lusova (174 n/m2, 4.05 g/m?). There are also well-ballanced values in the
lower stretches of the brooks: Brodska (286 n/m?, 5.69 g/m?), Lufova (267 n/m?,
5.71 g/m?). Nor were there found significant differences in the abundance and
biomass of larvae in the current and in the bank zone: Brodska-current: 202 n/m?,
3.99 g/m?, bank: 131 n/m2, 4.06 g/m?. LuSova-current: 224 n/m?, 4.38 g/m?, bank:
124 n/m?, 3.72 g/m?2.

Clear quantitative differences were found out in either brook when comparing
the upper and the lower parts. These differences were due to different nature
of the upper and the lower parts.

4.7.2 Annual cycle

The investigation of the annual cycle of the individual species of caddis flies
is very difficult on the basis of the material collected. Often it is impossible to
differentiate and determine the species of individual larvae. Reliable determina-
tion is mostly possible on the basis of mature pupae of adult specimens. As far
as determination features of larvae are known, they often hold for the larvae of
the last instars, whereas the younger stages are indeterminable as to the species.
The one-month intervals of sample taking seem to be too long for following the
life cycles, particularly in spring. One of the determining factors of the length
of the life cycle will be the curve of water temperature at the station throughout

58



the year and/or the length of the period with the optimum temperature. Thus
e.g. for the species Hydropsyche instabilis CURT. it is usual to state the length
of development as 1 year in stations with favourable water temperature (HyNEs
1961, MARINKOVIE-GOsPODNETIC 1961), whereas in Central Europe the develop-
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Fig. 28. Average monthly values of Trichoptera abundance (A) and biomass (B) in the two brooks
for 3 years of investigation; —-—— current, — - — — bank.
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ment of that species lasts 1.5 to 2 years (DrrTMAR 1955). Similar data were
found out for Hydropsyche saxonica McL. From this family the following species
occurred in the Beskydy brooks: Hydropsyche pellucidula Curr., Hydropsyche
saxonica McL., Hydropsyche instabilis Curt. Their differentiation is possible only
in the last instars (SEDLAX 1971). The development of those species took two
years, the imagines were found in June and in July.

From the family Rhyacophilidae larvae of the species Rhyacophila mocsaryi
Kvar., Rhyacophila fasciata Hac., Rhyacophila obliterata McL., Rhyacophila
nubila ZetT., and Rhyacophila tristis Picr. occured in the brooks under investiga-
tion. The presence of the first three species could be determined reliably only
due to the presence of pupae or adults. In the larval stages the species mentioned
are not reliably determinable. Rhyacophila nubila ZETT. has a life cycle lasting
one year and six month with a very long period of the occurence of imagines
(from Jun. to Sep.), in Rhyacophila fasciata Hac. the development in the Beskydy
brooks took probably two years, but in more favourable conditions it can be
reduced to 1.5 year (DITTMAR 1955). The species Rhyacophila mocsaryi Krap.
and Rhyacophila obliterata McL. have a typical life cycle of 2 years.

In the family Sericostomatidae it is very difficult to differentiate the two basic
genera of the family—Sericostoma LATR. and Notidobia StepH. The given
differentiating features have been very questionable so far. DirTmar (1955)
considers the development of larvae of the genus Sericostoma to take three
years. ELLIOTT (1969), on the other hand, found two independent and, from the
time point of view, shifted generations with a one-year cycle in the population
of Sericostoma personatum SPENCE. As it is, for the time being, not clear which
species of this family are present in the brooks under investigation, it is not
possible to determine the length of their development in detatil. Similar deter-
mination trouble occur in the larvae of another group important for the
production, the family Limnephilidae.

In the graphs of the monthly values of abundance and biomass (Fig. 28) there
are clear peaks in the spring and in the autumn months and a drop in the summer
season in the time of the emergence of imagines. This course is normal and typical
of most groups of larvae of water insects. Irregular drops of the values in the
winter months were most probably due to methodical inaccuracies in sample
taking (more difficult sample taking at high water level or when the level was
frozen ete.). ‘

4.7.3 Differences in the occurence of larvae
in the current and near the bank

In following the distribution of larvae in those biotopes no deviations were
found from current and well-known data for the type of brooks under investiga-
tion. Typically rheobiontic were larvae of the families Rhyacophilidae, Glosso-
somatidae and Hydropsychidae, calm and shallow bank zones, on the other hand,
were rich in larvae of the family Limnephilidae (mainly from the tribes Steno-
phylacini and Chaetopterygini). Other larva species were more or less indifferent
under the given conditions. Typical representatives of this group are larvae of
the family Sericostomatidae and the species Polycentropus flavomaculatus Picr.
A substantial part of the population of both basic biotopes was thus constituted
by larvae of the groups significant for production. The changes of discharge
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Tab. 32. Abundance of the individual species of Trichoptera in the current and near the bank
throughout the period of investigation. Annual average values per 1 sqm from all stations.
(P—only pupae vere found, + under 0.1)

Current Bank
1966/67 | 1967/68 | 1968/69 | 1966/67 | 1967/68 | 1968/69

Rhyacophila fasciata (P) 0.3 0.1 0.3
Rhyacophila mocsaryi 0.1 0.8 1.4 0.3
Rhyacophila nubila 8.1 12.3 14.9 0.9 0.3 0.2
Rhyacophila obliterata (P) 0.3 0.1 0.1 0.4 0.2 0.1
Rhyacophila tristis 0.3 1.1 2.1 0.1 0.2
Rhyacophila sp.div. 8.8 10.3 17.1 1.2 0.7 0.8
Rhyacophila total 17.9 24.7 35.6 2.8 1.6 1.3
Glossosoma boltoni 8.0
Agapetus sp. juv. 0.1
Hydroptila sp. 0.1 0.2 0.3 0.1
Philopotamus sp. 0.6 + 0.3 0.2
Hydropsyche angustipennis 0.1
Hydropsyche instabilis 8.3 22.0 24.0 0.6 0.5 1.4
Hydropsyche pellucidula 0.4 1.5 1.3 0.2
Hydropsyche saxonica 7.3 26.6 20.2 3.0 1.2
Hydropsyche sp.div.juv. 16.4 190.4 212.9 0.8 5.0 3.5
Hydropsyche total 32.4 240.5 258.5 1.6 8.6 6.1
Neureclipsis bimaculata 0.1
Plectrocnemia conspersa 0.2 -+ 1.0 1.3 0.1
Polycentropus flavomaculatus 0.8 13.3 4.8 5.8 3L.5 14.5
Tinodes waeneri 0.5 23 0.6 1.3 1.1
Psychomyia pusilla 0.5
Micrasema sp. 0.1 0.7 0.3 0.2
Drusus annulatus 0.5 1.3
Ecclisopteryx guntulata 2.7 11.7 12.2 1.9 5.4 2.1
Potamophylax latipennis (P) 0.1 0.5 0.3
Potamophylax stellatus 0.8
Potamophylax nigricornis 0.4 8.3 2.9 1.3
Potamophylax sp.div. 0.4 1.1 0.7 0.2
Halesus radiatus 4.3 4.0 0.6
Halesus sp. 2.5 0.8 1.0 1.9 0.5
Stenophylacini g.sp.juv. 5.4 15.1 9.8
Chacetopteryx villosa (P) 0.1
Chaetopterygini g.sp.juv. 0.7 12.4 9.9 11.3
Limnephilinae g.sp.juv. 2.0 0.9 0.8 20.2 31.6 46.4
Limnephilinae total 6.0 1.8 0.8 53.2 67.2 70.2
Silo pallipes 1.4 0.7 0.1 1.4 2.9 1.7
Silo piceus 0.1 0.5
Silo sp.juv. 0.7 11 0.8 1.0 0.4
Athripsodes sp. 0.1 0.2 0.5
Sericostomatidae g.sp. 8.5 36.1 73.9 14.0 44.0 53.7
Beraea pullata 0.1
Beraeamyia hrabéi 0.3 0.2 0.3
Odontocerum albicorne + 0.2 3.8 0.7 1.4
Trichoptera juv.div. 17.3 82.5 128.0 9.6 43.2 24.5
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rates were closely connected with the width of the current zone and thus also
with the concentration or thinning of the fauna, the data of the abundance of
caddis fly larvae in the current were multiplied by the correction coefficient
similarly as with other representatives of the benthos. The data mentioned above
are summarised in Tab. 32.

4.74 Abundance and biomass

The summary values of biomass and abundance of caddis fly larvae are given
in Tab. 33. Lower average values in the first year of investigation were due to
sampling in the upper parts of the brooks with generally weaker population
(as also follows from Tables 30 and 31). In the following two years the upper
stations were dropped from the investigation and the data in Tab. 33 are from
four stations of the lower parts (L1, B1, B 1b, B 1¢).

Tab, 33. Biomass and abundance of Trichoptera throughout the period of investigation. Annual
average values per 1 sqm from all stations

 1966/67 ! 1967/68 | 1968/69 ~ Average | Average |
! corrected : corrected | corrected | | corrected
i [ i : i ;
| ‘ :
g/m? l |
Current | 2.25 1.80 5.21 4.16 6.88 5.50 l 4.78 3.82 |
Bank 4.74 0.95 4.40 0.88 4.64 0.92 4.59 0.91
! Total 2.75 5.04 4.42 J 4.73
n/m? l
Current | 90.8 72.6 | 4159 332.7 | 516.2 412.9 | 340.9 272.8
Bank 97.5 19.5 | 208.2 416 | 177.0 35.4 | 160.9 321
Total 92.1 374.3 448.3 \ J 304.9

The total average abundance for the 3 years was 341 n/m? in the current and
161 n/m? in the bank zone. In the biomass the corresponding values were as
follows: 4.78 g/m? and 4.59 g/m2. From the values given it follows that the
average weight of larvae from the bank zones is about twice as high as that
in the current (see also Tab. 36).

As the current zone constitutes about 80 9%, of the bottom area (or, more
exactly the surface area) and the bank zone 20 9, it was necessary, like in other
groups of the zoobenthos, to convert the results found out to those proportions.
Calculated for the 80 : 20 ratio the values of abundance were 273 n/m? in the
current and 32 n/m? in the bank zone, the total being 305 n/m2. The values of
biomass: current 3.82 g/m?, bank zone <1 g/m?, total 4.73 g/m2. Calculated for
1 hectare the value of abundance is 3,050,000 larvae with total weight of 47.3 kg.

In caddis larvae there was no significant drop in the abundance and biomass
near the bank in 1968 to 1969 as against the preceding rise. In the second and the
third years the values were more or less balanced. A probable influence of the
changes of the discharge rates on the population of the bank zone was not found
in caddis larvae, though it was the case in mayfly and stone-fly larvae.
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4.17.5 Production

The production rate of caddis fly larvae was estimated by following the
abundance and the increments of individual size groups of larvae. The procedure
of the calculation was the same as in estimating the production rates of the other
groups of animals. In this way the production rate was found out in larvae of
some most significant groups—the genera Rhyacophila, Hydropsyche and the
family Sericostomatidae. The population of larvae of the genera Rhyacophila and
Hydropsyche was constituted by several species with differently shifted two-year
development and in the family Sericostomatidae it was not at all possible to
determine the species constituting the population. For checking the procedure
another attempt was made at estimating the production rate of the univoltine
species Ecclisopteryx guttulata Pict. (subfamily Drusinae), whose development
only takes several months (larvae found out from Sep. to Apr.). The results
of the estimate of the production rate are given in Tab. 34.

Tab. 34. Average annual biomass (B), production rate (P) and the
P/B coefficient in some groups of Trichoptera larvae, Average values
from 2 stations for 2 years of investigation

B ‘ P o |

| : mg/m? : mg/m* | P/B
Rhyacophila l 503.6 4,834.2 9.59
Hydropsyche 2,611.5 24,967.9 9.56
Sericostomatidae 1,304.3 | 12,091.4 9.27
Ecclisopteryx guttulata 171.3 1 1,673.0 9.76
Average P/B coeff. ;\ 9.54

The most significant from the production point of view was the group of
larvae of the genus Hydropsyche (24.96 g/m? per year), half of the production
rate was in larvae of the family Sericostomatidae (12.09 g/m? per year). In larvae
of the genus Rhyacophila the annual production rate was 4.83 g/m? and in the
species Ecclisopteryx guttulata it was 1.67 g/m? per year. In all these groups of
larvae very similar values of the P/B coefficient were found out (P = annual
production, B = average annual biomass) varying between 9.27 and 9.76. Thus
it was possible to calculate the production rate of the whole caddis fly fauna
from the brooks (Tab. 35) by means of the average coefficient of 9.54. Like in the

Tab. 35. Estimated production rate of Trichoptera larvae. Average annual values from 4 stations

1966/67 L 1967/68 : 1968/69 | Average | Average |
corrected corected § corrected corrected }

§ | | |
g/m? ‘ \ \
Current 21.46 | 17.17 | 49.60 ‘ 39.68 65.58 52.47 45.55 36.44 |
Bank 45.30 | 9.06 | 41.95 | 8.39 43.85 8.77 43.70 8.74 |
Total 26.23 JL ’ 48.07 61.24 45.18 ‘




determination of abundance and biomass the production rate of larvae was
calculated proportionally for 1 m? of the bottom. Like in Tab. 33 the total
average is reduced due to values of the first year of investigation. The average
annual production rate in three years from 4 stations of the brooks is thus
45.18 g/m? per year, i.e. 451.8 kg/ha per year.

4.7.6 Influence of changed fishstock

In the second and in the third years of investigation the fishstock in the lower
part of the Brodska was artificially changed. This gave rise to three stretches:
the B 1—without influencing, natural state, B 1b—stretch with excessive
fishstock (the population of the trout increased by 100 %, the population of
sculpin by about 50 9, B lc—stretch almost without fish (sculpin—about
50 9% of the original population). Concrete data about this artificial interference
are given in Chapter 5.

This interference with the fishstock was partly reflected in the fauna of caddis
fly larvae. The weight of the larvae in the stretch with excessive fishstock was
partly lowered, by about 2 mg of the average weight of 1 specimen (Tab. 36).
Reduced weight can also be explained by partial predation of big larvae by fish.
Further investigation would, however, be necessary to confirm and specify this
phenomenon. :

The changed fishstock resulted in a partial change in the species composition
of the caddis fly fauna. The population of the current remaind almost without

Tab. 36. Average weight of one Trichoptera larva (mg) in the stretches
of the Brodski with changed fishstock. Average values for 2 years

of investigation.
Current Bank
Bl — natural state 12.6 23.4
Blb — increased fishstock 10.4 20.4
Blc — without fish 12.2 20.6

Tab. 37. Changes in the abundance (n/m?) of some groups
of Trichoptera larvae in the stretches of the Brodskd with changed
fishstock. Average values from the bank zone for 2 years

Stretch Bl Bl1b Ble
Stenophylacini 24.8 15.5 8.3
Chaetopterygini 11.0 8.8 9.8
Limnephilinae juv. 39.9 277 42.8
Limnephilinae total 75.7 52.0 60.9
Polycentropus 25.3 21.1 26.5
Sericostomatidae 50.1 46.2 48.4
Total 151.1 119.2 135.8
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change, whereas in the bank zone there was a reduction of some groups of
larvae (see Tab. 37). The low values of abundance in the B lc stretch (without
fish) can be due to partial pollution.

Summary data on the change of abundance and biomass of larvae due to
excessive fishstock are given in Tab. 38 and 39. From the tables it follows that

Tab. 38. Abundance of Trichoptera (n/m?) in the stretches of the Brodska with changed fishstock.
Annual average values.

Current Bank
1967/68 | 1968/69 X 1967/68 | 1968/69 X
Bl — natural 562.1 469.5 515.8 218.1 186.1 202.1
state
Blb — increased 428.3 561.5 494.9 182.8 122.1 152.4
fishstock
Ble — without 286.8 451.5 369.1 183.1 203.4 193.2
fish

'Tab. 39 Biomass of Trichoptera (g/m?) in the stretches of the Brodski with changed fishstock.
Annual average values.

Current Bank
1967/68 | 1968/69 b4 1967/68 | 1968/69 b4
Bl — natural 1.57 5.43 6.50 5.44 4.55 4.99
state
Blb — increased 4.38 5.96 5.17 3.62 2.59 3.10
fishstock
Blc — without 3.03 5.98 4.50 2.53 5.43 3.98
fish

the excessive fishstock resulted in the decrease of population in the bank zone
by about 50 specimens per 1 sqm, which makes about 1.9 g/m? of the biomass.
In the larvae from the current the excessive fishstock did not have such significant
influence. The decrease of the values in the stretch B lc, probably due to
pollution, is more significant in larvae of the more sensitive species living in the
current than in larvae from the bank zone.

The above statements about the influence of the increased fishstock are
identical with generally known information on the food of the trout (Tusa 1968,
Brauix 1972) and on the influence of excessive fishstock (mainly the population
of the yellow trout) on the composition of the rheobenthos (SEDLAK 1969). The
yellow trout consumed chiefly easily accessible larvae, mostly freely creeping
or taken by the current and occuring mostly in calm sectors of the bank zone
(the families Limnephilidae, Sericostomatidae).
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4.8 Megaloptera

From Megaloptera larvae of the only species Sialis fuliginesa Pict. (see
VANHARA 1970) occured in both trout brooks. From the total number of larvae
collected in the course of the whole investigation period, 37.8 %, occurred in the
Brodska and 62.2 %, in the Lusova. From the ecological point of view the LuSova
seems to be more favourable for the occurrence of Sialis larvae by its more
suitable hydrological conditions.

In both brooks stones near the banks were more populated. Thus in the
Brodska we found 82.9 9, in stagnant water near the banks and only 17.1 9,
lived in the current. Similarly in the LuSova 80.2 9, lived near the banks and
19.8 9, in the current (percentual shares were calculated out of the total number
of larvae found in the individual brooks).

The upper stations of both brooks were more frequently populated than the
lower ones; the two brooks, however, differed from each other qualitatively.
While the ratio of abundance in the upper and in the lower Lu3ova is 53 : 3,
in the Broska it is substantially lower, viz. 6 : 0.

The abundance of larvae in the course of the year is very low, it varied from
0 to 24 specimens per 1 sq.m; the distribution and occurrence of larvae are also
irregular. The average abundance of Sialis larvae was <1 specimens per 1 sq.m
in the current and 2.7 specimens per 1 sq.m near the banks.

Due to low occurrence it is not possible to evaluate quantitative conditions
of Sialis fuliginosa in stretches with different population of the yellow trout
in the Brodska. The values are more or less balanced.

Neither the biomass nor the production was separately stated.

4.9 Diptera

The quantitative share of Diptera larvae in the zoobenthos of the two brooks
is quite significant, particularly as far as the numbers are concerned. The
representation of species and genera of the individual families is evident from
Tab. 40. The values stated therein express an average abundance of larvae per
1 sq.m, calculated for the whole investigation period, 1966 to 1969. The share
of the families in the composition of Diptera is different.

4.9.1 Tipulidae occurred mostly near the banks. Sapro-phytofagous larvae of
both species found out were mostly found near the banks, chiefly in the Brodska.
On the other hand, in the LuSova there occurred only several larvae in the
current under the stones.

4.9.2 Most species and/or genera of the family Limoniidae occurred irregularly
and sporadically. They are mostly predatory larvae, currently occurring in clear
and well-oxidated brooks. The most frequent of the Limoniidae larvae were
larvae of the genus Dicranota not specified in detail, which showed a clear
preference for the current in the distribution. The abundance in the current is in
some cases a multiple of that near the bank. In most samples the larvae occurred
in quantities of 6 to 20 specimens per 1 sq.m (only exceptionally 70 and 88
specimens per 1sq.m in two samples in March and in May in the LuSova).
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In the larvae of the genus Dicranota we did not find any relation between their
quantity and a different population of the yellow trout in the Brodska. From
the values quoted below there follows more or less a depression of the number
of larvae downstream, which may be due to certain organic pollution of the lower
stations and elimination of oligosaprobic and steno-oxybiotic species. The
relatively highest density of larvae throughout the whole investigation was
noticed in the current of the LuSova; it was 105 specimens per 1 sq.m.
Average abundance of Dicranota larvae (n/m?), was following:

r ; |

‘ Station ’ Current | Bank g
, L ! ]
’ Lugovd L1 l 105 3|
| BrodskiB1 | 80.3 221 |
| Blb | 333 177
| Ble | 217 | 27 |
I \

The next relatively most numerous species of Limoniidae is Antocha vitripennis.
Its larvae occur regularly in rapid brooks and are evidently sapro-phytofagous
and detritovorous. In the distribution of larvae there occurred a slight preference
for calmer water near the banks.

The occurrence of the other species Limoniidae was irregular and sporadic.

4.9.3 The family Dixidae was represented by two species (Tab. 40) whose
detritovorous larvae show a slight preference for the bank zones of the brooks.
They were much more numerous in the Brodska. The occurrence of both species
is, however, irregular and sporadic.

4.9.4 Chironomidae

Chironomidae larvae consitute one of the frequently occurring groups of
zoobenthos in both trout brooks, even though their percentual share on the total
biomass and/or production of the whole zoobenthos will be indisputably small.
In the present paper we have evaluated all the material of Chironomidae larvae
collected throughout the whole period of investigation (1966 to 1969) with regard
to partial results published before in the papers by KuBi¢ex and al. (1972) and
Losos (1972). For the reasons of complexity of the whole study we have to sum
up some of the results published hefore.

4.9.4.1 Differences in the populations of the upper
and the lower stations of the two brooks

In the first year of investigation (1966 to 1967) we followed the brooks Lusova
and Brodska in two stations each to find out whether there were any differences
in the population of stones by midge larvae in the upper and the lower parts
of the two brooks. From the results published (Kusic¢ex and al. 1972) it is evident
that the density of larvae in both stations was different (see Tab. VI, p. 867,
in l.c.). Apparent differences were noted mainly in the Lugové, where the average
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Tab. 40. Average annual abundance of Diptera and the representation of individual taxons in the
Lusova and the Brodska

Lusova Brodska
Taxon

Current Bank ! Current I Bank
Tipulidae
Tipula (Yamatotipula) lateralis Meig. 0.3 — — 0.6
Tipula maxima Poda —_ — — 0.3
Limoniidae
Limonia (Dicranomyia) didyma Meig. — — — 0.3
Antocha vitripennis (Meig.) 0.4 0.6 0.7 0.1
Pedicia rivosa (L.) — — — 0.1
Pedicia sp. — — 0.2 0.3
Dicranota sp. 9.0 0.3 7.3 0.7
Limnophila (Brachylimnophila) nemoralis Meig. — — 0.2 —
Limnophila (Eleophila) sp. 0.3 0.6 0.1 0.1
Molophilus sp. —_ — 0.2 -
Dixidae 3
Dixa nebulosa Meig. — B3 0.2 0.6
Dixa puberula Loew. — —_ — 0.5
Chironomidae 296.8 t166.5 264.7 160.5
Ceratopogonidae 1.9 0.6 1.7 0.5
Simuliidae 38.5 0.9 32.1 0.0
Psychodidae
Pericoma stammeri Jung 0.4 — —_ —
Pericoma unispinosa Tonn. 0.9 — — —
Pericoma sp. — —_ — 0.3
Stratiomyidae
Oplodontha viridula (Fabr.) — — — 0.3
Tabanidae
Hybomitra sp. 0.6 — — 0.1
Tabanus maculicornis Zetterstedt 0.3 0.2 — —
Rhagionidae
Atherix marginata (Fabr.) 14.8 6.0 29.2 12.3
Empididae
Chelifera sp. — — 0.1 0.7
Wiedemannia sp. 1.2 — 0.1 0.7

i
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annual abundance of larvae in the lower station was higher by 47.2 9%, than
in the upper one. In the Brodska, however, this difference was not so conspicuous,
it being only 8.4 9,. It was shown that stones both in the current and near the
banks in the lower stations were more populated than those in the upper ones.
The results are, however, not quite conclusive, as they are results of only one
year’s investigation.

The species composition of Chironomidae larvae was roughly the same with
the exception of the bank zones in the Brodski, where we found 50 ¢, fewer
taxa. To the dominant species belonged above all Potthastia gaedii (Me.). In this
species it is interesting to note that its larvae appeared in the brooks in consider-
ably lower numbers in the following two years. In the first year of investigation
Potthastia gaedii larvae constituted on the average as much as a 50 9, represen-
tetion of all Chironomidae collected in the course of that year in both
stations and both biotopes. From the spring species larvae of Euorthocladius
rivulorum (K.) were also quite frequent (19 9,); we collected its larvae on stones
only in the current. Near the banks, larvae of Prodiamesa olivacea (M¢.) were
typical (11 %). The occurrence of other taxa was practically the same both
in the upper and in the lower stations of both brooks.

4.9.4.2 Species composition and annual cycles

The species composition of Chironomidae fauna was determined only by the
occurring larvae and/or pupae isolated from quantitative samples. The imagines
were not followed. A partial survey of the species composition and quantitative
conditions of Chironomidae in the upper and the lower stations of both brooks
in 1966 to 1967 was reported by Losos (in KuBi¢eEx and al. 1972) and in the
lower stations of both brooks throughout the whole investigation by Losos
(1972). To have complete data we shall again give some of the results.

For the whole period of investigation we found 28 taxa according to the
larvae. The main share is formed by the Diamesinae larvae: Diamesa insignipes
K., Digmesa thienemanni K., and partly Potthastia gaedii (Mc.). Their percentual
share in the lower stations was—in the course of the whole investigation—
higher in the current than near the banks:

Current Bank I

Lusové ’ 4379 | 35.4 9
Brodské ‘ 4449 | 1979

h
!

Another group, quantitatively less important, is constituted by rheobiotic
larvae of Euorthocladius rivulorum (K.), constituting a 9.8 %, representation of
all larvae in the current, and partly also by larvae of Eukiefferiella discoloripes G.
(current—9.8 9,, bank—only 2 %,). On stones near the banks there occurred
larvae of another group, Ablabesmyia lentiginosa (near the banks—22.3 %,
in the current only 6 %). And the last group of quantitative importance were
larvae not determined in detail, belonging to the Rheorthocladius-Trichocladius
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group, represented to the same extent in both biotopes (current—10.4 %, near
the banks—10.2 %). A more detailed survey of the species composition of
Chironomidae is given in Tab. 1 and 2 in Losos (1972).

Since we did not follow the adult stages, it was impossible for us to find out
annual cycles of development in a number of taxa and/or the number of
generations. A predominant part of Chironomidae larvae belongs to univoltine
species which are also of the greatest quantitative importance.

4.9.4.3 Differences in the occurrence of larvae between
the two brooks and biotopes

Differences in the species composition of Chironomidae in the LuSova and in
the Brodska are negligible. They were found out in several rare species such as
Cladotanytarsus atridorsum K., Eukiefferiella minor Epw., Macropelopia nebulosa
(Mc.), Neozavrelia luteola GOETGH., and the genus Eudactylocladius, not deter-
mined in detail. The species basis of Chironomidae fauna is the same in both
brooks. The same goes for the individual stations.

Certain major differences concerned the population of stones in the current
and those near the banks. This, however, concerns a few species and, above all,
the space distribution of torrential and lenitic species. They are mainly explicitly
rheobiotic larvae of Euorthocladius rivulorum (K.), practically not found ncar
the banks, and partly also larvae of both species of the genus Diamesa and
Eukiefferiella discoloripes, in which a greater preference for the current is shown.
From the lenitic species they are mainly larvae of the Ablabesmyia lentiginosa
group which, on the other hand, were more frequently found near the banks.
In the remaining taxa the space distribution in both brooks was approximately
the same and possible differences in the population of both biotopes are negligible.

4944 Abundance and biomass

As has been stated before, the species composition of Chironomidae was
practically the same in the upper stations as in the lower ones, but the abundance
of larvae was lower in the former. Due to the fact that the results of a one-year
investigation are not sufficiently conclusive, we abandoned further evaluation
of quantitative data in the upper stations.

The lower stations in the two brooks were followed for 3 years (1966 to 1969).
The results obtained give a sufficiently clear picture of the quantitative conditions
of Chironomidae in both trout brooks. From the results of quantitative analyses
we found out that there were substantial differences in the values of abundance
and biomass of Chironomidae above all between the individual years of inves-
tigation. This is particularly conspicuous in the first year of investigation.
Quantitative differences were shown not only in Chironomidae, but also in some
other, chiefly small representatives of the zoobenthos, such as Hydracarina,
Coleoptera, partly also Simuliidae (in the lastmentioned group only in the
Brodska).

In Tab. 41 we stated the values of the average annual abundance, calculated
for the all brook (80 9%, from the current and 20 %, from the bank zones) for
the lower stations of the Brodskd and the Lusova. The low density of Chiro-
nomidae larvae (and/or other groups) in the first year of investigation may have

70



Tab. 41. Differences in aver
groups of minor zoobenthos

} Trout brook

Lusova

in the LuSova and the Brodska
of the whole brook)

age annual abundance between individual annual seasons in some
(abundance calculated per 1 sqm.

" Year period r 1966/1967 | 1967/1968 | 1968/1969

1966/1967 f 1967/1968 ! 1968/1969

|
Brodska i

|
|-—- | e
! Chironomidae 63.9 ,‘ 259.3 l 437.8 54.7 148.2 515.4
i Coleoptera 9.6 ‘ 25.1 184.4 17.3 167.0 134.5 ’
" Simuliidae 38.0 i 34.0 20.6 3.3 22.6 51.2
i Hydracarina 8.5 ] 40.1 50.0 19.8 45.0 48.1
L . I L R R i

been influenced partly by adverse hydrological conditions (higher discharges)
but also by methodically incomplete sampling. For those reasons we base our
calculations of abundance, biomass, and production rate mainly on the results
of the last two years, 1967 to 1968 and 1968 to 1969.

Changes in the abundance of Chironomidae larvae in the lower stations of both
brooks are expressed in Fig. 29 and 30. In the time distribution of Chironomidae
there are two peaks of development. The spring peak in both brooks is parti-
cularly conspicuous. It lasts from the end of March sometimes up to the middle
of May and it is formed predominantly by larvae of Diamesa insignipes, Diamesa
thienemanni and Euorthocladius rivulorum. In spring the abundance of larvae
in the current varied from 699 to 2,473 n/m? in the Lugova and from 585 to
1,685 in the Brodska. Similar, quantitatively less outstanding, were the conditions
near the banks: 303 to 1,240 n/m? in the Brodska and 989 to 1,465 n/m? in the
LuSova. In the spring maximum the density of midge larvae in the LuSova was
also higher than that in the Brodska.

The summer maximum of Chironomidae was no longer so conspicuous, it
stretches for a longer period and it is not uniform in all stations under investiga-
tion, in the biotopes and in the individual years. The abundance of larvae was

Tab. 42. Average annual abundance (n/m?) and biomass (mg/m>?) of Chironomidae in the lower
stations in the LuSova and the Brodsks

Abundance Biomass

| Trout brook [ -
| Lugova ' Brodska Lusova Brodska
_ S - ' :
| Biotope current ! bank | current ; bank | current ? bank | current | bank
| i i !
| e | | i | 1
. 1966/1967 | 66 56 . 62 11 | g5 f 35 52 36
‘ 1967/1968 . 271 215 140 | 180 181 | 122 62 | 110
| 1968/1969 [ 494 213 ‘? 571 | 294 374 | 178 325 | 208

I i i t
| Average values | 21 e ‘ 258 161 i 213 111 146 118
V. N - —

Average values | { | j

| for the whole | 254 | 238 ; 193 ‘ 141
* brook ; | ‘
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lower in the summer season and varied from 366 to 378 n/m? in the LuSova and
from 581 to 752 n/m? in the Brodskd. This maximum was formed by small
larvae, so that also the biomass of larvae was low, varying from 0.2 to 0.4 g/m2.

The values of the average annual abundance are given in Tab. 42. For their
calculations we used quantitative data obtained in all lower stations.

The biomass of larvae and pupae of Chironomidae was not weighed directly,
but it was determined from the curve of length-weight relations. Not following
the adult stages it was impossible for use to classify the larvae exactly into
individual species. For those reasons we abandoned the following of instars and
the total Chironomidae material was processed according to the length-frequency
analysis.

For the calculation of Chironomidae biomass we first of all plotted a curve to
represent the average length-weight relations in larvae of all taxa of Chironomidae
found, irrespective of the individual species. For plotting the curve we took
a number of larvae which we classified approximately into several size groups
of 50 specimens each. In each group we found out the average length of the body
and the weight of the larva. From the data obtained we then plotted the curve
of the length-weight relation for all Chironomidae larvae occurring in the two
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Fig. 29. Changes in abundance of Chironomidae in the lower stretches of the Brodsk4 with changed
fishstock; current, - — — — bank.
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brooks (Fig. 31). From that curve we then calculated the biomasses of Chiro-
nomidae isolated from the individual zoobenthos samples.

The changes in the biomass of Chironomidae more or less correspond to the
changes of abundance (Fig. 30, 32). In the period of the spring peak the biomass
of Chironomidae in the Brodskd and the LuSovd varied between 405 to
1,748 mg/m? and 1,469 to 2,164 mg/m? respectively. The values stated were
taken from all lower stations for the last two years, i.e. 1967 to 1968 and 1968
to 1969. Between the two seasons we found substantial differences both in
abundance and in biomass. The ratio of the average biomass from all lower
stations between the two years in the spring peak was 791 : 1,606 mg/m?. Near
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Fig. 30. Changes in abundance and biomass of Chironomidae in the lower station of the Lusovi;
current, — — — — bank. Abundance in n/m2, biomass in g/m2.
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the banks the biomass of Chironomidae was lower and, under the same conditions,
it varied from 221 to 329 mg/m? in the Brodska and 629 to 1,448 mg/m? in the
LuSova. The differences between the last two years of investigation are analogical
in the ratio 366 : 662 mg/m?2.

In Tab. 42 there are the annual average values of abundance and biomass for
all lower stations of both brooks, but for all the 3 years of investigation, as well
as the values calculated for 1 sqm of the brook (80 9, current, 20 9, bank zone).
From this table great differences between the individual years can be seen. In
the first year of investigation both abundance and biomass are particularly low,
which has been explained by adverse hydrological conditions on the one hand,
but partly it was due to imperfect technique of sampling the material in the field.

From the values of abundance and biomass stated it is further evident that
the density of Chironomidae larvae is substantially higher in the LuSova than
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Fig. 31. Length/weight curve of Chironomidae larvae.
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in the Brodska, both in the current and near the banks. This is due to a more
suitable situation of the LuSova, flowing through more open terrain. It has less
water and is relatively warmer.

4.9.4.5 Production

The calculations of the production rate of Chironomidae was based on
the length-frequency analysis of the all populations. Taking samples of the
zoobenthos once a montle is too long an interval to follow the development of
larvae of individual species in more detail. Thus the development of some
univoltine species, such as Diamesa insignipes K. and Diames thienemanni K.,
and Euorthocladius rivulorum (K.), which have the greatest share in the whole
family Chironomidae in both brooks, goes quite quickly, so that in April, and
sometimes in May, we may get the whole generation of those species in one
sample. In the remaining period of the year the larvae do not occur. For the
determination of their production rate it would be necessary to take more samples
at shorter interval than one month in the period of their occurrence.

For all those reasons we only tried to get a rough estimate of the production
rate of Chironomidae irrespective of their individual species. We based our
calculations on the principles of the methods (see Chapter 2.3).

In Tab. 43 we quoted the values of the production rate calculated for the
lower stations of both brooks for the last two years. From the values quoted
it follows that the production rate of Chironomidae per 1 sqm, similarly as the

Tab. 43. Production of Chironomidae (in mg/m?) in the last two years in the LuSova and the Brodska

Trout brook Lusova Brodska
Station L1 Bl Blb 1 Blc
Biotope Current i Bank | Current ; Bank | Current Bank ' Current 1 Bank
! | ! ! | !
| 1967/1968 ' 1,913 { 840 | 581 | 851 511 | 634 | 313 | 587
| 1968/1969 [ 3,349 ’ 1,756 3,070 @ 1,653 3,708 | 1,108 : 2,303 | 808
| : i i i
Average | | ‘ ‘ |
. production 2,631 ' 1,298 1,826 ' 1,252 2,110 ‘ 871 | 1,308 596
| Production of : | ’ “
! the whole 1 | i
| brook t 2,364 E

1,711 1,862 : 1,166

biomass, is again higher in the LuSova than in the Brodska. The bank zones
have a substantially lower production rate of Chironomidae than the torrential
zones. In the first year of investigation we did not calculate the production rate
of Chironomidae, since the quantitative data obtained were exceptionally low
in that year and they are not sufficiently conclusive.

The production rate of Chironemidae in the lower stations was roughly 2.4 g/m?
in the Lusova and 1.6 g/m? in the Brodska (the average of 3 stations). Calculated
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for the area of 1 hectare the estimated production rate would vary from 16 to
24 kg. The average share of Chironomidae in the total production of zoobenthos
is small and constitutes roughly 1,5 9%.

In calculating the production rate of Chironomidae we also determined the
value of the P/B coefficient. Its values are given in Tab. 44. In 2 cases the P/B
coefficient was higher than 8, in one case it was lower than 4. We think that the
production rate was overestimated or underestimated by the fact that we did
not have data of some winter month at our disposal. In winter the banks were
frozen and covered with ice, so that we could not take any samples. The average
P/B coefficient for the torrential zones is 5.65, for the bank zones 5.7. These
values approach the factor 5, used by MANN (in EDMoNsoN et WinBERG 1971,
p- 162) for production rate estimate.

Tab. 44. P/B coefficients in Chironomidae in the lower stations of the
Lugova and the Brodska

Biotope Current Bank

Year period | 1967/1968 | 1968/1969 | 1967/1968 ‘ 1968/1969

B1 4.1 5.4 4.7 5.6
B1b 5.1 6.6 4.3 8.1
Ble 4.6 5.4 4.3 6.3
L1 7.1 6.8 3.8 8.3
Average
values 5.65 5.7

4.9.4.6 Influence of changed fishstock

The result of the two-year investigation of the lower stations in the Brodska
did not show any relation between the density of Chironomidae and the density
of the yellow trout population. For comparison, in Tab. 45 and 46 we quoted
the values of abundance and biomass of Chironomidae in all 3 lower stretches
of the Brodska together with the values calculated per 1sq.m of the brook.
From the results quoted it is evident that the highest abundance and/or biomass
of Chironomidae larvae were in the highest stretch with natural density of the

Tab. 45. Abundance of Chironomidae (in n/m?) in the lower stations of the Brodska with changed

fishstock
Year period | 1967/1968 1968/1969 ‘
Biotope current bank ‘ brook current E bank }' brook ‘
Bl 140 180 148 571 L 294 515 |
Blb 100 149 109 565 | 137 480
Blc 69 90 73 429 127 369 ‘
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Fig. 32. Changes in biomass of Chironomidae in the lower stretches of the Brodska with changed
fishstock; crurrent, — —~ — — bank.

Tab. 46. Biomass of Chironomidae (in mg/m?) in the lower stations of the Brodska with changed

fishstock
Year period 1967/1968 1968/1969
Biotope current bank brook current bank brook
Bl 62 110 71 325 208 302
B1b 53 75 58 343 103 295
Blc 30 49 34 282 95 244

yellow trout population (B 1), not only in the current, but also near the banks.
On the other hand, the lowest values were found out in the lowest stretch
without fish (B 1c). The middle stretch with excessive fishstock (B 1b) had the
values of abundance and biomass of larvae within the range of the two limits

found out.
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When comparing the values in all 3 stretches of the Brodskd we found out
a gradual decrease of the density of population downwards towards the mouth
of the brook. This difference was particularly clear in 1967 to 1968 and reached
as much as 50 9,; in the following year it was smaller. We think that the decrease
in the density of midge larvae both in the current and near the banks was due
to slight pollution of the brook Brodska. Similar trends were also registered in the
Brodska in other groups of the zoobenthos, e.g. Simulitdae, Hydracarina, Tricho-
ptera.

4.9.5 Ceratopogonidae

Larvae and pupae of Ceratopogonidae constitute a quantitatively insignificant
group of zoobenthos in both brooks. The whele family is characterised by a very
irregular space distribution and the occurrence of larvae and/or pupae is also
very irregular to sporadic in some places. Larvae occurred in almost all months
of the year, the highest number of occurrences being in April and May in the
current and in September and October on the stones near the banks. We did not
carry out species determination.

Throughout the whole period of investigation we found altogether 283 larvae,
fewer pupae. Out of that number 67.5 9, (191) lived in the Brodska and 32.5 9,
(92 specimens) in the LuSova. Thus the Brodska is more populated by them the
Lusova, the difference being more than twofold.

The quantitative population of both biotopes is practically the same in the
Brodska and in the Lusova. Larvae populate stones in the current more than
those near the banks. This follows clearly from the following comparison:
Brodska: current—75.8 9%,: bank zone—23.2 9,; LuSova: current—69.5 9:
bank zone—30.5 9%,.

The average monthly abundance of Ceratopogonidae larvae is very low and
in different stations it varied within the following limits: near the banks 0 to
1.9 n/m?; current—0 to 5.7 n/m?2.

The biomass and production rate of Ceratopogonidae were not separately
determined due to scanty material and irregular occurrence.

4.9.6 Simuliidae

Larvae and pupae of Simuliidae occurred on stones mainly in the current of all
stations under investigation. In stagnant water along the banks they were
mostly completely missing; throughout the whole period of investigation 1966
to 1969 they occurred there in only 4 collections chiefly during increased discharge
rates, but always in negligible quantities. They were larvae of the following
species: Simulium nigripes—6 specimens/m? (L 2—13 Apr., 1966), Odagmia
ornata—9 n/m? (L. 1—21 Aug., 1967), and Odagmiae monticola in the numbers 7
and 8 n/m? (B 1b, 28 Jan. and 25 Feb., 1969).

The share of Simuliidae on the whole zoobenthos of both trout brooks was
very low.

Simuliidae were represented there by 8 species, common in our country.
Larvae of all the species determined occur mostly in streaming cold waters,
mostly in nountain and slope brooks and small rivers; only Simulium nigripes
and Prosimulium (S.) tuberosum descend to the plains. The species composition
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and percentual representation of the individual species in the current of the two
trout brooks is given in next text; the percentage for the whole period of
investigation, 1966 to 1969, was calculated separately for either brook:

Species ‘1 Brodska = Lusovid
. a‘ i
Eusimulium brevidens Rustzov 0.2 9, —_—
Eusimulium costatum (FrRIEDERICHS) — 0.3 %
Eusimulium cryophylum Rustzov 0.2 % 0.5 %
Eusimulium latipes (MEIGEN) 5.5 9 4.5 9,
Odagmia monticola (FRIEDERICHS) 38.5 9% | 46.5 9
Odagmia ornate (MEIGEN) 2.3 % 6.8 9%
Prosimulium nigripes ENDERLEIN 34.5 9% | 40.6 9
Simulium (S.) tuberosum (LUNDSTROM) 18.8 9 1.3 9%
!

It is evident that out of 8 species the dominant ones were Odagmia monticola
and Prosimulium nigripes and in the brook Brodska partly also Simulium (S.)
tuberosum. The percentual composition of Simuliidae larvae and pupae is roughly
the same in both brooks.

The annual cycle of Prosimulium nigripes points to one generation per year;
most larvae were found in the winter season up to April with the maxima up
to 285 larvae per 1 sq.m. In Odagmia monticola there occur 2 generations.

The annual cycle of Prosimilium nigripes shows that there lives only one
generation in the year in the brooks. Their larvae were mostly found in winter
and partly in spring, practically up to April. The maximum abundance of larvae
was as high as 285 specimens per 1 sq.m. In Odagmia monticola it is possible
to estimate two generations per year. The maximum representation of larvac
in both brooks was in winter and at the beginning of spring with the maximum
of 248 larvae per 1 sq.m.; weaker and not so numerous generations were also
found in summer.

Both dominant species influence significantly the abundance of the whole
family Simuliidae. reaching the maxima in both trout brooks in winter and
partly in the summer months in the number of 100 to 450 larvae per 1 sq.m.

Tab. 47. Average annual abundance of Simuliidae in the Luovi and the Brodska

Trout brook \ Lusova I Brodska I
! Station 12 m | B2 | Bl Blb | Bl
e o T
| 1966/67 13.5 47.5 22.0 4.1 — =
Current | 1967/68 — 42.3 — . 283 17.6 | 134 |
L 1968/69 1 — 2.7 . — 640 L5 338
1966667 07 | o0 . o | g — —
| Bank L1967/68 | ] — 0 0 0
1968/69 | — ¢ — 0 1.3 1 0
—_ S— —_ —i —— __" —
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The differences between the brooks, the stations, and/or biotopes in the
abundance of Simuliidae larvae is evident from Tab. 47, which contains the
values of average monthly abundance.

From that table it is clearly evident that Simuliidae larvae and/or pupae
populate—as it corresponds to their ecology and way of nutrition—exclusively
the torrential zones of both brooks and, on the other hand, avoid stagnant water
along the banks. Quantitative differences in the population of both brooks and
the stations are not significant, more conspicuous are the differences in abundance
between individual years, particularly in the Brodska. Neither biomass nor
production were separately determined.

4.9.7 Other groups of Diptera

Larvae of the families Stratiomyidae Tabanidae, and Empididae also showed
irregular and sporadic occurrence.

An outstanding quantitative share in the composition of Diptera belongs to
larvae of Atherix marginata from the family Rhagionidae (Tab. 40). In all the
stations under investigation the larvae showed a clear preference for the torrential
zones of the brooks where their average abundance was roughly 2 to 2.5 times
higher than that near the banks (Tab. 40). The weakest population of stones
was in the Lugova both in the current and near the banks. In the Brodska the
values of average abundance were substantially higher, increasing downstream.
Distribution of Atherix marginata larvae in the current and near the banks
of the two brooks:

Station \ Current Bank
Luova 1 105 52
Brodska 1 248 98.3
Brodska 1 289 181
Brodska lc 359.5 143.5

The increase of the number of Atherix marginata larvae in the lower stations
of the Brodska is in accordance with the ecological character of this species
which is less particular to cleanliness. As can be seen from the table above there
was not found out any correlation between the density of larvae and the density
of population of the yellow trout in the brook Brodska.

The biomass and production of the Diptera families were not separately
calculated.

4,10 Coleoptera
The order Coleoptera was not specified into species. Most of the imagines and
development stages belonged to the genus Helmis. From the quantitative point

of view Coleoptera formed a numerous group of the zoobenthos of the two brooks,
but due to their tiny size their share in the total production of zoobenthos is
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small. Coleoptera formed 4,8 %, of the total zoobenthos and occurred on stones
both in the current and near the banks.

In the first period of the research in 1966/67 the quantitative differences
between the upper and the lower stations of the two brooks were not significant;
we might speak about a more or less balanced density of Coleoptera. It is, however,
interesting to note that in that year in both brooks the occurrence of Coleoptera
was much lower than in the following two periods, i.e. 1967/68 and 1968/69.
This difference roughly formed about 1 order (Tab. 48). It was significant

Tab. 48. Average annual abundance of Coleoptera in the LuSova and the Brodsks

g
Trout brook ‘ Lusova ‘ Brodska
] | ,
Staton L | L | B2 . B ’ Blb | Ble
|
1966/67 138 | 115 2 | 194 | _ ’ —
Current 1967/68 — | 252 - ‘ 1847 | 69.3 51.8
1968/69 — | 2189 — | 1555 ‘ 266.8 I 272.8
t t
1966/67 7.2 2.0 3.4 0.9 ‘ — —
Bank 1967/68 - 24.6 — 96.2 19.2 18.8
1968/69 — 46.3 — 505 | 215 19.7
1 1

particularly in the current; on the other hand, the density of population near
the banks in the last two years was well-balanced. The low abundance in the
first year of investigation was most probably due to unfavourable hydrological
conditions (increased discharges in the brooks), which probably unfavourably
influenced the distribution and reproduction of Coleoptera. This phenomenon is
encountered with in other groups mostly including tiny species such as Cerato-
pogonidae Simulitdae and Chironomidae.

The quantity of Coleoptera varies considerably throughout the year, which
is probably in connection with different cycles of development in the individual
species. In the period of the maximum development of the whole order, mostly
falling to summer (partly to the end of spring) Coleoptera reached the abundance
of 100 to 770 specimens per 1 sq.m. The values of the average annual abundance
in individual stations and biotopes are stated in Tab. 48.

From Fig. 33—34 a clear-cut difference in the quantitative population of
stones in the current and those near the banks is evident. Coleoptera occurred
mostly in the current, whereas near the banks their occurrence was lower. These
differences are evident also in the average annual abundance (Tab. 48). While
in the torrential zones there occurred 84.4 9%, and 80.2 9, in the Brodska and
the LuSova respectively (out of the total number of Coleoptera found in the
individual brooks), on the stones near the banks there lived only 15.6 %, in the
Brodskéa and 19.8 9, in the LuSova.

The differences in the population of 3 stretches on the Brodska with different
yellow trout population are not significant. As evident from Fig. 33—34 all
3 stretches are populated more or less to the same extent.

The biomass and production rate of Coleoptera were not separately specified.
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current, — — — — bank.

4.11 Biomass of the group “Varia”
As has been stated in the methods, besides taxonomic groups important from

the production point of view, we separated another group, the so-called *“Varia’.
That group contained the remaining taxonomic groups which are of little impor-
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tance for the production or which could not be weighed in the field or for whose
determination we had no specialists.

In “Varia” we included Vermes with the exception of Dugésia gonocephala
and Hirudinea further Hydracarina Megaloptera Coleoptera and the remaining
Diptera. All those groups were thus weighed together in the field. Later on we
isolated Chironomidae in which the biomass was determined from the curve
of lenth-weight relations. Those values were then substracted from the values
of the biomass of “Varia”. Average weight differences were then put in Tab. 49
and 50 in comparison with the average values of abundance of the individual
groups.

Tab. 50. Average annual abundance (n/m?) and biomass (mg/m?) of the
group “Varia’' in the LuSova

7
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Ceratopogonidae ;
Simuliidae i
Other Diptera
Megaloptera
Coleoptera
Hydracarina
Other Vermes

el o

cEHRORID

485 406

1966/67

[

o U1 B
—ONONOO
oo o we

Ceratopogonidae l
Simuliidae
Other Diptera
Megaloptera
Coleoptera
Hydracarina
Other Vermes

PN
—

1,757 1,037

1967/1968
wRopIbo
WeNO oW
[N
A
[V =J= W BN ]

— N

=

Ceratopogonidae
Simuliidae
Other Diptera
Megaloptera
Coleoptera
Hydracarina
Other Vermes

w b

comosun
CMOY  ~3-1-3
ol

1,448 818

[
Y i

1968/1969

Do B
— O8N B O
(=R YRS E R

|
|
!
!
f
i
|
i
i
_
|
|
;

5. Influence of different fishstock on zoobenthos

In the brook Brodska we had the possibility of influencing the density of the
fishstock for a long time (2 years) and following the influence of those changes
on benthos. Carrying out and keeping the changes was made possible by artificial
weirs more than 2 m high, which made the migration of fish difficult (Fig. 35).
Besides, the fishstock was checked and controlled four times a year by means
of an electric fish shocker (by workers of the Institute for the Investigation of
Vertebrates of the Czechoslovak Academy of Sciences). In the stretch above
the weirs the original, so to speak natural fishstock was left, hetween the weirs
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Fig. 35. Brook Brodska: the small rocking dam (weir) in the brook.

(length about 200 m—Fig. 7) the fishstock was increased, below the weirs down
to the mouth of the brook into the Beéva (500 m) the stretch was “without fish”
(removing the Carpathian sculpin completely did not succede). The data on the
number of fish in the individual stretches are given in Tab. 51. Throughout the
part under investigation there is no tributary, the average gradient, depth, and
nature of the bottom being practically the same.

Tab. 51. Fishstock density in the individual stretches of the Brodska

Salmo trutta m. fario

Bl Blb Ble
Species natural | increased without
fishstock | fishstock | fish
|
el
per 1 m2| 0.147 0.273 | 0.010
only sporadi-
cally
per 1 ha 1,470 2,730 " 100 i
! ' L4
per 1 m? 0.480 0.646 J 0.350 |
perlha | 4800 | 6460 3,500 |
| s |
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The natural stretch was followed from May, 1966 to April, 1969, the stretch
with excessive fishstock and that without fish from May, 1967 to April, 1969.
In sample taking and sample processing a uniform working method was used
(see the methodological part).

We did not follow the influence on phytobenthos. As follows from the chapter
in question, the main influence in this respect is due to light conditions. According
to small differences in the zoobenthos (see Tab. 52) it is also impossible to judge
for the phytobenthos to be influenced by the change in the abundance of animals.

Tab. 52. Abundance of the zoobethos in the individual stretches of the Brodski (Average value
from 1967 to 1969)

Bl natural Blb  increased Ble without |
Taxon fishstock fishstock fishstock |
in n/m?
current bank current bank current bank
Dugésia gonocephala 18 56 19 50 17 78 [
Tubificidae 4.0 4.8 4.7 3.4 3.7 4.5
Hirudinea 0.1 0 0. 0 0.2 0.7
Ancylus fluviatilis 9 34 7 16 9 33
Rivulogammarus fossarum 253 487 303 562 382 547
Hydracarina 50 34 42 19 27 9
Plecoptera 154 62 161 69 141 71
Ephemeroptera 616 387 835 360 592 353
Sialis 0.2 1.5 0.7 0.9 0 1.8 l
Trichoptera 515 202 495 152 369 193 |
Chironomidae 356 237 333 143 249 109 |
Ceratopogonidae 2.5 0.8 1.8 0.9 2.8 0.6 |
Simuliidae 46 0 45 0.6 24 0
Other Diptera 41 20 26 19 35 19 ‘\
Coleaptera 170 73 168 20 162 19 ;
Sum 2935 | 1,599 | 2,441 | 1,416 | 2,014 | 1,439 |

The differences in the representation of the individual components of zoo-
benthos in stretches with different fishstock density are best seen from a Tab. 52
and 53. As long as we take the zoobenthos as a whole, it is impossible to speak
about major changes in the current and near the banks. In the current the number
of specimens even increased (mainly Ephemeroptera, to a smaller extent also
Rivulogammarus), but the weight of one specimen dropped. Influence by fish
predation can be judged at only from the drop of the number of caddis flies of
the suborder Integripalpia, midges, and/or Ancylus near the banks. In detail
we should like to refer to the chapters dealing with the individual groups of the
zoobenthos.

We can state than an increase of the yellow trout by 86 % and the Carpathian
sculpin by 35 9, against the original natural stock did not mean any decrease
of the total abundance of the zoobenthos. On the contrary, in some groups we
found out an increase with a simultaneous decrease of the average weight of
1 specimen. Only near the bank the number of caddis flies of the suborder
Integripalpia decreased. In the stretch which was practically without trout and
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Tab. 53. Biomass of the zoobenthos in the individual stretches of the Brodski (Average values
from 1967 to 1969)

natural increased without
Bl fishstock B1b fishstock Ble fish

i

|
current \ bank | current | bank | current: bank
‘ i

Taxon in g/m?

Dugésia gonocephala 0.387 1.203 0.408 1.074 0.365 1.675
Ancylus fluviatilis 0.024 0.087 0.018 0.042 0.024 0.086
Rivulogammarus fossarum 2.111 5.633 4.021 7.067 3.612 5.954
Plecoptera 2.661 0.561 3.154 0.397 3.004 0.659
Ephemeroptera 2.401 2.770 2.765 2.365 2.363 2.546
Trichoptera 6.500 4.990 5.170 3.100 4.500 3.980
Chironomidae 0.199 0.159 0.198 0.089 0.156 0.072

Other Diptera + Sialis
+ Coleoptera - Hydracarina +
-+ other Vermes 1.389 1.087 1.164 0.860 1.061 0.868

Sum of the zoobenthos 15.672 | 16.490 | 16.898 | 14.994 | 15.085 1 15.876
{

1

in which the number of the Carpathian sculpin was lower on the average by 27 9,
we did not find out conclusive differences against the natural stock. Even though
this research was carried out for only two years and a longer investigation would
be necessary we think that autochtonous food in the brooks is not a limiting
factor for the increase of the density of the population of the yellow trout to
numbers stated in Tab. 50, (Note: The growth of the trout in the individual
stretches will be evaluated in another paper. For the time being, we can, however,
say that in the stretch with excessive fishstock there was no deterioration of the
growth abilities of fish).

6. Conclusions

In the Beskydy trout brooks we determined more than 167 species of water
organisms (see the list of taxa, periphyton 29, zoobenthos 138).

In the composition of the periphyton the prevalining part were diatoms,
particularly the genera Achnanthes, Diatoma, Gomphonema, and Cymbella all
over the bottom, in the torrential and sufficiently light zones of the stream
Cladophora were frequent in summer. In winter months Ulothrix zonata was
characteristic.

The species composition of the communities of the natural substratum of the
bottom and artificial substrata was the same, formed predominantly by diatoms.
Significant correlations were found out between the results of the abundance
of algae (annual average 1,620 x 103 cells/cm?), the quantity of organic matter
(average 21.7 g/m?), and the quantity of chlorphylle-a (average 69.1 mg/m?).
The average value of gross primary production of the artificial substratum was
60.3 mg O;/m? per hour.

The development of periphyton was influenced by high discharge rates of
water especially during the spring thaw and by local light conditions. The values
of the indices of periphyton and productivity rate correspond to data by other

87



authors from clean quickly running waters. In major eutrophic streams higher
values were found out.

The zoobenthos of the Beskydy brooks is formed by more than 138 species,
the most frequent of them being the representatives of caddis flies (25 9%) and
midges (20 %), further stone flies (15 9%,) and mayflies (14 %). The most im-
portant were the species of the genera Rhyacophila and Hydropsyche and the
representatives of the family Limnephilidae and Sericostomatidae, further Baetis,
Rhithrogena and Ecdyonurus, species of the genus Leuctra, Perla marginata and
Isoperla oxylepis, Rivulogammarus fossarum, Ablabesmyia lentiginosa, Diamesa
insignipes, Diamesa thienemani, Euorthocladius rivulorum and the group Rheortho-
cladius-Trichocladius.

In the abundance of the zoobenthos (Tab. 54) the greatest share consisted
of mayfly larvae (30.3 %), shrimps (15.4 %), caddis fly larvae (13.5 9%,) and
midge larvae (11.4 %), thus making up a substantial part of the bottom
community. As for the weight, (Tab. 54) the most important were the groups
Trichoptera (31.3 9,), Ephemeroptera (19.7 %), Amphipoda (19.6 %), and Ple-
coptera (15.6 9).

From the point of view of the production (Tab. 54) of the Beskydy brooks,
Trichoptera formed 37.6 9, Ephemeroptera 21.1 %,, Plecoptera 16.1 %, Amphipoda
10.8 %, other groups together 14.4 %, (Tab. 54).

We determined the production rate in nearly all basic groups of the zoobenthos
(Trichoptera, Ephemeroptera, Amphipoda, and Chironomidae), in the remaining
groups we applied the P/B coefficient 8.1. All the coefficients are in accordance
with the data in Borutski and al. (1971 for some species of midges and in
Epmonson and WINBERG (1971) for some water organismes.

When we used the coefficient 8 to calculate the hitherto known average annual
biomass of zoobenthos in trout waters, we obtained very similar results (cf. also
in Kusi¢ek and al. 1971, Kusi¢ek 1971):

Average Anunal production
Stream annual biomass kg/ha
kg/ha
Trout brooks of the
Beskydy 151.0 1,177
Svratka (near Stépénov) 163.2 1,305
Loudka (near Blazkov) 128.0 1,024

These streams have also a very similar composition of zoobenthos, both
qualitative and quantitative.

The influences of abiotic factors of the environ of the Beskydy brooks, above
all the changes in discharge rates, the speed of the streaming, the thermal régime
and the changing of pools and torrential zones were reflected in the annual cycle
of benthic organisms and their distribution on the bottom of the brooks. Also
a regular supply of organic matter in the form of leaves and its gradual reduction
has an influence particularly on a high share of detritovorous bottom organisms

(see Hynes 1970).

88



ey/AN LLTT =
= W/BYILLIT | 00671 L6¥'ST S9L'Y1 661°¢ ¥59°1 6£€'7 [E10],
| |
: 91¢ 8L1 16¢ $410
, !
801 o¢ L31 p491d03107)
82 1> <t avpunung
'8 6258 €S0°1 L18’0 [0 1< 1 14 _ anpruoFodowaa;)
1< W € T vsourgynf syo1g
29 (¥4 ce DUIIDIVIPAFT
r nrrumkek k24
|
e8Iy VLL'T L9T°0 yIt°0 6L1°0 9%C 191 L92 avpruLouoL1yr)
s $61°0 ¥c0°0 8%0°0 810°0 01 61 8 syuvtany snpoup
'8 v P6£°¢ 999°0 ¥2el 925°0 1€ L¢ 124 vjpydasouos visedng
9v—9°¢ | 96L°21 126°¢C $9¢°S 192°2 (483 09§ 052 vpodrydwy
I's , GL6'81 L9¢°¢ ¥9%°0 £V8°¢ L3l 19 441 va93doso) g
8'8—08 | SL8¥VC Gl6'C SL9°C 970°¢ 189 L8E yeL vaordossuraydsy
L'6—C'6 081°S¥ 0EL'Y 06S'¥ 08L'¥ S0€ 191 1¥€ va01doyors, |,
h M | .
, i
M _ ' (zux -1100) _
go0o : (zux *1100) (cux 1200) _ Jueq | JUALIND =101 | Jueq juRumno
| | P . ! i uoxey,
qa/d | /3 uononpord e101 ! i
: _ 7u1/8 sseworg w/u sduspunqy )
- ! ! - I
surejunoly ApAysog 9y1 Jo $Yooiq N0l Y} VI BUNe} WONoq jo uondonpoad puw 1q ‘oouzpunge jenuue dFvIAY ‘< ‘qe],

89



The changes in the variation of abundance and biomass of the zoobenthos
in the course of the year corresponded to the model “of the annual cycle”,
as elaborated by Hynes (1970) for running waters.

Different relations in the quantitative as well as in the qualitative composition
of the zoobenthos in the torrential and in the bank zones were found out. While
in the torrential zones of the stream Trichoptera, Emphemeroptera, and Chiro-
nomidae larvae and some Coleoptera larvae and imagines predominated, in the
bank zones it was Rivulogammarus, Dugésia and others. The measure of the
limiting speed of the torrential and the bank zones was the speed of the stream
15 em/sec. Our investigation results about the influence of the current on the
distribution of the zoobenthos correspond to the data by other authors (e.g.
Rauser 1956, AmieL 1959, KAMLER 1966, and others).

The influence of different fishstock on the zoobenthos was not proved due to
complicated relations in the fishstock (yellow trout, Carpathian sculpin). The
two stretches chosen as being without fish (one in the Lusova, the other in the
Brodsk4) were not equivalent, as one of them (the LuSova) had an increased
pepulation of the Carpathian sculpin, whose population after removing the other
fish (yellow trout) was not controlled. Only some phenomena point to the fact
that the benthic fauna may have been influenced in the stretch (Brodska B 1b)
where the population of the yellow trout and C. sculpin was increased.

The stretch with the excessive fishstock in the Brodska showed differences
in the abundance and the biomass of some groups of the zoobenthos in contrast
with the neighbouring stretches (with normal fishstock and without fish). Thus
e.g. the abundance of mayfly larvae and amphipods was higher in the stretch
with excessive fishstock than in the stretch with normal fishstock. In other
groups it was lower (e.g. Trichoptera. Ancylus), in further ones there were no
changes. Conspicuous were, however, the changes in the lower average size and
weight of the specimens e.g. in mayflies, caddis flies, and amphipods and in the
species composition of caddis flies which, together with mayflies and midges,
form the main component of fish food.

An important results is, however, the fact that not even the excessive fishstock
did substantially lower the food basis with the determined composition and
quantity of the zoobenthos. Such experience had been made before in another
trout stream in our country (the Loudka near Blazkov, see SEDLAK 1969,
Kusicek 1971, KuBi¢ek and al. 1971).
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LIST OF THE TAXA IN BOTH BESKYDY BROOKS

PHYTOBENTHOS

Cyanophyceae

Hydrococcus sp.
Phormidium sp.

Bacillariophyceae

Achnanthes minutissima KTz.

Achnanthes lanceolata BREB.

Achnanthes amphicephala HusT.

Cocconeis placentula EHR.

Cocconeis pediculus Enr.

Cymbella venticosa KuTz.

Cymbella prosirata (BEre) CLEVE

Cymbella affinis K trz.

Diatoma elongatum Ac.

Diatoma vulgare Bory

Fragilaria capucina DEsM.

Gomphonema olivaceum (LyNc.) KtiTz.
Gomphonema tergestinum (GRuN.) Fricke
Gomphonema angustatum v. productum GRUN.
Gomphonema intricatum v. pumilum GRUN.
Meridion circulare Ac.

Navicula gracilis EHR.

Navicula cryptocephala KTz,

Navicula cryptocephala v. intermedia GRUN.
Nitzschia dissipata (N1125CH.) GRUN.
Rhoicosphaenia curvata (KtTz.) GRUN.
Surirella ovata K1z,

Synedra ulna (N11zScH.) EHR.

Synedra amphicephala v. austriaca GRUN.
Synedra vaucheriae Ktrz.

Chlorophyceae

Cladophora glomerata (L.) KTz,
Ulothrix zonata K€z,
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ZOOBENTHOS
Vermes
30 Dugésia gonocephala (Ducis)
Oligochaeta
Hirudinea (Herpobdella)

Mollusca

31 Ancylus fluviatilis MGLLER
32 Pisidium sp.

Crustacea, Amphipoda
33 Rivulogammarus fossarum (KocH)

Hydracarina
Insecta

Ephemeroptera

34 Ephemera danica MGLL.

35 Ecdyonurus gr. venosus

36 Heptagenia lateralis Curr.

37 Rhithrogena semicolorata Curr.
38 Epeorus assimilis ETN.

39 Habrophlebia lauta Etn.

40 Habroleptoides modesta Hac.
41 Paraleptophlebia submarginata Sr.
42 Baetis rhodani Picr.

43 Baetis bioculatus L.

44 Baetis alpinus Picr.

45 Baetis pumilus Burm.

46 Baetis niger L.

47 Centroptilum luteolum MGLL.
48 Centroptilum pennulatum ETn.
49 Ephemerella ignita Popa

50 Chitonophora krieghoffi ULm.
51 Torleya maior Kvp.

52 Caenis macrura STEPHN.

Plecoptera

53 Dinocras cephalotes (Curris)
54 Perla burmeisteriana CLAASSEN
55 Perla marginata (PANZER)

56 Perlodes microcephala (P1cTET)
57 Isoperla oxylepis (Drspax)

58 Protonemura meyeri (P1cTET)
59 Protonemura nitida (P1cTET)
60 Protonemura intricata Ris

61 Protonemura praecox (MorTon)
62 Nemoura fulvipes KLaPALEK
63 Nemoura cambrica (STEPHENS)
64 Amphinemura sulcicollis STEPHENS
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65 Leuctra hippopus KEMPNY

66 Leuctra albida KEMPNY

67 Leuctra prima KEMPNY

68 Leuctra autumnalis AUBERT

69 Leuctra inermis KEMpNY

70 Leuctra aurita Nav4s

71 Chloroperla tripunctata (ScopoLr)

72 Siphonoperla torrentium (PicTET)

73 Siphonoperla neglecta (Rosstock)
Chloroperlidae g. sp. div.

Megaloptera
14 Sialis fuliginosa Picr.

Trichoptera

75 Rhyacophila fasciata Hac.

76 Rhyacophila mocsaryi KLap.

77 Rhyacophila nubila ZgTT.

18 Rhyacophila obliterata McLacn.

79 Rhyacophila tristis Picr.
Rhyacophila sp. div.

80 Glossosoma boltoni Curr.

81 Agapetus sp.

82 Hydroptila sp.

83 Philopotamus sp.

84 Hydropsyche instabilis Curr.

85 Hydropsyche angustipennis Curr.

86 Hydropsyche pellucidulla Curr.

87 Hydropsyche saxonica McLacH.
Hydropsyche sp. div. juv.

88 Neureclipsis bimaculata L.

89 Plectrocnemia conspersa CURT.

90 Polycentropus flavomaculatus Picr.

91 Tinodes waeneri L.

92 Psychomyia pusilla FaRr.

93 Micrasema sp.

94 Drusus annulatus StepH.

95 Ecclisopteryx guttulata Picr.

96 Potamophylax latipennis Curr.

97 Potamophylax stellatus Curr.

98 Potamophylax nigricornis Prcr.
Potamophylax sp. div.

99 Halesus radiatus Curr.

100 Halesus sp.

Stenophylacini g. sp. div.

101 Chaetopteryx villosa Fpr.
Chaetopterygini g. sp.
Limnephilinae g. sp. div.

102 Silo pallipes Fag.

103 Silo piceus Brav.



104 Silo sp.

105 Arthripsodes sp.
Sericostomatidae g. sp.

106 Beraea pullata CURT.

107 Beraeamyia hrabéi MAYER

108 Odontocerum albicorne Scor.

Diptera, Tipulidae
109 Tipula (Yamatotipula) lateralis MEI1G.
110 Tipula maxima Popa

Diptera, Limoniidae
111 Limonia (Dicranomyia) didyma MEiG.
112 Antocha vitripennis (MEIG.)
113 Pedicia rivosa (L.)
114 Pedicia sp.
115 Dicranota sp.
116 Limnophila (Brachylimnophila)nemoralis MEic.
117 Limnophila (Eloeophila) sp.
118 Molophilus sp.

Diptera, Dixidae
119 Dixa nebulosa ME1G.
120 Dixa puberula LoEWw.

Diptera, Chironomidae
121 Ablabesmyia lentiginosa-Group
122 Apsectrotanypus trifascipennis (ZETT.)
123 Brillia modesta Mc. (Epw.)
124 Cladotanypus atridorsum K.
125 Corynoneura celeripes WINN.
126 Diamesa insignipes K.
127 Diamesa thienemanni K.
128 Eudaciylocladius TH.
129 Eukiefferiella discoloripes G.
130 Eukiefferiella minor Epw.
131 Euorthocladius rivulorum (K.)
132 Eutanytarsus gregarius-Group
133 Eutanytarsus inermipes-Group
134 Macropelopia nebulosa (Mc.)
135 Microtendipes chloris-Group
136 Microtendipes tarsalis-Group
137 Neozavrelia luteola GOETGH.
138 Paratrissocladius fluviatilis GOETGH.
139 Polypedilum convictum-Group
140 Polypedilum laetum-Group
141 Potthastia gaedii (Ms.)
142 Potthastia longimana (K.)
143 Prodiamesa olivacea (Mc.)
144 Rheocricotopus brunensis (G.)
145 Rheocricotopus effusus (WALK.)
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146 Rheorthocladius-Trichocladius-Group
147 Synorthocladius semivirens (K.)
148 Thienemanniella clavicornis K.

Diptera, Ceratopogonidae

Diptera, Simuliidae
149 Eusimulium brevidens RuBtzov
150 Eusimulium costatum (FRIEDERICHS)
151 Eusimulium cryophylum RuBTzov
152 Eusimulium latipes (MEIGEN)
153 Odagmia monticola (FRIEDERICHS)
154 Odagmia ornata (MEIGEN)
155 Prosimulium nigripes ENDERLEIN
156 Simulium (S.) tuberosum (LUNDSTROM)

Diptera, Psychodidae
157 Pericoma stammeri June
158 Pericoma unispinosa Tonn.
159 Pericoma sp.

Diptera, Stratiomyidae
160 Oplodonta viridula (FaBr.)

Diptera, Tabanidae
161 Hybomitra sp.
162 Tabanus maculicornis ZETTERSTEDT

Diptera, Rhagionidae
163 Atherix marginata (FABR.)
Diptera, Empididae
164 Chelifera sp.
165 Wiedemannia sp.

Coleoptera
166 Hydroporus sanmarki SAHL.
167 Elmis maugei BEDEL
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OPOAVYKIUA ®OPEJIBHBEX PYUBEB BECKUIJ
(HCCP, Mopasur)

PE3YJIBTATH HMCCIEJAOBAHHUA MPOBOJUBMEIrocA B PAMKAX
MBIl B 1966—1971 I'T.

KpaTkasg XapakTepucTHKA OOCIeZOBAHHEIX Py4YbeB ¢ PadHOOOpasHHM BacejeHueM DHO
npHBojMiach yiKe B Apyrux paGorax (cM. HyBuuek m coapropet 1971, JIyck B 3APAKHIER
1969 r.). TeMuepaTypHble K XMMHYecKue OTHOIIGHHsA HPHBOZATCA B puc. 9 u Tal. 1.

Ilepudmron maydaics Ha ecTeCTBEHHBIX M MCKYCCTBEHHBIX cyGcrparaX, HPOAYKTHBHOCTD
H3Mepajiach M0 KUCIOPOJHOMY METOLY CBETJIHIX M TeMHHX GYTHIIOK.

3006enTOC 0TOMpAlicA KOJUYecTBEHHO ¢ HOMOIIBIO OPUIMHAIBHOrO GemToMerpa (puc. 10)
a ¢ NOMOMBI0 KPYroBoil cetu (y Gepera) B Buje pelpe3eHTATHBHLIX 1PoO.

UccnefoBanue TPOBOJAIOCH HA HECKOJIBKAX yIacTRaX TeUeHHSA ¢ PASHEIM HaceseHueM puib
uau 6e3 puib.

B Geckupckux GopespHLIX PYUbAX ME ONPeMlelIAIn cBEme 167 BUAOB BOJAHLIX OPraHA3MOB
(cM. cnMCcOK TaKcOHOB, epuduror 29, 3oo6enroc 138).

B cocraBe mepmduroEA IpeoGiajfalM AEATOME, B MacTHOCTH ceMeiictBa Achnanthes,
Diatoma, Gomphonema n Cymbella 10 BceMy AHY, Ha yIaCTKaX ¢ TeYeHHUEM H C JOCTATOUHBIM
ocBeleHneM Obila eToM dactas Cladophora. B sumMane MecAmp xapaxrepHa Gbuia Ulothriz
zonata. BEOBOI cocTaB cOOGLIECTB €CTECTBEHHOrO cyOeTpaTa AHA OBII TOT JKe; OH COCTABIEH
NpenMyIecTBEHHO fAuaTOMaMu. J{oKasaTeibHEIe KOppenAnud ObIM OOHAPYKEHH! MeHIY
pesynpTaTaME abyHAaHLmM BOROpociedl (B cpexmeM 1620103 wierox/cM? B rOf), KONH-
YecTBOM OpraHgvecKHX BemecTB (B cpejHeM 21.7 g/m?) m KoimdecTsoM Xjopodmiiaa ,.a‘
(B cpeneM 69.1 mg/m?). CpesiHee sHadenue 6pyTT0 NIEpBUYHOH OPOAYKIUHM HCKYCCTBEHHOTO
cyberpata cocraBisio 60.3 mg O;/m? B yac. Ha passuTme mepudurona OKasbiBaIn BIUAHAE
BHICOKHE PacXOjbl BOAE, B 9aCTHOCTH HpPH BeceHHeM TAfHUN M MECTHEIE CBETOBEIE YCJIOBHA.
3HaveHuA NOKa3aTenel nepuUTOHA M NPOXAYKTHBHEOCTH OTBEYalOT JaHHBIM OCTAJbHEIX aBTO-
POB, HONYYeHHBIX W3 YMCTHIX OHICTPOTEKYIIMX BOA. B GoibuIMx 3BTOpPO(MBHPOBAHHEIX Tede-
Huax Gy o6HapysKeHEH 3HaYeHHA Gojiee BHICOKHe,

B cocTaB GecKUICKHX PYyYheR BxoanT cBrme 138 BHIOB, M3 HUX HauGojIee 4acTEIMA ChiyIH
OpejicTaBATENH PyueiHuROB (25 %) 1 xupoHoMugsl (20 %), Aanee Becanku (15,%) 1 mofeHKA
(14 9%,). CaMBIME BaRHBIME ABJIANUCEH BUAH pofa Rhyacophila u Hydropsyche B npeicTaBUTeIIR
cemenictBa Limnephilidae m Sericostomatidae, fanee Baetis, Rhithrogena u Ecdyonurus, BURH
pona Leuctra, Perla marginata n Isoperla oxylepis, Rivulogammarus fossarum, Ablabesmyia
lentiginosa, Diamesa insignipes, Diamesa thienemanni, Euorthoclaolius rivulorum u rpynna
Rheorthocladius — Trichocladius. B aGyngarnuu 3oo6ertoca (Tab. 54) HamGonbUIyo ROMIO
COCTABJIANM JHYMHKM HomeHoK (30.3 %), GoxommaBm (15.4 %), JWIAHKH PYdYeHHHKOB
(13.5 %) u xmpomomup (11.4 %) u oOpasoBaau TakuM 00pa3oM CYIIECTBEHHYIO 4acTh CO-
obmectBa gma. Ilo Becy GOhurn caMEIMEM 3HauuTeJbHEIME rpynusl Trichoptera (31.3 %),
Ephemeroptera (19.7 %), Amphipoda (19.6 %) n Plecoptera (15.6 %).

C TOuKH 3peHHA HPOAYRUHMA GeCKUACKUX pyuneB T'richoptera coctaBuna 37.6 %, Ephe-
Er’ifrgptsfzzsz 21.1 9, Plecoptera 16.1 9%, Amphipoda 10.8 %, ocranpHEE rpynns Beero 14.4 9%

ab. 54).

Myl onmpemenuaM OPONYKIMIO HOYTH Yy BCEX OCHOBHEIX rpyn 3oobemroca (T'richoptera,
Ephemeroptera, Amphipoda u Chironomidae), y ocransHmx rpyom Mel mpuMerunan II/b
roa(punment 8.1 nya ucuMclIeHAs NPORYKIMH.

Bee ycraHoBneHHbte K03(@UIUeHTH HAXOMATCA B COOTBETCTBHE C AAHHEIME Bopyifkoro
7 mp. (1971 1) O7nA HEKOTOPHX BHIOB TEHAWIEAHA U ¢ AaHHEMA EpmoNsoN m WINBERGA
(1971) 1A HEKOTOPHX BOJHHIX (ecI03BOHOYHEIX.
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Hemonpsya rosdduuuent 8 upu mepecdere o CHX LOP Y HAC A QOPEABHBIX PYd4bLeB
U3BECTHLIX CPOJHHX IOJOBHX OmoMace 3006eHTOCA, MBL IIONYYHILH BEChMa OJNBKUE PE3Yilh-
ratii. (Cm. Taxme Hysuuek u ap. 1971, Kysmuek 1971):

Teuernue cpefHAA TofoBad OmOMacca TOTOBAA [POLY KIS
Kr/ra Kr/ra
(DopenpHble pyubd becrumn 151.0 1177
Cepatka (y llrtemaHoBa) 163.2 1 305
Jloyara (y bBuaaskkosa) 128.0 1024

JTU TeYeHNA BMeIOT OUeHb 10J00HbI KauyeCTBeHHbINA U KO:1MYeCTBEHHBIH COCTaB 3000€HTOCA.

Bramasna abmorndeckax QakTopoB cpeisl OECKUACKAX PYYheB, B YACTHOCTH A3MEHEHHA
PACXOOB BONBL, CKOPOCTh TeUeHHs, TeMIePATYDHHI DPeMUM M Yepef0BaRHE CIHOKOWHBIX
TeKYHNIHX YYacTKOB HAILIM OTPaKeHHe B TOXOBOM IIHKJe GeHTUUCCKHX OPrauu3MOB W B MX
Juctpmbynnu Ha pHe pydneB. Tawnas peryiapHas mo0aBKa OpraHuYecKoil MacChl B BHAe
JIMCTEEB M ero IOCTeleHHOe YHHUTOMKeHHe 0e HMeeT BIHAHMe B YACTHOCTU Ha BLICOKOM
Y/lebHBL Bec NeTPUTOBOPHBIX THIIOB OpranmsMoB JHa (cM. HynEs 1970).

H3meneHns B kose6aHHN a0YHRAHIUA B OHOMAacCH 3000€HTOCA B TEYEHHE L0/ OTBETATTH
mognedn ,,of the annual cycle’’, xworopyo mia Texkymux sop paspaboran Hynes (1970).

BrITn 06HapyKeHs TaKiKe Pa3Hble OTHOIIEHNA B KOTHIECTBEHHOM M KaUeCTBEHHOM COCTABe
3000eHTOCA B 4aCTH ¢ TeUeHHeM u y Oepera. B To BpeMa Kak B y4acTKaX ¢ TeueHWeM npeoia-
aaan nnumBKA Trichoptera, Ephemeroptera u Chironomidae 0 IMaro u JIMUMHKY HEKOTOPHIK
Coleoptera, B GoJlee CLHIOKOHHBIX yuacTRax TedeHus npeobaajanu Rivulogammarus, Dugesio
n 7ip. KpuTepueM npejesibHON CKOPOCTH Y4YacTKA ¢ TeUeHUeM M y Gepera cIymKuia CKOPOCTh
tededna 15 cM/cex. Hamm ycTaHOBIeHHA O BIMSHHH TeUeHNHA Ha AHCTPHOYIMIO 3006eHTOCH
COOTBeTCTBYIOT JABHBIM APYruX aBropos (Hanp. RAUSER 1956, AmBtaL 1959, KamMLER 1966
noap.).

Bauspue prbbero HucenaeHHs Ha 3000eHTOC He OHLTO BBAY CJIOMKHBIX OTHOUICHHH B pa3Ho-
ofipa3noM peibbeM HaceqeHMH (Popenp, NMOAKAMEHIINK) JoKazaHo. O0a M3OpaHAKIX yYacTHa
Oe3 puib (oiuHE — Ha JIymioBo#, BTopod — #a Bpoackoit) He Guian paBHONEHHBLIMH, TaK KaK
onuE 13 HuxX (JlymoBa) OTJIMYasICA HMOBHINECHEOW IONYyJIANHeH NOJKAMEHIIUKA, COCTOSHUE
KOTOpHIX B TeUeHHe BYX JIeT OT OT.I0Ba OCTAIRHKX PHIb (fopess) He OblI0 peryTHpOBaHO.
/Inmp HEeKOTODHe ABJICHHUS IIOKA3BIBAIOT, YTO BJMAHUEe PyObero HaceseHus Ha gayHy jiHa
Moro npousoiiTa B yuactke (bpojcka B 1b), rue Gonbinee nacenenue gopeneii u mopraMeH-
IMAKOB.

llepenaceseHHEIl yYacTOK pyybsi BpofcKa oTnvacs pas; MMy B a0YHIAHIUY 1 GUo-
Macee HEKOTODELX TPYII 3000eHTOCA B OT/IMYHe OT COCeJHMX YYacTHOB (¢ HOPMalIhHLIM Ha-
ceqieHneM poi6 u Ge3 pwi6). Hanp. aOyHaaHIHsA JMIMHOK NOJEHOK M GOKOINABOB OwlJa
B Y4aCTHe ¢ H3IMLIHMM OKJIMYECTBOM PhIO BEIIUE YeM B YY4CTKe ¢ HODMAJILHBIM HAaceleHueM
puib. YV ocraapHeIX rpynun Geina Huske (manp. Trichoptera, Ancylus), y mHalbHelmux He
NPOM3OLLIN HEKaKWe H3MeHeHus. OpHako Opocaiich B Iila3a U3MEHEHMS B yMEHIIEHHOW
¢pejiHeil BeJIM4YMHE M Bece 0c00eH, HAIIP. Y NOJIEHOK, PYyYeHHNKOB M GOKOLLIABBIX U B BHJOBOM
COCTaBe PYUYeiAMKOB, KOTOPHE COCTABIAIOT BMOCTE ¢ MOACHKAMH i TCHAUIICAAMH OCHOBHY IO
1ACTH TATAHAA AJIS PHIO.

OHaxo BaKHO, YTO IIePEHACe,eHHBI YIACTOK IIPU OINpejie;IeHHOM COCTABE H KOJIMYeCTBa
aoo0eHToca He 00eTHUIT CYMIECTBEHHO NUIIEeBYIO 6a3y. JTOT ONHIT OB YiKe MOJYYeH U B pY-
roM goperpHOM pyube B YCCP (Toyura y Bramkosa, cMm. Ceimar 1969, Kyswuek 1971,
Rvsuuew u ap. 1971).

PRODUKCNI POMERY VE PSTRUHOVYCH POTOCICH BESKYD.
Souhrn

V beskydskych pstruhovych potocich jsme determinovali vice nez 167 druhii vodnich organismi
(viz seznam taxont, perifyton 29, zoobentos 138).

Ve sloZeni perifytonu pfevladaly diatomy zejména rody Achnanthes, Diatoma, Gomphonema
a Cymbella na celém dné, v proudivych, dostateéné prosvétlenych usecich toku byla v 1ét& hojna
Gladophora. V zimnich mésicich byla charakteristicka Ulothrix zonata. Druhové sloZeni spoleten-
stev pFirozeného substritu dna a umélych substrdtd bylo stejné, tvofeno pfevainé rozsivkami.
Prikazné korelace byly zjistény mezi vysledky abundance fas (roéni praimér 1620~ 103
bunék/em?), mnoZstvim organickych litek (pramér 21,7 g/m?) a mnoZstvim chlorofylu ,,a*
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(pramér 69,1 mg/m?). Primérnd hodnota brutto primarni produkce umélého substritu byla
60.3 mg Oz/m? za hodinu.

Rozvoj perifytonu byl ovliviiovan vysokymi pritoky vody, zejména p¥ijarnim tani a mistnimi
svételngmi podminkami. Hodnoty ukazateld perifytonu a produktivity odpovidaji ddajim
jinych autord z &istych, rychle tekoucich vod. Ve vétsich, entrofisovanyeh tocich byly zjistény
hodnoty vyssi.

Zoobentos beskydskych potokd je formovén vice nez 138 druhy, z nichz uejpotetnéjsi byli
adstupei chrostika (25 %), pakomird (20 %), déle posvatky (15 %) a jepice (14 %). Nejvyzna-
mn&jii byly druhy rodd Rhyacophila a Hydropsyche a zastupci éeledi Limnephilidae a Sericostoma-
tidae, dale Baetis, Rhithrogena a Ecdyonurus, druhy rodu Leuctra, Perla marginata a Isoperla
oxylepis, Rivulogammarus fossarum, Ablabesmyia lentiginosa, Diamesa insignipes, Diamesa thiene-
manni, Euorthocladius rivulorum a skupina Rheorthocladius-Trichocladius.

V abundanci zoobentosu (Tab. 54) tvotily nejvétdi podil larvy jepic (30,3 9,), blesivei (15,4 %),
larvy chroustiké (13,5 %) a pakomard (11,4 %) a vyplhovaly tak podstatnou ¢ast spolefenstva
dna.

Vihové byly nejvyznamnéjsi skupiny Trichoptera (31,4 %), Ephemeroptera (19,7 %), Amphi-
poda (19,6) a Plecoptera (15.6 %).

Z hlediska produkce beskydskych potoki Trichoptera obsahla 37,6 9,, Ephemeroptera 21,1 %,
Plecoptera 16,1 %, Amphipoda 10,8 %, ostatni skupiny dohromady 14,4 % (Tab. 54).

Stanovili jsme produkei téméf u viech zdkladnich skupin zoobentosu (Trichoptera, Epheme-
roptera, Amphipoda a Chironomidae), u zbyvajicich skupin jsme pouzili koeficientu 8,1 pro vy-
poéet produkee z primérné roéni biomasy. Vsechny zjisténé P/B koeficinety (Tab. 54) jsou v sou-
ladu s tidaji Bonnnnnnu et al. (1971) pro nékteré druhy pakomiéri a s idaji EpMoNsoNa a WiN-
BERGA (1971) pro nékteré vodni hezobratlé.

Kdy# jsme p¥i pouZiti koeficientu 8 prepoéetli doposud u nas pro pstruhové potoky znimé
pramérné roéni biomasy zoobentosu, ohdrzeli jsme velmi shodné vysledky (viz také in KusiCcek
et al. 1971, Kusi¢ex 1971):

Tok priom. roéni biomasa kg/ha roéni produkce kg/ha
Pstruhové potoky v Beskydech 151,0 1177
Svratka (u St&panova) 163,2 1305
Louéka (u Blazkova) 128,0 1024

Tyto toky maji také velmi podobné sloZeni zoobentosu po strance kvalitativni i kvantitativni.

Vlivy abiotickych faktord prostfedf beskydskych potok#i, zejména zmény prittokd, rychlost
proudéni, teplotni rezim a stfidani klidnych a rychle tekoucich useki se obrazily v roénim cyklu
bentickych organismii a v jejich distribuei na dné potokti. Také pravidelny piisun organické
hmoty ve formé listi a jeho postupné odhourévéni ma vliv zejména na vysoky podil detritovornich
typt organismé dna (viz Hynes 1970).

Zmény v kolisani abundance a biomasy zeobentosu béhem roku odpovidaly modelu “of the
annual cycle®, ktery v tekoucich vodich propracoval Hynes (1970).

Byly zjistény také rozdilné vztahy v kvantitativnim i kvalitativnim sloZeni zoobentosu v prou-
dové a bfehové &ésti. Zatimeo v proudicich Gsecich toku pievaZzovaly larvy Trichoptera, Ephe-
meroptera, Chironomidae a imaga a larvy nikterych Coleoptera, v piibfeinich tsecich toku pfe-
vazoval Rivulogammarus, Dugésia aj. M&fitkem hrani¢ni rychlosti proudivého a b¥ehového dseku
byla rychlost proudu 15 cm/sec. Nade zjisténi o vliva proudu na distribuci zoobenthosu korespon-
duji s #daji jinych autord (napf. RauSEr 1956, AmBUHL 1959, KamLER 1966 aj.).

Vliv zménéné rybi obsidky na zoobenthos nebyl v mo¥nostech naseho pokusu prokazin.
Vranku se zejména na potoce Lusova nepodafilo odlovit a po ¢ase se jeji populace naopak zvysila.
Pouze nékteré jevy na pokusnych tsecich potoka Brodska naznaéuji, Ze k ovlivnéni fauny doa
rybi ohsadkou mohlo dojit v tiseku Blb, kde ohsadka pstruha i vranky byla zvySena. Pferybnény
(isek potoka Brodsk4 vykazoval uréité rozdily v abundanci a biomase nékterych skupin zooben-
thosu na rozdil od sousednich usek@ s normalni rybi obsédkou a bez ryb. Nap¥. abundance larev
jepic a bledived byla v prerybnéném tscku vySsi nez v tiseku s normilni rybi obsddkou. U jinych
skupin byla ni%3i (nap¥. Trichoptera-Intergripalpia, Ancylus), u dal$ich nedoglo k z4dnym zménam.
Népadné viak byly zmény ve zmensené pramérné velikosti a véze jedinci a larev jepic, chrostiki
a blefiven a u chrostikit v pomérném zastoupeni jednotlivych druht. Chrostici jsou pFitom spolu
s jepicemi a pakomary hlavni slozkou potravy ryb.

Dalezitym vysledkem viak je, Ze ani pfevySend obsddka ryb pfi zjisténém sloZeni a mnoZstvi
zoobenthosu neochudila podstatné potravni zdkladou. Tyto zkufenosti byly jiz ziskdny také
na jiném pstruhovém toku u nds (Loucka u Blazkova. viz SepLix 1969, KuBicek 1971, KUBi¢EK
and al. 1971).
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