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Abstract

Anglers' catch statistics are used to examine the fish species composition in 15
Czech reservoirs with different ecohydrological conditions. Three groups of reser-
voirs were defined: 1. reservoirs with a relatively natural regime ("natural reser-
voirs"), 2. cascade reservoirs and 3. reservoirs with extreme power generating use
("extreme reservoirs"). Two ordination analyses revealed differences between reser-
voirs. Fish species composition in cascade reservoirs differs from that in the other
types. Extreme reservoirs have a much higher stocking rate of cyprinid species than
other reservoirs. Stocking could 'recover' fish species composition even in reservoirs
with very disturbed ecohydrological conditions, so the anglers' catch composition is
similar to 'natural reservoirs'. Bream/perch ratio in the anglers' catch was found to
be a good criterion to differentiate between the reservoirs types. It is negatively cor-
related with water level fluctuation and positively correlated with retention time.
Cascade reservoirs have bream/perch ratio below one, usually between 0.5 - 0.1 (2-
10 times more perch). Ecohydrological disturbances can alter the fish stock succes-
sion from natural tendency to cyprinid-dominated fish stock (eutrophic conditions)
to perch dominance (mesotrophy).

Key words: angler's catch, fish species composition, PCA, RDA, bream/perch ratio,
reservoirs.

long term records of fish stocking and anglers'
catches are available. Analysis of anglers' statis-

This paper attempts to compare the ichthy-tics was used to assess the status of the ichthy-
ofauna of reservoirs with different hydrological ofauna in many rivers, lakes and other water
regimes on the basis of anglers' statistics. Noreservoirs in many European countries - for
commercial fishing takes place in most Czechreview see Cowx 1991 and some Czech reser-
reservoirs, but the majority are subjected tovoirs (Pivniéka, Rybag 2001; Lusk 1995;
extensive angling exploitation. In many of them, Vostradovsky 1990). Anglers' data may not be as
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i Fig. 1. Position of three types of
100 km 15 selected Czech reservoirs.

reliable as the outputs of direct scientific sam-decrease of fish biomass (Vostradovsky 1990;
pling, but they are much easier to obtain and repKubeéka, Vostradovsky 1995).

resent a lot of angling effort. Many reservoirs This paper addresses the questions (1)
with different hydrological conditions were built whether the anglers' data are suitable and sensi-
in Czech republic last century. Factors like wateitive enough to reflect variable hydrological con-
level fluctuation or temperature are known toditions in different reservoirs (2) what are the bio-
have an influence on fish stock. Ecohydrologicallogical consequences of different ecohydrological
disturbances can cause a shift in species and sizregimes.

distribution (Hrbaéek 1984) and significant

Table I. Some characteristics of selected reservoirs, (from \déalk 1984).
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Dalelice 1979 | 11| 382 480 1278 265 13 17 245 Biigh up to
Mohelno | 1978 | 11| 303 118 17.1 14.5 6 15 32|613.5 m
Kamyk 1963 | 11| 285 195 12.8 6.6 20 145 LB edinm
Slapy 1957 | 35| 271 1394 26983 198 18 20 36.7 1ot
#techovice | 1945| 35| 224 115 11.2 9.7 5 13 15 05 m dt
Vrané 1935 | 35| 201] 251 11.1 4.4 43 155 1p
Balka 1963 1| 321 335 1.1 3.4 NA NA| 404
Hnevkovice| 1992 1| 365 312 21 6.7 NA NA 8.1
Hostivar 1962 | 35| 249 438 2.1 49 60 2d 60l9
Lipno 1960 1 | 726] 4870/ 306 6.3 NA NA| 2688 v max.
Orlik 1963 | 9 | 354| 2732 7165 26.4 115 14 100.5,9 o gt
Terlicko 1963 1 | 278] 2674 27.7 102 NA NA 2762
Trnavka 1981 | 7| 415 103 6.5 6.3 17 1d 32|7
Vranov 1934 | 11| 352 765| 1326 17.8 37 14 144.8
Sermanice | 1962 1| 204 248 251 10.p NA| NA 2546
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2. Material and methods of anglers' catch statistics and stocking. Mean
number of evaluated years was 12 years (1 - 35).
Study area No information on angling effort is available for

most reservoirs and this is why we preferred to
In this paper we examine anglers catch stause relative species composition to absolute
tistics from 15 Czech reservoirs (Fig. 1, Table I).catch. The angling effort differed significantly
The whole set of reservoirs can be characterizetetween different reservoirs (Pivniéka 1985).
by a mean area of 795 ha (33.5 - 4870), a mean Multivariate ordination analysis of fish
depth 11.5 m (3.4 - 26.5), a mean altitude of 334pecies composition was performed in Canoco
m above sea level (200.5 - 726) and a mean age 4f5 software (Lep!, #milauer 2003). First we had
40 years (22 - 69). The reservoirs have been chde judge the length of gradient in order to chose
sen according to their environmental conditionsthe right multivariate method (unimodal or li-
(daily water level fluctuation, average summernear). We used linear methods in our analysis
temperature, concentration of chlorophylaver-  because the length of gradient in our data set was
age depth etc. (Vieekt al. 1984, web pages of quite small - below 2 (Lep!, #milauer 2003).
Ministry of Agriculture of Czech Republic: Principal component analysis (PCA) was
www.voda.mze.cz) and were divided into threeused to evaluate the different types of reservoirs
groups (Table 1). Reservoirs with relatively natu-in the view of main variability in a fish species
ral regime ("natural reservoirs") represent resereomposition. Before any ordination analysis the
voirs with an unaffected tributary, very low water fish biomass and density values were recalculated
level fluctuation (single centimetres per day),into percent to avoid a bias from different anglers'
high average summer temperature (19 °C) angressure on a different reservoir. We also used a
concentration of chlorophyld (33.7 g dms3). logarithmic transformation:
These reservoirs have very similar conditions to
natural lakes and were usually built either sepafy'=log(y+1))
rately on a river or in the most upper position of
cascade. Exceptionally they could stand betweeto standardize the differences between abundant
two reservoirs but with sufficient distance from and rare species. Carp fisheries, although very
the upper reservoir. The cascade reservoir groupopular in Czech reservoirs (Fig. 2), were found
has moderate water level fluctuation (usually upto be fully dependent on stocking and therefore
to 50 cm per day). These reservoirs were built ongvas excluded from the analysis. We used a "cen-
after the other and form a cascade. An uppetred by species" option in the analysis.
reservoir influences a tributary of the next reser- Redundancy analysis (RDA) was performed
voir because of cold and low oxygenated wateto explain the variability in fish species composi-
and artificially regulated outflow. Cascade reser-tion by some environmental characteristics. These
voirs have relatively low average summer tem-were daily water level fluctuation, altitude, ave-
perature (15.8 °C) and concentration of chlorotage summer temperature, concentration of
phyll a (14.3 g dm3). Two reservoirs with chlorophylla, retention time, age of reservoir and
extreme power generating use represent the thiraverage depth. We had to reduce the number of
group. These reservoirs are used as water suppitgservoirs and years if we wanted to be able to
for nuclear power station Dalelice and this causeevaluate statistically the relationship between fish
the extreme environmental conditions. Thesespecies composition and environmental charac-
reservoirs have very high daily water level fluctu-teristics. We reduced the number of years from
ation (up to 13.5 m, Prokedt al. 1998) and part every reservoir to only seven to achieve a correct
of the discharge is being pumped back from theset-up of permutation tests. Again the data were
downstream reservoir to the upstream one duringecalculated to percent, log-transformed and cen-
the periods of low power demand (night). Averagetred by species. The common carp was also
summer temperature (16 °C) and concentration oéxcluded.
chlorophylla (9 g dms3) are comparable with First two ordination axes are shown in the
cascade reservoirs. ordination diagrams. The three types of symbols
were used to interpret variability of fish species
composition obtained from different type of reser-
Data and methods voir: a species arrow, sample (reservoir) points
and centroids of environmental variables (#mi-
The dataset consists of anglers' catches arlduer, Lep! 2003). The distance between the sam-
stocking from 15 Czech reservoirs. Biomassple points in the diagram approximates the dis-
(kg hal) was calculated for each fish species insimilarity of their species composition, measured
anglers' catch every year and the same was doty their Euclidean distance. The individual cen-
for stocking. The number of evaluated years diftroid of environmental variables represents
fered among reservoirs according to availabilitydummy variables corresponding to individual lev-
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b) Relationship between
carp catch and stocking.

els of a factor. We can interpret them as individ-species. These projections can be used to approx-
ual groups (classes) of samples. Therefore, thenate the average proportion of that species in
distance between the symbols approximates thmdividual classes of samples. Projection points
average dissimilarity of species compositionare in the order of the predicted increase in the
between the two sample classes being comparedbundance of particular species across the classes.
measured by their Euclidean distance. EackThe increase is predicted to occur in the direction
species arrow points in the direction of steepesindicated by the arrow. The classes projecting
increase of values for the corresponding speciemnto the coordinate origin are predicted to have
The angles between arrows indicate the sign athe average value of that species near to the glob-
the correlation between the species: the approxal average value of that species in the data.
mated correlation is positive when the angle is STATISTICA version 5.5 software, StatSoft,
sharp and negative when the angle is larger thaimc. (1999) was used to perform the correlation
90 degrees. The length of the arrow is a measur@nalysis between the fish catches and stocking
of fit for the species. More quantitatively, we canand between the bream/perch ratio and the envi-
read the approximated correlations of one specie®nmental characteristics.

with the others by projecting the arrowheads of

the other species onto an imaginary line overlay-

ing that species' arrow. If the projection line ends3. Results

up at the coordinate origin (a zero point), the cor-

relation is predicted to be zero. Symbols of indi- The overall fish species composition
vidual classes can be projected perpendicularlpbtained from anglers' catches is shown in Fig.
onto the line overlaying the arrow of particular 2a. The most dominant fish species in the catch is
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common carp Qyprinus carpip whose propor- multivariate dataset, which could be estimated by
tion is more than 60% of all catch. Fig. 2b showsordination methods. Results from PCA on fish
that the catch of carp is highly correlated with thebiomass composition values in individual reser-
stocking rate. Natural reproduction of carp is veryvoirs are presented in Fig. 3a. Positions of
rare in Czech reservoirs and the data for the carpear/reservoir combinations are distributed with a
reflects the stocking effort rather the conditions ingreat variation in the ordination space either
the reservoir. This led us to exclude the commoramong reservoirs or considering all years in one
carp from all ordination analyses. reservoir. Four types of reservoirs are shown
more clearly in Fig. 3b. Natural and cascade

reservoirs have a different position in the ordina-

Principal component analysis (PCA) tion diagram although there is some overlap. The
most extreme type of reservoir is surprisingly

We performed the PCA to look at overall positioned in the middle of the ordination space.
variability in the dataset (Fig. 3a, b). The PCAVrané reservoir was shown separately from other
was used to assess the whole variability in theeservoirs because it has two different inflows
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Table Il. Two groups of fish species defined by correlatibfish catch and
stocking. Only species not dependent on stocking wsed in RDA analysis.

species latin name N r p
carp Cyprinus carpio 173| 092 >16 o
tench Tinca tinca 183| 0.39| >16 %
pike Esox lucius 94 | 0.75| >10 §
pikeperch Sander lucioperca | 182| 0.52| >16 2
eu. catfish Silurus glanis 110 0.63| >16 %
eel Aguilla anguilla 182| 0.63| >16 §
rainbow trout| Oncorhynchus mykkis 171| 0.36| > 18
perch Perca fluviatilis 182| 0.004f NS
bream Abramis brama 175] -0.02 NS = é
asp Aspius aspius 161 | -0.08 NS % §
brown trout Salmo trutta 183 | -0.02] NS ° E’f
others 1811 0.009 NS

that divide the reservoir into two parts in the Redundancy analysis (RDA)
upper area. Two rivers flow into Vrané reservoir:

Before the RDA analyses were performed a

Vltava river with cold low oxygenated water from correlation between fish stocking and anglers
an upper reservoir and Sazava river with relativecatches were done for all fish species. This
ly warm high nutrient water. Because of themethod revealed the fish species dependent on

hybrid character of the Vrané reservoir we havestocking and divided the fish species in two
separated it out in all ordination analyses pergroups (Table Il). The first group contains the

formed.

species whose density and biomass are dependent
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Fig. 4.RDA analysis of the biomass composition of the catch with environme§Pecies was used to per-

to a significant extent on

stocking by the fisheries
authority. These species
have high positive correla-
tion coefficients and highly

significant  regressions.
Fish species from the first
group are stocked regularly
every year in massive num-
bers in the most of reser-
voirs. The second group
contains the species, which
are not directly dependent
on stocking. These species
have the correlation coeffi-
cients near to zero and the
regressions were not statis-
tically significant. The fish

species from the second
group are never stocked or
are stocked randomly and
seldomly. These fish

species density and bio-
mass are supported mainly
by natural reproduction.

Only the second group of

form RDA analysis to get a
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is documented that tl -0.6 1.0
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The same analysis with 5 fi
species with best fit is in Fig. 5. The two resérvo We can distinguish the cascade reservoirs
groups differ in fish species composition mainly infrom all other types by the proportion of bream
the proportion of bream and perch. The cascadand perch (Fig. 6). If we combine all data, there is
reservoirs have a proportion of perch more thamo correlation between perch and bream biomass
average and all other types have a proportion aiind high biomass of perch is only present at low
bream more than average. Perch and bream abtomass of bream. Within individual groups of
negatively correlated (Fig. 5). The RDA methodreservoirs, it is possible to observe positive trend
found another two fish groups (predatory asp anaf increased biomass of both species (bottom-up
‘other fish', mostly roach, Rutilus rutilus) whose effect?), but the slope is completely different for

Salmo trutta

Vrané

Vranov

Fig. 5. RDA analysis with selected fish species.

biomass have opposite tendency. cascade and other types of reservoirs.
77 % / o Natural reservoirs
6 / © Extreme reservoirs
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X / o A Vrare

Perch catch [kg ha']
%X x
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Fig. 6. The relation between the catch of bream and perch in Czech reservoirs. The slope for cascade reservoirs
(long-dashed line) is different from extreme reservoirs (full line) and natural reservoirs (short-dashed line).
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logical condition have bream/perch coefficient above 1 (Orlik, Vranov), cascade reservoirs below 1 (Slapy, #ti-
chovice, Kamyk).

The bream/perch ratio was observed for a. Discussion
long period in the cascade reservoir Slapy (Fig. 7,
logarithmic scale). In the first almost 10 years it The anglers' catch is highly selective in
was the uppermost reservoir in the cascade and@zech reservoirs (Pivnieka 1985). The data set
belonged to the natural reservoirs group. Thevailable confirmed very strong preference of
bream/perch ratio was high above one (around nglers for carp fishing. Most carp are being
five times more bream than perch). The condifished quickly after stocking (Pivniéka, Eihag
tions of the inflow water changed when an upperl986) and for most of the time the anglers have
Orlik reservoir was built above Slapy and the trib-to hunt also for indigenous fish. Also the ecolog-
utary was degraded by the cold, low oxygenatedical information from the catches of species
hypolimnetic water. The fish fauna also changeddependent on stocking would be questionable, so
Slapy reservoir developed from a cyprinid domi-we decided to exclude it from the analysis. Avail-
nated reservoir to a perch dominated reservoiability of certain species may modify fishing
during one decade (Fig. 7). The bream/perch ratitechniques and the pressure to different species.
dropped down to values between 0.5-0.10 whiclHowever selective the catch is, it is likely to
means more than 2-10 times higher biomass cataleflect the differences in fish stock available,
of perch than bream. The comparison with othebecause the anglers' preferences seem to be sim-
types of reservoirs is in agreement with thisilar across both the Czech country and the period
observation. Natural types of reservoirs have theonsidered (Pivniéka 1985).
bream/perch ratio always high above one and the In the recent decade it has been possible to
cascade reservoirs have the bream/perch ratiase ordination methods to analyze the multivari-
below one (Fig. 7). ate species data (Godintet al. 1997, 1998;

The environmental conditions have an influ- Champeatet al. 1979). PCA and RDA analysis
ence on bream/perch ratio (Fig. 8). Bream/perclin this paper recognized two groups of reservoirs:
ratio obtained from biomass values is positivelycascade reservoirs and all others. Very surpris-
correlated with the retention time, concentrationingly reservoirs with extreme power generating
of chlorophyll a and average summer temperaturese seem to have similar fish species composi-
and negatively correlated with daily water leveltion and overlap with natural reservoirs although
fluctuation and average depth. Nevertheless, onlthey have the most disturbed ecohydrological
the daily water level fluctuation and the retentionconditions (Table I). Our original hypothesis sug-
time are statistically significant. gested that these two extreme reservoirs should

Overall fish species composition based onhave an even more changed fish species compo-
biomass data is different in the different types ofsition strongly influenced by extreme daily water
reservoirs (Fig. 9a, b). The cascade reservoirs diflevel fluctuation and hydropeaking than cascade
fer from all others types of reservoirs and it isreservoirs. It is very difficult for any fish to
even more remarkable when the species supponteproduce naturally in the reservoirs with the
ed by stocking are excluded (Fig 9b). Reservoirglaily water fluctuations of over 10 m (Proket
with extreme power generating use seem not to bal. 1998). Although bream attempts to spawn
different from the reservoirs with more natural here, the success is very questionable (Pebaz
ecohydrological conditions. al. 1996). Critical ecohydrological conditions are
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Fig. 9.Average fish stock composition of three
types of reservoirs: a) Total catch, b) Only the
catch of species not dependent on stocking,
species dependent on stocking are excluded.
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