Folia Zool. — 54 (4): 389-404 (2005)

Characteristics of the remnant Vimba vimba population in the upper
part of the Dyje River

Stanislav LUSK', Véra LUSKOVA', Karel HALACKA', Véra SLECHTOVA’ and Vlastimil SLECHTA®

! Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Kvémd 8, 603 65 Brno,
Czech Republic; e-mail: lusk@ivb.cz

? Institute of Animal Physiology and Genetics, Academy of Sciences of the Czech Republic,
277 21 Libéchov, Czech Republic; e-mail: slechta@iapg.cas.cz

Received 15 February 2005; Accepted 14 November 2005

Abstract. The population and genetic profiles of a remnant Vimba vimba population in the
upper course of the River Dyje (N=48°53"18""/ E=15°39"29"") was carried out to provide a basis for
conservation measures. This population is an isolated fragment of a more widespread population in this
river system and is now declining. It came into being 60 years ago as a consequence of the construction
of the Vranov dam in the middle section of the River Dyje. Over those 60 years V. vimba disappeared
from the other localities of the River Dyje basin. In the population under study, vimba is a single-batch
spawner involving two age groups of fishes (4 to 5 years of the age). Individuals over six years of age are
rare and sporadically occurring fishes of 8 to 10 years are exclusively females. The size of the adult part
of population is less than one thousand individuals. The length growth rate is relatively high as compared
with other studied populations in the Czech Republic, fishes of five years attain 200 mm of SI. A very
low genetic variability was evidenced in the population (mean number of alleles per locus = 1.30 £ 0.1;
percentage of polymorphic loci = 16.7 %; mean observed heterozygosity = 0.022 + 0.011).
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Introduction

Cyprinid species Vimba vimba (Linnaeus, 1758) is classified in the Czech Republic as “vul-
nerable” to “critically endangered” depending on the sea basin (L usk et al. 2002, 2004).
This species once constituted an important component of fish communities in the “barbel”
section of Czech streams (L u sk 1995). It is now disappearing and most populations have
declined in abundance. The situation seems to be similar in other countries (L e 1 e k 1987).

The negative influence of dams, weirs and locks on migrations of anadromous fish species
is well known. Now it appears that fragmentation of rivers by such river engineering can be
a serious devastation factor that affects the populations of autochthonous river fish species
(Lusk 1995). V. vimba occurred originally in the whole hydrological system of the Czech
Republic pertaining to the three sea basins (Black Sea, Baltic Sea, and North Sea). Notwith-
standing its past economic importance Jeitteles 1863, Kitt 1905) and partially also
at present, knowledge of its biology and population characteristics is scanty (Barus§ &
Oliva 1995). Actual status of V. vimba in rivers of different sea basins in the Czech Repub-
lic shows very marked differences (L us k et al. 1996), and this has affected assessment of
the threat to this species in the Red List of Fishes in the Czech Republic (L u s k et al. 2004).
Knowledge indicates that fragmented so-called “micropopulations” represent the disappear-
ing of populations from a river system, possibly to extinction.

In this study we evaluated the basic characteristics of a small population of V. vimba, the
last one we have found in the system of the River Dyje that seems to be in a good state to survive
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and reproduce. Using the facts we discuss ways to stabilize and preserve the population using
different supporting activities (artificial reproduction, stocking).

Study Area

The study was performed in the River Dyje (tributary of the Morava River, Danube basin)
situated upstream of the Vranov reservoir near the village Podhradi (65 km south of Brno),
Fig. 1. The section is limited by r. km 204.05 (weir) and r. km 209.35 (boundary with Austria).
The headwater weir caused by is 2.5 km long and reaches r. km 206.5. Further upstream, up to
r. km 207.6, is a typical “barbel” section (epipotamon) with free-flowing parts alternating with
pools and riffles, and containing gravel bars. The next upstream section is a uniform flowing
stream with relatively uniform bottom and river banks. V. vimba inhabits the upper part of the
reservoir and upstream to the river km 207.6, where a broken-down weir is situated. Spawning
occurs only on the riffle at r. km 207.2 (N=48°53"18.4" / E=15°39"28.7""). The rapid width is
16.5 m; its length is between 6 and 14 m with the maximum in the middle of the river bed.

In the area studied the River Dyje is mostly unmodified. The mean annual discharge is 9.21 m’.s™;
Q. =096 m’s", Q,, = 138 m's", Q,,, =2.68 m’s". Q,, =479 m's". The discharge under 3 m’s"
fluctuates during the day from 1 to 1.5 m".s" due to the operation of Austrian hydropower stations.
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Fig. 1. Localization of study site in the Dyje River.

Material and Methods

The study was conducted during years 1993 to 1997 and 1999 (end of May to mid June — see
Table 6). Fishes were captured by electrofishing. On four dates (13 June 1993, 13 June 1995,
17 June 1997 and 15 June 1999) the same sections of 180 m length and 2,880 m” stretch (in
1997 230 m and 3,680 m’, respectively) were fished to provide quantitative estimates, based
on two repeated fishings (Seber & Le Cren 1967). Nets (20 mm mesh) were placed at
both ends of the section to prevent fish escaping. The standard length (SI) was measured and
scales for age and growth rate determination were taken at the level of the anal fin beginning
from the scale row below the lateral line. The back-calculation of growth rate was according
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toR. Lee (1912) with the correction of 18 mm for scale base (linear relationship between
scale ventro-lateral radius and Sl). Morphometric data were determined in fishes fixed in 4%
formalin after Hol ¢ i k (1989); measurements were by sliding scale to the nearest 0.1 mm.
The fecundity and gonadosomatic index (GSI) were determined after morphometric measure-
ments in formalin-fixed fishes sampled on June 3, 1994. Fecundity was determined using the
gravimetric method, and GSI was calculated (Hol¢ik & Hensel 1972). The develop-
ment stage of oocytes was classified using the scaleby Meien (1939)(seeHalacka etal
2000). Shannon-Wiener diversity (H") was calculated using the two base logarithms.
Samples for genetic analyses were taken from fishes killed by overdosing with anaesthetic
2-phenoxy-ethanol. Sampled tissues ( muscle and hepatopancreas) were stored at -85 °C prior to
being analysed. Tissues were extracted by homogenization with the adequate amount of 0.1 mol.l”
Tris-HCI, pH 8.0 buffer in the ice bath (Valenta et al. 1971). After centrifugation of the

Table 1. Protein systems analysed in Vimba vimba in the Dyje River, locality Podhradi.

Protein Locus anZli;Ssl;fi « Buffer ** M(:l)lielite}; of
6-phosphogluconate dehydrogenase 6Pgd* L v 100, 120
Alcohol dehydrogenase Adh* L \% 100, 124
Adenylate kinase Ak-1% M v 100

Aj-2% M A% 100

Aspartate aminotransferase sAat-1* M \Y 100

sAat-2* L A\ 100

mAat* M \% 100

Creatine kinase Ck-1* M PH 100

Glucosephosphate isomerase Gpi-1* M \% 100

Gpi-2* M v 100, 300

GlycetoL-3-phosphate dehydrogenase G3pd-1* M A% 100

G3pd-2* M v 100

Isocitrate dehydrogenase sldhP-1% L PH 100

sldhP-2* L PH 100

mldhP* M PH 100

Lactate dehydrogenase Ldh-1(A)* M v 100

Ldh-2(B)* M \% 100

Ldh-3(C)* L F 100

Malate dehydrogenase sMdh-1% L PH 100

sMdh-2* M PH 100

mMdh* M PH 100

Malate dehydrogenase (NADP) sMdhP* M PH 100

Phosphoglucomutase Pgm-1*% M v 100
Pgm-2* L \% 95, 100, 102, 105

Superoxide dismutase Sod* L A% 100

* M — muscle, L — liver
**V-Valenta etal. (1971), PH-Philipp etal. (1979),F-Ferguson & Wallace (1961)
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homogenate (for 30 min. at 20 000 x G at 4°C) the supernatant was analysed immediately and the
rest stored at -85° C for the repeat analyses. Supernatants were analysed using horizontal refriger-
ated electrophoresis at 12% starch gel using the buffer systems listed in Table 1, following staining
for general proteins or specific enzymes (L us ko v & etal. 1995, 1997). The nomenclature of loci
and alleles followed that recommended by Shaklee etal. (1990). Statistical evaluation of ge-
netic data was performed using the BIOSYS-1 software (Swofford & Selander 1981).
Due to the low abundance of the studied V. vimba population only 42 individuals were analyzed.

Results and Discussion

Fish community

During four quantitative fishings in 1993, 1995, 1997 and 1999 in the section with the V.
vimba spawning place, eighteen fish species were found in total. Of those, Salmo trutta,
Scardinius erythrophthalmus, Abramis brama and Proterorhinus marmoratus occurred in
one case only. Based on these findings the community can be described as a typical Barbus-
Chondrostoma community with the key-species Barbus barbus, Chondrostoma nasus, Leu-

Table 2. Characterization of fish communities — species richness, abundace (N.ha') and biomass
(kg.ha') in the section of the Dyje River in different years.

Species 13 July 1993 13 July 1995 17 July 1997 15 July 1999
N -kg N -kg N -kg N -kg

Salmo trutta 7-4.18 0-0 0-0 0-0
Rutilus rutilus 611 - 13.20 312 -11.13 253 -5.75 536 — 14.98
Leuciscus leuciscus 117 -2.84 85-2.22 63 - 1.88 98 —2.39
Leuciscus cephalus 857 - 137.98 714 - 102.25 458 - 57.14 699 —92.53
Scardinius erythrophthalmus 0-0 0-0 4-0.35 0-0
Chondrostoma nasus 189 — 37.56 203 — 54.00 190 — 42.34 228 — 56.45
Gobio gobio 1,640 - 15.36 585 - 8.40 646 — 9.67 618 - 8.06
Gobio albipinnatus 0-0 43-043 43 -0.29 47-0.34
Barbus barbus 266 — 78.41 307 - 60.23 376 - 61.97 345 - 59.59
Alburnus alburnus 449 - 5.34 505 - 6.00 498 — 5.47 311 -2.86
Alburnoides bipunctatus 2,087 - 16.93 1,050 — 11.25 1,038 = 7.17 557 -4.23
Abramis brama 0-0 0-0 7-2.15 0-0
Vimba vimba 386 - 37.11 705 - 48.99 337 -128.13 550 —42.33
Rhodeus sericeus 78 —0.29 60 —0.29 91 -0.31 76 - 0.31
Barbatula barbatula 100 — 0.69 191 - 1.56 85-0.56 182 -0.98
Anguilla anguilla 3-347 14 -7.16 7-4.34 3-3.13
Perca fluviatilis 10 - 1.04 44 -0.78 56 -0.99 28 - 0,58
Proterorhinus marmoratus 0-0 0-0 0-0 22 -0.16
Total 6,801 —354.41 4818 -314.71 4,152 -228,50 4,298 — 288.89
Number of species 14 14 16 15
Index diversity (H") 2.822 3.218 3.211 3.340
Equitability (E) 0.74 0.84 0.80 0.85
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ciscus cephalus, Leuciscus leuciscus, Gobio gobio, Alburnoides bipunctatus and V. vimba.
These species constituted the major part (76.7%) of the mean abundance and also of the mean
ichthyomass (88.1%). Other species occurring with relatively high frequency included Ruti-
lus rutilus and Alburnus alburnus, which migrated up during higher water discharge from
the Vranov water reservoir. P. marmoratus was caught for the first time during orientation
sampling in September 1997 (L usk et al. 2000). Details of the species composition are
presented in Table 2.

The abundance (n.ha") and biomass (kg.ha") of V. vimba were in 1993: 386 and 37.1 re-
spectively; 1995: 705 and 49 respectively; 1997: 337 and 28.1 and 1999: 550 and 26.4, mean
values per all years 494 ind. (9.86% of total numbers) and 39.1 kg (13.2 % of total biomass)
per ha, respectively. Species composition of the community was stable with 14 species in each
fishing. The diversity index H” varied between 2.82 and 3.34 (mean 3.15). Equitability value
also possessed low mean variability of 0.78 (0.76—0.83).

Characterization of the Vimbavimba population

The mean population size inhabiting the 2-3 km of the River Dyje is estimated as 500-800
adults according to spawning shoal sizes and repeated catches during the study years mentioned.
This population emerged as a fragment by segregation from the original, larger population in
1934, when the Vranov dam was constructed (r. km 175.5) and the reservoir flooded the up-
stream part of the River Dyje up tor. km 203.2 (Lu sk 1995). Evenin 1951 Romanovsky
(1952) found V. vimba under the Vranov reservoir but now — after the construction of another
dam in Znojmo (r. km 132.6), this species disappeared there (L u s k et al. 1997).

Meristic and plastic parameters

A total of 42 individuals were measured (34 males, 8 females) and the data (mean, SD, maxi-
mum and minimum values) are presented in Tables 3 and 4. These data could be used for com-
parison with any further studies as there are different speculations on the systematic position
of Vimba vimba (Banadrescu etal. 1963,1970,Balon etal. 1987).

Genetic characterization

Genetic variability was estimated in 41 individuals, fished during 1995 and 1997, by analysis
of the products of 23 loci representing 15 protein systems (Table 1). Polymorphic alleles were
detected at four loci with the frequencies: ADH* = 6%, 6PGDH* = 3%, GPI-2* = 9% and
PGM-2% = 27%. Products of the remaining loci were monomorphic (Table 5). The values of
genetic parameters (mean number of alleles per locus = 1.30 £ 0.1; percentage of polymorphic
loci = 16.7%; mean observed heterozygosity = 0.022 £ 0.011) were evidence of a very low ge-
netic variability in the population. The influence of isolation on this low variability could be
evaluated after performing similar analyses of other V. vimba populations.

According to the results in Table 6, the population is in the equilibrium as to the homo-
zygote / heterozygote ratio (Hardy-Weinberg equilibrium) except the PGM-2* locus where
an excess of homozygotes was observed. Considering the presence of four alleles (and so ten
phenotypes) and relatively low number of individuals analyzed (N = 31), this discrepancy
could be due to random sampling error.
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Age and length — growth rate

The oldest individual found in our study was a female of 10 years and 300 mm SI. One aged 9 years
and three aged 8 years were also females. The oldest males (n=6) were 7 years old and there were 8
females of this age. Individuals aged 7 years or more were found only exceptionally in the popula-
tion studied; their proportion in samples in two spawning shoals was 0.19% (15 ind.), Fig. 2.
Using scale analysis we back-calculated lengths at earlier ages (Table 7). Variance analy-
sis (ANOVA) of length values in males and females in the most numerous IV age group indi-
cated that there is no statistically significant difference in individual life years between sexes
(P <0.05) and so we pooled data from the back calculations in males and females together. There
are only single data on V.vimba growth rate from water bodies of the Czech Republic. B on -
temps (1963) assessed the growth rate in 33 specimens from several streams in the River
Vltava drainage area without differentiating them, and he found the following Sl values at ages of
1-6 years: 53 — 88 — 120 — 154 — 184 and 216 mm respectively. In a similar way, he examined 20
vimba growth rates from several streams in the Danube drainage basin, including four specimens
from the River Dyje with the following SI values: 60 — 99 — 131 — 166 and 198 mm respectively.
Our data of V. vimba growth rate from the River Dyje are higher (Table 7), but as regards non-
homogeneous and less numerous material of Bontemps (1963), these differences cannot be
assessed. V. vimba growth rates in the Slapy valley reservoir on the River Vltava (Cihat 1961)
and in the Orava walley reservoir on the River Orava (B a1 0 n 1967) were markedly higher.

Age structure of the spawning shoal

Analysis of the age structure of the spawning shoals sampled on 3 June, 1993 and 2 June, 1995
showed that they comprised mainly 4 to 6 year old fish, with a predominance in two year classes:
four — and five-year old males comprising 91.97 % of 83 individuals in 1993 and 82.30 % 96
individuals in 1995, whereas females consisted mainly of fishes in the age of five to six years in
1993 (= 74.19 % from 31 ind.) and four to six years in 1995 (= 82.30 % of 39 ind.) — see Fig. 2.

The mean age of males declined from 4.83 to 4.39 which is a strong decrease as regards the age
structure of the population. A similar decrease in mean age in females from 5.65 to 4.95 was also ob-
served; the abundance of four-year-old fishes increased from 6.45 to 53.85 % and that of five-year-old
females decreased from 54.84 to 20.51 %. The oldest males were aged seven years, but we occasion-
ally found females aged 8 to 10 years (see Fig. 2). The studied population of V. vimba can be classified
rather as short-living regarding its age structure. Because a substantial part of the reproduction of this
small population is composed of two age groups and older groups participate only sporadically, we
must consider this population as vulnerable and unstable as regards its future survival.

Maturity

The youngest mature males in the spawning shoal in 1993 were four years old — 14 males and only one
female (year class 1990). In 1995 seven mature males aged 3 years (year class 1992) and four mature fe-
males 4 years old (year class 1992) were found. Males generally matured one year-earlier than females.
Fecundity

The number of eggs was determined in eight females caught when they were spawning.

Two size groups of eggs were found in gonads, the first of size 1.15-1.63 mm in stage “E”,
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Table 5. Allele frequencies and genetic variability in Vimba vimba in the Dyje River, locality Podhradi.

Locus Sample  Allele
size A B C D E H H(unb) H(D.C.)

AAT* 33 1 0 0 0 0 0 0 0
mAAT* 33 1 0 0 0 0 0 0 0
ADH* 25 0.94 0 0 0 0 0.113 0.115 0.12
AK* 25 1 0 0 0 0 0 0 0
MPI* 25 1 0 0 0 0 0 0 0
CK-A* 33 1 0 0 0 0 0 0 0
GPI I* 33 1 0 0 0 0 0 0 0
GPI 2% 33 0.909 0 0 0 0.091 0.165 0.168 0.182
G3PDH-1* 33 1 0 0 0 0 0 0

G3PDH-2* 25 1 0 0 0 0 0 0 0
sIDHP-1* 33 1 0 0 0 0 0 0 0
sIDP-H2* 33 1 0 0 0 0 0 0 0
mIDHP* 33 1 0 0 0 0 0 0 0
LDH-A* 33 1 0 0 0 0 0 0 0
LDH-B* 33 1 0 0 0 0 0 0 0
LDH-C* 33 1 0 0 0 0 0 0 0
sMDH-A* 33 1 0 0 0 0 0 0 0
sMDH-B* 33 1 0 0 0 0 0 0 0
mMDH* 33 1 0 0 0 0 0 0 0
ME* 25 1 0 0 0 0 0 0 0
6PGDH* 33 0.97 0 0 0.03 0 0.059 0.06 0.061
PGM-1* 33 1 0 0 0 0 0 0 0
PGM-2* 31 0.726 0.113 0.065 0.097 0 0.447 0.454 0.161
SOD* 33 1 0 0 0 0 0 0 0

Mean heterozygosity per locus (biased estimate) = 0.033 (S.E. 0.020)
Mean heterozygosity per locus (unbiased estimate) = 0.033 (S.E. 0.020)
Mean heterozygosity per locus (direct-count estimate) = 0.022 (S.E. 0.011)
Mean number of alleles per locus = 1.25 (S.E. 0.14)

the second with size 0.4—0.6 mm in stage “C”. According to our examination vimba had
a single spawning per season in the studied population and hence only eggs in stage “E”
were taken into consideration for the fecundity determination. In eight females with mean
SL = 196.7 mm (188-213 mm) and mean weight 149.1 g (126—175 g), the absolute fecundity
varied between 15,600 and 23,100 eggs (mean = 19,300 eggs), the relative fecundity was
133,000 to 155,000 eggs per kg of female weight (mean = 133,000 eggs.kg"). The mean
egg size was 1.33 mm (1.26—1.41 mm). The mean gonadosomatic index GSI in eight exam-
ined females amounted to 13.9 % (12.1-17.3 %). Mean GSI in 14 males was 2.48 % (1.68—
3.38 %). We are aware of the low number of females studied for the fecundity parameters
but the size of this population was too small to sacrifice more individuals. Thus our data
should be taken with caution but will serve as a useful reference point with respect to arti-
ficial reproduction.
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Table 6. Chi-square test for deviation from Hardy-Weinberg equilibrium in Vimba vimba in the Dyje River,
locality Podhradi.

Observed Expected

Locus Class frequency frequency Chi — square df P
ADH* A-A 22 22.061
A-B 3 2.878
A-B 0 0.601
0.067 1 0.796
GPI-2* A-A 27 27.231
A-E 6 5.538
E-E 0 0.231
0.271 1 0.603
6PGDH* A-A 31 31.015
A-D 2 1.969
D-D 0 0.015
0.016 1 0.9
PMG-2* A-A 20 16.230
A-B 3 5.164
A-C 0 2.951
A-D 2 4.426
B-B 2 0.344
B-C 0 0.459
B-D 0 0.689
Cc-C 2 0.098
C-D 0 0.393
D-D 2 0.246
64.845 6 0

In their review paper on V. vimba fecundity Mor oz et al. (1970) indicated a finding of
three size categories of eggs. Their first and third categories corresponded in size with our
classes but the second category was missing in our samples. According to that report, V. vimba
in the basins of the Baltic and Black seas is a repeat spawner (23 batches) and it is therefore
impossible to compare those results with ours.

Spawning

The spawning of V. vimba in the studied locality occurred once each year according to our
observations and lasted 2—3 days; no other spawning sites were found in this part of the River
Dyje. Among the parameters measured during the spawning, water temperature (measured in
the midday) was nearly constant but higher water discharges occurred in 1997 (Table 8).

The spawning behaviour and the course of spawning are similar to those of the nase carp
Ch. nasus (Lelek & Penéaz 1963, Lusk 1967). The spawning ground was occupied
by the shoal consisting of males, whereas females stayed downstream of the place. Ripe fe-
males came individually to the spawning site where the group of males joined them. The
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Fig. 2. Age structure of spawning shoals in June 1993 and June 1995.

whole group of one female and several males moved upstream with simultaneous releasing
of gametes. Males were found only sporadically away from the spawning place. A sample of
the male spawning shoal estimated to one fourth (83 individuals) was fished on 3 June, 1993
and so we estimated maximum number of males at the spawning place as 250. Females were
obtained out of spawning ground. The next sample of spawning shoal was obtained in 1995
(28 May), when by estimate half of the shoal (96 ind.) was caught. In 1997 a detailed study
was impossible due to high water discharge.

Artificial spawning and hatching

Two mature females were obtained on 3 June, 1994 and transported, together with five males
to the laboratory, where they were stripped the same day. We obtained 9,500 eggs (mean
diameter 1.51 mm) from the female with SI =213 mm (age 5 years) and 7,400 eggs (mean
diameter 1.46 mm) from the female with Sl = 188 mm (age 4 years). Fertilized eggs were
separated using water-diluted milk and placed in 1.5 litre hatching jars. Water flowing through
the apparatus had a temperature of 15-16 °C, rising at the end of incubation to 17 °C. The
mean egg size on the 3 day of incubation reached 1.95 mm (1.90-2.05 mm). Hatching oc-
curred on the 5" day within 6 hours after reaching 80-90 degree-days. Larvae hatched in the
VII" developmental stage at a mean length of 4.7 mm, eyes without pigmentation and pectoral
fins just beginning to form. After hatching the fish larvae were transferred to a nursery tank
where they grew to 42—61 mm of SI by the end of September. From this 2,500 individuals
were stocked in the monitored part of the River Dyje .
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Table 8. Conditions during the spawning of Vimba vimba in the Dyje River, locality Podhradi.

Date Water tznclg)erature D;fg}lsf)ge Strea(r:lrl .\;ﬁl)ocity Weather
1-3 June 1993 19.1-20.0 2.8-3.6 0.4-0.8 somewhat cloudy
2-3 June 1994 19.3-19.8 3.1-3.6 - sunshine
28-30 May 1995 19.0-20.2 3.8-4.6 0.6-0.9 overcast
1-2 June 1996 19.8 4.3-5.6 - overcast
3—4 June 1997 20.2 6.2-7.0 1.4 somewhat cloudy

This experiment with the artificial spawning and fry nursing demonstrated its efficiency in
supporting and rehabilitating V. vimba remnant populations.

Supportive breeding and population enhancement

Based on the evaluation of parameters of the V. vimba small population and on our experi-

ence with the extinction of sub-populations in the Dyje River system within last 60-70 years

(Lusk 1995, Lusk etal. 1998), the crucial question “What is the future of this small popu-

lation 7 arose as well as connected questions, i. e. “Is it possible to save it effectively ?”” and

“What are the best ways to do it 7.

It is true that the greatest attention as regards the species / population / stock conservation,
sustaining and management has been (and still is) paid to salmonids due to their economic impor-
tance (O 1ver etal. 1995). Developments have shown that apart from fishery practices (artificial
spawning, breeding, and stocking), ecological and protective aspects should also be respected
(Laikre & Ryman 1996). Genetic problems connected with the long-term population con-
servation policy have become a part of basic protective management (M e ffe 1986, Leberg
1990,Jorde & Ryman 1996). In some species (B. barbus, Ch. nasus) supportive breeding
in the Czech Republic, evoked by interests of anglers, caused the wiping out of interpopulation
differences in genetic variability (Luskova etal. 1995,1997,Slechtova etal. 1998).

In Poland, V. vimba was previously an important fishery subject. At present, this species is,
of course, critically endangered. The critical state of V.vimba is the consequence especially of
river pollution, damming rivers and over fishing in the past. Improvements of this state would
be achieved, besides protection measures, by rehabilitation projects (S y ¢ h 1996).Within the
Odra River system, attempts are undertaken to rehabilitate V. vimba populations using us-
ing artificial spawning (stripping) and nursing (Witkowski etal. 2001). Backiel &
Bontemps (1996) tried to reinforce the population of nase divided by a dam by transfer
of adult fish over the dam but their results were not convincing. Nevertheless, we believe that
small, geographically-limited stocks can guarantee species genetic diversity, and therefore
effort should be aimed at preserving them. Considering all the available characteristics of the
V. vimba small population in the upstream part of the River Dyje and utilising knowledge and
experience with the artificial propagation and rearing of this species, we elaborated two vari-
ants for its active protection.

1. Capture and artificial reproduction of 5 — 10 females and 3 — 4 males yearly (by the method
of fertilisation of mixed eggs by pooled sperm); hatching of larvae and rearing of juveniles up
to one year of age; stocking 5 to 10 thousand juveniles in the original locality. Parental fishes
to be released back to the river. Genetic parameters to be determined at five-year intervals.
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2. Another strong population of V. vimba exists in the River Be¢va (River Morava / Dyje basin).
Its genetic characteristics are presently being studied and after their evaluation, the possibility
of enhancement of the above-mentioned population by fish from Be¢va will be examined.
The evaluated small population was isolated more than 60 years ago (1935) by erecting the

dam at Vranov. Unfortunately we do not know the population parameters before this event.
Nevertheless, we consider the actual state of this population to be critical due to low total
abundance and especially low abundance of age groups involved in reproduction. This has led
us to the idea of enhancing the population by the artificial propagation, breeding and stocking
of yearlings. We assess that the present unfavourable situation was caused mainly by frag-
mentation of the river channel (L u s k 1995). We also took into account the possible negative
effects of supporting the population by stocking artificially reared fish (M e f fe 1992), but in
the actual situation we consider our resolution to be practical and expadient.
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