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Abstract

SIMIC, V., J. LUJIC, D. KOSTIC, M. CIRKOVIC, O. BJELIC-CABRILO, S. SIMIC and G. MARKOVIC, 2013. Diversity
characteristics of the fish species important for fishery in the waters of Serbia. Bulg. J. Agric. Sci., Supplement 1: 77-87

Diversity of the fish species important for fishery on the territory of Serbia has changed both spatially and temporally.
Temporal changes are connected with historical and anthropogenic factors, while spatial changes are mostly the results of
anthropogenic activity. Based on the analysis of the ,,BAES-ex situ national database, there are two temporal and spatial pe-
riods. The first period (from 1860 to 1950) is characterised by great diversity of the fish species important for fishery in natural
ecosystems, above all in rivers. The second period (from 1950 until today) is characterised by reduction in the diversity of the
fish species important for fishery, especially sturgeon species, in natural ecosystems, predominantly rivers, and the increasing
diversity in anthropogenic water ecosystems. The increasing diversity in accumulations is predominantly related to Cyprinidae
and Percidae species.

The reduction in diversity in natural ecosystems is most often the result of irrational fishery, habitat degradation, prominent
anthropogenic influence and presence of introduced species. Many species important for fishery are, according to the newest
legal regulations of the Republic of Serbia, classified in the category of strictly protected and protected species, and the per-
manent close hunting season or close season in certain periods and ban on hunting for individuals below prescribed size was
declared for many of them. Taking into consideration prominent reduction in diversity, some of the fish species important for
fishery are also in ,,The preliminary list of species for the Serbian red list of vertebrates™ because they are in danger of being
extinct.
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Introduction

The data on the number of fish species important
for fishery in the Republic of Serbia are, together with
regular monitoring or hydro-biological and ichthyologi-
cal research, collected and recorded by authorised na-
tional institutions and institutions for scientific research.
Therefore, starting from 2003, establishment of ,,BAES

ex situ* data base on biodiversity of aquatic ecosystems
of Serbia began (Simi¢ et al., 2006), and its goal was
systematisation of data and easier monitoring of species
diversity of fish and other water organisms, as well as
taking measures for conservation of endangered species
including both in situ and ex sifu conditions.
Information on the number and structure of fish
communities that are shown in the data base are signifi-
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cant both from the point of view of biodiversity and its
conservation, and from the point of view of sustainable
use of fish resources in the meaning of commercial and
sport fishing.

According to a great number of reference data from
different authors, of which Budakov et al. (1997) and
Simonovi¢ (2001) should be emphasized, predomi-
nantly in flood areas of the Danube, but also in other
water ecosystems, the presence of 55 fish species has
been registered.

Since the beginning of 1990s, on the territory of the
Republic of Serbia, the legislation has been actively up-
dated to address issues of wild life protection, includ-
ing ichthyofauna. Some fish species are in particular
listed as natural rarities (OJ of the Republic of Serbia,
50/1993), and later they were also placed on the prelimi-
nary list of species for the Red List of Vertebrates for
Serbia (Jankovi¢ and Krpo-Cetkovié, 1995). Protection
and preservation of the fish fund of the Republic of Ser-
bia are regulated with the Law on Fisheries and Law on
By-Laws (OJ of RS 17/2009, OJ of RS 5/2010).

In the light of legislative regulations, and based on
species that have been registered at certain sites, many
areas on the territory of AP Vojvodina have acquired
certain protection status by the end of 20" century and
the beginning of 21%. Concerning ichthyofauna, the fol-
lowing stand out, six Special Nature Reserves: ,,Gornje
Podunavlje®, ,,Koviljsko-Petrovaradinski Rit*, ,,Ludas®,
,,Obedska Bara®, ,,Stari Begej-Carska Bara“ and ,,Za-
savica“, five Nature Parks: ,Pali¢, ,Stara (Mrtva)
Tisa®, ,,Jegricka®, ,,Begecka Jama‘“and ,,Ponjavica“ and
Natural Monument ,,Bara Trskovaca“. These protected
ecosystems receive special attention in order to preserve
biodiversity, because endangerment or extinction of cer-
tain species make gene pool of a particular area poorer.

In contrast to Vojvodina, in the rest of Serbia there
are no protected areas that are particularly related to di-
versity of water ecosystems, but there are water ecosys-
tems that are located within protected areas (National
Parks, Reserves, etc.).

Material and Methods

The ichthyological material was collected in the wa-
ters of the Republic of Serbia in periods of high, low

and medium water levels using standard equipment for
electrofishing and nets of various mesh diameters. De-
termination was done by using the keys Vukovi¢ and
Ivanovi¢ (1971) and Simonovi¢ (2001).

The data that are related to Vojvodina, given that
they exist since 1979, are more systematised when
compared to the remaining data, therefore they were
more used for statistical analysis in this paper.

Statistic processing of the data was done by using
MS Office Excel 2010 and SigmaXL workbook. For
determining if data for proportional composition of
the fish species important for fishery are normally dis-
tributed, the Shapiro-Wilk test was used. The Kruskal-
Wallis test was applied during the determination of sig-
nificance levels between the year of catch and the site.
Pearson product-moment correlation coefficient was
used to determine correlation between the fish species
important for fishery and invasive species.

Results

After analyzing Table 1, it can be concluded that
out of six listed fish species important for fishery: 7in-
ca tinca, Cyprinus carpio, Esox lucius, Silurus glanis,
Sander lucioperca and Acipenser ruthenus, in the wa-
ters of Vojvodina during the period of thirty years, the
most significant presence is that of a pike — Esox lucius.
Proportional contribution of this species moved from
56.4% in 1980 (Budakov et al., 1983 a) at the ,,Koviljs-
ko-Petrovaradinski Rit“ to 0.37% in 1996 (Maletin et
al., 1997) at ,,Begecka Jama“.

At the second place, according to proportional
contribution in natural and anthropogenic water eco-
systems in Vojvodina, among fish species important
for fishery is common carp — Cyprinus carpio. Pro-
portional contribution was up to 100% at ,,Koviljsko-
Petrovaradinski Rit* in 1980 (Budakov et al., 1983 a).
The presence of common carp at certain areas of the
channel network of the Danube-Tisa-Danube Hydro-
system (Maletin and Neatnica, 2006) is the result of re-
population. It is important to stress the presence of this
species in the catch at the ,,Gornje Podunavlje® during
the 1980s and 1990s (Maletin and Kosti¢, 1988; Buda-
kov et al., 1997), as well as at the ,,Stari Begej-Carska
Bara“ (Kosti¢ and Maletin, 1992; Popovi¢ et al., 2007).
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Table 1
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2
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29

X 2009

113

EE)

IV 2010

113

ER)

VIII 2009
IV 2010

Opovo

tE)

1991-1993 Budakov, 1994
1981-1990 Djukic i sar., 1991

Ponjavica

+

Zobnatica

1.53

Maletin i sar., 1999

1981-1990 Djukic i sar., 1991

1996

Provala

+

Borkovac
Sot

1981-1990 Djukic i sar., 1991
1995-1996 Budakov, 1996 b

1998

Zasavica

8.19
7.87

0.82

7.38

Kosti¢ i sar., 2000

Valjevac

v

Sumareva Cuprija

3.15

i3

+ : only the presence of the species

The maximum recorded proportional contribution
for catfish — Silurus glanis was 5.9 % in the channel
Vrbas-Bezdan near the town of Vrbas in 2006 (Ma-
letin and Neatnica, 2006) which is also the result of
repopulation, while at the remaining sites this species
has had proportional contribution less than 1 %.

Zander — Sander lucioperca was, during the above
mentioned research period, registered with maximum
proportional contribution of 50 % at the ,,Koviljsko-
Petrovaradinski Rit* in 1980 (Budakov et al., 1983
a), and with significantly lower contribution in later
researches.

Once a very important fish species for fishery,
which is today almost extinct, tench — Tinca tinca with
significant proportional contribution during the 1970s
and 1980s, was present in Obedska Bara (Budakov et
al., 1983 b), and lately it was found in Nature Monu-
ment ,,Bara Trskovaca®“ (Brankovi¢, 2008) as well as
in some channels of the Danube-Tisa-Danube Hydro-
system (Maletin and Neatnica, 2006). In 1998, it was
registered in ,,Zasavica“ at the ,,Valjevac™ site with
7.38 % of the total catch (Kosti¢ et al., 2000).

Out of all researched sites in Vojvodina from the
end of 1970s to 2011, sterlet was registered only in the
Danube in 1996 (Maletin et al., 1997), in the Nature
Park ,,Begecka Jama“ in 1999 (Vuckovi¢ et al., 2002)
and in the channel ,Novi Sad-Savino Selo* near the
city of Novi Sad in the period between 1999 and 2001
(Kosti¢ et al., 2002), wherein the highest proportional
contribution of 8.29 % was recorded at the last site.

In contrast to Vojvodina, which is predominantly
flat, the rest of Serbia is characterised with mountain-
ous areas and plains in the valleys of larger rivers,
like the Velika Morava River.

In mountainous areas, the dominant species is
brown trout — Sa/mo trutta with contribution between
56 % and 100 %. In large rivers of West Serbia, like
the Drina and Lim, apart from brown trout, gray-
ling — Thymallus thymallus is also present (average
12.4-34.2%), as well as huchen — Hucho hucho (up
to 8.3%). In lowland rivers, common nase — Chon-
drostoma nasus, barbell — Barbus barbus and chub
— Leuciscus cephalus are dominant with the contribu-
tion of over 50 %, while white-eye beam — Abramis
brama, common carp, and other whitefish are present
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with 34.5 %. The remaining part consists of predators:
catfish, pike and zander (Simi¢ et al., 2006).

The Danube, Sava and Tisa are the biggest and
the most important rivers for fishery in Serbia (apart
from sport fishing, there is also commercial fishing), in
which significant temporal and spatial changes regard-
ing ichthyofauna have occurred during the researched
period. Two significant periods can be singled out, the
first one being the period up to 1970, followed by the
period after construction of the large dam at the Dan-
ube: ,,Derdap 1 and later ,,Perdap II*. Contribution of
the fish species important for fishery in the Danube be-
fore and after 1970 is given in Table 2.

It can be clearly seen from the table that propor-
tional contribution of almost all fish species important
for fishery drops after 1970, especially Acipenserida.
At the same time, proportional contribution of alloch-
thonous species like Prussian carp and silver carp has
increased.

Shapiro-Wilk test for the data from the territory of
AP Vojvodina has shown that values for proportional
contribution of the fish species important for fishery are
not placed within the normal distribution (p < 0.001).

Kruskal-Wallis test has shown that the differences
in proportional contribution of the fish species impor-
tant for fishery between the catches are significant (p =
0.001). The differences between the period up to 1990
and the period between 1990 and 2000, and after 2000
are statistically significant (p < 0.05 and p < 0.001

49.33375

44.33375 4

39.33375 4

34.33375 -

29.33375
—8—fish species important

24.33375 - for fishery

=&—introduced species
19.33375 4
14.33375

9.33375

4.33375 T T T T

Fig. 1. Overlay running chart presenting proportional
contribution of fish species important for fishery and
introduced species during the research period

respectively), while for the period between 1990 and
2000, and after 2000 there is no significant difference
(p = 0.0612). Differences between sites are also signifi-
cant (Kruskal-Wallis, p <0.001).

Pearson product-moment correlation coefficient has
shown negative correlation between fish species im-
portant for fishery and introduced species (r =—-0.315).
The strongest negative correlation with the fish species
important for fishery has Prussian carp — Carassius
gibelio (r =-0.33) (Figure 1).

Discussion

It can be concluded from the presented results that
the number of the fish species important for fishery de-
creases both in natural and anthropogenic water eco-
systems in Vojvodina. Their survival is endangered due
to irrational fishing, habitat degradation and other an-
thropogenic influences that have been most prominent
in the ,,Koviljsko-Petrovaradinski Rit*“ Special Nature
Reserve in late 1990s. Irrational fishing consists of
disrespect of fishing seasons and excessive fishing of
mostly juvenile individuals, which can be seen, in the
results on age, weight, length and sex structure over
past decades. Degradation of habitat is manifested in
destruction of the areas in which fish spawn. One other
important cause for decrease in number of the fish spe-
cies important for fishery is the increased number of
introduced species (Figure 1). This claim is also sup-
ported by correlation analysis.

Among introduced species that have changed the
composition of the indigenous ichtyofauna largely,
above-mentioned Prussian carp — Carassius gibelio
should be singled out. It is one of the five species that
have been introduced to the waters of Serbia from
the Far East. Due to gynogenesis as a specific form
of propagation, it populated the waters very fast, and
since it is very resilient to oxygen deficit and increased
pollution, in competition for food, it suppressed com-
mon carp and crucian carp — Carassius carassius. This
introduced species was dominant in the most water-
courses of Vojvodina, but not in Central Serbia.

The above mentioned data are confirmed by corre-
lation analysis which determined the greatest negative
correlation in relation to the number of Prussian carp
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Table 2

Proportional contribution of the fish species important for fishery in the catch in the Danube before and after

1970 (Simic¢ et al., 2006)

Fish species Before 1970 After 1970
Huso huso 12.2% 2.4%
Acipenser sp. 11.7% 1.4%
Acipenser ruthenus 28.4% 7.3% further dicrease
Silurus glanis 13.5% 12.5% stagnation
Sander lucioperca 15.3% 8.1% slight dicrease
Esox lucius 8.2% 7.3%
Cyprinus carpio 23.5% 8.1% further dicrease
Abramis brama 26.7% 13.7%
Carassius gibelio 18.3% 36.9%
Hypophthalmichtys molitrix less than 2% around 10%

and the analysed fished species important for fishery
(r=-0.33).

Fish species important for fishery, whose presence
in the waters of Vojvodina over the last 30 years is pre-
sented in this paper deserve special attention. Accord-
ing to the ,,Rulebook on declaration and protection of
protected and strictly protected wild species of plants,
animals and fungi“ (Official Journal of the Republic
of Serbia, no. 5 from 2010), tench — Tinca tinca is a
strictly protected species, while common carp — Cypri-
nus carpio, pike — Esox lucius, catfish — Silurus glanis,
zander — Sander lucioperca and sterlet — Acipenser ru-
thenus are listed as protected. Grayling and huchen are
also listed as protected. Based on the ,,Law on Fisher-
ies* published in the Official Journal of the Republic of
Serbia, No. 17 from 2009, the permanently closed fish-
ing season was declared for tench, and closed season in
certain periods and ban on fishing for individuals be-
low prescribed size for the rest of the above mentioned
species. Given that, after analysing above-mentioned
results, tench is present with very small contribution,
or it is extinct, the Ministry of Education and Science
of Serbia, and Provincial Secretariat for Science of AP
Vojvodina support the project of repopulation of this
significant indigenous species, both in fishponds and
open waters.

Among the analysed species, in the ,,Preliminary
list of species for the Serbian red list of vertebrates*

are: Cyprinus carpio, Esox lucius, Sander lucioperca
and Acipenser ruthenus, Huso huso, fam. Acipenseri-
dae, Thymallus thymallus because their numbers are so
small that there is danger of their extinction (Jankovié
and Krpo-Cetkovié, 1995; Budakov, 2000; Simonovi¢,
2001; Lenhardt et al., 2004; Simi¢ et al., 2006).

Beside this, sterlet — Acipenser ruthenus is a subject
to the Law on Ratification of Convention on Interna-
tional Trade in Endangered Species of Wild Fauna and
Flora (CITES), ANNEX II and it falls into a category
of species that can be in danger of extinction. Further-
more, it can be found on the IUCN red list of endan-
gered species of the International Union for Conserva-
tion of Nature — VU, which means that it is marked as
vulnerable.

According to the results of the republic agency for
environment, over the long period, the constant in-
crease in fishing of carp, catfish and zander has been
recorded when compared to other fish species impor-
tant for fishery. According to the Agency Report from
2010 (Report, 2010), the trend of reduction of fishing
of all species, apart from carp, can be seen to a smaller
or greater degree. In Serbia, for a long period, commer-
cial fishing was much more prominent than sport fish-
ing. Only in 2010, has the Agency recorded increase
in the intensity of sport fishing, which is the result of
the control and monitoring of national authorities and
reduced poaching. According to some assumptions, the
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intensity of fishing was up to 3 times higher than in
earlier years (Reports 2009, 2010).

The given data on presence of the fish species im-
portant for fishery in the waters of Vojvodina show
that they should receive even more attention in order
to preserve biodiversity, especially in Special Nature
Reserves and Nature Parks.

Conclusions

Based on the analysis of the published data in the
period between 1979 and 2011, the contribution of
six fish species important for fishery is shown: tench
— Tinca tinca, common carp — Cyprinus carpio, pike —
Esox lucius, catfish — Silurus glanis, zander — Sander
lucioperca and sterlet — Acipenser ruthenus in natural
and anthropogenic water ecosystems in Vojvodina, as
well as huchen — Hucho hucho and grayling — Thymal-
lus thymallus in waters of mountainous areas of Serbia.

The number of above mentioned fish species in the
waters of Serbia is decreasing due to inappropriate
»tools®, irrational fishing, presence of allochthonous
species, uncontrolled emission of agricultural, indus-
trial and other waste, as well as general habitat degra-
dation.

Above-mentioned species deserve special atten-
tion. According to the ,,Rulebook on declaration and
protection of protected and strictly protected wild spe-
cies of plants, animals and fungi* from 2010, in Serbia,
Tinca tinca is strictly protected species, while Cyprinus
carpio, Esox lucius, Silurus glanis, Sander lucioperca,
Thymallus thymallus, Hucho hucho and Acipenser ru-
thenus are listed as protected.

Acipenser ruthenus is subject to the Law on Ratifi-
cation of Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES) AN-
NEX II and it falls into category of species that can be
in danger of extinction. Furthermore, it can be found on
the IUCN red list of endangered species of the Interna-
tional Union for Conservation of Nature — VU, which
means that it is marked as vulnerable.
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