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Abstract
Stocking of water bodies with non-native fish species for fisheries enhancement is a common practice worldwide.
However, overall limited benefits in terms of revenues for local communities have so far been reported in some countries,
whilst accidental introductions of several non-native fish species have occurred. To evaluate the benefits vs. costs associated
with common carp Cyprinus carpio stocking practices, a three-year sampling study (2009–2011) was carried out across
twelve adjacent artificial reservoirs of the Kocaeli Peninsula (north-west Anatolia, Turkey). Apart from common carp, 18 fish
species in total were recorded, of which 12 native and six non-native, the latter comprising more than half of the total catch
and dominated by gibel carp Carassius gibelio. Even though the abundance of common carp, natives and non-natives
increased over the study period, common carp was always comparatively less abundant relative to most of the other species.
Overall, the present findings indicate that stocking of common carp into the studied reservoirs has not fully met with the
proposed objectives, likely a result of less-than-optimal age-0 fish release strategies and limited availability of spawning
grounds. On the other hand, invasion especially by gibel carp is thought to be under way and this may ultimately impact on
the abundance of the native fish fauna.
Keywords: Richness, abundance, invasion, gibel carp, heuristic significance testing.

Kuzey-batı Anadolu’da Bazı Yeni İnşa Edilen Rezervuarlara Yapılan Sazan (Cyprinus carpio)
Stoklamaları Yabancı Türlerin Yayılımlarını Arttırabilir
Özet
Türkiye’de çoğunlukla ‘yerelleşmiş’ sazan Cyprinus carpio stoklamaları ile bilinen su kütlelerinin yabancı tatlısu
balıkları ile stoklanmaları dünyada balıkçılığın geliştirilmesi amacıyla gerçekleştirilen yaygın bir uygulamadır. Ancak,
aşılamaların yapıldığı su ortamlarına yakın yerleşim yerlerinde yaşayanlara sınırlı katkısı da olsa bu aşılamalar istilacı türlerin
dağılımındaki en önemli kaynaklardan biridir. Türkiye’deki su kütlelerine yapılan sazan aşılamalarının getirdiği kar-zarar
durumlarını değerlendirmek için Kocaeli Yarımadası’nda (kuzey-batı Anadolu) birbirlerine yakın 12 suni rezervuarda üç
senelik (2009-2011) bir araştırma gerçekleştirildi. Sazan haricinde 12’si doğal altısı yabancı olmak üzere toplam 18 balık türü
kaydedildi. Yabancı türler toplam elde edilen birey sayısının yarısından fazlasını oluştururken en fazla yakalanan yabancı tür
gümüşi havuz balığı Carassius gibelio oldu. Her ne kadar sazan, yerel ve yabancı türler çalışma periyodu boyunca birey sayısı
olarak artış gösterse de, sazan diğer türlerin çoğuna nazaran her zaman daha az bollukta elde edilmiştir. Sonuç olarak, sunulan
makale rezervuarlara yapılan sazan aşılamalarının uygun olmayan 0 yaş balık aşılama stratejileri ve sınırlı üreme alanları
nedeniyle beklenen hedeflere tam olarak ulaşmadığını göstermiştir. Diğer yandan, özellikle gümüşi havuz balığının istilasının
devam ettiğini ve bunun sonuçta yerel balık faunasını etkileyeceği düşünülmektedir.
Anahtar Kelimeler: Tür zenginliği, bolluk, istila, gümüşi havuz balığı, sezgisel önem testi.

Introduction
Worldwide, the introduction of non-native
freshwater fish has become common practice mainly
in response to demands for aquaculture, farming and
sport fishing. However, introduced fish can
detrimentally affect newly-invaded ecosystems in

diverse ways (Simon and Townsend, 2003). These
include the transfer of parasites and pathogens
(Josefsson and Andersson, 2001, Gozlan et al., 2005),
predation upon, competition and/or hybridisation with
native species (e.g. Arthington, 1991; Crivelli, 1995;
Debrot, 2003; Kats and Ferrer, 2003; Mills et al.,
2004), alteration of community structure and
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ecosystem functioning (e.g. Zambrano et al., 2001;
Navodaru et al., 2002; Beisner et al., 2003; Irz et al.,
2004), as well as accidental introductions of other
taxa as contaminants (Adams et al., 2003). Endemic
fishes in particular are the most vulnerable to these
introductions, with several species having disappeared
or been subjected to severe reduction in population
size or distribution (e.g. Arthington, 1991, Witte et
al., 1992, Allan and Flecker 1993; Leidy and Moyle ,
1996; Saunders et al., 2002). At the same time, beside
these negative impacts, introduced fish often represent
a major source of income, food or livelihood for local
communities, thereby supporting profitable economic
activities (Gozlan, 2008). For this reason, it is not
always easy to strike a balance between the benefits
vs. risks associated with fish introductions, and even
less so whenever attempting to minimise the latter in
favour of the former.
Man-made reservoirs are a common pathway for
the dispersal of non-native freshwater fish (e.g.
Andrews, 1990; Wheeler, 1991, North, 2000;
Marchetti et al., 2004; Ruesink, 2005; Önsoy et al.,
2011). These artificial water bodies, which are
generally created for water supply storage (i.e.
irrigation and drinking water) and/or for the
generation of hydroelectric power, have considerably
increased in numbers worldwide. However, although
fish stocking into reservoirs is generally accomplished
with the aim of boosting fish production and sport
fishing (e.g. Treer et al., 1995; 2003), it can also
cause the accidental introduction of non-native fish
species. Notable cases are those of goldfish Carassius
auratus, gibel carp Carassius gibelio, eastern
mosquitofish Gambusia holbrooki, pumpkinseed

Lepomis
gibbosus
and
topmouth
gudgeon
Pseudorasbora parva, all of which have been
associated with the intentional stocking of common
carp Cyprinus carpio (Özuluğ et al., 2005; Balık and
Ustaoğlu, 2006; Önsoy et al., 2011). The latter is a
widely-distributed Eurasian cyprinid, which is highly
invasive and noxious in several areas of introduction
(review in Vilizzi et al., 2015) but also threatened in
parts of its native area of distribution (Balon, 1995).
Despite general recognition of the likely
detrimental effects of accidental non-native
freshwater fish introductions in Turkey (Balık et al.,
2004; Gaygusuz et al., 2007; Tarkan et al., 2012b),
there is still limited knowledge about the extent of
such impacts (Tarkan et al., 2012a). The aim of the
present study was to assess the consequences on the
native fish fauna of accidental introductions of nonnative fish species as contaminants of common carp
stocking into some newly-established reservoirs of
north-west Anatolia. To this end: (i) trends in richness
and relative abundance of native and non-native fish
and of common carp are compared over a three-year
study period, and (ii) the role of pathways of
accidental introductions as contaminants of common
carp stockings is discussed together with an
evaluation of the costs vs. benefits involved.

Materials and Methods
Study Area
The Kocaeli Peninsula, separating Marmara Sea
from Black Sea, is located in north-west Anatolia,
(30°21' E, 40°31' N) (Figure 1). The metropolitan area

Figure 1. Reservoirs of the Kocaeli Peninsula (north-west Anatolia) sampled for fish from 2009 to 2011. (1) Denizli; (2) Sevindikli; (3)
Sipahiler; (4) Tahtalı; (5) Süverler; (6) Davuldere; (7) Ütük; (8) Çayırköy; (9) Bayraktar; (10) Ketenciler; (11) Kirazoğlu, (12) Yuvacık.
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of Istanbul extends to the along Kocaeli-Istanbul
provincial border and the size and location of the
İzmit Bay provides extensive port facilities. Kocaeli is
one of the most industrialised and highly populated
(250 inhabitant km−2) regions of Turkey with many
reservoirs having been established mainly for
irrigation purposes, flood control and potable water
supply. Most of these reservoirs are close to each
other, range in area from 0.2 to 1.6 km2 and have
similar water depths (≈ 10 m on average). The climate
of the region is Mediterranean with warm and rainy
winters, hot and dry summers, and a relatively higher
mean annual precipitation (768–1153 mm). The main
environmental issue across the area is related to
human-induced pollution, mostly as a result of leisure
activities and the high number of restoration venues
located around the reservoirs. Also, many agricultural
activities with miscellaneous dimensions in the area
cause the water budget of both natural and artificial
water bodies to become critically low, especially in
autumn. Stocking of age-0 common carp in the
reservoirs has occurred on an annual basis since 1996,
and some 1,252,000 individuals have been released so
far (1996–2013 period: the Republic of Turkey, the
Ministry of Food, Agriculture and Livestock. Notably,
the common carp is native to some eco-regions of
Turkey (Vilizzi, 2012), but following translocation in
its feral ‘naturalised’ (sensu Copp et al. 2005) form
has become ubiquitous across the country (and
especially Anatolia) and currently represents a
valuable resource for local inland fisheries (Turkish
Statistical Institute, 2014).
Fish Sampling and Identification
Fish were sampled from 12 adjacent reservoirs
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(Figure 1) during three consecutive years: 15–30 June
2009, 17–30 May 2010, and 1–5 May 2011 (32
sampling events in total). Sampling was made by
backpack electrofishing (SAMUS 725G) at the same
locations (i.e. from the feeding streams and around
the dams of the reservoirs), which were re-visited at
each reservoir over the study period. After sampling,
fish were anasthetised with an overdose of 2phenoxyethanol and transported in ice to the
laboratory. Identification of species was done by
following the Geldiay and Balık (2007) and Kottelat
and Freyhof (2007) methods.
Statistical Analysis
For statistical analysis, species richness was
computed as total number of species, and fish relative
abundance was expressed as catch-per-unit-effort
(CPUE), which was estimated as number of fish
captured during 30 min by electrofishing (constant
effort across each reservoir and sampling event).
Differences in richness over the three years of
sampling were tested between native and non-native
species (hence, excluding naturalised common carp)
by permutational univariate analysis of variance
(PERANOVA), following normalization of the data
and using a Euclidean distance. Differences in
abundance over the study period amongst common
carp, native and non-native species also were tested
by PERANOVA, following standardization of CPUE
for each fish component (to allow for direct
comparisons), normalisation of the data and using a
Euclidean distance. In both cases, a two-way factorial
design was employed, with years (2009, 2010, 2011)
and species (native and non-native, for richness;
common carp, native and non-native, for abundance)

Table 1. Fish species caught from 12 reservoirs of the Kocaeli Peninsula (north-west Anatolia) from 2009 to 2011 (Figure 1)
Reservoirs
Species

Abbreviation

Common name

Family

Origin

Alburnus istanbulensis (Battalgil, 1941)

Alb.ist

‘Thracian shemaya’

Cyprinidae

Barbus sp.
Carassius auratus (Linnaeus, 1758)
Carassius gibelio (Bloch, 1782)
Cobitis vardarensis (Karaman, 1928)
Cyprinus carpio (Linnaeus, 1758)
Esox lucius (Linnaeus, 1758)
Gambusia holbrooki (Girard, 1859)
Gobio gobio (Linnaeus, 1758)
Lepomis gibbosus (Linnaeus, 1758)
Leucaspius delineatus (Heckel, 1843)
Oncorhynchus mykiss (Walbaum, 1792)
Petroleuciscus borysthenicus (Kessler,
1859)
Phoxinus phoxinus (Linnaeus, 1758)
Pseudorasbora parva (Temminck &
Schlegel, 1846)
Rhodeus amarus (Bloch, 1782)
Rutilus rutilus (Linnaeus, 1758)
Salmo sp. (Duméril, 1858)

Bar.spp
Car.aur
Car.gib
Cob.var
Cyp.car
Eso.luc
Gam.hol
Gob.gob
Lep.gib
Leu.del
Onc.myk

–
Goldfish
Gibel carp
‘Velonitsa’
Common carp
Northern pike
Eastern mosquitofish
Gudgeon
Pumpkinseed
Belica
Rainbow trout

Cyprinidae
Cyprinidae
Cyprinidae
Cobitidae
Cyprinidae
Esocidae
Poeciliidae
Cyprinidae
Centrarchidae
Cyprinidae
Salmonidae

Native
(endemic)
Native
Non-native
Non-native
Native
Naturalised
Native
Non-native
Native
Non-native
Native
Non-native

Squalius pursakensis (Hankó, 1925)

Total
(%)

n

%

2.15

3

25.0

1.01
0.12
32.68
0.71
2.55
0.22
0.95
8.70
15.34
2.18
0.09

3
2
10
4
6
3
3
8
4
2
1

25.0
16.7
83.3
33.3
50.0
25.0
25.0
66.7
33.3
16.7
8.3

Pet.bor

Dnieper chub

Cyprinidae

Native

3.38

3

25.0

Pho.pho

Eurasian minnow

Cyprinidae

Native

2.92

3

25.0

Pse.par

Topmouth gudgeon

Cyprinidae

Non-native

5.26

5

41.7

Rho.ama
Rut.rut
Sal.spp.

Bitterling
Roach
–

Cyprinidae
Cyprinidae
Salmonidae

4.21
2.55
0.03

7
4
1

58.3
33.3
8.3

Squ.pur

Pursak chub

Cyprinidae

Native
Native
Native
Native
(endemic)

14.94

11

91.7

Total relative abundance together with number and corresponding percentage of occurrence across reservoirs are given.
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both as fixed factors. Analysis was carried out in
PERMANOVA+ v1.0.1 for PRIMER v6.1.11
(Anderson et al. 2008) with 9999 permutations of the
raw data, and with tests of significance (including a
posteriori pair-wise comparisons) evaluated at α =
0.10 for heuristic purposes (Kline, 2013). Briefly, the
advantage of PERANOVA compared to traditional
parametric analysis of variance is that the stringent
assumptions of normality and homoscedasticity,
which prove very often unrealistic when dealing with
ecological data sets, are ‘relaxed’ considerably.

Results
In total, 3253 specimens were caught during the
study period from the 12 reservoirs of the Kocaeli
Peninsula. Apart from common carp, 18 species in
total were recorded, of which 12 native and 6 nonnative (Table 1). The native species included Barbus
sp., Cobitis vardarensis, northern pike Esox lucius,
gudgeon Gobio gobio, belica Leucaspius delineatus,
Dnieper chub Petroleuciscus borysthenicus, minnow
Phoxinus phoxinus, bitterling Rhodeus amarus, roach
Rutilus rutilus and Salmo sp., plus endemic Pursak
chub
Squalius
pursakensis
and
Alburnus
istanbulensis. The non-native species comprised
eastern
mosquitofish,
gibel
carp,
goldfish,
pumpkinseed, rainbow trout Oncorhyncus mykiss and
topmouth gudgeon.
Overall, native species represented 43.5% of the
total catch, non-native species 53.9% and common
carp the remaining 2.5% (Table 1). Gibel carp was by
far the most abundant species, followed by
pumpkinseed and Pursak chub. Gudgeon and
topmouth gudgeon both made up > 5% of the fish
sampled, whilst eastern mosquitofish, C. vardarensis,
northern pike, goldfish, rainbow trout and Salmo sp.
represented <1%, with the latter species found only in

one specimen. Common carp occurred in 6 of the 12
reservoirs under study, whereas both native and nonnative species were recorded from all of them (Table
1). Pursak chub and gibel carp were the most
ubiquitous, occurring in all but one and two
reservoirs, respectively, whereas rainbow trout and
sea trout each occurred in only one reservoir (Figure
2). Also, in all reservoirs at least one non-native
species was recorded during the study period.
Native species richness ranged from ten to one,
and non-native from four to one, with two reservoirs
having the highest richness (13 and 11 species) and
one the lowest (3 species only) (Table 2). Native
species richness was significantly higher than that of
the non-native species (2.2 vs. 1.3; F#1,62 = 6.53, P# =
0.010; # = permutational), even though there was no
significant change over the study period either overall
(F#2,62 = 0.79, P# = 0.475) or depending on species
(i.e. Species × Year interaction term: F#2,62 = 0.90,
P# = 0.414).
CPUE abundance for both native and non-native
species was generally higher compared to that of
common carp (Table 2). Standardised CPUE
abundance did not differ significantly amongst
species (F#2,93 = 0.03, P# = 0.967) nor depending on
year of sampling (F#4,93 = 1.18, P# = 0.326). However,
there were differences over time (F#2,93 = 2.69, P# =
0.073), with significantly higher abundance in 2011
relative to 2010 (0.324 vs. −0.168; t# = 2.01, P# =
0.047) and 2009 (0.324 vs. −0.121; t# = 1.77, P# =
0.078), but no difference between the latter two years
(t# = 0.22, P# = 0.835).

Discussion
This study has shown that over a three-year
monitoring period the overall abundance of nonnative fish species across 12 reservoirs of north-west

Cyprinus carpio
Alburnus istanbulensis
Barbus sp.
Cobitis vardarensis
Esox lucius
Gobio gobio
Leucaspius delineatus
Petroleuciscusborysthenicus
Phoxinus phoxinus
Rhodeus amarus
Rutilus rutilus
Salmo rizeensis
Squalius pursakensis
Carassius auratus
Carassius gibelio
Gambusia holbrooki
Lepomis gibbosus
Oncorhynchus mykiss
Pseudorasbora parva

Bay Çay Dav Den Ket Kir Sev Sip Süv Tah Ütü Yuv

Reservoir
Figure 2. Frequency of occurrence of the fish species sampled from the 12 reservoirs of the Kocaeli Peninsula during the study period.
White bubbles: common carp; grey bubbles: native species; black bubbles: non-native species. Bubble size proportional to frequency of
occurrence (relative to reservoir): D = Dominant (> 75%); A = Abundant (51–75%); F = Frequent (26–50%); O = Occasional (6–25%);
R = Rare (1–5%). Species and reservoir abbreviations as in Table 1 and Table 2, respectively.
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Table 2. Presence (P)/Absence (A) of common carp, richness (total number of species) of natives and non-natives and mean catch-per-unit
effort (CPUE: number of fish per 30 min electrofishing) of natives, non-natives and common carp sampled from 12 reservoirs of the Kocaeli
Peninsula from 2009 to 2011
Reservoir
Abbreviation
Name
Bayraktar
Bay
Çayırköy
Çay
Davuldere
Dav
Denizli
Den
Ketenciler
Ket
Kirazoğlu
Kir
Sevindikli
Sev
Sipahiler
Sip
Süverler
Süv
Tahtalı
Tah
Ütük
Ütü
Yuvacık
Yuv

Common carp
A
P
A
A
A
A
P
P
P
P
A
P

Native
7
10
5
5
3
4
3
3
1
4
1
6

Richness
Non-native
4
2
3
2
2
2
1
1
2
2
2
2

Anatolia was more than half compared to that of the
native species and sharply increased in the last year of
sampling (i.e. 2011). However, this increase was
paralleled by a corresponding increase in the
abundance of the native species as well as of common
carp, whose abundance remained comparatively low
both across reservoirs and during the study period.
As a reason of concern, non-native species
occurred in all of the reservoirs and often in higher
abundances compared with the native species (i.e.
gibel carp),. This is because the main motivation
behind the stocking of common carp into these newlyestablished reservoirs is often to enhance the species’
fisheries in response to demands from local
communities. Specifically, the government agencies
responsible for common carp stockings aim to
compensate the economic losses faced by local
communities as a result of private land encroachment
from reservoir construction by providing them with an
alternative (i.e. fisheries-related) source of revenue.
However, the current findings indicate that common
carp, where present, was one of the least abundant
species in all but one of the reservoirs under study
(Figure 2), hence regardless of the routine stocking of
age-0 individuals occurring since 1996.
Overall, the present findings indicate that
common carp introductions into these newlyestablished reservoirs may have failed to meet the
original economic objectives by enhancing the spread
of non-native species. This may represent a problem,
since there has been no conclusive report so far on
successful introduction schemes for common carp in
the study area. A number of factors may have been
contributed to this failure. Firstly, it is argued that
poor stocking strategies are being implemented in the
reservoirs, with local fishermen indicating that the
release of age-0 individuals in a reservoir generally
occurs from only one location, which is likely to
increase the chance of limited survival due to
unpredictable and/or unsuitable habitat conditions.
Secondly, the intrinsic V-shaped structure of the
reservoirs is likely to limit the availability of suitable
spawning and nursery areas for common carp (a
phytolithophil species: Simon 1999), even though this
would be at variance with the colonising success of

Total
11
13
8
7
5
6
5
5
4
7
3
9

Common carp
0.0
4.0
0.0
0.0
0.0
0.0
2.0
4.7
2.0
5.3
0.0
0.2

CPUE
Native
8.3
10.7
1.2
4.2
1.2
1.2
2.1
1.6
0.1
6.3
0.1
6.0

Non-native
14.4
11.6
25.1
21.0
2.3
9.2
2.0
0.2
3.8
13.3
0.2
3.5

other cyprinids (both native and non-native) in the
same reservoirs (e.g. Noble et al., 2007). Finally,
despite recent stockings of the fully-scaled relative to
the mirror variant to compensate for the low survival
rates of the latter (e.g. Balık and Ustaoğlu, 2006; but
see Kırankaya, 2007), no noticeable improvements
have so far been detected. To this end, recent studies
on common carp in Anatolia (Vilizzi et al., 2013,
2014) have indicated that the growth of this species is
overall slow compared to both its native and invasive
areas of distribution worldwide, possibly a result of
the large domesticated component of the stocks
throughout the region.
Previous studies have reported that the
establishment success of introduced species into
reservoirs may be high not only compared to natural
lakes but also to water courses (Moyle and Light,
1996; Kolar and Lodge, 2002; Han et al., 2008; Aydın
et al., 2011; Tarkan et al., 2012b). This has been the
case for the gibel carp in Turkey (Aydın et al., 2011;
Tarkan et al., 2012b), and was demonstrated in a
large-scale study of water bodies of the Great Lakes
Region (USA), which indicated that reservoirs were
more prone to invasion compared to neighboring
natural lakes (Johnson et al., 2008). At the same time,
propagule pressure appears to be the most reasonable
explanation for the link between reservoirs and nonnative species. Thus, beside the deliberate and
multiple introductions of common carp by
government agencies, which is recognized as the main
source for the spreading of non-native species (Aydın
et al., 2011), local people and fishermen usually admit
to the intentional introduction of some non-native
species into reservoirs. As the reservoirs of the
Kocaeli Peninsula are located in a highly-populated
area hosting a large number of recreational activities,
this is likely to represent an additional factor
contributing to the introduction of non-native species,
which would in turn result in an increased likelihood
of their successful establishment (Von Holle and
Simberloff, 2005).
Despite the many reports worldwide of the
severe impacts caused by non-native fish (e.g. Copp
et al., 2005; Gozlan et al., 2010; Olden and
Cucheorusset, 2011; Vilizzi 2012), the present study
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has detected no overall negative effect in terms of a
decline or stagnation in either the relative abundance
or richness of native/endemic fish species. However,
it might be too early to rule out the possibility that an
impact has been averted based on the current data.
This is because the current status of the fish
assemblages in the reservoirs of the Kocaeli Peninsula
may not have progressed through all three stages
idefined by Ferincz et al. (2012), and which have
occured in some central European reservoirs (Penczak
et al., 1998; Riha et al., 2009). Accordingly: (i) the
first stage (succession) is characterised by the
dominance of bog-dwelling or riverine native fishes
originating from drainage channels previously
existing in the area or from the streams where the
reservoir was established; (ii) the second stage
(invasion) is characterised by the constant high
relative abundance of non-native species such as gibel
carp; and (iii) the third stage (stabilisation) by the
dominance of native cyprinids such as roach or bleak
Alburnus alburnus (Ferincz et al., 2012). Given the
relatively new establishment of the reservoirs of the
Kocaeli Peninsula (mid-1990s), a similar invasion
pattern by non-native species and especially by gibel
carp is to be expected, and this would indicate that a
second stage of invasion is under way. Furthermore,
although the third stage is characterised in some cases
by a notable decrease in non-native species abundance
(i.e. Kubecka, 1993; Riha et al., 2009; Ferincz et al. ,
2012), there are examples of gibel carp abundance
constantly increasing at the expense of native
cyprinids remaining in comparatively lower numbers
(e.g. Markovic et al., 2007; Tarkan et al., 2012b).
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