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SUMMARY

Turkey is a hotspot of freshwater fish diversity and endemism, holding a unique
ichthyofauna containing distinct European and Asian elements. Currently, 78 en-
demic species are recognised from Turkey, 65 of which are classified as Critically
Endangered or Endangered. Habitat degradation, pollution, and the introduction of
non-native fishes are the greatest threats to this unique ichthyofauna. We compiled
data on the introduction and distribution of freshwater fishes in Turkey, both non-
native and translocated, based on historical accounts and recent surveys. Thirty fish
species have been introduced, 11 of which are translocations within Turkey. The
overall establishment success was 64% (44% for non-natives and 100% for translo-
cated species). New species continue to be introduced at a rate of 4.8 species per dec-
ade, of which 3.1 species establish per decade. Fisheries and aquaculture are two
main vectors of deliberate introduction, but the contaminant of stockings is the pri-
mary pathway for secondary spread, in particular for Carassius gibelio, Pseu-
dorasbora parva and Lepomis gibbosus. Natural dispersion of species introduced
into neighbouring countries through trans-boundary river systems is highlighted as
the most likely pathway for future species introductions. We discuss the manage-
ment options available and outline how these can be incorporated into freshwater
fish conservation and non-native fish management programmes. Education, public
awareness and information are central components to reduce current rate of fish
introductions in Turkey.
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INTRODUCTION

Freshwater ecosystems are particu-
larly affected by non-native species intro-
ductions (Stiassny, 1998; Dudgeon et al.,
2006), yet freshwater fish continue to be
introduced despite their documented ecolog-
ical and economic impacts (Cambray, 2003;
Lintermans, 2004; Cucherousset & Olden,
2011; Garcia-Berthou & Moyle, 2011). These
introductions are strongly associated with
international shipping, ornamental fish
trade, aquaculture, biological control of
mosquitoes and water plants, development
of new fisheries, irrigation schemes, and
inter-basin transfers (Allan & Flecker, 1993;
Maitland, 1995; Ruesink, 2005; Jeschke &
Strayer, 2006; Stohlgren et al., 2006; Rahel,
2007; Tricarico, 2012). Although a small
proportion of non-native species may have
neutral, or even beneficial, effects on native
biota and ecosystems (Cope & Winterbourn,
2004; Johnson et al., 2009), others become
invasive and establish spreading popula-
tions that negatively impact the recipient
environment and its biota (Mack et al.,
2000). Freshwater fish are the most fre-
quently introduced aquatic animal group
(Gozlan, 2008), exhibiting higher establish-
ment rates than many other taxa (Jeschke
& Strayer, 2006), with introductions gener-
ally being irreversible (Cucherousset & Old-
en, 2011). Further, current technologies
available to eradicate established popula-
tions can detrimentally impact the native
species (Myers et al., 2000) with relatively
few long-term success stories. Understand-
ing the multi-faceted process of aquatic in-
vasions 1s important for the management
and conservation of freshwater ecosystems.
Identifying the primary vectors and path-
ways for species introductions is therefore
key to reduce the risk of future introduc-
tions (Simberloff et al., 2005; Hulme, 2006)
and manage the secondary spread of species
already present (Vander Zanden & Olden,
2008).

Turkey is a hotspot of freshwater
fish diversity and endemism (Fricke et al.,
2007), having a distinct ichthyofauna that
contains unique elements from both Europe

and Asia (Balik, 1995; Smith & Darwall,
2006; Cuttelod et al., 2009). In Turkey, 11
freshwater ecoregions sensu Abell et al.
(2008) are recognised incorporating three
major habitat types: xeric and endorheic
basins with large and small lakes and small
streams (Central Anatolia and Lake Van —
saline and soda lakes), temperate floodplain
rivers and wetlands (Upper Dicle (Tigris)
and Firat (Euphrates) and Kura - Southern
Caspian Drainages) and temperate coastal
rivers (Trakya (Thrace), Western Anatolia,
Southern Anatolia, Northern Anatolia,
Western Transcaucasia and Asi (Orontes)).
The temperate coastal rivers vary between
the large meandering rivers of Northern
and Western Anatolia to the shorter steep
rivers of Southern Anatolia and Asi (Oron-
tes). Northern Anatolia also has fewer lakes
than Western and Southern Anatolia. Most
rivers, streams, wetlands and lakes in Tur-
key are heavily polluted and/or eutrophic
(Fricke et al., 2007) with numerous dams
having been constructed creating artificial
lakes (reservoirs), particularly in the major
river systems. Additional threats to fresh-
water habitats include the draining of wet-
lands, construction of dams, weirs and bar-
rages, over abstraction of water and gravel
extraction from river beds (Balik, 1995;
Fricke et al., 2007).

A total of 248 native freshwater fish
species have been recorded from Turkey,
comprised mostly of the families Cyprini-
dae, Balitoridae and Cobitidae (Fricke et al.,
2007). Of these, 78 species are endemic (31.5
% of the total native freshwater fish fauna),
51 % of which are classified as Critically
Endangered and 32 % as Endangered
(Fricke et al., 2007). Turkey’s geographical
location and large trans-boundary river sys-
tems increases the risk of introduction of
non-native fishes from both Asia and Eu-
rope (Fig. 1). Despite recent recognition of
the impacts of non-native species on native
fish communities in Turkey (Gaygusuz et
al., 2007; Aydin et al., 2011; Tarkan et al.,
2012b), information on the introduction vec-
tors and distribution pathways of non-
native fishes remains limited, or buried in
obscure reports. The major vectors for the
introduction of non-native fishes to Turkey



have been government authorized aquacul-
ture and stocking programmes to establish
and support cage aquaculture, and commer-
cial fisheries (Innal & Erk’akan, 2006). In
addition, native species have been translo-
cated within Turkey, many of which may
have exerted detrimental impacts on the
recipient fish (Innal & Erk’akan, 2006).

To date, only two studies have exam-
ined the introduction and translocation of
freshwater fishes in Turkey; Innal and
Erk’akan (2006) and Innal (2012). However,
these works contain contentious data and
lack analysis of the distribution, introduc-
tion history, success and spread of non-
native and translocated species. This study
aims to fill these gaps by: (1) providing an
updated record of non-native and translo-
cated freshwater fishes in Turkey; (i1) de-
termining the major vectors and pathways
for the introduction and secondary spread of
non-native and translocated fish species;
and (i11) proposing a management frame-
work to provide adequate protection for the
native fishes and permit the utilization of
non-native and translocated species while
limiting the risk of future introductions and
the secondary spread of introduced species.

METHODS

A history of freshwater fish introduc-
tions in Turkey was compiled from pub-
lished (e.g. Anonymous (DSI), 1988, 2001;
Wildekamp et al., 1997; Van Neer et al.,
1999; Cildir, 2001; Innal and Erk’akan,
2006; Innal, 2012) and grey literature (e.g.
reports, unpublished manuscripts, theses,
and books), supported by personal commu-
nications with fellow researchers (See sup-
plementary Appendix A for a full list of ref-
erences used). In Turkey, government au-
thorized freshwater fish introductions are
controlled by the Ministry of Agriculture
and Rural Affairs and the General Direc-
torate of State Hydraulic Works. Both bod-
ies independently collect and report fish
stocking and occurrence data at a national
level. Native species recorded outside their
historical distribution ranges were consid-
ered to be translocated. Translocated spe-

cies, although strictly non-native where in-
troduced, were treated separately from the
non-native species because they are native
at a national level. Translocated species are,
however, included in the overall analysis of
introduced species.

For both non-native and translocated
species, their present status in Turkey was
assessed to determine whether the introduc-
tion had been successful. The success of the
introductions were evaluated following the
categorization scheme of Blackburn et al.
(2011): CO - Individuals released into the
wild (i.e. outside of captivity or cultivation)
in location where introduced, but incapable
of surviving for a significant period; C1 -
Individuals surviving in the wild in location
where introduced, no reproduction; C2 -
Individuals surviving in the wild in location
where introduced, reproduction occurring,
but population not self-sustaining; C3 - In-
dividuals surviving in the wild in location
where introduced, reproduction occurring,
and population self-sustaining; D1 - Self-
sustaining population in the wild, with indi-
viduals surviving a significant distance from
the original point of introduction; D2 - Self-
sustaining population in the wild, with indi-
viduals surviving and reproducing a signifi-
cant distance from the original point of in-
troduction; and E - Fully invasive species,
with individuals dispersing, surviving and
reproducing at multiple sites across a great-
er or lesser spectrum of habitats and extent
of occurrence. An introduction was consid-
ered to have been successful where the spe-
cies had recruiting populations in the recip-
ient environment, i.e. classification C2 or
higher. We excluded species that had been
imported into Turkey by aquaculture re-
search stations at universities and research
hatcheries, but never released into the nat-
ural environment e.g. Acipenser baeri and
Ictalurus punctatus; the latter incorrectly
reported as released into the wild by Innal
and Erk’akan (2006). Copp et al. (2009) in-
correctly reported that Hemiculter leuciscu-
lus had been introduced into Turkey; the
Khauz-Khanskoye Reservoir is in Turkmen-
istan. Species recently recorded in Turkish
waters but for which no recruitment had
been recorded were classified as C1 but car-
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ry the caveat that these populations should
be monitored annually to evaluate recruit-
ment success.

Detailed Analysis of Six Watersheds

We selected six watersheds for which
good data of fish introductions were availa-
ble to analyse the trends in fish introduc-
tions: Sakarya, Aksu, Menderes, Merig,
Kizilirmak and Asi (Orontes) (Fig. 1). The
introduction rate was calculated as the av-
erage number of new species introduced per
decade following Ribeiro et al. (2009). The
Zoogeographic Index, and indication of the

intensity of introductions in a specific wa-
tershed, was calculated as the number of
native species expressed as a fraction of the
total number of species present in each wa-
tershed following Bianco (1991) as imple-
mented by Elvira (1995). The index ranges
from O for a community containing only non-
native species to 1 for a community contain-
ing only native species. The percentage suc-
cessful introductions of non-native and
translocated species were calculated for
each watershed. We then evaluated the in-
troduction density per 1000 km? watershed
area and fitted a power regression.

Turkey

5 Bulngfé'
NA— A

FIGURE 1. Map of Turkey showing (in capital letters) the five trans-boundary riv-
er systems: A) Meri¢ (Evros in Greece and Marista in Bulgaria) shared with Bul-
garia and Greece; B) Asi (Orontes) shared with Syria and Lebanon; C) Dicle-Firat
(Tigris-Euphrates) shared with Syria, Saudi Arabia, Jordan, Iraq and Iran; D) Ku-
ra-Aras shared with Iran, Armenia, Azerbaijan and Georgia; and the E) Coruh
shared with Georgia. The six rivers included in the detailed assessment are: a) Me-
ri¢, b) Sakarya, ¢) Menderes, d) Aksu, e) Kizilirmak and f) Asi (Orontes).

Vectors and Pathways

The vectors for the introduction of
fish species were determined based on our
comprehensive literature review. We identi-
fied six vectors for the introduction of fish
species into Turkey: aquaculture; develop-

ment of fisheries; bio-control of mosquitos or
aquatic plants; ornamental fish (release of
unwanted fish or escape from ornamental
ponds/aquaria); unaided (natural dispersion
of species introduced into neighbouring
countries) and as a contaminant of imported



stocks (Hulme et al., 2008). Each species
introduced into the freshwaters of Turkey
was allocated to the most probable vectors
for the introduction. The success of each
vector was determined by whether the spe-
cies established in the recipient water body.
Where the species had arrived in Turkey
through more than one vector, the vectors of
subsequent introductions were noted.

We then evaluated the most probably
pathways for the secondary spread of spe-
cies in Turkey. Species that were recorded
from more than one locale were classified
according to three pathways for secondary
spread: deliberate introductions, contami-
nants of deliberate introductions, and acci-
dental introductions (mostly the release of
unwanted ornamental fish).

RESULTS

We recorded 30 freshwater fish spe-
cles introduced into Turkish freshwaters

including 11 of which have been translocat-
ed within Turkey (making the assumption
that Cyprinus carpio were native to some
portion of Turkey). Nineteen of the intro-
duced species have established self-
sustaining populations (Table 1, Fig. 2), alt-
hough ten of these have restricted ranges,
found at ten or fewer locations, have not
expanded beyond their point of introduction,
or become abundant there. The oldest rec-
orded introduction was Gambusia holbrooki,
introduced for the biological control of mos-
quitos in the 1930s (Geldiay & Balik, 1988),
with the most recent recorded introduction
Heteropneustes fossilis, first recorded in
Turkish headwaters of Firat River (Euphra-
tes) in 2011 (Unli et al., 2011) putatively
from introductions in neighbouring coun-
tries. Cyprinus carpio, Carassius gibelio, G.
holbrooki and Pseudorasbora parva are the
most widespread introduced species, fol-
lowed by Atherina boyeri and Lepomis gib-
bosus (Fig. 3).

Number of species

1 4
S

co C1 c2

C3 D1 D2 E

FIGURE 2. Number of non-native and translocated freshwater fish species intro-
duced into Turkish waters using the introductions codes of Blackburn et al. (2011)
— see methods. The black portion of the bars represents species not native to Tur-
key whereas the white portion represents species translocated within Turkey.
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TABLE 1. Checklist of non-native (n) and translocated (t, in bold)) fish species presently occurring in Turkish inland waters
summarising the decade initial introduction, vectors for introduction and secondary spread, and establishment success according
to Blackburn et al. (2011) — see methods. Black dots indicate the primary introduction vector whereas the open circles indicate sec-
ondary or later introduction vectors.

INITIAL INTRODUCTION SECONDARY SPREAD

SPECIES

Establlish. success

Deliberate introd
Contaminant
Accidental release

.
™

Atheriniformes Atherinidae Atherina boyeri 1970 t .

Characiformes Serrasalmidae Pygocentrus nattereri 2000 n o C1
Cypriniformes Cyprinidae Alburnus chalcoides 1960 t o o C3
Alburnus tarichi 1950 t ° ° C2

Carassius auratus 1950 n . . C3

Carassius carassius 1990 n [ [ C2

Carassius gibelio 1980 n [ o [ E

Ctenopharyngodon idella 1980 n (] Cl

Cyprinus carpio 1970 t . . E

Hypophthalmichthys molitrix 2000 n . Cl

Pseudorasbora parva 1980 n . o . E

Tinca tinca 1940 t . o D2

Cyprinodontiformes [H&ysstliBiuTES Aphanius mento 1990 t . . C2
Poecilidae Gambusia holbrooki 1930 n . o . 0 E



Non-native and translocated freshwater fish species in Turkey

DOI: 10.29094/FiSHMED.2015.003

TABLE 1 (cont). Checklist of non-native (n) and translocated (t) fish species presently occurring in Turkish inland waters.

Perciformes

Salmoniformes

Siluriformes

Percidae

Cichlidae

Gobidae
Moronidae
Centrarchidae
Coregonidae

Salmonidae

Clariidae
Heteropneustidae
Loricariidae

Siluridae

SPECIES

Sander lucioperca
Perca fluviatilis
Coptodon zillii
Oreochromis niloticus
Knipowitschia caucasica
Morone sp.

Lepomis gibbosus

Coregonus lavaretus
Oncorhynchus mykiss

Salmo salar

Salvelinus alpinus

Salvelinus fontinalis

Clarias gariepinus
Heteropneustes fossilis
Pterygoplichthys disjunctivus

Silurus glanis

1950

1970

1970

1990

1990

1980

1950

1960

1980

2000

1990

2000

2010

2000

1970

INITIAL INTRODUCTION

SECONDARY SPREAD

Deliberate introd
Contaminant
Accidental release

Establlish. success

Q
w

Q
N

D1

C3

C3

Cl

D2

Co

Cl

Co

Cco

Co

D2

Cl

Cl

C2
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FIGURE 3a. Current distribution of translocated fish species of Turkey. The introductions for Alburnus chalcoides () and Alburnus

tarichi (green m) are included in the same map. The shaded areas represent the natural distribution of the species. For S. glanis, some
introductions appear to be within its native range but the species had not previously been recorded at these locations.
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FIGURE 3b. Current distribution of the introduced fishes of Turkey: The introduction locations for Cichlids, Oreochromis niloticus (®)

and Coptodon zillii (green m), are included on the same map.



Although limited knowledge is avail-
able on the detrimental effects of most of the
wide-spread non-native fishes in Turkey
(Tarkan et al., 2012b), the number of species
successfully introduced into Turkey is stead-
ily increasing. The average rate of introduc-
tion of new fish species to Turkey since the
1930s is 4.1 species per decade (R2 = 0.97),
but increases to 4.8 species per decade (R? =
0.99) for the period 1950-2010 (Fig. 4). The
average rate of new species establishment
in Turkey since the 1930s is 2.8 species per
decade (R2 = 0.98), but also increases for the
period 1950-2010 to 3.1 species per decade
(R? = 0.98) (Fig. 4). The rate of secondary
spread of established species is approxi-
mately ten new water bodies per decade
(Aydan et al., 2011). The overall establish-
ment rate of non-native and translocated
fish in Turkey was found to be 64%, 44% for
the 19 non-native species and 100% for the
11 translocated species (Table 1). This fig-
ure is in line with estimates from similar
studies for Greece 52% (Economidis et al.,
2000), other European countries 63% (Gar-
cia-Berthou et al., 2005), and worldwide
64% (Ruesink, 2005). For freshwater fish,
63% of intentional introductions are suc-
cessful whereas <30% of all introduction
pathways are successful (Garcia-Berthou et
al., 2005). Intentional introductions have
higher establishment success (Hulme et al.,
2008) largely as a result of the higher prop-
agule numbers and climate matching used
in intentional stockings (Lockwood et al.,
2005). The high introduction success high-
lights the role of deliberate introductions in
Turkey.

Five species (C. carpio, G. holbrooksi,
A. boyeri, C. gibelio and P. parva) have es-
tablished extensive populations and are
considered invasive and problematic (Fig.
3). A further three species, Clarias gariepi-
nus (Kiciikk & Ikiz, 2004; Emiroglu, 2011),
L. gibbosus (Ozcan, 2007; Top, 2011) and
Tinca tinca (Balik et al., 1997), have estab-
lished widespread populations in their in-
troduced range and dominate communities
in these areas. Coptodon zilli (formerly Ti-
lapia zilli), however, have established a
widespread population but do not dominate
communities (Balma et al., 1995). Carassius

auratus (Izci, 2004), Oreochromis niloticus
(Dikel, 1995; Mert & Cigek, 2010), Sander
lucioperca (Ekmeke¢i & Erk’akan, 1997) and
Knipowitschia caucasica (Van Neer et al.,
1999) have established self-sustaining re-
cruiting populations and could potentially
start expanding their ranges. Similarly,
Silurus glanis, Perca fluviatilis and Apha-
nius mento (Balma et al., 1995) have estab-
lished recruiting populations and could be-
come self-sustaining in time, although S.
glanis and P. fluviatilis populations have
declined as a result of overfishing. Some
species have only been recorded once from a
single watershed, e.g. Pterygoplichthys dis-
junctivus (Yalgin Ozdilek, 2007) and H. fos-
silis (Unli et al., 2011), while others are
maintained through escapees from cage aq-
uaculture and fishery stocking programmes,
e.g. Oncorhynchus mykiss (Anonymous
(DSI), 1988). Other species (e.g. Salvelinus
fontinalis, Morone hybrid) are now only
found in aquaculture facilities and research
facilities at universities, having been extir-
pated in the wild whereas others (Ctenopha-
ryngodon idella and Hypophthalmichthys
molitrix) appear to have failed to establish
self-sustaining populations or have not ex-
panded from their original introduction.
Cichlid species were introduced by universi-
ties as part of government authorized re-
search programmes, however great uncer-
tainty persists regarding their identification
with some authors have reporting several
different cichlid species being introduced at
a single locality (e.g. Innal and Erk’akan,
2006) when they were, in fact, a single spe-
cies C. zilli (Akin et al., 2005).

Detailed Analysis of Six Watersheds

Of the six watersheds considered, the
Sakarya received the highest number of
species (19), followed by Meri¢ and
Kizilirmak (14), Menderes (12), Aksu (11)
and Asi (Orontes) (5): Table 2. The estab-
lishment success of these introductions was
highest in Menderes (92%), followed by Ak-
su (91%), Asi (Orontes) (80%), Meri¢ (79%),
Sakarya (74%) and Kizilirmak (71%). The
average rate of species establishment is 1.21
species per watershed per decade; however,
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the rate increases to 2 species per water-
shed per decade from 1970 to 2010. The rate
of introductions peaked at 2.5 species per
watershed per decade in the 1970s and
1980s but dropped to 1.17 species per wa-
tershed per decade in the 2000s. The Zooge-
ographic Index ranged between 0.88 Asi
(Orontes) to 0.58 in the Aksu, with an over-
all average of 0.72 for the six watersheds
(Table 2). This suggests that some water-
sheds in Turkey hold on average more than
25% introduced species, similar to water-

sheds in other Mediterranean-climate re-
gions (Leprieur et al., 2008).

Contrary to expectation, we found
that introduction and establishment de-
creased with increasing watershed size (Ta-
ble 2). A power relationship was found for
both introduction and establishment densi-
ties (introduction = 5.318 A%75 (R2= 0.912)
and establishment = 4.835 A°784 (R2=0.917),
where A 1s the watershed area in 1000 km?2).

N w
(¢} o

N
o

—_
o

Cumulative number of non-native fish
—
[é)] [6)]

1930

1940 1950 1960

1970

Introduction rate (number of species per
decade)

1980 1990 2000 2010

FIGURE 4. Temporal pattern of introduction of non-native fish species into
Turkish watersheds: cumulative number of species introduced (grey) and cumu-
lative number of species successfully established (black). The rate of species in-
troduction (A) and establishment (o) per decade are presented (right axis).

The watersheds recording the high-
est introduction densities were in southern
and western Turkey. These regions have
Mediterranean climates and higher popula-
tion densities than the central, northern
and eastern Turkey.

Three species have been successfully
introduced to all six watersheds; C. carpio,
G. holbrooki and O. mykiss. For this analy-
sis, we considered O. mykiss to have suc-
cessfully established in there watersheds

11

because their populations are maintained by
annual stocking even though they do not
appear to reproduce in the wild in Turkey
(Celikkale, 2002). A further five species has
been introduced into five of the six water-
sheds (C. gibelio, S. glanis, C. auratus, P.
parva and S. lucioperca). Of these, only S.
lucioperca failed to establish in all five wa-
tersheds, being extirpated due to overfish-
ing in one watershed, but successfully estab-
lishing in other four.
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TABLE 2 Date of detection of non-native and translocated fishes in six water-
sheds in Turkey. Years in bold represent the earliest date of introduc-
tion/detection. The Zoogeographic Index, defined as the number of native species,
expressed as a fraction of the total number of species present in each watershed
following Bianco (1991).

Species (success/total) Sakarya Kizilirmak Aksu Menderes Trakya®  Asi’
Oncorhynchus mykiss 1970 1980 1983 1985 1985 1992
Gambusia holbrooki 1960 1960 1950 1960 1970 1930
Cyprinus carpio 1970 1970 1990 1970 1980 1999
Silurus glanis 1958 1970 1990 1970 1980
Carassius gibelio 1988 2003 2000 1990 1982

Carassius auratus 1970 1980 1999 1985 1970
Pseudorasbora parva 1999 2000 1992 1990 1982

Sander lucioperca 1970 1970 1997* 1975 1970

Atherina boyeri 1970 2000 1995 1970 2005
Tinca tinca 1983 1955 1940

Lepomis gibbosus 1990 1990 1982

Carassius carassius 1980 1983* 1975

Salmo salar 1989%* 1988* 1988*
Ctenopharyngodon idella 2000* 2000%* 2000%*
Alburnus chalcoides 1971* 1975*

Oreochromis niloticus 2009

Clarias gariepinus 2009 1990

Knipowitschia caucasica 1996

Coptodon zillii 1995

Pterygoplichthys disjunctivus 2007*
Pygocentrus nattereri 2006*

Salvelinus fontinalis 2000*

Coregonus lavaretus 1954*

Hypophthalmichthys molitrix 2000*
Number of species introduced 19 14 11 12 14 5
Number of introduced species established 14 10 10 11 11 4
Introduction success (%) 73.7 71.4 90.9 91.7 78.6 80.0
Number of native species 33 24 14 22 38 28
Zoogeographic Index 0.70 0.71 0.58 0.67 0.78 0.88
Basin Area (km’) 58160 78180 4928 24976 14560 7796
Established species per 1000 km’ 0.24 0.13 1.62 0.40 0.76 0.64

*Indicates that the species did not establish; # Indicates Turkish portion only.

12



Vectors and Pathways

The majority of fish introductions in Turkey
were the result of intentional releases by
government agencies to increase the fishery
and aquaculture capacity of selected lakes
and reservoirs (Anonymous (DSI), 1988,
2001); see Fig. 5 and Table 1. Species intro-
ductions for the establishment and en-
hancement of fisheries have been 80% suc-
cessful with eight of the ten species intro-
duced establishing successfully. Escapees
from cage aquaculture have been consi-
derably less successful with three of the
seven species introduced establishing suc-
cessfully. A side effect of these introductions
has been the unintentional introduction of
two invasive species, C. gibelio, and P. par-
va, putatively as contaminants in stockings
of C. carpio. In total five species have been
introduced and spread as contaminants of
fish stockings, all of which has established
successfully. Three species were introduced
for biological control purposes (G. holbrooki,
C. idella and H. molitrix), of which only G.
holbrooki has successfully established, alt-
hough, controlled production of C. idella and
H. molitrix still continues at some aquacul-
ture facilities (Anonymous (DSI), 1988).
There is evidence that three ornamental
species have been released into Turkish wa-
ters (C. auratus, P. disjunctivus, and Py-
gocentrus nattereri) (Tarkan, 2006; Innal,
2008) with only C. auratus establishing.
Two species have entered Turkish water
through trans-boundary river systems; L.
gibbosus via the Meri¢c River (Evros in
Greece, Marista in Bulgaria) and H. fossilis
through the trans-boundary the Dicle-Firat
(Tigris-Euphrates) River system (Al-Hassan
& Muhsin, 1986; Unli et al., 2011). The suc-
cess of trans-boundary introductions is cur-
rently estimated to be 50%, but could rise to
100% if H. fossilis should establish a re-
cruiting population (Bozoglu et al., 2007).
There i1s evidence that G. holbrooki, C,
gibelio, and P. parva also entered Turkish
waters from Bulgaria or Greece via the Me-
ri¢ River (Aydin et al., 2011), but these had
previously been introduced by other vectors.

Most species translocations have
been carried out legally by the government
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agencies for the “enhancement” of fisheries,
mostly resulting in successful established
populations e.g. S. lucioperca, T. tinca, S.
glanis, P. fluviatilis (Anonymous (DSI),
1988). However, A. boyeri has been dis-
persed illegally into natural lakes and man-
made reservoirs due to its economic value,
establishing viable populations in most of
them, some of which are expanding rapidly
from the introduction locations and becom-
ing invasive (Gengoglu, 2010).

The two most important pathways
for the secondary spread of non-native fish-
es were identified as the deliberate release
of aquaculture and fishery species and the
contamination of fishery or aquaculture
stockings (Table 1). The remaining pathway
identified was the accidental release of or-
namental species.

DISCUSSION

In Turkey, the majority of non-native
fishes introductions have been intentional
(Wildekamp et al., 1997; Aydin et al., 2011),
mostly as part of government-sponsored
stocking programmes of reservoirs (Tarkan
et al., 2012a). As in other Mediterranean
countries, the building of reservoirs to pro-
vide irrigation, industrial and domestic wa-
ter provides new opportunities for the estab-
lishment of non-native fishes (Collares-
Pereira & Cowx, 2004). Recent studies have
confirmed that non-native fishes are more
successful in artificial water bodies than
natural lakes or rivers (Clavero & Hermoso,
2011; Tarkan et al., 2012a; Clavero et al.,
2013). Freshwater fish species introductions
aimed at improving commercial fisheries in
reservoirs have resulted in 80% of the spe-
cies introduced establishing recruiting
populations (Fig. 5). However, all the spe-
cies that became established as a result of
this vector are native to Turkey whereas the
two species that failed to establish are both
non-native, O. mykiss and Coregonus
lavaretus (Ozulug et al., 2005), most likely
due to their cold water adaptations. Over-
fishing has, however, resulted in the decline
of introduced S. glanis and P. fluviatilis and



S.  lucioperca populations (FGE, un-
published data). Although the contribution
of inland capture fisheries to Turkish
freshwater production has remained con-
stant between 1996 and 2009, the composi-
tion of the species captured has changed
from C. carpio (48.0%), S. glanis (13.0%),
Gobidae spp. (11%), Alburnus tarichi (6.0%)
and Esox lucius (4.0%) in 1972 to C. carpio
(28.0%), A. tarichi (27.0%), A. boyeri
(16.0%), snails (6.0%), T. tinca (4.0%) and S.

lucioperca (3.0%) in 2009; 84.0% of the total
freshwater species catch (Rad & Rad, 2012).
Overfishing is a major threat to freshwater
biodiversity (Allan et al., 2005), especially
larger species (Olden et al., 2007). Many
commercial fisheries are reliant on stocking
programmes to sustain the harvest (Petr,
1997; Cowx, 1999) although C. carpio is the
only species exploited by inland capture
fisheries in Turkey that is regularly stocked.

Number of introduced species

. IHIH.

Fisheries

Aquaculture

Biocontrol

Contaminant Unaided Ornamental

FIGURE 5. Number of non-native fish species introduced into Turkey by introduc-
tion vector. Black bars represent species that have successfully established, white
bars species that failed to establish, and grey bars species whose establishment is

currently uncertain.

The contribution of freshwater species in
aquaculture in Turkey has steadily in-
creased from 30% in 1996 to about 65% in
2009 (Rad & Rad, 2012). Aquaculture is the
leading vector of aquatic species introduc-
tions worldwide (Casal, 2006), with more
than 50% non-native species having been
intentionally introduced for aquaculture
(Casal, 2006; Cook et al., 2008; Gozlan,
2008). In contrast to introductions for fish-
eries, escapees from research and aquacul-
ture faculties have been less successful with
only 43% of the introduced species estab-
lishing recruiting populations in Turkey. In
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Europe, legislation (Council Regulation 708/
2007, of 11 June 2007) establishes guide-
lines for the use of non-native and locally
absent species in aquaculture. Although
Turkey i1s a signatory to various interna-
tional agreements and the conventions stip-
ulated by European Union (e.g. Water
Framework Directive, Council Regulation
708/ 2007), these have yet to be fully im-
plemented.

Today, C. carpio constitutes the bulk
of both aquaculture production and stocking
programs in Turkey. The spread of P. parva




and C. gibelio across Europe has been
linked to contamination of hatchery stocks
(Copp et al., 2005a; Gozlan et al., 2010a).
The contamination of C. carpio stockings
could result from two scenarios: contami-
nated hatcheries or stocking from compro-
mised wild populations, both of which can
be managed by implementing of a stock au-
dit programme (Davies et al., 2013).

As a country industrializes, there is
a decrease in the importance of commercial
fishing with inland water bodies increasing-
ly, or exclusively, being used as recreation-
al/sport fisheries (Cowx et al., 2010); e.g.
Greece, Zenetos et al. (2009). Across Europe,
non-native species for sport angling have
been introduced with devastating impacts
on native faunal biodiversity e.g. S. glanis
(Copp et al.,, 2009a), P. fluviatilis and S.
lucioperca (Cowx, 1997; Copp et al., 2005a;
Kigtk, 2012). Once introduced, non-native
species are subsequently illegally spread by
anglers to neighbouring watershed (Garcia-
Berthou et al., 2005). An increase in the
popularity of recreational angling could re-
sult in an increase in the illegal introduc-
tion of popular angling species (Cowx et al.,
2010), such as North American Micropterus
sp., or the translocation of aggressive and
large native species e.g. S. glanis, S. lu-
cioperca, E. lucius. Recreational angling
groups have requested E. lucius introduc-
tions for recreational angling, but Turkish
authorities have refused such requests hav-
ing adopted a policy of not introducing pis-
civorous species. Adoption of stringent poli-
cies regarding recreational angling could
result in the illegal introduction of “recrea-
tional” species, seriously compromising both
existing fisheries and conservation pro-
grammes (Johnson et al., 2009; Gozlan et
al., 2010Db).

The translocation of native fish spe-
cies has been very successful with all 11
species  introduced establishing  self-
sustaining populations. One translocated
species reported to have failed to establish,
A. tarichi a deep-water species endemic to
Lake Van, was introduced into Lake Bur-
dur, one of the largest and deepest lakes in
Turkey (Aksiray, 1982; Yildirnm et al.,
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2009). The introduction appeared to be suc-
cessful until pollution from lakeside facto-
ries reduced deep-water oxygen levels
(Aksiray, 1982; Yildirim et al., 2009), result-
ing in the extirpation of A. tarichi. Pollu-
tion, rather than biotic or natural environ-
mental factors, resulted in this species fail-
ing to establish. However, a second intro-
duction of A. tarichi in Lake Ercek in 1990’s
has been successful (Cetinkaya, 2006).

Turkey has four major trans-
boundary river systems (Merig, Asi (Oron-
tes), Dicel-Firat (Tigris-Euphrates), Kura-
Aras and Coruh: Fig. 1), all of which could
allow species introduced into neighbouring
countries to naturally extend their ranges
into Turkish waters. There is evidence that
fish species have entered Turkey via trans-
boundary river systems from Eastern Eu-
rope (via Meri¢ River shared by Bulgaria,
Greece, and Turkey) in the northwest (Ay-
din et al., 2011) and the Middle East (via
Asi  (Orontes) and Dicle-Firat (Tigris-
Euphrates) rivers) in the south and south-
east (Yalcin Ozdilek, 2007; Unla et al.,
2011). Four species (G. holbrooki, C. gibelio,
L. gibbosus, and P. parva) have entered
Turkish waters via Greece and Bulgaria
through natural expansion of their intro-
duced ranges in the Meri¢ River system
(Wildekamp et al., 1997; Ekmek¢i &
Kirankaya, 2006). High numbers of non-
native fish species are present in Greece
and Bulgaria are high, 25 and 26 species
respectively (Economidis et al., 2000; Econ-
omou et al., 2007; Uzunova & Zlatanova,
2007), some of which have not previously
been recorded in Turkish waters. Similarly,
several species have been introduced into
Syria, Iran, Iraq, Georgia, Armenia and
Azerbaijan that have not previously been
recorded in Turkish waters (Coad, 1993;
Coad & Abdoli, 1993; Coad, 1996; Gabriel-
yan, 2001; Coad, 2010, 2013; Salmanov et
al., 2013). Recently H. fossilis was recorded
in the Turkish headwaters of the Firat (Eu-
phrates) River after having been first rec-
orded in the lower reaches of the Dicle-Firat
(Tigris-Euphrates) River system in the
1950s (Al-Hassan & Muhsin, 1986; Unli et
al., 2011). It is too soon to determine wheth-
er this species has established a recruiting



population in Turkey, but it may represent
the first of many introductions from coun-
tries south and east of Turkey. The majority
of the species introduced into neighbouring
countries have already been introduced into
Turkish freshwaters, or are native to Tur-
key (see Table 3). The species that could
have greatest impact in Turkish waters are
Hemiculter leucisculus and Percottus glenii,
because both species have detrimentally
impacted native fish assemblages elsewhere
(Reshetnikov, 2003; Jurajda et al., 2006;
Grabowska et al., 2009; Wang et al., 2013).
Although both Micropterus salmoides and
Lepomis macrochirus have been recorded as
introduced into Iran and Iraq including the
Tigris-Euphrates (Coad, 1993; Coad &
Abdoli, 1993; Coad, 1996), these species do
not appear on recent checklists of intro-
duced fish from either country (Coad, 2010,
2013). Both species have been successfully
introduced into other Mediterranean-
climate regions (Marr et al., 2010, 2013),
significantly impacting native fish assem-
blages and should be considered as highly
undesirable species. Management of trans-
boundary river systems is a complex bal-
ance of water rights, pollution, species in-

trans-boundary agreements (see Kramer et
al. 2011). The foundations for developing
agreements regarding the introduction of
non-native fishes in shared river systems
could be developed along the guidelines
used to establish the trans-boundary pro-
gramme between Greece and Bulgaria for
the Nestos River (Economidis et al., 2009).

The extent of ornamental fish releas-
es 1s frequently underestimated (Welcomme,
1992) with about 6% of USA aquarists hav-
ing admitted to releasing unwanted fish
(Gertzen et al., 2008; Strecker et al., 2011).
Because of the widespread dispersal of or-
namental fish to homes and businesses,
these fish can be released into all freshwa-
ter habitats (Padilla & Williams, 2004; Copp
et al., 2005d; 2010). Three species of orna-
mental fish have been introduced in Turkey.
The majority of ornamental species are from
tropical climates and should not be able to
reproduce in Turkish conditions. There are,
however, a number of ornamental species
that have established in Mediterranean Eu-
rope (e.g. Misgurnus anguillicaudatus) that
may establish in Turkey if released in suffi-
cient numbers.

troductions, Turkish water policy, and

TABLE 3. Freshwater fish species introduced into countries surrounding Turkey
that could establish in Turkish waters.

Comments
established in Iran and Iraq (Coad, 2010, 2013) and has been reported
from the Tigris-Euphrates River system (Coad & Hussain, 2007)

Species

Hemiculfer leucisculus

VA7) ))itIayirdole )iyl introduced into Bulgaria, Armenia, Azerbaijan and Iran (Coad & Abdoli,
1993; Gabrielyan, 2001; Uzunova & Zlatanova, 2007; Coad, 2013;
Salmanov et al, 2013) and is reported to have established in at least the
Kura-Aras River system in Azerbaijan (Salmanov et al, 2013)

introduced into Iran (Coad & Abdoli, 1993; Coad, 2013)

introduced into Bulgarian and Greece (Economidis ef al, 2000;
Economou et al., 2007; Uzunova & Zlatanova, 2007)

Pimephales promelas
Ictiobus sp.

Pangasius sp. recently reported from Iraq (Coad, 2010)
Perccottus glenii introduced into Bulgaria (Uzunova & Zlatanova, 2007)

Oryzias latipes introduced into Azerbaijan (Salmanov et al., 2013)
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Non-native and translocated freshwater fish species in Turkey
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Most of the introduced species, in-
cluding translocated species, have not been
associated with any negative impact on na-
tive fauna or flora as they are usually pre-
sent in low numbers in Turkey. However,
several recent studies have provided evi-
dence of the detrimental impact and inva-
sive potential of several non-native fishes in
Turkey including: C. gibelio (Tarkan et al.,
2012a, b), L. gibbosus (Ozcan, 2007; Top,
2011), A. boyeri (Gengoglu, 2010) and P.
parva (Ekmekei et al., 2010). The impact of
G. holbrooki, in particular, on native ichthy-
ofauna in Turkish waters needs to be evalu-
ated. For example, the decline of killifish
(Aphanius transgrediens) (Fig. 6) in Lake
Ac1 has been attributed to G. holbrooki
(FGE, unpublished data). The release of
Gambusia species to control mosquitoes has

had devastating impacts on native fish as-
semblages (Pyke, 2008) and has ceased in
many countries, although the illegal spread
of Gambusia species continues (Marr et al.,
2010). In Turkey, G. holbrooki was deliber-
ately introduced to reduce the risk of malar-
ia, but the species has been spread over the
whole country for mosquito control, even in
areas not susceptible to malaria. This spe-
cies may be more widespread than the pre-
sent study suggests because the habitats
frequently surveyed through research and
monitoring programmes are not optimal for
Gambusia and sampling protocols used
usually do not target small-bodied species.
Some warm water species, such as C. zilli,
O. niloticus and C. gariepinus, only survive
where the water temperatures are suitable,
such as hot springs (Yilmaz et al., 2006).

FIGURE 6. Male (left) and female (right) Aphanius transgrediens, a Critically En-
dangered species threatened by the introduction of Eastern mosquitofish (Gam-
busia holbrooki). The inner photographs shows an artificial mosquitofish-free pond
built for the conservation of the threatened native species
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In 2004, the General Directorate of
Protection and Control Department of the
Ministry of Food, Agriculture and Livestock
instituted penalties for the transport and
introduction of non-native species into new
environments and the Department of Agri-
culture and Rural Affairs have declared C.
gibelio as dangerous species (Circular No:
37/2), promoting its capture throughout the
year. These are promising signs but conser-
vation of the unique and highly endangered
native fish fauna of Turkey should be priori-
tized and the precautionary principle ap-
plied to all future stockings. Tarkan et al.
(2014) identified 17 of the 35 species evalu-
ated as having a high risk of potential inva-
siveness (very high — C. auratus, C. gibelio,
C. carpio, Gambusia affinis, G. holbrooki, 1.
punctatus; high — Amerius melas, C.
gariepinus, C. idella, H. molotrix, L. gibbo-
sus, Liza haematocheila, Oreochromis mos-
sambicus, Oreochromis niloticus, P. parva;
and medium high — Oreochromis aureus and
P. disjunctivus). Of these, Gambusia affinis,
1. punctatus; Amerius melas, Liza haemato-
cheila, Oreochromis mossambicus, Oreo-
chromis niloticus, and Oreochromis aureus
have not been recorded as introduced in
Turkey whereas C. idella and H. molotrix
have been released into natural waters but
have not established in Turkey to date. This
study did not include species such as E. [u-
cius, Micropterus sp. and Misgurnus anguil-
licaudatus that have been widely introduced
in Europe. The omission of E. lucius is re-
grettable since the introduction of this spe-
cies has been requested by recreational an-
glers. Interestingly, species we highlight as
potentially invasive (H. leucisculus, H. fos-
silis and P. glenni) were all classified as
medium risk species.

This paper has focussed on non-
native and translocated fishes but it should
be noted that these are not the only threats
to the native fishes of Turkey. Other factors
such as pollution, habitat degradation, and
unsustainable water abstraction, amongst
others, all threaten native fish populations.
An example of extreme habitat degradation
is the draining of Lake Amik in southern
Anatolia from the 1940s to the 1970s result-
ing in the loss of the entire fish assemblage
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(Balik, 1995). In contrast, pollution in the
Asi (Orontes) River is threatening the en-
demic species of this unique freshwater
ecoregion (Erk'akan and Ekmekei, 2000). To
date, two global extinctions have been re-
ported from Turkey: Alburnus akili Battal-
gil, 1942 and Pseudophoxinus handlirschi
(Pietschmann, 1933) in Central Anatolia,
both the result of the introduction of pisciv-
orous S. lucioperca (Kic¢uk, 2012). Further
studies are required to distinguish between
the threats exerted by pollution, habitat
destruction, and non-native/translocated
fish on the native fish populations.

MANAGEMENT MEASURES

Although the presence of non-native
species poses a threat to native fish assem-
blages, it 1s acknowledged that non-native
and translocated fishes are the mainstay of
Turkey’s freshwater aquaculture and com-
mercial fisheries. A balance must therefore
be maintained between the conservation of
native taxa and the management of non-
native fish (Chadderton, 2003). The man-
agement of non-native fishes requires a
clear goal to direct the efforts of implement-
ing authorities, funding agencies, and
stakeholders towards an agreed outcome
(Bomford & Tilzey, 1997; Wittenberg &
Cock, 2001; Hulme, 2006). Once a goal has
been established management options can
be 1identified and the most appropriate
strategies selected to achieve the goal (Bom-
ford & Tilzey, 1997, Wittenberg & Cock,
2001; Hulme, 2006).

Prevention of future introductions is
the most effective way of addressing inva-
sion by non-native species (Saunders et al.,
2002; Britton et al., 2011a) Council Regula-
tion 708/2007/EC requires an assessment to
identify and evaluate the potential risks
associated with existing and future non-
native species according to their potential to
become invasive by instituting adequate
decision support tools and risk assessment
metrics (Britton et al., 2011a, b), e.g. the
Fish Invasiveness Screening Kit (FISK)
(Copp et al., 2005¢, b). FISK was developed



to provide a screening tool for freshwater
fish introductions can become a tool to aid
decision- and policy-makers in assessing
and classifying freshwater fishes according
to their potential invasiveness (Copp et al.,
2009b). FISK was recently applied for both
non-native and translocated freshwater fish
species in Turkey; see Tarkan et al., (2014).
Many potentially harmful non-native spe-
cies have established populations in Turkey,
but may be far from achieving their poten-
tial geographic distribution. Preventing, or
slowing, the secondary spread of known and
established non-native species requires dif-
ferent set of goals, strategies, and target
audiences than measures required to re-
strict the import of new species (Vander
Zanden & Olden, 2008). Implementation of
a stock audit procedure, sensu Davies et al.
(2013), and employing adequate effort by
experienced fisheries officials may reduce
the extent of stock contamination by unde-
sirable fish species such as L. gibbosus, P.
parva and C. gibelio. Capacity at relevant
levels (i.e. law enforcement, taxonomic ex-
pertise and communication) is critical for
prevention programmes to be effective.

No matter how effective the preven-
tion programmes, there is a high probability
that further non-native species will be in-
troduced. The precautionary principle re-
quires that action be taken to control or
eradicate potentially invasive species as
soon as they are detected (Wittenberg &
Cock, 2001). Detection of new introductions
at low population levels is often difficult,
especially in aquatic systems (Collares-
Pereira & Cowx, 2004; Mehta et al., 2007)
and the costs associated with detection pro-
grammes are high (Finnoff et al., 2007).
Further, there is often a substantial time
lag between introduction and detection. In
principle, early detection and rapid response
should be straightforward. In practice, for
all but economic pests and vectors of dis-
ease, the required rapid response is often
very slow. Rapid response management in-
cludes an assessment of the ecological and
economic risks once an introduced species
has been detected. An effective rapid re-
sponse system requires enabling legislation,
a sound scientific basis, tools and protocols,
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and resources to implement appropriate
actions (Thomas et al., 2009). For fish intro-
duction into river networks, early detection
is unlikely, or highly improbably (Collares-
Pereira & Cowx, 2004). The modular ap-
proach outlined by Britton et al. (2011a)
could be modified for application in Turkey.

Where non-native species have al-
ready established, active management
needs to focus on reducing their impacts and
preventing further spread (Saunders et al.,
2002; Britton et al., 2011a). Eradication is
more cost-effective than long-term mechani-
cal control (Bomford & O'Brien, 1995; Bom-
ford & Tilzey, 1997; IUCN, 2000), particu-
larly for recent introductions, or where the
species has been spatially constrained (Brit-
ton et al., 2011a). Eradication of non-native
fishes is achieved by chemical treatments,
e.g. piscicides, or by draining water-bodies
(Collares-Pereira & Cowx, 2004; Finlayson
et al., 2005; Britton et al., 2011a). However,
the use of piscicides on the Anatolian Penin-
sula of Turkey needs to be carefully evalu-
ated because the karst formations and
ground water systems are susceptible to
pesticides. Sustained mechanical removal
has been successful only in enclosed systems
(small lakes or headwater streams) at small
scales (Britton et al., 2011a). Eradication
should, however, only be attempted where it
is ecologically feasible and has financial and
political support IUCN, 2000). Where erad-
ication is not feasible, control is the next
best alternative. Control programmes using
mechanical removal techniques (e.g. electro-
fishing or netting) are generally effective in
suppressing population abundance and re-
ducing their recruitment (Britton et al.,
2011a). Eradication and control of non-
native fishes remain constrained by their
lack of selectivity, and the challenges of
treating large spatial scales effectively
(Britton et al., 2011a).

Many non-native fishes have estab-
lished widespread populations and threaten
native species. While large-scale eradication
of non-native fish is difficult, and rarely im-
plemented, small-scale projects to eradicate
non-native fish from priority reaches of
small rivers can be successfully completed



with currently available technologies. For
example, a piscicide and barrier based con-
servation management strategy, such as
those proposed for the control of non-native
fish in the lower Colorado River (Clarkson et
al., 2005) and the Cape Floristic Region
Marr et al., 2012), could be implemented.
The risk of the illegal release of non-native
fish into treated areas must be minimised
and new introductions prevented. Education
and publicity initiatives with local land-
owners and angling bodies could be estab-
lished, in conjunction with simple and inex-
pensive monitoring protocols to detect non-
native species in restored reaches, to ensure
long-term success of conservation pro-
grammes (Clarkson et al., 2005). A freshwa-
ter fish lobby group similar to the Desert
Fish Council (Pister, 1990, 1991) could be
established for the conservation of the
freshwater fishes of Turkey. The responsi-
bilities of this group would be to identify
research needs of freshwater ecosystems in
Turkey, detect areas of weakness in fresh-
water ecosystem conservation, and provid-
ing assistance in compensating for bureau-
cratic inadequacies, and enhancing govern-
ment conservation programmes.

ACKNOWLEDGEMENTS

The authors would like to thank the
anonymous reviewers for their insightful
comments on the manuscript. Further, the
authors thank Z. Yicel for assistance in
drawing the maps used in the manuscript
and B. Yogutguoglu for providing species
and pond pictures. SMM acknowledges the
financial support of the University of Lim-
popo and the VLIR-IUC (Vlaamse Interuni-
versitaire Raad — University Development
Cooperation) Funding Programme (Bel-
gium).

AUTHOR CONTRIBUTIONS

AST and FGE developed the initial concepts
of the first draft with all authors contrib-
uting to the final manuscript

CITED REFERENCES

Abell, R., Theime, M.L., Revenga, C., Bryer,
M., Kottelat, M., et al. (2008) Freshwater
Ecoregions of the world: a new map of bi-
ogeographic units for freshwater biodi-
versity conservation. BioScience, 58, 403-
414.

Akin, S., Buhan, E., Winemiller, K.O. &
Yilmaz, H. (2005) Fish assemblage struc-
ture of Koycegiz Lagoon-Estuary, Turkey:
Spatial and temporal distribution pat-
terns in relation to environmental varia-
tion. Estuarine, Coastal and Shelf Sci-
ence, 64, 671-684.

Aksiray, F. (1982) Environmental limiting
factors affecting the growth and spread of
Chalcalburnus tarichi (Pall, 1881) (Pi-
sces: Cyprinidae) in Burdur Lake (In
English with German summary). Water
Research, 16, 1107-1112.

Al-Hassan, L.A. & Muhsin, K. (1986) The
presence of Barbus luteus and Hetero-
pneustes fossilis in the Khor al Zubair, in
the North-West of the Arabian Gulf. Zo-
ology in the Middle East, 1, 116-118.

Allan, J.D., Abell, R., Hogan, Z., Revenga,
C., Taylor, B.W., Welcomme, R.L. &
Winemiller, K. (2005) Overfishing of in-
land waters. BioScience, 55, 1041-1051.

Allan, J.D. & Flecker, A.S. (1993) Biodiver-
sity conservation in running waters. Bio-
Science, 43, 32-43.

Anonymous (DSI) (1988) Bulletin of water
products. DSI (General Directorate of
State Hydraulic Works), Republic of Tur-
key, Ankara.

Anonymous (DSI) (2001) Bulletin of statis-
tics DSI. DSI (General Directorate of
State Hydraulic Works), Republic of Tur-
key, Ankara.

Aydin, H., Gaygusuz, O., Tarkan, A.S., Top,
N., Emiroglu, O. & Giirsoy Gaygusuz, C.
(2011) Invasion of freshwater bodies in
Marmara Region (NW-Turkey) by
nonnative gibel carp, Carassius gibelio



(Bloch, 1782). Turkish Journal of Zoolo-
gy, 35, 829-836.

Balik, S. (1995) Freshwater fishes in Anato-
lia. Biological Conservation, 72, 213-223.

Balik, S., Kusat, M. & Bolat, Y. (1997) Ka-
dife baliginin (Tinca tinca L., 1758)
Beysehir ve Egirdir gollerine
asitlanmasimin etkileri. IX. Ulusal Su
Uriinleri Sempozyumu, 17-19 Eyliil 1997,
Siileyman Demirel Universitesi, Su
Uriinleri Fakiiltesi, Egirdir, Cilt 2, pp.
771-771.

Balma, G.A.A., Sidaco, R. & Fedrighini, N.
(1995) Notes on the Distribution of two
fishes in Anatolia. Zoology in the Middle
East, 11, 73-77.

Bianco, P.G. (1991) Proposta di impiego di
indici e di coefficenti per la valutazione
dello stato di degrado dell'ittiofauna au-
toctona delle acque dolci. Rivista di Idri-
obiologia, 29, 131-149.

Blackburn, T.M., Pysek, P., Bacher, S.,
Carlton, J.T., Duncan, R.P., Jarosik, V.,
Wilson, J.R.U. & Richardson, D.M. (2011)
A proposed unified framework for biologi-

cal invasions. Trends in Ecology and Evo-
lution, 26, 333-339.

Bomford, M. & O'Brien, P. (1995) Eradica-
tion or control for vertebrate pests? Wild-
life Society Bulletin, 23, 249-255.

Bomford, M. & Tilzey, R. (1997) Pest man-
agement principles for European carp.
Controlling carp: Exploring options for
Australia. Proceedings of a workshop 22-
24 October 1996, Albury (ed. by J. Rob-
erts and R. Tilzey), pp. 9-20. CSIRO and
Murray-Darling Basin Commission.

Bozoglu, M., Ceyhan, V., Cinemre, H.A.,
Demiryurek, K. & Kilig, O. (2007) Im-
portant factors affecting trout production
in the Black Sea Region, Turkey. Czech
J. Anim. Sci, 52, 308-313.

Britton, J.R., Copp, G., Brazier, M. & Da-
vies, G. (2011a) A modular assessment
tool for managing introduced fishes ac-
cording to risks of species and their popu-
lations, and impacts of management ac-

tions. Biological Invasions, 13, 2847-
2860.

Britton, J.R., Gozlan, R.E. & Copp, G.H.
(2011b) Managing non-native fish in the
environment. Fish and Fisheries, 12, 256-
274.

Cambray, J.A. (2003) Impact on indigenous
species biodiversity caused by the global-
isation of alien recreational freshwater
fisheries. Hydrobiologia, 500, 217-230.

Casal, C.M.V. (2006) Global documentation
of fish introductions: the growing crisis
and recommendations for action. Biologi-
cal Invasions, 8, 3-11.

Celikkale, M.S. (2002) Icsu Baliklar: ve
Yetistiriciligi (Aquaculture of Freshwater
Fish). Karadeniz Technical University
Press, Trabzon.

Cetinkaya, O. (2006) Turkiye sularina
asilanan veya stoklanan egzotik ve yerli
balik tirleri, bunlarin yetistiricilik,
balike¢ilik, dogal populasyonlar ve sucul
ekosistemler {zerindeki etkileri veri
tabani i¢in bir 6n ¢alisma (Exotic and na-
tive fish species that introduced or
stocked into Turkish Waters, their im-
pacts on aquaculture, fisheries, wild pop-
ulations and aquatic ecosystems: A pre-
liminary study on constructing a data-
base). Baliklandirma ve Rezervuar Yoéne-
timi Sempozyumu Bildiriler Kitabi, 07-09
Subat 2006, T.K.B Akdeniz Su Uriinleri
Arastirma, Uretim ve Egitim Enstitiisii
Yayinlart (in Turkish with English ab-
stract) (ed. by Y. Emre and I. Diler), pp.
205-235.

Chadderton, W.L. (2003) Management of
invasive freshwater fish: striking the
right balance. Managing invasive fresh-
water fish in New Zealand. Proceedings
of a workshop hosted by Department of
Conservation, 10-12 May, 2001, Hamil-
ton, New Zealand (ed. by Department of
Conservation), pp. 71-73. Department of
Conservation, Wellington, New Zealand.

Cildar, H. (2001) Introduction of exotic verte-
brates in Turkey: A review and an as-



sessment of their impact. MSc Thesis,
Middle East Technical University,

Clarkson, R.W., Marsh, P.C., Stefferud, S.E.
& Stefferud, J.A. (2005) Conflicts be-
tween native fish and nonnative sport
fish management in the southwestern
United States. Fisheries, 30, 20-27.

Clavero, M. & Hermoso, V. (2011) Reser-
voirs promote the taxonomic homogeniza-
tion of fish communities within river ba-
sins. Biodiversity and Conservation, 20,
41-57.

Clavero, M., Hermoso, V., Aparicio, E. &
Godinho, F.N. (2013) Biodiversity in
heavily modified waterbodies: native and
introduced fish in Iberian reservoirs.
Freshwater Biology, 58, 1190-1201.

Coad, B.W. (1993) Exotic and transplanted
fish in southwest Aisia. Publicaciones

Especiales Instituto Espaniol de Oceano-
grafia, 21, 81-106.

Coad, B.W. (1996) Exotic fish species in the
Tigris-Euphrates basin. Zoology in the
Middle East, 13, 71-84.

Coad, B.W. (2010) Freshwater Fishes of
Iraq. Pensoft Publishers, Sofia-Moscow.

Coad, B.W. (2013) Freshwater fishes of Iran:
Checklist. Available at:
http://www.briancoad.com/Species%20Ac
counts/Introduction%20new.htm#Checkli
sts (accessed 16th April 2013).

Coad, B.W. & Abdoli, A. (1993) Exotic fish
species in the fresh waters of Iran. Zoolo-
gy in the Middle East, 9, 65-80.

Coad, B.W. & Hussain, N.A. (2007) First
record of the exotic species Hemiculter
leucisculus (Actinopterygii: Cyprinidae)
in Iraq. Zoology in the Middle East, 40,
107-109.

Collares-Pereira, M.J. & Cowx, 1.G. (2004)
The role of catchment scale environmen-
tal management in freshwater fish con-

servation. Fisheries Management and
Ecology, 11, 303-312.

Cook, E.J., Ashton, G., Campbell, M.,
Coutts, A., Gollasch, S., Hewitt, C., Lui,

22

H., Minchin, D., Ruiz, G. & Shucksmith,
R. (2008) Non-native aquaculture species
releases: Implications for aquatic ecosys-
tems. Aquaculture in the ecosystem (ed.
by M. Holmer, K. Black, C.M. Duarte, N.
Marba & 1. Karakassis), pp. 155-184.
Springer, London.

Cope, N.J. & Winterbourn, M.J. (2004)
Competitive interactions between two
successful molluscan invaders of fresh-

waters: an experimental study. Aquatic
Ecology, 38, 83-91.

Copp, G.H., Bianco, P.G., Bogustkaya, N.G.,
Eros, T., Fakla, 1. et al. (2005a) To be, or
not to be, a non-native freshwater fish?
Journal of Applied Ichthyology, 21, 242-
262.

Copp, G.H., Britton, J.R., Cucherousset, J.,
Garcia-Berthou, E., Kirk, R., Peeler, E. &
Stakénas, S. (2009a) Voracious invader
or benign feline? A review of the envi-
ronmental biology of European catfish Si-
lurus glanis in its native and introduced
ranges. Fish and Fisheries, 10, 252-282.

Copp, G.H., Garthwaite, R. & Gozlan, R.E.
(2005b) Risk identification and assess-
ment of non-native freshwater fishes: A
summary of concepts and perspectives on
protocols for the UK. Journal of Applied
Ichthyology, 21, 371-373.

Copp, G.H., Garthwaite, R. & Gozlan, R.E.
(2005¢) Risk identification and assess-
ment of non-native freshwater fishes:
Concepts and perspectives on protocols for
the UK. UK Science Series Technical Re-
port, Cefas, Lowestoft, UK.

Copp, G.H., Wesley, K.J. & Vilizzi, L.
(2005d) Pathways of ornamental and
aquarium fish introductions into urban
ponds of Epping Forest (London, Eng-
land): the human vector. Journal of Ap-
plied Ichthyology, 21, 263-274.

Copp, G.H., Vilizzi, L. & Gozlan, R.E. (2010)
The demography of introduction path-
ways, propagule pressure and occurrenc-
es of non-native freshwater fishes in Eng-
land. Aquatic Conservation: Marine and
Freshwater Ecosystems, 20, 595-601.



Copp, G.H., Vilizzi, L., Mumford, J., Fen-
wick, G.V., Godard, M.J. & Gozlan, R.E.
(2009b) Calibration of FISK, an invasive-
ness screening tool for nonnative fresh-
water fishes. Risk Analysis, 29, 457-467.

Cowx, I.G. (1997) Introduction of fish spe-
cies into European fresh waters: econom-
1c successes or ecological disasters? Bulle-

tin francais de la péche et de la piscicul-
ture, 344-345, 57-78.

Cowx, I. (1999) An appraisal of stocking
strategies in the light of developing coun-
try constraints. Fisheries Management
and Ecology, 6, 21-34.

Cowx, I.G., Arlinghaus, R. & Cooke, S.J.
(2010) Harmonizing recreational fisher-
1es and conservation objectives for aquat-
ic biodiversity in inland waters. Journal
of Fish Biology, 76, 2194-2215.

Cucherousset, J. & Olden, J.D. (2011) Eco-
logical impacts of non-native freshwater
fishes. Fisheries, 36, 215-230.

Cuttelod, A., Garcia, V., Abdul Malak, D.,
Temple, H.J. & Katariya, V. (2009) The
Mediterranean: a biodiversity hotsopt
under threat. Wildlife in a changing
world: an analysis of the 2008 IUCN red
list of threatened species (ed. by J.C. Vié,
C. Hilton-Taylor & S.N. Stuart), pp. 89—
101. IUCN, Gland, Switzerland.

Davies, G.D., Gozlan, R.E. & Britton, R.
(2013) Can accidental introductions of
non-native species be prevented by fish
stocking audits? Aquatic Conservation:

Marine and Freshwater Ecosystems, 23,
366-373

Dikel, S. (1995) Iki Tilapia tiirii ve bunlarin
melezlerinin Cukurova'da havuz
kosullarinda yetistirilmesi, ¢esitli biiyiime
performanslary ile karkas ve besin o6zel-
liklerinin karsilastiriimasi. PhD thesis,
Cukurova Univ. Adana.

Dudgeon, D., Arthington, A.H., Gessner,
M.O., Kawabata, Z.-I., Knowler, D.J. et
al. (2006) Freshwater biodiversity: im-
portance, threats, status and conserva-
tion challenges. Biological Reviews, 81,
163-182.

23

Economidis, P., Koutrakis, M., Apostolou,
A., Vasilev, M., Pehlivanov, L. et al.
(2009) Atlas of River Nestos Fish Fauna.
Prefectural Authority of Drama-Kavala-
Xanthi.

Economidis, P.S., Dimitriou, E., Pagoni, R.,
Michaloudi, E. & Natsis, L. (2000) Intro-
duced and translocated fish species in the
inland waters of Greece. Fisheries Man-
agement and Ecology, 7, 239-250.

Economou, A.N., Giakoumi, S., Vardakas,
L., Barbieri, R., Stoumboudi, M. &
Zogaris, S. (2007) The freshwater ichthy-
ofauna of Greece - an update based on a
hydrographic basin survey. Mediterrane-
an Marine Science, 8, 91-166.

Ekmekei, F. & Erk’akan, F. (1997) Egirdir
Goli'ndeki sudak Stizostedion lucioperca
(Linneaus, 1758) populasyonunda olusan
degisimlerin degerlendirilmesi. Turkish
Journal of Zoology, 21, 421-430.

Ekmekei, F.G. & Kirankaya, S.G. (2006)
Distribution of an invasive fish species,
Pseudorasbora parva (Temminck &
Schlegel, 1846) in Turkey. Turkish Jour-
nal of Zoology, 30, 329-334.

Ekmekgi, F.G., Yalain-Ozdilek, S. & Kirank-
aya, S.G. (2010) Growth, reproduction
and feeding traits of an invasive fish P.
parva in Hirfanli Reservoir. TUBITAK
Project Report, TBAG Project No.
1070718. (in Turkish).

Elvira, B. (1995) Native and exotic freshwa-
ter fishes in Spanish river basins. Fresh-
water Biology, 33, 103-108.

Emiroglu, O. (2011) Alien fish species in
upper Sakarya River and their distribu-

tion. African Journal of Biotechnology,
10, 16674-16681.

Erk'akan, F. & Ekmekgi., F.G. (2000) Habi-
tats of  Cobitis fahireae, Cobitis
puncticulata, and Cobitis levantina (Tel-
eostei: Cobitidae) in Turkey. Folia Zoo-
logica, 49, 193-198.

Finlayson, B.J., Somer, W., Duffield, D.,
Propst, D., Mellison, C. et al. (2005) Na-
tive inland trout restoration on National



Forests in the Western United States:
time for improvement? Fisheries, 30, 10-
19.

Finnoff, D., Shogren, J.F., Leung, B. &
Lodge, D. (2007) Take a risk: preferring
prevention over control of biological in-
vaders. Ecological Economics, 62, 216-
222.

Fricke, R., Bilecenoglu, M. & Sari, H.M.
(2007) Annotated checklist of fish and
lamprey species (Gnathostomata and
Petromyzontomorphi) of Turkey, includ-
ing a Red List of threatened and declin-
ing species. Stuttgarter Beitrdge zur
Naturkunde, Serie A (Biologie) 706.

Gabrielyan, B. (2001) An annotated check-
list of freshwater fishes of Armenia. Na-
ga, The ICLARM Quarterly, 24, 23-29.

Garcia-Berthou, E., Alcaraz, C., Pou-Rovira,
Q., Zamora, L., Coenders, G. & Feo, C.
(2005) Introduction pathways and estab-
lishment rates of invasive aquatic species
in Europe. Canadian Journal of Fisheries
and Aquatic Sciences, 65, 453-463.

Garcia-Berthou, E. & Moyle, P.B. (2011)
Rivers. Encyclopedia of Biological Inva-
sions (ed. by D. Simberloff and M.
Rejmanek), pp. 609-612. University of
California Press, Berkeley & Los Ange-
les.

Gaygusuz, O., Tarkan, A.S. & Girsoy
Gaygusuz, C. (2007) Changes in the fish
community of the Omerli Reservoir (Tur-
key) following the introduction of non-
native gibel carp Carassius gibelio
(Bloch, 1782) and other human impacts.
Aquatic Invasions, 2, 117-120.

Geldiay, R. & Balik, S. (1988) Tiirkiye
Tatlisu Baliklari. Ege Universitesi. Fen
Fak. Kitaplar Serisi No: 97, Izmir.

Gengoglu, L. (2010) Giimiis Baligi (Atherina
boyeri, Risso 1810)min Hirfanli Baraj
Golii'ndeki  (Kirsehir-Tiirkiye)  Popu-
lasyonunun Biiyiime ve Ureme Ozellikle-
rinin Belirlenmesi. MSc Thesis. Hacet-
tepe University, Insitute of Science.

24

Gertzen, E., Familliar, O. & Leung, B.
(2008) Quantifying invasion pathways:
fish introductions from the aquarium
trade. Canadian Journal of Fisheries and
Aquatic Sciences, 65, 1265-1273.

Gozlan, R. (2008) Introduction of non-native
freshwater fish: is it all bad? Fish and
Fisheries, 9, 106-115.

Gozlan, R.E., Andreou, D., Asaeda, T., Bey-
er, K., Bouhadad, R. et al. (2010a) Pan-
continental invasion of Pseudorasbora
parva: towards a better understanding of

freshwater fish invasions. Fish and Fish-
eries, 11, 315-340.

Gozlan, R.E., Britton, J.R., Cowx, 1.G. &
Copp, G.H. (2010b) Current knowledge
on non-native freshwater fish introduc-
tions. Journal of Fish Biology, 76, 751-
786.

Grabowska, dJ., Grabowski, M., Pie-
traszewski, D. & Gmur, J. (2009) Non-
selective predator—the versatile diet of
Amur sleeper (Perccotius glenii Dyb-
owski, 1877) in the Vistula River (Po-
land), a newly invaded ecosystem. Jour-
nal of Applied Ichthyology, 25, 451-459.

Hulme, P.E. (2006) Beyond control: wider
implications for the management of bio-
logical invasions. Journal of Applied
Ecology, 43, 835-847.

Hulme, P.E., Bacher, S., Kenis, M., Klotz,
S., Kihn, I. et al. (2008) Grasping at the
routes of biological invasions: a frame-
work for integrating pathways into poli-
cy. Journal of Applied Ecology, 45, 403-
414.

Innal, D. (2008) Comparison of fish species
diversity living in estuary zone of Aksu
and Kopriicay Rivers. Ph.D Thesis,
Hacettepe University.

Innal, D. (2012) Alien fish species in reser-
voir systems in Turkey: a review. Man-
agement of Biological Invasions, 3, 115-
119.

Innal, D. & Erk’akan, F. (2006) Effects of
exotic and translocated fish species in the



inland waters of Turkey. Reviews in Fish
Biology and Fisheries, 16, 39-50.

IUCN (2000) IUCN guidelines for the pre-
vention of biodiversity loss caused by al-
ien invasive species.
http://www.lucn.org/themes/ssc/publicatio
ns/policy/invasivesEng.htm.

Izci, L. (2004) Some population parameters
of Carassius auratus (L., 1758) in Lake
Egirdir. Turkish Journal of Veterinary
and Animal Science, 28, 23-217.

Jeschke, J.M. & Strayer, D.L. (2006) De-
terminants of vertebrate invasion success
in Europe and North America. Global
Change Biology, 12, 1608-1619.

Johnson, B.M., Arlinghaus, R. & Martinez,
P.J. (2009) Are we doing all we can to
stem the tide of illegal fish stocking?
Fisheries, 34, 389-394.

Jurajda, P., Vassilev, M., Polacik, M. &
Trichkova, T. (2006) A first record of
Perccottus glenii (Perciformes: Odontobu-
tidae) in the Danube River in Bulgaria.
Acta Zoologica Bulgarica, 58, 279-282.

Kramer, A., Kibaroglu, A. & Scheumann, W.
(eds) (2011) Turkey's Water Policy.
Springer Berlin Heidelberg.

Kiciik, F. & ikiz, R. (2004) Antalya Kérfe-
zime dokiilen akarsularin balik faunas:
[Fish fauna of streams discharging to An-
talya Bay]. E.U. Journal of Fisheries &
Aquatic Sciences, 21, 287-294.

Kicik, F. (2012). Extinct Endemic Fishes of
Turkey: Alburnus akili (Goévee) and
Pseudophoxinus handlirschi (Kavinne)
(Pisces: Cyprinidae). Turkish Journal of
Fisheries and Aquatic Sciences, 12, 345-
3417.

Leprieur, F., Beauchard, O., Blanchet, S.,
Oberdorff, T. & Brosse, S. (2008) Fish in-
vasions in the world's river systems:
when natural processes are blurred by
human activities. PLOS Biology, 6, e28.

Lintermans, M. (2004) Human-assisted dis-
persal of alien freshwater fish in Austral-

25

1a. New Zealand Journal of Marine and
Freshwater Research, 38, 481-501.

Lockwood, J.L., Cassey, P. & Blackburn, T.
(2005) The role of propagule pressure in
explaining species invasions. Trends in
Ecology and Evolution, 20, 223-228.

Mack, R.N., Simberloff, D., Lonsdale, W.M.,
Evans, H., Clout, M. & Bazzaz., F. (2000)
Biotic invasions: Causes, epidemiology,
global consequences and control. Ecologi-
cal Applications, 10, 689-710.

Maitland, P.S. (1995) The conservation of
freshwater fish: Past and present experi-
ence. Biological Conservation, 72, 259-
270.

Marr, S.M., Impson, N.D. & Tweddle, D.
(2012) An assessment of a proposal to
eradicate non-native fish from priority
rivers in the Cape Floristic Region, South
Africa. African Journal of Aquatic Sci-
ence, 37, 131-142.

Marr, S.M., Marchetti, M.P., Olden, J.D.,
Morgan, D.L., Garcia-Berthou, E.,
Arismendi, 1., Day, J.A., Griffiths, C.L. &
Skelton, P.H. (2010) Freshwater fish in-
troductions in mediterranean-climate re-
gions: are there commonalities in the
conservation problem? Diversity and Dis-
tributions, 16, 606-619.

Marr, S.M., Olden, J.D., Leprieur, F.,
Arismendi, 1., Caleta, M., Morgan, D.L.,
Nocita, A., Sanda, R., Tarkan, A.S. &
Garcia-Berthou, E. (2013) A global as-
sessment of freshwater fish introductions
in mediterranean-climate regions. Hy-
drobiologia, 719, 317-329.

Mehta, S.V., Haight, R.G., Homans, F.R.,
Polasky, S. & Venette, R.C. (2007) Opti-
mal detection and control strategies for
Invasive species management. Ecological
Economics, 61, 237-245.

Mert, R. & Cigek, E. (2010) Range expan-
sion of introduced Tilapia species (Oreo-
chromis niloticus 1.1758, Cichlidae) in
Turkey, Journal of Animal and Veteri-
nary Advances, 9, 1753-1756.



Myers, J.H., Simberloff, D., Kuris, AM. &
Carey, J.R. (2000) Eradication revisited:
dealing with exotic species. Trends in
Ecology and Evolution, 15, 316-320.

Olden, J.D., Hogan, Z.S. & Zanden, M.
(2007) Small fish, big fish, red fish, blue
fish: size-biased extinction risk of the
world's freshwater and marine fishes.
Global Ecology and Biogeography, 16,
694-701.

Ozcan, G. (2007) Distribution of the non-
native fish species, pumpkinseed Lepo-
mis gibbosus (Linnaeus, 1758), in Tur-
key. Aquatic Invasions, 2, 146-148.

Ozulug, N., Altun, O. & Merig, N. (2005) On
the fish fauna of Lake Iznik (Turkey).
Turkish Journal of Zoology, 29, 371-375.

Padilla, D.K. & Williams, S.L. (2004) Be-
yond ballast water: aquarium and orna-
mental trades as sources of invasive spe-
cies in aquatic ecosystems. Frontiers in
Ecology and the Environment, 2, 131-138.

Petr, T. (1997) Inland fisheries enhance-
ments. FAO.

Pister, E.P. (1990) Desert fishes: an inter-
disciplinary approach to endangered spe-
cies conservation in North America.
Journal of Fish Biology, 37 (Supple-
ment A), 183-187.

Pister, E.P. (1991) The Desert Fishes Coun-
cil: Catalyst for change. Battle Against
Extinction - Native Fish Management in
the American West (ed. by W.L. Minkley
and J.E. Deacon), pp. 55-68. The Univer-
sity of Arizona Press, Tucson & London.

Pyke, G.H. (2008) Plague minnow or mos-
quito fish? A review of the biology and
impacts of introduced Gambusia species.
Annual Review of Ecology, Evolution and
Systematics, 39, 171-191.

Rad, F. & Rad, S. (2012) A comparative as-
sessment of Turkish inland fisheries and
aquaculture using economic sustainabil-
1ty indicators. Turkish Journal of Fisher-
tes and Aquatic Sciences, 12, 349-361.

26

Rahel, F.J. (2007) Biogeographic barriers,
connectivity and homogenization of
freshwater faunas: it’s a small world af-
ter all. Freshwater Biology, 52, 696-710.

Reshetnikov, A.N. (2003) The introduced
fish, rotan (Perccottus glenii), depresses
populations of aquatic animals (macroin-

vertebrates, amphibians, and a fish). Hy-
drobiologia, 510, 83-90.

Ribeiro, F., Collares-Pereira, M.J. & Moyle,
P.B. (2009) Non-native fish in the fresh
waters of Portugal, Azores and Madeira
Islands: a growing threat to aquatic bio-
diversity. Fisheries Management and
Ecology, 16, 255-264.

Ruesink, J.L. (2005) Global analysis of fac-
tors affecting the outcome of freshwater
fish introductions. Conservation Biology,
19, 1883-1893.

Salmanov, Z., Qasimov, A., Fersoy, H. & van
Anrooy, R. (2013) Fisheries and aquacul-
ture in the Republic of Azerbaijan: a re-
view. FAO Fisheries and Aquaculture
Circular No. 1030/4, FAO, Ankara.

Saunders, D.L., Meeuwig, J.J. & Vincent,
C.J. (2002) Freshwater protected areas:
strategies for conservation. Conservation
Biology, 16, 30-41.

Simberloff, D., Parker, .M. & Windle, P.N.
(2005) Introduced species policy, man-
agement, and future needs. Frontiers in
Ecology and the Environment, 3, 12-20.

Smith, K.G. & Darwall, W.R.T. (eds) (2006)
The status and distribution of freshwater
fish endemic to the Mediterranean Basin.
IUCN, Gland, Switzerland and Cam-
bridge, UK.

Stiassny, M.L.J. (1998) The medium is the
message: freshwater biodiversity in peril.
The Living Planet in Crisis: Biodiversity
Science and Policy (ed. by J. Cracraft &
F.T. Grifo), pp. 53-71. Columbia Univer-
sity Press, New York.

Stohlgren, T.J., Barnett, D.T., Flather, C.,
Fuller, P., Peterjohn, B., Kartesz, J.T. &
Master, L.L. (2006) Species richness and
patterns of invasion in plants, birds and



fishes in the United States. Biological
Invasions, 8, 427-447.

Strecker, A.L., Campbell, P.M. & Olden,
J.D. (2011) The aquarium trade as an in-
vasion pathway in the Pacific Northwest.
Fisheries, 36, 74-85.

Tarkan, A.S. (2006) Sapanca Goli'nden Bir
Pirana Hikayesi. Av Doga, 41, 75-77.

Tarkan, A.S., Copp, G.H., Top, N., Ozdemir,
N., Onsoy, B. et al. (2012a) Are intro-
duced gibel carp Carassius gibelio in
Turkey more invasive in artificial than in
natural waters? Fisheries Management
and Ecology, 19, 178-187.

Tarkan, A.S., Gaygusuz, O., Giirsoy
Gaygusuz, C., Sa¢, G. & Copp, G.H.
(2012b) Circumstantial evidence of gibel
carp, Carassius gibelio, reproductive
competition exerted on native fish species
in a mesotrophic reservoir. Fisheries
Management and Ecology, 19, 167-1717.

Tarkan, A.S., Ekmekci, F.G., Vilizzi, L.,
Copp, G. H. (2014) Risk screening of non-
native freshwater fishes at the frontier
between Asia and Europe: first applica-
tion in Turkey of the fish invasiveness
screening kit. Journal of Applied Ichthy-
ology, 30, 392-398.

Thomas, V.G., Vasarhelyi, C. & Niimi, A.J.
(2009) Legislation and the capacity for
rapid-response management of nonindig-
enous species of fish in contiguous waters
of Canada and the USA. Aquatic Conser-
vation: Marine and Freshwater Ecosys-
tems, 19, 354-364.

Top, N. (2011) Bio-ecological features of exot-
ic Lepomis gibbosus (pumpkinseed) in
Sarigay Stream. MSc, Mugla: Mugla Uni-
versity, Institute of Science, (in Turkish).

Tricarico, E. (2012) A review on pathways
and drivers of use regarding non-native
freshwater fish introductions in the Med-
iterranean region. Fisheries Management
and Ecology, 19, 133-141.

Unli, E., Cicek, T., Deger, D. & Coad, B.W.
(2011) Range extension of the exotic In-
dian stinging catfish, Heteropneustes fos-

27

silis (Bloch, 1794) (Heteropneustidae) in-
to the Turkish part of the Tigris River
watershed. Journal of Applied Ichthyolo-
gy, 27, 141-143.

Uzunova, E. & Zlatanova, S. (2007) A re-
view of fish introductions in Bulgarian
freshwaters. Acta Ichthyologica et Pisca-
toria, 37, 55-61.

Van Neer, W., Wildekamp, R.H., Kictk, F.
& Unlisayin, M. (1999) First inland rec-
ords of the euryhanline goby Knip-
owitschia caucasica from lakes in Anato-
lia, Turkey. Journal of Fish Biology, 54,
1334-1337.

Vander Zanden, M.J. & Olden, J.D. (2008) A
management framework for preventing
the secondary spread of aquatic invasive
species. Canadian Journal of Fisheries
and Aquatic Sciences, 65, 1512-1522.

Vinson, M.R., Dinger, E.C. & Vinson, D.K.
(2010) Piscicides and invertebrates: after
70 years, does anyone really know? Fish-
eries, 35, 61-71.

Wang, T., Huang, D., Shen, J., Chen, Y.,
Sun, G. & Wang, H. (2014) Batch fecun-
dity and spawning frequency of invasive
Hemiculter  leucisculus  (Basilewsky,
1855) in Erhai Lake, China. Environmen-
tal Biology of Fishes, 97, 1161-1168.

Welcomme, R.L. (1992) A history of interna-
tional introductions of inland aquatic
species. ICES Marine Symposium Series,
194, 3-14.

Wildekamp, R.H., Van Neer, W., Kictk, F.
& Unlisaym, M. (1997) First record of
the Eastern Asiatic gobinoid fish Pseu-
dorasbora parva from the Asiatic part of
Turkey. Journal of Fish Biology, 51, 858-
861.

Wittenberg, R. & Cock, M.J.W. (2001) Inva-
sive alien species: A toolkit for best pre-
vention and management practices, 3rd
edn. CAB International, Wallingford, Ox-
on, UK.

Yalcin Ozdilek, S. (2007) Possible threat for
Middle East inland water: an exotic and
invasive species, Pterygoplichthys dis-



Non-native and translocated freshwater fish species in Turkey
DOI: 10.29094/FiSHMED.2015.003

junctivus (Weber, 1991) in Asi River,
Turkey (Pisces: Loricariidae). Ege Uni-
versity Journal of Fisheries and Aquatic
Sciences, 24, 303-306.

Yildirnm, M.Z., Gulle, 1., Kebapci, U. &
Kicik, F. (2009) Faunal diversity of
Lake Burdur, and 1its vulnerability.
Natura Montenegria, Podgorica, 7, 393-
400.

Yilmaz, F., Barlas, M., Yorulmaz, B. &
Ozdemir, N. (2006) A taxonomical study

on the inland water fishes of Mugla. Ege
University Journal of Fisheries and
Aquatic Sciences, 23, 27-30.

Zenetos, A., Pancucci-Papadopoulou, M.-A.,
Zogaris, S., Papastergiadou, E., Varda-
kas, L., Aligizaki, K. & Economou, A.N.
(2009) Aquatic alien species in Greece
(2009): tracking sources, patterns and ef-
fects on the ecosystem. Journal of Biolog-
ical Research-Thessaloniki, 12, 135-172.




