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Abstract

Turkey has potentially important inland fisheries, with extensive freshwater resources. Although the freshwater
ichthyofauna in Turkey is very rich, with about 340 species, inland fisheries depend primarily on 4 species, of which 2
are indigenous (tarek-A/burnus tarichi, carp-Cyprinus carpio), 1 is non-indigenous (gibel carp-Carassius gibelio) and 1
is a translocated marine fish (sand smelt-Atherina boyeri), accounting for 78% of the entire catch. Both gibel carp and
sand smelt species have been considered invasive species in Turkey, although they are of increasing commercial
importance. Currently, the yield of sand smelt and gibel carp are increasing, whereas the yield of carp and tarek are
decreasing sharply; however, demand for carp and its economic value are higher in local markets and the contribution of
carp to the inland fishery economy (37%) is higher than that of both sand smelt (4%) and gibel carp (4%). Neither gibel
carp nor sand smelt are consumed locally, and both species are exported to other countries. Hence, some suggest these 2
species have adverse effects on Turkey's ecosystem and fisheries. In order to ensure a sustainable inland fishery and to
obtain a thorough understanding of the ecological interactions there is an urgent need to fill the data gap related to the
ecological, fishery, and socioeconomic structures in an exploited system.

Keywords:Atherina boyeri, Carassius gibelio, Alburnus tarichi, Cyprinus carpio, alien species.

Oz
Giimiisi Havuz Bahg ve Giimiis Baligimn Tiirkiye I¢su Balik¢ihgindaki Mevcut Durumu

Tiirkiye, sahip oldugu tatlisu kaynaklar1 sayesinde, 6nemli bir i¢csu balik¢ilig1 potansiyeline sahiptir. Tiirkiye tatlisu
balik faunasi yaklasik 340 tiir igermesine ragmen; i¢su balik¢iligi, toplam avin %78'ini olusturan baslica (yerli tiirlerden
inci baligi- Alburnus tarichi ve sazan-Cyprinus carpio, yabanct tiirlerden glimiisi havuz baligi-Carassius gibeliove
denizlerden tatlisulara taginan giimis baligi-Atherina boyeri) dort tire bagimlidir. Giimiisi havuz baligi ve glimis
baligmin ekonomik dnemi olmasina ragmen, her iki tiir de Tiirkiye igsularinda istilact olarak kabul edilmektedir.
Sazanin i¢ pazarda gordiigii talep ve ticari degeri daha yiiksek ve i¢su balik¢ilik ekonomisine katkisi (%37), giimiis
balig1 (%4) ve giimiis havuz baligi (%4)'nin katkisindan daha fazla olmakla birlikte; glinlimiizde, sazan ve inci baliginin
av orani gittikge diiserken, giimiis baligi ve glimiisi havuz baliginin av orani artmaktadir. Giimiisi havuz baliginin ve
glimiis balig1 i¢ pazarda tiikketilmemekte, diger iilkelere ihra¢ edilmektedir. Bu iki tiiriin Tiirkiye'de tatlisu ekosistemleri
ve balik¢ilik agisindan olumsuz etkiler yarattigi diisiiniilmektedir. Siirdiirtilebilir igsu balik¢iligint garanti altina almak
ve ekolojik etkilesimlerin tam olarak anlasilmasini saglamak iizere, balik¢ilik yapilan sistemlerdeki ekolojik, balik¢ilik
ve sosyo-ekonomik yapr ile ilgili bilgi boslugunun acilen doldurulmasina ihtiyag vardir.

Anahtar Kelimeler:Atherina boyeri, Carassius gibelio, Alburnus tarichi, Cyprinus carpio, yabanci tiirler
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Introduction

Excessive human population growth,
urbanization and industrialization, and massive
disturbances caused by human activity have
destroyed many ecosystems, threatening the
Earth's biodiversity (Primack, 2010). Due to
the complex linkage between ecosystem
components, human-induced effects, such as
habitat fragmentation and destruction, ove-
rexploitation of species, and introduction of
non-indigenous species, can result in changes
in ecosystem functioning due to alterations in
communities, physical habitats, nutrient
cycling, and primary production or natural
disturbance regimes, which can result in
unpredictable economic loss (Primack, 2010;
Ricciardietal.,2011).

Currently, the introduction of non-
indigenous species into novel geographic
regions is among the most serious threats to
indigenous environments worldwide. Indeed,
species have spread into new regions via
natural process of dispersal, but under the
influence of human activity they are doing so at
a faster rate, at greater distances, and in greater
numbers than ever before (Ricciardi, 2007).
Although the great majority of non-indigenous
species
environments, some percentage of such species
do establish themselves, and alter habitat and

do not become established in new

species diversity via such activities as
predation and competition (Clavero and
Garcia-Berthou, 2005). In terms of disrupting
ecological interactions, invasive species are
also a major cause of the decline and extinction
of indigenous species (Clavero and Garcia-
Berthou, 2005).Aquatic ecosystems, especially
isolated lake and stream systems, are very
vulnerable to the introduction of non-
indigenous species. During last decades, many
species introductions have occured via

aquaculture, recreational and ornamental
fisheries, accidental transport, and biological
control in aquatic habitats, and some of these
species have become invasive (Primack, 2010).
Life history traits, such as a short life span, a
prolonged reproductive period, diverse diet,
and environmental tolerance, can facilitate
invasion of freshwater fish in the European
bioregion (Grabowska and Przybylski, 2014).
Invasive fish species can cause great harm to
indigenous biodiversity via predation, compe-
tition, hybridization, disease transmission, and
habitat alteration (Crivelli, 1995; Gozlan et al.,
2005; Caiola and de Sostoa, 2005; Hanfling et
al., 2005; Britton ef al., 2010). Although some
non-indigenous species provide new sources of
income due to their commercial, recreational,
and ornamental value, invasive non-indigenous
species frequently result in economic loss, both
locally and globally.

Today, invasive fish species cause
enormous global economic loss; in the US the
annual economic loss attributed to invasive fish
species is $5.4 billion (Pimentel et al., 2005),
whereas annually €12.5 billion is spent in the
EU for monitoring, controlling, preventing,
and eradicating invasive fish species, and for
reversing the damage they cause to fisheries,
agriculture, forestry, and public health (Kettu-
nenetal., 2008).

Turkey is an extremely interesting
region, as it is located at the junction of 3
important zoogeographic regions. Turkey has
many rivers, and natural and dam lakes of
varying ecological properties, which are host to
a rich biodiversity of approximately 340
freshwater fish species. In addition to endemic
species, Turkey's freshwater ichthyofauna
includes Euro-Mediterranean, Syrian-Mesopo-
tamian, and Ponto-Aralo-Caspian species.
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The present climate favors and the
paleoclimate conditions favored the establish-
ment and diversification of Turkey's fish
species. Although Turkey has the richest
freshwater ichthyofauna in the Mediterranean
Region (Froese and Pauly, 2013), its biodi-
versity is threatened; 33% of the freshwater fish
species are threatened and 2 species have
already become extinct (Ekmekgi et al., 2013).
In addition to pollution, overuse of ground-
water, construction of dams and other mana-
gement projects, overfishing and harvesting of
aquatic resources, and invasive species all pose
a serious threat to Turkey's freshwater fish
biodiversity. At present, around 25 introduced
or translocated fish species, primarily gibel
carp, send smelt, topmouth gudgeon, rainbow
trout, and mosquito fish, have spread to almost
all water basins in Turkey (Ekmekgi et al.,
2013). This spread occurs accidentally or
intentionally via such human activities as
aquaculture, and ornamental, recreational, and
commercial fisheries. As in many European
countries, gibel carp has successfully estab-
lished itself in most of Turkey's freshwater
environments (Ekmek¢i et al, 2013), with
serious negative environmental consequences,
as elsewhere (Savini et al., 2010; Winfield et
al.,2010).

Turkey has potentially important inland
fisheries, with extensive freshwater resources;
however, invasive and non-indigenous species
are increasing in commercial importance.
Recently, both gibel carp and sand smelt have
become widespread in Turkey's freshwaters,
and have established successful populations in
inland waters. According to the statistics, two
indigenous species (Alburnus tarichi and
Cyprinus carpio), a non-indigenous species
(Carassius gibelio), and a translocated marine
fish (Atherina boyeri) were the mostly
commonly caught species in Turkey (TURK-

STAT, 2013).

In order to develop a roadmap for fishery
management of non-indigenous/invasive
freshwater fishes in Turkey it is necessary to
review the present status of Turkey's inland
fisheries and to understand the role of non-
indigenous/translocated fishes, in both econo-
mic and ecological terms. The present study
aimed to analyze the role of invasive species in
Turkey's inland freshwater fisheries.

Materials and Methods

Data on freshwater and aquaculture
production were obtained from the Turkish
Ministry of Food, Agriculture, and Livestock,
but primarily from annual fishery statistics
reports prepared by the Turkish Statistical
Institute (TURKSTAT, 2012 and 2013; Anony-
mous, 2014). A. boyeri established in inland
waters since 1970s and its distribution area is
widening from west to eastern Anatolia.
Although, A. boyeri has a significant fishery
potential for last 3-4 decades, C. gibelio has an
commercial importance since 2012 as it can be
seen in data of TUIK (TURKSTAT, 2012). The
current distribution areas of 4. boyeri and C.
gibelio were delineated based on data
previously published by the present study's
authors Ekmekgi ef al. (2013) and other studies
(Ozulug et al., 2004; Ozulug vd., 2013; Yerli et
al.,2014).

Results

Production: Turkey has a great potential
for fish production, due to its various marine
and freshwater environments that are suitable
for fishing and aquaculture. Although aquacul-
ture is a relatively young industry in Turkey,
fishery products-including aquaculture-are
considered an important agricultural resource.
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According to the statistics data for the fishery
sector in Turkey, the amount and percentage of
fish harvested from both marine and inland
waters gradually decreased between 2002 and
2013, whereas a remarkable increase of
approximately 282% was observed for aqua-
culture production during the same period
(Table 1). The data indicate that aquaculture
production has rapidly increased in Turkey. In
2013 the total reported aquaculture production
reached 233,394 tons, of which 123,000 tons
came from inland aquaculture production.
Rainbow trout dominates aquaculture in

Turkey's inland waters. In addition to non-
indigenous tilapia and rainbow trout, such
indigenous species as carp, sturgeon, eel, and
trout are also cultured commercially in Turkey.
Although about 90% of yield from
capture fisheries were harvested from marine
environments, Turkey has freshwater fisheries
of great capacity. Fisheries statistics for 2008-
2013 indicate that captured freshwater fish
have a higher economic value and commercial
value than marine fish, although freshwater fish
yields were equal to 10% of the total capture
fisheries production (Table 2). If the produc-

Table 1. Annual variation in total fishery production (tons) (TURKSTAT 2012, 2013;

Anonymous, 2014)

Total Fishery Production (tons)

Fisheries Aquaculture Total
Years Marine Freshwater
Amount % Amount % Amount %

2002 522,744 833 43,938 7.0 61,165 9.7 627,847
2003 463,074  78.8 44,698 7.6 79,943 13.6 587,715
2004 504,897 78.3 45,585 7.1 94,010 14.6 644,492
2005 380,381  69.8 46,115 8.5 118,277 21.7 544,773
2006 488,966  73.9 44,082 6.7 128,943 19.5 662,103
2007 589,129  76.3 43,321 5.6 139,873 18.1 772,323
2008 453,113  70.1 41,011 6.3 152,186 235 646,310
2009 425,275 68.2 39,187 6.3 158,729 255 623,191
2010 445,680 68.2 40,259 6.2 167,141 25.6 653,080
2011 477,658  67.9 37,097 53 188,790 26.8 703,545
2012 396,322  61.5 36,120 5.6 212,410 329 644,852
2013 339,047 55.8 35,074 5.8 233,394 384 607,515
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tion of freshwater products is compared to that
of marine fishes although the proportion of
freshwater production was roughly 10%, its
total income was 19.27% of capture fisheries in
2009

The Turkish General Directorate of
Fisheries and Aquaculture (Anonymous, 2014)
reported that among European -countries,
Turkey had the highest yield of freshwater
products; however, the contribution of the
freshwater catch to total fishery production was
relatively small compared to catch from sea and
the annual catch of freshwater fish decreased
from 46,115 tons in 2005 to 35,074 tons in 2013
(Table 1).

Marine fisheries appear to be the most
important fishery sector in Turkey, but the total
catch from marine capture fisheries varies
(Table 1). More than 50% of the total marine
catch consisted of Black Sea anchovy (FAO,
2008); therefore, any change in the distribution
of anchovy and the total catch in any year or

season have a significant impact on the total
annual catch. In contrast, inland fisheries
depend primarily on 4 species-tarek, carp, gibel
carp, and sand smelt-even though there are 21
commercially valuable freshwater species
distributed throughout Turkey's inland en-
vironments (Table 3).

The most important native inland
fisheries species are tarek and carp. Tarek is an
endemic species to the alkaline waters of Lake
Van (Rad, 2002). Thus, tarek is caught only in
Lake Van (the largest lake in Turkey) and its
tributaries (Karakas and Tirkoglu, 2005).
Common carp is a popular species caught from
inland waters throughout Turkey (Harlioglu,
2011).

Additionally, the contribution of non-
indigenous gibel carp and sand smelt (a
translocated marine fish) to the total catch of
inland fisheries has gradually increased in
recent years. Gibel carp and sand smelt are
widespread in in Turkey’s freshwater systems;

Table 2. Quantity (tons) and value (USD*) of fishery products between 2008 and 2013

Fisheries Aquaculture Freshwater Inland Water/
Year Products Marine Fish
Products (%)
Marine Fish Other Marine Inland Marine
Products

2008 Quantity 395,660 57,453 66,557 85,629 41,011 10.37
Value 699 273 297 90 390 424 214 134 865 469 224 775 91 745 662 13.12
5009 Quantity 380,636 44,410 76,248 82,481 39,187 10.30
Value 419 024 898 41 649 098 209 799 734 406 309 077 80 715982 19.27
5010 Quantity 399,656 46,024 78,568 88,573 40,259 10.07
Value 531 551 645 61 754 067 214 420 275 461911 811 90 467 318 17.02
011 Quantity 432,246 45,412 100,446 88,344 37,096 8.58
Value 581527 707 62 546 066 294 735 391 501221076 72 386 599 12.46
012 Quantity 315,636 80,685 111,557 100,853 36,120 11.44
Value 540 662 224 66 220 817 306 597 978 577715 193 59 138 236 10.94
013 Quantity 295,168 43,879 123,019 110,375 35,074 11.88
Value 523 588 038 60 841242 308912 818 605 453 981 53107 613 10.09

* Modified from TURKSTAT (2012,2013) and Anonymous (2014)
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both species have rapidly expanded their range
during the last decade, and have establish
successful populations in many inland waters
(Ekmekgi et al., 2013). These 4 species acco-
unted for 79% of'the total catch (35,074 tons) in
2013 (Table 3). Similarly, 73.3% of the mean
value of total production consisted of tarek,
carp, gibel carp, and sand smelt since 2009,
whereas approximately 33% of the total catch
consisted of both gibel carp and sand smelt
during the same period (Table 3).

Statistical data for 2000-2013 on the 21
most commercially valuable freshwater species
were analyzed. The results indicate that total
catch of invasive sand smelt increased from
1583 tons in 2000 to 5000 tons in 2013, while
the total catch of indigenous species gradually
decreased during the same period (Table 3).
The other invasive species, gibel carp, has been
considered a commercially valuable species
since 2012; therefore, data on gibel carp have
been included in fisheries statistics only since
2012. Recently, both sand smelt and gibel carp
rapidly extended their range and became the
dominant fish species in many natural and
artificial freshwater bodies in Turkey (Ekmekgi
etal.,2013).

Fisheries data for 2013 show that
primarily 4 species-tarek, carp, gibel carp, and
sand smelt-constituted 78.1% of the total catch
and 64.3% of'total income (Fig. 1).

In addition to these 4 species, trout,
mullet, and wels catfish were also of high
production and economic value to Turkey's
inland fisheries. On the other hand, there is
remarkable incompatibility between the catch
and income proportions of each of the 4
primary species. Although carp constituted
23.4% of the total catch, its income accounted
for 37.4% of the total, versus 15.7% of total
catch and 3.9% of total income for gibel carp.
These findings clearly show carp is more
profitable.

Gibel carp fishery: Gibel carp is one of
the most abundant non-indigenous species in
Turkey. Since last decade, gibel carp increased
in popularity among fishermen. It was first
recorded in the Thrace Region in 1988 (Baran
and Ongan, 1988), and then rapidly expanded
its range in Anatolia during the following 2
decades (Ekmekgi et al., 2013). Gibel carp has
the potential to adversely affect indigenous fish
populations via competition for food resources
and space; therefore, it is considered Among

(a) Total catch (%)

B Sand smelt

B Tarek

® Gibel carp
Carp

(b) Income (%)

B Sand smelt

B Tarek

B Gibel carp
Carp

37,4

Figure 1. The percentage of total catch (a) and value (b) for the 4 primary freshwater fish species in

Turkey.
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Turkey's most invasive species (Crivelli, 1995;
Tarkan et al., 2012a). Environmental degrada-
tion can be an advantage for the invasive success
of gibel carp (Leonardos et al., 2008; Liasko e?
al., 2011), as is introduction of the fish into
water bodies (especially artificial reservoirs) to
sup-port commercial or recreational fisheries
(Ozulug et al., 2004; Tarkan et al., 2006). A
comprehensive study by Tarkan et al. (2012a,b)
reported that gibel carp has higher growth
performance in artificial water bodies in Turkey
than in natural waters.

In terms of the freshwater fishery sector in
Turkey, the gibel carp catch accounted for 15%-
16% of the total fish catch for the last 2 years,
but only data since 2012 are available. Gibel
carp is popular in many natural lakes and
reservoirs located in various provinces in
Turkey (Fig. 2); however, gibel carp provide
only 3.9% of total economic profit to the sector
during the same period. As such, gibel carp has
less economic income and commercial value in
Turkey, although it is popular in the Far East and
some Middle Eastern countries such as Iraq (Yin
et al.,2014).The negative ecological effects of
gibel carp introductions on indigenous species

have recently been recognized in many
countries, including Turkey (Paulovits et al.,
1998; Gaygusuz et al., 2007; Liasko et al.,
2011). The density of indigenous species is
adversely affected by gibel carp introduction
(Tarkan et al., 2012a); therefore, it is considered
among the most dangerous invasive species to
indigenous fish populations (Crivelli, 1995;
Kalous et al., 2004). In Turkey, commercially
important indigenous fishes, including Vimba
vimba (vimba), Cyprinus carpio (common
carp), Scardinius erythrophthalmus (rudd), and
endemic fish species such as Alburnus istan-
bulensis (shemaya) are thought to have suffered
most from gibel carp introductions (Balik et al.,
2004; Gaygusuzet al., 2007).

Sand smelt fishery: The marine fish sand
smelt is also widespread in Turkey's freshwater
environments and the dense freshwater popu-
lations of sand smelt are commercially exploited
(Fig. 3); however, similar to gibel carp, sand
smelt is of less economic and commercial value
than carp and tarek. Sand smelt accounts for
14%-15% of total freshwater fish catch, but its
economic contribution is only 3.8% of total
income (Fig. 1).
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Figure 2. Gibel carp fisheries in various provinces of Turkey.
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At the first glance exploitation of non-
indigenous species can be considered useful for
controlling population size, but the possible
effects of overfishing should be also consi-
dered, as fishing pressure plays a major role in
life history changes observed in commercial
fish stocks. For example, overfishing com-
monly leads to evolution of a reduction in age
and size at maturity (Palkovacs, 2011). The
potential for fisheries-induced evolution
appears strong, as almost all modern commer-
cial fisheries are highly selective, especially

sometimes remove as much as 50% of a popu-
lation annually and life history traits in fish are
at least moderately heritable (Sharpe and
Hendry, 2009).

Tarek fishery: As mentioned previously,
tarek is an endemic species in the Lake Van
Region. In addition to its ecological impor-
tance, the species is also an economically valu-
able freshwater product in Van and Bitlis
Provinces (Fig. 4), and it is considerably consu-
med by the local populations because it is an
inexpensive and easily obtained source of

with respect to age and size; fisheries protein.
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Figure 3. Sand smelt fisheries in various provinces of Turkey.
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It is also of great market value locally and
nationally. The yield of tarek constitutes 25%
of the total freshwater catch in Turkey, and its
proportion of total income of freshwater fish is
19.2%; therefore, tarek is among the most
important inland fishery species in Turkey.

Common carp fishery: The common carp
is globally one of the most widespread
freshwater fish species. It is cultivated in large
quantities for human food and is stocked for
sport fishing (Kottelat and Freyhof, 2007).
Historically, carp is thought to have first been
introduced to Anatolia during the Roman
period, although some researchers have posited
that the common carp is naturally distributed in
freshwater bodies in Anatolia (Vilizzi, 2012;
Balon, 1995). The carp is also an important
component of the ecosystem due to its effects
on the foodweb, water quality, and biodiversity
(Vilizzietal.,2014; Tarkan etal.,2014).

Today, carp is among the most common
species in Turkey's lakes, ponds, and
reservoirs. It is consumed by local people in
large amounts; therefore, carp is an important
species for both commercial and recreational
fishermen (Fig. 5).

The contribution of carp to the total catch
is 23.6%, while it generates 37.4% of total

income (Fig. 1); however, demand for carp and
its economic value are higher in local markets,
and the contribution of carp to the inland
fishery economy is higher than that of tarek,
sand smelt, and gibel carp. Periodically, the
Fisheries and Aquaculture Directorate of the
Ministry of Food, Agriculture, and Livestock
augment carp populations with carp fry, as
existing carp stocks are over-exploited. For
optimal fishery management carp should be re-
evaluated, but issues including restocking
strategies, fishing pressure, minimum catch
size, fishing season, and even genetic effects
should be considered when formulating new
management strategies.

Trends in freshwater fishery: Since 2005,
the catch of sand smelt and gibel carp relatively
increased, whereas that of carp and tarek
gradually decreased (Fig. 6).

The most probable cause for the decrease
in carp production is over-exploitation of the
existing stocks. On the other hand, sand smelt
and gibel carp rapidly extended their range in
many lakes, ponds, are reservoirs since the
early 2000s; therefore; these invasive species
might have put competitive pressure on the
local carp populations. For instance, fishery
statistics for 2013 From important fishing areas
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Figure 5. Carp fisheries in various provinces of Turkey.
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such as lakes Iznik, Uluabat, Egirdir, and Sugla,
and reservoirs Hirfanli, Yamula, and Gelin-
giillii show that the proportion of carp in the
total catch is less than that of gibel carp and
sand smelt (Fig. 7).

Despite efforts to increase the carp catch,
it has remained low and invasive species-gibel
carp and/or sand smelt-were dominant in the
total catch. The lower proportion of carp in the
total catch can be attributed to the adverse

ecological effects of the invasive species gibel
carp and sand smelt.

As tarek is a primary source of protein in
the Lake Van Region, over-exploitation is the
most probable factor for the decline in the tarek
catch. Data show that tarek stocks have been
overfished since 2000. In recent years, tarek
fishing inspections have increased and new
regulations (e.g. fishing season and minimum
size of fish) were introduced. Indeed, to recover
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overexploited populations, once fishing pres-
sure should be removed by restrictions. Fishing
stocks can take long time to recover, because
fish density might be too low for successful
reproduction, competing species might have
established themselves, or most years may be
unsuitable for reproduction (Primack, 2010).
Classic expectation of fishing is rapid
population recovery when fishing is ceased, but
in practice recovery rates have been much
slower than predicted, and in some cases the
expected recovery has not taken place at all
(Enberg et al., 2009). As such, tarek stocks
should be monitored long term. Moreover, the
possible effects of gibel carp on tarek should be
carefully assessed because the Lake Nazik tarek
population declined after the introduction of
gibel carp.

Discussion

Introduction of non-indigenous fresh-
water fishes can have direct and indirect adverse
effects on indifenous flora and fauna, and
ecosystems, as well as on national economies
(Gozlan et al., 2010). Despite the existence of a
large body of data on non-indigenous fish and
fish introductions, their effects have not been
adequately studied (Savini et al., 2010).
According to a United Nations Food and Agri-
culture Organization report, 25% of the world's
fish stocks are overexploited, depleted, or
recovering (FAO, 2009). Although biological
extinction is a slow process (Primack, 2010),
decreases in several fish stocks have lead to the
collapse of fishing activities, and consequently,
commercial viability (Enberg et al., 2009).
Today, invasive species are a major cause of the
decline and extinction of indigenous species,
and invasion by non-indigenous species is
extremely difficult to control and predict
(Ricciardi et al., 2011). Although damage to

indigenous species is often the end result of
invasions, there are other ecological and
evolutionary effects of biotic homogenization
that are less understood; therefore, prevention
and the precautionary principle are of particular
relevance to invasive species (Clavero and
Garcia-Berthou, 2005; Mooney and Cleland,
2001).

Collapse of commercially valuable fish
stocks has enormous negative social and
economic results, and politicians and fishery
management institutions have gradually shifted
their focus from 'how much to catch' to 'how to
make sure there is something to catch' (Enberg
et al, 2009). Due to the introduction of
pikeperch for fishery management, by the end of
the 1980s Turkey experienced the extinction of
2 endemic freshwater fish species (Alburnus
akili and Pseudophoxinus handlirchi) and sharp
decreases in fish stocks (Ekmeke¢i and Erk'akan,
1997; Kiigtik, 2012). New fishery management
strategies must include conservation of endemic
species, and viable methods of preventing
accidental introduction of non-indigenous fish
species.

Environmental impact is not related to the
successful establishment of a species. Some
invasive species that have established extensive
populations in Europe, such as Carassius
auratus (29 countries) and O. mykiss (28
countries), are not associated with severe
environmental effects. On the other hand, C.
gibelio (in 7 countries) had significant negative
effects in all countries in which it was
introduced. Moreover, the level of impact in
Europe of an introduced species can vary by
country (Savini et al., 2010). In Turkey C.
gibelio was reportedto be a highly invasive
species, based on its rapid increase in abundance
and distribution (Kirankaya and Ekmekgi,
2013), and its negative effects on endemic fish
populations ( Tarkan ez al.,2012a).
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Capture fishery resources are highly
diverse and depend on responsible manage-
ment decisions and practices for their sustaina-
bility. Additionally, management of non-
indigenous species is also crucial for maintai-
ning indigenous biodiversity and normal
ecosystem functions (Byers et al., 2002).
According to statistical data (Table 3), the
decrease in carp populations in Turkey might
have been due to competition with gibel carp.
Instead of fishery of gibel carp, the fishery of
carp may be promoted by increasing carp
fishery through introduction of this species by
governmental organizations. To reduce the
negative effects of non-indigenous species,
data on the distribution, ecological effects, and
control of non-indigenous species are required.
Gaps between ecological theory and the
practical needs of conservationists, land
managers, planners, and policymakers have
resulted in the inability to address critical
problems caused by invasive non-indigenous
species (Byers et al., 2002). A national web
collecting that evaluates and compiles data on
the distribution and effects of invasive species
is urgently needed in Turkey; the governmental
organization responsible from fishery mana-
gement may lead this mission by a project.

Frésard and Ropars-Collet (2014) sug-
gest a bioeconomic model for a commercial
fishery invaded by a non-indigenous species.
Accordingly, when an indigenous species is
sustainably harvested and an invasive species is
controlled-provided that the unit costs of
indigenous species harvesting and cleaning
invaded areas are quite low-natural and
anthropogenic dispersal coefficients of inva-
sion, and the time-discount rate are moderate.
Fishery management may be used as a tool for
controlling the invasion of gibel carp and sand
smelt in Turkey, which will require careful and

detailed planning. While devising such a plan it
must be considered that fishing pressure plays a
major role in life history changes in commer-
cially exploited stocks (Sharpe and Hendry,
2009; Palkovacks, 2011), and that such changes
must be predicted using realistic models.

Today, unauthorized fish introductions
are a serious problem for fisheries. Although in
Turkey some legislation concerning fish
introductions has been enacted, (Atalay and
Toslak, 2013), more detailed and specific
regulations may be effective in preven-
ting/regulating future introductions. The long-
term solution must include public education
about the negative consequences of transfer-
ring fish to new water bodies. In many cases,
unauthorized species introduction may have to
be accepted as a permanent part of the biota.
The long-term monitoring of species introduc-
tions is critical to preserving existing fisheries
and maintaining biological integrity in aquatic
systems (Rahel, 2004).

We strongly recommend focusing on the
effectiveness of public awareness and edu-
cation in reducing the spread of non-indigenous
invasive species, which is an often-neglected
area of research. Eiswerth ez al.,(2011) reported
that there is a tradeoff between using funds for
education programs to increase awareness and
knowledge, and using funds for monitoring and
management of aquatic invasive species.
People likely play an important role in sprea-
ding invasive species (e.g. via boat use and
transport). In constructing public aware-ness
and education programs, it may be necessary to
consider the need to educate both commercial
and recreational fishermen, and recreational
boaters on lakes and reservoirs alt-hough fish
and fishery products are a very valuable source
of protein and essential micronutrients for
balanced nutrition, in Turkey the mean annual
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per capita consumption of fishery products was
about 6.3 kg in 2013, ver-sus 8.6 kg in 2007
(Anonymous, 2014). As the human population
increases, its food supply becomes a more
critical problem. People in Turkey mostly
consume marine fish products, but envi-
ronment friendly aquaculture, such as trout
farming in inland waters, may contribute as a
very valuable source of food. To ensure food
security it is important to improve inland
fishery and aquaculture.

In Turkey the invasive species gibel carp
and sand smelt are considered a threat to inland
fisheries and commercially valuable endemic
species; both species were introduced by
fishermen into novel freshwater environments.
Neither gibel carp nor sand smelt are consumed
locally-both species are exported to other
countries; therefore, the market value of gibel
carp and sand smelt is low. Exportation is not
stable because of regional and global economic
and political issues. On the other hand, the
negative effects of these species on the
ecosystem and fisheries are a contentious issue
(Tarkan et al., 2012b). In order to clearly prove
that these 2 invasive species are causing nega-
tive effects, detailed studies on competition
between gibel carp and sand smelt, and indi-
genous fish species in different ecosystems
should be performed. Additionally, illegal
introduction of gibel carp by fishermen should
be strictly prohibited. Academics, govern-
mental organizations, non-governmental orga-
nizations, fishermen, and local communities
need to cooperate/communicate to establish
strategies for non-indigenous and translocated
aquatic species. Instead of farming and intro-
duction of non-indigenous species (e.g. gibel
carp) or potentially invasive species (e.g. sand
smelt), husbandry of indigenous species, such
as carp, shabut (Arabibarbus grypus), pike-
perch, pike, wels catfish, and yagbalig1 (Pseu-

dophoxinus sp.), in closed and environ-
mentally friendly systems should be promoted
by governmental organizations.
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