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ABSTRACT

Fish biodiversity in inland waters of Turkey has been prepared by reviewing of recent records. First review of systematic
status for Turkey fish fauna dealt with between the years of 1856 and 2004, and about 236 fish species were listed in the
inland water of Turkey (Kuru 2004). In this study; a total of 371 fish species belonging to 27 families and 92 genera was
determined. More than half of the existing species were member of Cyprinidae family. Nemacheilidae, Gobiidae, Cobitidae
and Salmonidae were also rich families by species. Following this review species number of fish fauna for Turkey has
increased at a rate of 57% during the last decade. Fast increase of species number and possible reasons were discussed
in terms of systematical approaches, zoogeography and uncertainties. On the other hand, species conservation status for
each species has also been evaluated based on available information including some biological findings belonging to
species.
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TURKIYE iCSULARINDA BALIK BiYOLOJIK CESITLILIGI

OZET

Tiirkiye’nin balik ¢esitliliginin yeni kayitlar gézden gegirilerek degerlendirilmesi amaglanmugtir. Tiirkiye baliklarmin ilk
kapsamli degerlendirmesi 1856 ile 2004 yillar1 arasin1 kapsamakta olup, i¢ sular i¢in 236 tiir rapor edilmistir (Kuru 2004).
Bu caligma ile 27 familyaya ait 92 cins, 371 tiir belirlenmistir. Tiirlerin yarisindan fazlasinin Cyprinidae familyasi liyesi
oldugu tespit edilmistir. Nemacheilidae, Gobiidae, Cobitidae ve Salmonidae familyalar1 da yiiksek tiir cesitliligi ile dikkat
cekmektedir. Bu calisma ile son on yilda tiir ¢esitliliginin %57 oraninda arttig1 gozlenmistir. Bu artisin muhtemel sebepleri
temel sistematik yaklasimlar, zoocografya ve belirsizlikler iizerinden tartisilmistir. Balik tiir ¢esitliligi, belirlenen tiirlere
ait koruma statiileri ile bunlarin baz1 biyolojik 6zellikleri rapor edilmigtir.

Anahtar kelimeler: Balik, biyolojik cesitlilik, i¢sular, Tiirkiye
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INTRODUCTION

Turkey is in the Palearctic Region of Eurasia and
positioned as a bridge between Europe and Asia. It is
surrounded by the Black Sea from the south,
Mediterranean Sea from the North and Aegean Sea
from the west. It is divided into two main regions,
Thrace and Anatolia, by the Marmara Sea and the
straits (Dardanelles and Bosphorus). In addition to
neighbouring different seas Turkey is rich in terms of

inland water system diversity, and is divided to 26
basins, each showing different characteristic and having
different flow regimes (Figure 1). Turkey has a rich
biodiversity in terms of both flora and fauna with high
level of endemism. This rich biodiversity also reflects
to inland fish species diversity compared to many
countries in European and the world. Number of fish
species in inland waters of Turkey has increased at a
ratio of 57% in the recent years between 2004 (Kuru
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Figure 1. Water basins of Turkey

2004) and 2014 (this study). The reason of rich fish
diversity of Turkey was summarised in this review
with a species list of inland water fishes and their
actual conservation status. Zoogeography of the region
was summarised and the actual fish fauna revision
was considered under the possible uncertainties and
conflicts of basic species terms.

INLAND FISH DIVERSITY OF THE REGION

In order to understand the zoogeographic patterns
in a particular region, it is necessary to know the
geological history of that region. Therefore, indicating
the regional changes in the area during geological
periods with special emphasis on the Tethys Sea is
necessary.

I. The Metamorphoses of Anatolia During
Geological Periods

Until the end of the Permian period, approximately
250 million years ago (mya), the world’s land mass
was joined together into a single supercontinent called
Pangea. Different spin velocities of Sial (crust) and
Sima (magma) layers due to density and the paleo
magnetism of the poles that supercontinent started to
break apart and the earth eventually changed into its
current state. This metamorphosis of the region is

summarised in this section according to Kosswig
(1954, 1955), Kuru (1971, 1975) and Demirsoy (2002).
In the Mesozoic era (approx. 150 mya), Pangea was
separated into two continents; Laurasia in the north
and Gondwana in the south. Between these two
continents, the Tethys Sea surrounded the Earth like
a belt, from today’s Mediterranean extending to India
over Syria and Iraq in the east and Central America
over Egypt in the west. The Tethys Sea is considered
as an important factor in the formation of the Anatolian
fauna, especially the inland water fish fauna. The fact
that Anatolia lies to the north of the Tethys Sea, at the
Laurasia continent, would be enough to explain why
the Anatolian fauna has more fish with European and
Asian origins than African origin. Gondwana also
started to break apart later in the Mesozoic era and
Australia, Preindia, Africa, Antarctica and South
America were formed. Meanwhile, Laurasia in the
north also started to break apart forming North America
and Furasia (Europe and Asia). The Alpine-Himalayan
orogenic belt was formed as a result of northern
movement of African plate and compressing the
sediments at the bottom of the Tethys Sea, which kept
its presence until the Oligocene period (approx. 35
mya). After these geological incidents, Northern
Anatolian and Taurus (Toros) mountain ranges were
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formed and Tethys was split into two. From these; the
one in the north is Paratethys, starting from the Rhone
Valley in today’s France, and extending east to Hungary,
the Black Sea, Caspian Sea and Aral Sea. The part of
Tethys, which was in the south, existed until the upper
Oligocene (approx. 21 mya) and prevented the
terrestrial fauna and flora to spread from north to south
and from south to north by separating Eurasia from
Africa and the Arabian peninsula. In contrast, a spread
of aquatic fauna, especially the inland water fishes
from east to west and from west to east was possible
to a great extend. Furthermore, an inner lake surrounded
by the Taurus Mountain Range from the south and
Black Sea Mountain Range from north was formed
when the sea was backed away from Anatolian plate
as a result of an ascending due to formation of Alpine-
Himalayan orogenic belt during the Oligocene (36-24
mya). In the Miocene (24-5 mya), pieces of land started
to form at the north and west of Paratethys. The
remaining part later became the Sarmatian Sea-Lake
enclosing the Black Sea, the Caspian Sea and the Aral
Sea. The Sarmatian Sea turned gradually into brackish
water and later on into fresh water after the late
Miocene. As a result, some fishes were adapted to the
brackish and some to fresh waters of the Black Sea
and the Caspian Sea (see Figure 2 for fish species
originating from the Sarmatian Sea). Anatolian plate
was connected to Europe via a land bridge over the
Adriatic, Greece and Italy in the Miocene. The branches
of the Egeopotamus River, which resided on this land,
were covering the areas occupied by today’s Vardar
River and Belgrade forests, Istanbul. Fish were able
to pass from Anatolia to Europe (and vice versa) via
the Egeopotamus River, disesmboguing to the region
of Tethys Sea between today’s islands Kos and Crete
(see Figure 2 for fish species originating from Central
and Western Europe). Connection of the Mediterranean
Sea with Indian Ocean through Iskenderun and lower
Mesopotamia was cut off due to gradual decrease of
it towards Miocene (5-1.7 mya). Volcanic activities
between mid-Miocene (approx. 12 mya) and
Quaternary (from 1.7 mya to today) caused the
formation of Eastern Anatolian Mountains and uplift
of Eastern Anatolian Region; thus cutting the
connection between the Middle Anatolian inner lake
and the rivers Murat and Karasu. These rivers started
to flow towards Mesopotamia, merging with the
Euphrates and Tigris Rivers,which is their current

route (Figure 2). Meanwhile, the Van Lake System
was formed in the place of a large freshwater lake
which used to be in the Mus plains and its connection
with the Murat and Karasu Rivers were cut off. Due
to its previous connection with the Middle Anatolian
inner lake, this new lake system hosts fish species
originated from Europe and Western Asia rather than
Mesopotamia. With the collapse of the Aegean Region,
Tethys invaded this region towards north and the
Aegean islands were formed by the end of the Pliocene
(5-1.7 mya). Europe, which used to have a tropical
climate until the end of the Pliocene cooled down
gradually; thus making the climate temperate and
causing the latest ice age which reigned between about
2.5 mya and approximately 10 000 years ago. Some
of the fish species preferring cold water which were
dispersed to the Mediterranean from the Atlantic during
the ice age, escaped to the cold waters at the mountains
in the surrounding area after the Mediterranean warm
up following the ice age (see Figure 2 for fish species
originating from the Mediterranean). Water level of
the Paratethys increased due to a heavy precipitation
in the Pleistocene (1.7-0.01 mya) and the Aegean Sea
waters reached the Black Sea by filling valleys forming
Canakkale Strait and the Bosphorus reconnecting the
Aegean Sea with the Black Sea. Furthermore, as a
result of the geological events that took place in the
Pleistocene, streams originating from Menderes and
Uludag which used to flow towards the south and the
north, started to flow to the west. Some rivers such as
Kizilirmak, Yesilirmak, Kelkit and Coruh emerged
during the Pliocene and sustained their presence until
today.

II. Anatolian Inland Water Fish Fauna
Under the light of the geological history of the
region, seven different origins of Anatolian inland

water fish fauna can be identified (Kosswig 1954,
Kuru 1971, 1975, Balik 1974, Geldiay and Balik 1988);

1. Fish Species with Tethys Sea Origins

These fish species were dispersed to Anatolia from
the sea during the period of the Tethys Sea and later
distributed to the east up to the Hazar Lake (Elazig) by
means of central Anatolian freshwater or brackish lakes.
Today they are represented by Aphanius genus. One of
these species, Aphanius asquamatus lives in the Hazar
Lake (Elaz1g) (Aksiray 1948, Wildekamp et al. 1999).
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2. Fish Species with the Mediterranean Sea Origins
(Glacier Relicts)

Glacier relicts in the Anatolian freshwater fish
fauna are Salmo species, Syngnathus abaster,
Gasterosteus aculeatus and Atherina (Hespetia) boyeri.
Salmo species originated from Scandinavia, Northern
Europe, was dispersed to the Mediterranean when
water temperature was decreased as a result of the
climate change during the Pleistocene. Following the
warming of the Mediterranean Sea with the end of
glacial period Salmo species was dispersed to the rivers
that flow into the Mediterranean and inhabited the
cold rivers and springs at various countries at the
Mediterranean coast (Figure 2). Another theory suggests
that Salmo labrax, which currently inhabits the Eastern
Black Sea entered this region via the Danube River
and the Sarmatian Sea, which has partial freshwater
characteristics. Today they are represented in Anatolia
by 15 species (Table 1) with recently reported six
species (S. chilo, S. labecula, S. opimus (Turan et al.
2012), S. kottelati, S. okumusi, S. euphrataeus (Turan
etal. 2014)). Sygnathus abaster, Gasterosteus aculeatus
and Atherina (Hepsetia) boyeri inhabited the Black
Sea through Marmara Sea during the post glacier
period and later widened their distribution to the
Caspian Sea.

3. Fish Species with Central and Western Europe
Origins

The earliest fish species arriving in Anatolia were
species orginated from Central and Western Europe.

Inland water fish species of Central and Western Europe
were originated from Southeast Asia.They first
inhabited Central and Western Europe through Siberian
glacier lakes and northern coast of the Sarmatian Sea,
which at that time had freshwater, and later they
inhabited Anatolia. According to Kosswig (1954) the
dispersal of the fishes from Europe into Anatolia took
place directly from the north instead of over the Aegean
region. Another theory suggests that some of the fishes
originating from Central and Western Europe entered
to Western Anatolia through the Egeopotamus River,
which at the time was originated from Europe and
disembogued into the Tethys Sea (Figure 2).
These species commonly inhabit various water systems
in Anatolia today. Example to these species are Abramis
brama, Alburnoides species, Leuciscus vorax, Blicca
bjoerkna, Cyprinus carpio, Esox lucius, Carassius
carassius, Gobio species, Perca fluviatilis, Rhodeus
amarus, Rutilus frisii, Scardinius erytrophthalmus,
Silurus glanis, Tinca tinca, Vimba vimba and species
of genus Alburnus, Cobitis and Squalius (Kuru et al.
2001, Kuru 2004). These species, regardless of
originating from Egeopotamus or over today’s Thrace,
were distributed to the inner lake system in Central
Anatolia and all the way to Eastern Anatolia until the
Pleistocene. Squalius cephalus is classically described
as an element of the Danubian ichthyofauna (Banarescu
1990). However, the assumption of a Danubian north-
European origin for the chub is not consistent with the
results obtained from mitochondrial DNA analysis.
The middle and lower part of the Danube river have

Figure 2. The entry paths of fish species from different origins to Anatolia during past geological periods: (1) Fish Species
Originating from the Mediterranean, (2) Fish Species Originating from Central and Western Europe, (3) Fish Species
Originating from Central and Western Asia, (4) Fish Species Originating from Mesopotamia, (5) Fish Species Originating

from the Sarmatian Sea (Redrawn from Kuru (1975)).
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played an important role in the evolutionary history
of the chub, particularly during the Pleistocene
glaciations since it was a refugium for the chub
(Durand et al. 1999), but the origin of this species was
probably located more eastward in Turkey, Tigris-
Euphrates basin (Durand et al. 2000). Taking into
account the fact that the Murat and Karasu rivers also
had connections to the inner lake system of Central
Anatolia in the past, dispersal of species such as
Alburnus mossulensis and Chondrostoma regium
originating from Central and Western Europe to the
eastern regions into the Euphrates and Tigris Rivers
can be easily comprehended. Van Lake, which formed
as a result of volcanic activity in the place of a
freshwater lake at the Mus plains, was also connected
to the Central Anatolian inner lake system and therefore
has been hosted by fish species with Europe and Asia
origins instead of Mesopotamian origin (Kuru 1980,
Elp et al. 2013). The distribution of Alburnoides species
to Eastern Iran and the Aral Sea as well as the
distribution of Gobio species to the Kura and Arax
Rivers also took place through the Central Anatolian
inner lake systems. Species which belong to genera
such as Abramis, Blicca, Carassius, Cyprinus, Rutilus,
Scardinius and Rhodeus are known as the Danube
Elements and are common especially in Central Europe
as well as in the west of Yesilirmak. However they are
non-existent in the east of that river. This is not a result
of zoogeographical consequences but due to ecological
conditions as western streams being slower (Kuru
1975).

4. Fish Species with Central and Western Asia
Origins

The dispersal of these fish species which were
originally distributed in Central and Western Asia, into
Anatolia took place through the graben (rift valley)
stretching southward towards Kahramanmaras, through
Iran to the Dead Sea (Lut Golii) Jordan (Figure 2).
According to Karaman (1969), Capoeta (Varicorhinus),
which was dispersed to Anatolia via this way have
been represented with various species in various river
systems. Species list presented in this study lists with
19 Capoeta species further supports the situation.
These species could not distribute to Europe because
they reached in Western Anatolia through Central
Anatolian inner lake system after the Aegean Sea came
into existence; therefore their distribution is limited

to the Aegean region. Capoeta trutta on the other hand,
entered to the Euphrates and Tigris Rivers over
Mesopotamia. Barbus genus, which is originated from
Western Asia, is represented in Anatolia with 30 species
(12 Barbus, 4 Carasobarbus and 14 Luciobarbus).
Additionally, some Barbus species came to Anatolia
from the north according to Kosswig (1954).
Glyptothorax genus which lives in the fast streams of
the high mountain ranges of Himalayas and Central
Asia, probably entered to the Eastern Anatolia Region
after the formation of Euphrates-Tigris river system
along the shore of the Indian Ocean, which became
partial freshwater during the ice ages. These fish are
adapted only to the relatively fast flowing regions of
the Euphrates-Tigris river system but not distributed
to any other parts of Anatolia. The highest recorded
altitude among the distribution range of these fish,
which prefer the lower parts of the Euphrates-Tigris
river systems, is reported as Baloluk Village (Agr1),
the Murat River and Serceme Brook (Erzurum) of the
Karasu River (Kuru 1975).

5. Fish Species with Mesopotamia Origins

They were distributed in Africa, Arabia, southern
Iran and parts of India before dispersion to Anatolia.
Before the Pliocene, Mesopotamia elements entered
to the Euphrates-Tigris river system through a corridor
connecting the Mediterranean to the Indian Ocean via
Hatay, Syria, Iraq and southern Iran (Figure 2).
These fish are Acanthobrama marmid, Cyprinion
macrostomum, Garra rufa, Arius cous, Clarias
gariepinus (African origin), Carasobarbus luteus,
Carasobarbus kosswigi, Barbus grypus, Barilius
mesopotamicus and Mastacembelus mastacembelus
(Kuru 1975, Liao et al. 2011). However, with the
descent of Mediterranean water levels during ice ages,
a freshwater connection occurred between Hatay and
newly developing the Seyhan and Ceyhan Rivers hence
enabling a passage for some Mesopotamian elements,
such as Garra rufa.

6. Fish Species with Sarmatian Sea Origins

Some of the species were dispersed to the Caspian
and Sarmatian seas following glacier lakes from
Western and Central Asia and all the species inhabiting
the Sarmatian Sea were distributed to Anatolia via
Black Sea (Figure 2). True relicts of the Sarmatian
Sea are found near the coastal zone even today. With




o8 M. KURU et al./ Journal of Academic Documents for Fisheries and Aquaculture 3: 93-120 (2014)

Mediterranean waters flooding Marmara, Sarmatian
forms which are euryhaline, were retracted to Manyas,
Apolyont, Iznik and Sapanca lakes and the mouths of
streams disemboguing to the Black Sea. Alosa
(Caspialosa), Clupeonella and Gobius species,
Proterorhinus marmoratus and Sander lucioperca are
some examples of such fish. Some of the species
passing to the Caspian Sea, the remainder of the ancient
Sarmatian Sea, by means of the Black Sea were
dispersed to Anatolia after the Kura and Arax Rivers
were formed. Therefore they are distributed only in
the Kura and Arax river systems. Some examples of
these species are Alburnus filippii and Leucalburnus
satunini. In addition, Ponticola constructor (Gobius
cephalarges constructor) is an important species, which
arrived in the Kura River by means of the Caspian
Sea, still lives at 3 000 m in the mountain streams
(Damal, Hanak-Ardahan) along with trout (Kuru 1975).

7. Fish Species Entering Inland Waters from the
Seas

They entered to Anatolia from the seas surrounding
the peninsula from every direction. Among the most
important fish entering to inland waters from the seas
are Anguilla anguilla and Mugillidae family members.
Liza abu originating from the Indian Ocean was

reported in the springs of the Habur River (Ceylanpinar
D.U.C-Urfa) for the first time in 1975 (Kuru 1975).
This species is commonly found in the Euphrates and
Tigris river systems nowadays. Dispersal to Anatolia
all the way from the Indian Ocean, travelling thousands
of kilometers shows how high the ecological tolerance
of this fish species is.

II1. Species List

Species list is mainly based on Kuru (2004), Tekeli
et al. (2006), Fricke et al. (2007) and IUCN (2014).
A list (Table 1) and its summary (Table 2) is given in
this section. Valid names and authorities were checked
with the Fishbase (Froese and Pauly 2014) and
classification follows Catalog of Fishes (Eschmeyer
2014). Cytochrome oxidase I (COI) region sequences
considered as a barcode area for animals (Hebert et al.
2003, Ward et al. 2005, Peng et al. 2009), were checked
within GenBank (NCBI 2014). It is given in Table 1
to inform availability of the data rather than confirm
reliability of the species. [IUCN criteria of the species
were checked with the IUCN website (IUCN 2014).
All tables were rechecked before publication of this
article. A detailed material method with abbrevations
is given in Supplementary Section.
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Table 2. Changes in the fish diversity of Turkish inland waters in the last ten years (between 2004 and 2014).

Kuru (2004) This study (2014) Differences
Order Family Genera Species Genera  Species Genera Species
1.Petromyzontiformes  1.Petromyzontidae 1 2 2 3 1 1
2.Acipenceriformes 2.Acipenceridae 2 6 2 7 0 1
3.Angulliformes 3.Anguillidae 1 1 1 1 0 0
4.Atheriniformes 4.Atherinindae 1 1 1 2 0 1
5.Clupeiformes 5.Clupeidae 4 9 4 11 0 2
6.Cypriniformes 6.Cobitidae 1 13 2 20 1 7
7.Cyprinidae 33 116 36 193 3 77
8.Nemacheilidae 3 16 5 40 2 24
7.Cyprinodontiformes  9.Cyprinidontidae 1 8 1 10 0 2
10.Poecilidae 1 2 1 2 0 0
8.Esociformes 11.Esocidae 1 1 1 1 0 0
9.Gasterosteiformes 12.Gasterosteidae 2 2 2 3 0 1
10.Perciformes 13.Blennidae 1 2 1 2 0 0
14.Centrarchidae 1 1 1 1 0 0
15.Cichlidae 2 2 3 4 1 2
16.Gobiidae 6 15 9 26 3 11
17.Moronidae 1 1 1 1 0 0
18Mugilidae 4 9 4 9 0 0
19.Percidae 3 3 3 3 0 0
11.Pleuronectiformes ~ 20.Pleuronectidae 1 1 1 1 0 0
12.Salmoniformes 21.Salmonidae 3 8 3 17 0 9
13.Siluriformes 22.Aridae 1 1 1 1 0 0
23.Bagridae 1 6 2 5 1 -1
24.Claridae 1 2 1 1 0 -1
25.Siluridae 1 2 1 2 0 0
14.Synbranchiformes  26.Mastacembellidae 1 1 1 1 0 0
15.Syngnathiformes 27.Syngnathidae 2 5 2 4 0 0
Total 80 236 92 371 12 135

The fishes in Turkish inland waters comprise 371
species belonging to 92 genera, 27 families and 15
orders. These taxons were reported to be 236 species,
80 genera and 27 families by Kuru (2004). Within
the last 10 years period, Turkish inland water fish
diversity has increased by 135 species and 12 genera.
Diversity of Bagridae and Claridae families diminished
with one species while 13 families remained constant
and the other families increased in terms of species.
The highest increase in the number of species has been
in the families of Cyprinidae (77 species increased),
Nemacheilidae (24 species increased) and Gobiidae
(11 species increased). More than half of the all species
(52%) belongs to Cyprinidae family (193 species). In
addition, Nemacheilidae (11%), Gobiidae (7%),

Cobitidae (5%) and Salmonidae (5%) are the rich
families in terms of species (Figure 3).

Clupeidae salmonidae

Species per families

Cyprinidontidae 3% 5%
3% Cobitidae
59
Others %
14% . Gobiidae

7%

Nemacheilidae
11%

Cyprinidae
52%

Figure 3. The percent distribution of the fish species in
Turkish inland waters according to families.
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EVALUATION OF FISH BIODIVERSITY IN
INLAND WATERS OF TURKEY

Number of fish species in inland waters of Turkey
increased at a ratio of 57% in the recent ten years
between 2004 (Kuru 2004) and 2014 (this study). This
increase can be explained by several reasons.
1. It can be obviously agreed that the increase in the
number of new species reports has resulted from an
increase in number of new research facilities, methods
and scientists.
2. Generally, descriptions of new fish species have
been reported using the tools of the alpha-taxonomy,
mainly based upon external morphological characters
(Turner 1999). Unreported uncertainties within the
description of new fish species can be the main driver
and effective factor in determining new species.
3. Conflicts of ‘species’ term between the scientists
is another problem in new species reports. At least 22
species concepts had been available up to 2000’s
(Mayden 1997) and the number is increasing with
unifying concepts (De Queiroz 2007). While it is
beyond the aim of this study to evaluate this concepts
some examples are typological species concept,
Darwinian fish species concept, biological species,
recognition species concept, phylogenetic species
concept (Turner 1999).
4. Itis very well known that many reports for the new
species have been resulted in many synonyms in
databases. Despite to keeping in mind species
description is depended on dynamic characteristics of
taxonomy.
5. Another trend appears to be that previous subspecies
records have been changing into species. This matter
should be explained with new concepts of species
and/or some requirements and evidences.
6. It can be expected that increase in new species
reports can positively and negatively affect the measures
of conservation. It is assumed that many new species
occupy relatively smaller areas compared with previous
home range of fish species (main taxon). This situation
could result in a more effective conservation measure
due to anthropogenic effects which are available or
planned in small and certain area. On the other hand,
splitting the geographical distribution area of the
suggested fish species (main taxon), limiting it in a
sub basin and/or in national borders is similar to a
closed box. It will make distinct hotspots for
conservation probably devaluing the buffer zones

and/or corridors. When a widely distributed species
demonstrates a fragmented distribution due to
anthropogenic effects, conservation of this species
would need focusing on restoring the gene flow
between these fragmented populations (Vrijenhoek
1998). Whereas if these fragments are to be evaluated
as species themselves, there will be no need for such
an action.

7. There is a limited special effort to check and
approval process for the newly declared species. The
approved optimum parameters to describe fish species
are not clear. Only, a general approach is convenient
between the taxonomists on the basis of external
morphological characters. The lack of a reliable process
will only support the uncertainties.

8. It can be suggested to use of further taxonomic
tools based on all available intra and infra characters,
intensive sampling, reliable observation, measurement,
description, illustration, and information at the cellular
or molecular levels etc. especially for the problematic
taxa. All descriptions should be also supported by the
literature, classification status, ecology, zoogeography,
evolution with phylogenetic and phylogeographic
studies, taxonomic history and discussion.

9. Itis very difficult to evaluate the validity of use of
suggested new name of fish species (Baselga et al.
2010). It is strongly recommended to act with
precaution. It is expected this situation will bring some
difficulties during the registration in terms of genetic
resources. A new name should be discussed together
with common synonym name.
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SUPPLEMENTARY

Material method of the study is given in this section.
Species list is mainly based on Kuru (2004), Fricke et
al. (2007), Tekeli et al. (2006) and IUCN (2014). Valid
names and authorities were checked with the Fishbase
(Froese and Pauly 2014) and classification follows
Catalog of Fishes (Eschmeyer 2014) Cytochrome
oxidase I (COI) sequences were checked within
GenBank (NCBI). Unpublished sequence data were
referred as ‘unp’ instead of year. When there is more
than one reference for the sequence, recent one was
used as an example. Sampling locality of the data were
given in the ‘Country’ column if it is indicated in the
database. Since the main idea of this review is to
evaluate the fish diversity of Turkey, GenBank records
were checked mainly if there is any records within
Turkey. If not other countries were given as examples.
ISO 3166-1 alpha-3 codes for countries are given in
Table 3.

Table 3. Country codes

Code Country Code Country

BGR Bulgaria MAR Morocco

BRA Brazil MKD Macedonia

DEU Germany RUS Russia

DZA Algeria  SYR Syrian Arab Republic
FRA France = TUR Turkey

GRC Greece  UKR Ukraine

ITA Italy USA United States of
LBN Lebanon America

In addition to these codes EU represents European
Union in the table and it represents multiple localities
for the so called species around Union's borders.
IUCN criteria of the species were checked with the
IUCN website (IUCN 2014). Abbrevation used for
Red List Status is given in Table 4, for detailed
information of the status and the criteria see [IUCN
(2014).

Table 4. Red List Status

EX Extinct

EW  Extinct in the Wild
CR  Critically Endangered
EN  Endangered

vU Vulnerable

NT Near Threatened

LC Least Concern

DD Data Deficient

NE Not Evaluated




