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Abstract: Tilapias are freshwater species which are the common name of three genera of cichlids, Oreochromis, Sarotherodon,
and Coptodon. Many of the species belonged to these genera have been used for aquaculture products. Although their main
native distribution areas are tropical and subtropical regions, they have spread to other areas due to their high invasive
characteristics. This study was aimed to investigate the distribution of genus Oreochromis in the East Mediterranean Region of
Turkey. The study was conducted at 18 stations located in Adana and Mersin from 2014 to 2017. The introduction of the species
in these systems was mainly recorded weed control, transfers of fisherman, and escape from aquaculture facilities. However,
the distribution of genus Oreochromis in Turkey and their effects on the aquatic ecosystems are unknown. The results showed
that the species of genus Oreochromis were easily adapted the different conditions such as various flow rates, salinity, and
temperature.
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Oreochromis Cinsinin Tiirkiye’nin Dogu Akdeniz Bolgesi'ndeki Dagilimina iliskin Notlar

Oz: Tilapialar, {ic cins ciklit olan Oreochromis, Sarotherodon ve Coptodon'un ortak ad1 olan tatl su tiirleridir. Bu cinslere ait
tiirlerin cogu, su tiriinleri yetistiriciliginde kullanilir. Ana dogal dagilim alanlar tropikal ve subtropikal bolgeler olmasina
ragmen, yiksek istilact ozelliklerinden dolayr diger bolgelere yayilmuslardir. Bu calisma Tiirkiyenin Dogu Akdeniz
Bolgesi'nde Oreochromis cinsinin dagilimin arastirmay1 amaglamistir. Calisma, 2014-2017 yillar1 arasinda Adana ve Mersin'de
bulunan 18 istasyonda gerceklestirildi. Bu sistemlere tiirlerin girisi, agirlikli olarak yabanci ot kontrolii, balik¢1 transferleri ve
su triinleri tesislerinden kacis olarak kaydedildi. Fakat Oreochromis cinsinin Tiirkiye'deki dagilimi ve sucul ekosistemler
tizerindeki etkisi halen bilinmemektedir. Sonuglar, Oreochromis tiirlerinin gesitli akis hizlarina, tuzluga ve sicakliga sahip farkl

kosullara adapte oldugunu gostermektedir.

Anahtar kelimeler: Tilapia, Oreochromis, tatl1 su sistemleri, dogal, istilaci.

1. Introduction

The family Cichlidae, within the order Perciformes, is one of
the most abundant families of fish. They are tropical
freshwater species and their native habitats are mainly
located tropical and subtropical regions of America and
Africa, as well as Madagascar, India, and Sri Lanka
(Salzburger & Meyer, 2004; Maan & Sefc, 2013). However,
they can also be found as non-native species such as Florida
in America (Schofield et al., 2014), in North, South and
Central America (Cassemiro et al., 2018), in Thailand (Nico
et al., 2007), in Germany (Lukas et al., 2017), in Portugal
(Carecho et al., 2018), and in Russia (Zworykin & Pashkov,
2010). The family is represented by 250 genera, including
Tilapia (Froese & Pauly, 2019).

Tilapia is the most well-known member of this family
as a common name of the three genera that are Oreochromis,
Sarotherodon, and Coptodon (Mohamed & Al-wan, 2020),
each includes many species such as Nile tilapia Oreochromis
niloticus, Magadi tilapia Sarotherodon alcalicus grahami, and
Guinean tilapia Coptodon guineensis. Among tilapias, the
genus Oreochromis is represented with 89 species. They
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inhabit in mainly freshwater as well as estuaries as non-
native species in almost 100 countries and as native species
in Africa. They possess a big slender body shape with small
eyes and a terminal mouth (Froese & Pauly, 2019).

According to the Food and Agriculture Organization
of the United Nations (FAO, 2018), this genus has an
important possession of aquaculture. The farming of tilapias
and other cichlids is currently increasing, having reached 1.6
million tonnes in 2016. For instance, Nile tilapia Oreochromis
niloticus was the most produced aquaculture followed by
carps, at 8% of total production in 2016. In addition, the
other species of Oreochromis spp. was also produced at 2%
of the total in 2016. The most produced culture of
Oreochromis spp. is currently established on hybrids
between O. niloticus, O. aureus, and O. mossambicus species
(D’Amato et al., 2007). They are not only used as food
sources but also used for their skin as the leather of making
clothing, shoes, belts, and other accessories due to being a
large fish. They have also been used as a disease control
vector such as for malaria and Zika (FAO, 2018). Besides
their use in aquaculture, leather textile, and vector, they are
popular in the aquarium trade due to their various
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coloration and behavior habits (Welcomme, 1988).

In Turkey, the aquaculture of tilapia production has
changed over the years. According to the Turkish Statistical
Institute (2020), tilapia was produced 32 tons in 2014, 12 tons
in 2015, 58 tons in 2016, 8 tons in 2017, and 12 tons in 2018.
However, some of the species escaped and released into the
other freshwater systems (Dikel & Celik, 1998; Celik &
Gokee, 2003; Gokee et al., 2003). O. aureus and O. niloticus
were introduced and now are found as non-native species
in open systems including reservoirs, rivers, and closed
systems. Their introduction in the freshwater systems
resulted in different aims (Innal, 2012). It was reported that
O. niloticus found in Asi River (Giirlek, 2004), Koycegiz Lake
(Yilmaz, 2009), Damsa Dam Lake (Mert & Cicek, 2010),
Sakarya River basin (Emiroglu, 2011), Pinarbasi Creek
(Burdur) (Innal & Sungur, 2009), and O. aureus found in
Seyhan Dam Lake (Gokce et al, 2003). However, the
knowledge of the distribution and effects of Oreochromis
spp. in the natural freshwaters of Turkey is scarce.
Therefore, in this study, the existence of this species in
Adana and Mersin region of Turkey and their possible
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introduction to these systems have been reported.
2. Material and Methods

The study was carried out from November 2014 to June 2017
in the Eastern Mediterranean Region (Adana and Mersin) in
accordance with the internationally accepted principles for
laboratory animal use and care that followed the Local
Ethics Committee of Experimental Animals (Decision
Number: 93773921-18, Date: 20 February 2013). A total of 18
sites (Ceyhan River, Bah¢e Channel, Kulak Creek, Cakirdren
Creek, Karagocer Creek, Kopriigozii Channel, Terliksiz DSI
pump channel, Seyhan River, Baharl1 Creek, Berdan River,
Atalar Channel, Keloglu Channel, Kapizli Creek, Goksu
River, Paradeniz Lagoon and Channel, Akgol Channel,
Kurtulus Village Channel, Arkum Channel), representing a
variety of habitats (including river and creeks, irrigation
canals, lagoonal canals), were repeatedly surveyed.
Sampling sites with its locality and habitat description are
given in Table 1. Sampling localities are given in the map
below (Fig. 1).

Figure 1. Map of Turkey showing sampling localities. Region 1. (1- Kapizli Creek, 2- Arkum Channel, 3- Kurtulus Village Channel, 4-
Goksu River, 5- Paradeniz Lagoon and Channel, 6- Akgol Channel); Region 2. (7- Keloglu Channel, 8- Atalar Channel, 9- Berdan River,
10- Seyhan River, 11- Baharli Creek, 12- Karagoger Creek); Region 3. (13- Kopriigozii Channel, 14- Terliksiz DSI pump channel, 15- Kulak

Creek, 16- Cakiroren Creek, 17- Bahce Channel, 18- Ceyhan River)

Oreochromis species of the systems were sampled using
gill nets of various mesh sizes (10, 17, 23, and 30 mm bar
lengths), cast nets, and fish traps. The fish were kept in 4%
formaldehyde until they were brought to the Biology
Laboratory of Burdur Mehmet Akif Ersoy University.
Before the determination of the species, the fish in
formaldehyde were kept in water for a day to remove the
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formaldehyde. Then, the fish were kept in 70% ethanol to be
analyzed. Fish species were identified according to Kottelat
and Freyhof (2007).

3. Results

Species of Oreochromis established in the sampling localities
and their purpose for introduction are given in Table 2.
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Water channels in Goksu Wetland and Cukurova
region are subject to many introductions and transfers of
Oreochromis species for weed control and aquaculture
purpose. Oreochromis species were detected in 18 systems in
Mersin and Adana region. In the studied systems, non-
indigenous Oreochromis species have been identified along

Table 1. Sampling sites with its locality and habitat description
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with native fish species Acanthobrama orontis (Berg, 1949), A.
marmid (Heckel, 1843), Luciobarbus pectoralis (Heckel, 1843),
Garra culiciphaga (Pellegrin, 1927), Cyprinus carpio (Linnaeus,
1758), Chondrostoma ceyhanensis (Kiictik et al., 2017) and,
members of Mugilids.

No Locality Region Flow velocity Latitude Longitude
1 Kapizli Creek Silifke-Mersin Steady 36°22'27.06"N 34°03'54.72"E
2 Arkum Channel Silifke-Mersin Steady 36°20'55.02"N 34°03'41.42"E
3 Kurtulus Village Channel Silifke-Mersin Steady 36°20'05.77"N 34°00'45.18"E
4 Goksu River Silifke-Mersin Fast 36°17'57.80"N 34°2'53.12"E
5 Paradeniz Lagoon and Channel Silifke-Mersin Steady 36°18'35.10"N 34°00'13.55"E
36°18'27.51"N 34°0'39.00"E
6 Akgol Channel Silifke-Mersin Steady 36°19'50.65"N 33°56'14.74"E
7 Keloglu Channel Tarsus-Mersin Steady 36°55'33.16"N 34°56'35.15"E
8 Atalar Channel Tarsus-Mersin Steady 36°50'50.15"N 34°51'13.66"E
9 Berdan River Tarsus-Mersin Moderate 36°47'47.40"N 34°56'18.43"E
10 Seyhan River Tarsus-Mersin Fast 36°43'50.61"N 34°54'45.74"E
11 Baharli Creek Tarsus-Mersin Steady 36°45'54.22"N 34°57'53.13"E
12 Karagocer Creek Karatag-Adana Slow 36°43'35.23"N 35°09'25.18"E
13 Kopriigozii Channel Karatas-Adana Slow 36°44'37.23"N 35°20'41.79"E
14 Terliksiz DSI pump channel Karatas-Adana Slow 36°40'00.28"N 35°19'56.71"E
15 Kulak Creek Karatas-Adana Steady 36°35'34.79"N 35°22'52.84"E
16 Cakiroren Creek Karatag-Adana Slow 36°36'08.90"N 35°21'44.36"E
17 Bahge Channel Karatag-Adana Steady 36°37'41.81"N 35°28'13.09"E
18 Ceyhan River Karatas-Adana Fast 36°34'10.83"N 35°33'36.15"E

Table 2. Species of Oreochromis established in the sampling localities and their purpose for introduction

No Locality Species Purpose of introduction

1 Kapizli Creek Oreochromis sp. Weed control

2 Arkum Channel Oreochromis sp. Unknown

3 Kurtulus Village Channel Oreochromis niloticus Unknown

4 Goksu River Oreochromis niloticus Unknown

5 Paradeniz Lagoon and Channel Oreochromis niloticus Unknown

6 Akgol Channel Oreochromis sp. Unknown

7 Keloglu Channel Oreochromis sp. Weed control

8 Atalar Channel Oreochromis sp. Weed control

9 Berdan River Oreochromis niloticus Weed control and transfers of fisherman
10 Seyhan River Oreochromis niloticus Escape from Aquaculture facilities

11 Baharli Creek Oreochromis niloticus Escape from Aquaculture facilities

12 Karagoger Creek Oreochromis spp. Weed control

13 Kopriigozii Channel Oreochromis sp. Weed control

14 Terliksiz DSI pump channel Oreochromis sp. Weed control

15 Kulak Creek Oreochromis niloticus Weed control and transfers of fisherman
16 Cakiréren Creek Oreochromis sp. Weed control

17 Bahge Channel Oreochromis niloticus Weed control and transfers of fisherman
18 Ceyhan River Oreochromis niloticus Escape from Aquaculture facilities

4. Discussion

Freshwater ecosystems possess rich biodiversity, an active
role in water cycling, and an important source of food and
water for human populations (Havel et al., 2015). They are
invaded by non-native species via international shipping,
aquaculture, ornamental fish training, biological control of
diseases, new fisheries techniques, and inter-basin transfers
(Tarkan et al., 2015). Although the biological invasions by
non-native species may have positive effects on the native
ecosystems such as aquaculture, ornamental and
recreational purposes (Ewel et al., 1999), they cause adverse
effects on native biota including extinctions of endemic and
native species and even human health as carrying parasites
(Ferrari & Hoffman, 1992).

The first introduction of non-native tilapias is inferred
to occur in Java (Indonesia) in the 1930s because of the
aquarium releasing of Mozambique tilapia, O. mossambicus
(Courtenay & Williams, 1992). Fish began to be used as
aquaculture products - in terms of being in the category of
white meat such as chicken meat and being cheap compared
to beef and pork in the 1970s. similar chicken meat and
cheap economic prices comparing with beef and pork in the
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1970s. As they are known as ‘aquatic chicken’, tilapias are
very convenient to produce and trade in the aquaculture
sector. It was shown in 1993 that O. niloticus grew 60% faster
than the other tilapias (Canonico et al., 2005). Besides, they
have important characteristics to be selected as valuable
aquaculture products, including the relationship between
extreme environment conditions and sex-differences
(Hekimoglu et al, 2019; Dussenne et al, 2020), as a
biomarker for disease control (Huang et al., 2018; Chen et
al., 2019; Yin et al., 2018; Wu et al., 2019), and for evaluating
the effects of environmental pollutants (Yildirim et al., 2006;
Benli & Ozkul, 2010; Beryl et al., 2019; Ibrahim, 2020). Hence,
the Genetic Improvement of Farmed Tilapia (GIFT)
program was established and GIFT has invested many types
of research and projects to improve the farming
performance of tilapias, especially in Asia (Dey et al., 2000).

Turkey is the country with the richest biodiversity in
Europe and the Middle East. Its geographic location
provides high endemism and genetic diversity (Demirayak,
2002) and also increases the introduction of non-native
species from Europe, Asia, and the Middle East (Tarkan et
al., 2015). The number of non-native fish species recorded in
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Turkey has increased in recent years. Thirty non-native fish
species were recorded in 2019, including Oreochromis aureus
(Steindachner 1864) and O. niloticus (Linnaeus 1758) (Innal
& Sungur, 2019). Oreochromis spp. was first introduced in
Turkey in the 1970s by transplanting into Lake Burdur but
they were all dead due to temperature differences (Giirlek,
2004). Then, several tilapia species brought from Syria and
introduced into Seyhan Dam Lake by General Directorate of
State Hydraulic Works in 1976. Afterward, owing to
scientific researches their counts were increased and
transferred to several Fisheries Institutes and research
facilities. In the meantime, they were introduced
intentionally/ accidentally in the freshwater systems (Altun
et al.,, 2006). They can easily adapt to the newly introduced
environment, reproduce rapidly, and become invasive
where they affect native species, especially endemic species.
However, they distribute easily and rapidly through lentic
and lotic ecosystems, human impact is the first reason to
introduce the non-native species in the natural ecosystems
(Tarkan, 2013). According to the General Directorate of State
Hydraulic Works (2020), studies are continued to introduce
with suitable fish species within the scope of aquaculture
activities in reservoirs and dam lakes including commercial
hunting, fish farming in net cages, aquaculture, amateur
hunting, and development of other aquaculture models.
Besides, some species are used for the biological control of
diseases. It is stated that the first vaccination of Gambusia
holbrooki in the freshwaters of Turkey as a precaution for the
biological control of malaria against vector mosquitoes
between 1920 and1929 (Walton et al., 2012). Even though
Oreochromis mossambicus were used as a bioindicator
organism in different types of studies including disease
infection (Yilmaz et al., 2013; Giiltepe et al., 2014; Yilmaz et
al., 2014) in the universities of Turkey by making its culture,
the species has not been recorded in open freshwater
systems in Turkish.

Although the genus of Oreochromis distribution of
Turkey has been studied, the effects of the species have not
been known in these systems. However, there is some
information about their effects on the other aquatic systems.
Bittencourt et al. (2014) reported that the fish composition of
the Amazonas River (Brazil) changed the invasion of O.
niloticus. Although the other native cichlid species were in
the river, in a short time O. niloticus was higher biomass than
the others. Because of filter-feeding omnivorous species,
Nile tilapia caused the changing of plankton biomass during
and after an algal bloom in tropical lakes in the Rio Grande
do Norte (Brazil) (Vasconcelos et al., 2018). The changes in
the population of Nile tilapia and red-spotted sunfish
(Lepomis miniatus) that live in the same environmental
conditions were shown with the experimental design of the
estuaries of the Gulf of Mexico. The red-spotted sunfish
population decreased when there was a predator in the tank
with both species. Thus, it was indicated that Nile tilapia
was more competitive than the other species (Martin et al.,
2010). According to Khan et al. (2011), the native fish species
of Pakistan have been under threat due to the introduction
of non-native species including O. niloticus, O. aureus, and
O. mossambicus. Comparing the feeding behavior of Nile
tilapia with/without introducing another species (Nile
perch, Lates niloticus) in Lake Nabugabo (Uganda) showed
that herbivorous feeding was features of Nile tilapia
without Nile perch (Bwanika et al., 2006).

The present study showed that freshwater systems in
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Adana and Mersin are the convenient habitat for
Oreochromis spp. Because they are easily adapted to the
different environmental conditions, including salinity and
temperature (Ford et al., 2019), they inhabit these systems
where the morphological, chemical, and biological
structures of 18 systems differ from each other, especially in
Ceyhan, Seyhan, and Goksu River. They were detected in
the systems where some endemic species were also
detected. Their effects on these endemic species have not
been known yet. During the field studies, it was observed
that Oreochromis spp. found dense populations in Seyhan
River and Baharli Creek. The introduction of the species in
these stations was determined as weed control, transfers of
fisherman, and escape from the aquaculture facilities.
Therefore, we can specify the factors affecting the
distribution of this genus as anthropogenic factors. Another
anthropogenic factor was identified that this genus is used
as a food source. People who lived in the villages around the
stations caught Oreochromis spp. from the stations,
especially from creeks. Due to the pollution of these
systems, health problems may occur in the future for those
who feed on these fish and in the aquatic ecosystem in
which they are located.

5. Conclusion

As a consequence of this research, it is revelaed that
Oreochromis spp. inhabits within the freshwaters in Adana
and Mersin due to the resembling environmental conditions
of their native habitats. Their feeding characteristics and
high reproduction rate cause their predominant population
there. Besides, there are many native fish species in the
stations and the effects of Oreochromis spp. are still not clear.
Further research should be done to figure out the effects of
Oreochromis spp. on native and endemic fish species and
sufficient control methods should be developed for this
invading species.
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accordance with ethical standards of animal experiments. Legal
research ethics committee approval permissions for the study
were obtained from the Mehmet Akif Ersoy University, Animal
Experiments Local Ethics Committee (No: 93773921-18).
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