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ABSTRACT 

 

Considering alien and invasive species are major threat to indigenous species, the recent status of 

these type of vertebrates were reviewed along with the current rodent management application in 

Turkey. More than twenty-five alien, potentially invasive freshwater fish species have been reported 

in Turkey. Of these, seven were recorded from inland waters as alien and two as translocated. 

Eighteen marine fishes from the Mediterranean and three from the Black Sea have previously been 

reported as invasive or alien. In this study, of twelve fishes, eleven were determined as potential 

invader in our long term observations in Mediterranean Sea; puffer fish and Vanikoro sweeper 

(Pempheris vanicolensis) were evaluated as considerably successful invasive ones. Two reptile 

species are known as alien in Turkey: the Red-eared Slider (Trachemys scripta) is an imported species 

in south-western rivers of Anatolia; İstanbul Wall Lizard (Podarcis siculus) is a transported species 

found in the Marmara region in Turkey. Four bird species are alien and potential invaders; Laughing 

dove (Spilopelia senegalensis), Ring-necked parakeet (Psittacula krameria), White-spectacled bulbul 

(Pycnonotus xanthopygos) and Common myna (Acridotheres tristis). Mammalian species; nutria 

(coypu-Myocastor coypus) which is introduced to two rivers in Turkey, black and Norway rats (Rattus 

rattus and Rattus norvegicus) along with house mouse (Mus musculus) are alien and also synanthropic 

species. According to the rodent management report released in 2013 for agricultural areas, 1.202 kg 

zinc phosphide was used for rodent control in 73 provinces of Turkey; Konya province was most 

active against rodents, using 400 kg zinc phosphide in 19 956 kg poisoned baits. Only anticoagulant 

rodenticides are permitted to use in urban areas. Application doses of 50 mg/kg of anticoagulant 

rodenticides caused death three days later after poisoned baits were given to rats. In our experiments, 

no resistance to anticoagulant rodenticides was determined in black and Norwaybrown rats around 
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Ankara provices. Control of other potential vertebrate pests such as snakes, Egyptian fruit bat and 

porcupine is not legally permitted in Turkey. 

 

Keywords: alien vertebrates, rodent control, Turkey 

 

1. INTRODUCTION 

 

As a country connecting Asia to Europe, Turkey has high biological diversity due to the faunal 

migration routes through Europe, The Caucasus and the Arabian Peninsula. The Dardanelle and 

Bosporus Straits play a major role in these routes. Recent colonisation of terrestrial vertebrate fauna in 

Turkey took place during the Pleistocene after the withdrawal of an internal sea in Central Anatolia, 

and Anatolia has also many endemic vertebrate species [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]. [7] 

suggested that glacial contractions and expansions in Turkey during the Pliocene and Pleistocene 

created an area of convergence of many species with rich endemism. Recent vertebrate inventories of 

Turkey have reported 377 freshwater fish, 512 marine fish, 34 amphibians (17 frogs, 17 salamanders), 

131 reptiles (1 blind lizard, 64 common lizards, 55 snakes, 11 testudines), 478 birds and 170 

mammals (15 marine mammals) with total of approximately 1707 species [9], [10], [11], [12], [13], 

[3], [4], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23]. Invasive species have been reported to 

cause extinction of animals [24], [25]. The alien and translocated fishes in Turkish inland waters were 

reviewed in detail by “İnnal and Erk’akan (2006), İnnal (2012), [10], Tarkan et al. (2012, 2015), Saç 

and Özuluğ (2017), Yoğurtçuoğlu and Ekmekçi (2018), Özuluğ et al (2018) and [23]. [10] also 

pointed out that invader fishes can cause changes in species composition, and can replace native 

species in aquatic ecosystems. [17] reported that Turkey had 314 freshwater fishes with 54 endemic 

species and 49 under threat. [10] found that the total freshwater fish inventory was 350 species with 

135 endemics. 

  

[21] reported that total of 377 fish species live in the inland waters of Turkey. Among these species, 

three fishes are globally extinct, 5 fishes are extinct in Turkey, 28 of them are non-native, 340 of them 

are native, and 157 species are endemic to Turkey [23]. The number of the non-native fish species and 

distribution areas of these species have increased in recent years with new data about some species, 

such as Heteropneustes fossilis, Pterygoplichthys disjunctivus, Pseudorasbora parva, Carassius 

gibelio, Gambusia holbrooki, Lepomis gibbosus, Pygocentrus nattereri, Pangasius sanitwongsei 

“(Tarkan, 2006; Yalçın Özdilek, 2007; Ünlü et al., 2011; Tarkan et., 2012; Şaç & Özuluğ, 2017, 

Yoğurtçuoğlu & Ekmekçi, 2018, Özuluğ et al., 2018)”. Alien fish species are introduced into the 

freshwater ecosystems by different ways such as aquaculture, biological control, pet trade and 

fisheries. Within these species, G. holbrooki is the first species deliberately vaccinated in freshwater 

systems for biological control to fight against malaria [10]. “Copp et al (2005)” and “Kennard et al. 

(2015)” mentioned that the detrimental impacts of these fishes on ecosystems were recognized mainly 

with predation, food and habitat competition, hybridization, habitat degradations, and disease transfer 

“(Özuluğ et al., 2018)”. [10] also pointed out that invasive fishes can capable to change species 

compositions, and can replace the native species in aquatic ecosystems. 

    

“Otero et al. (2013)” listed 18 marine fish species in a black list of Mediterranean invaders while 

drawing attention to factors causing invasions, such as the Suez Canal, Gibraltar Strait, rising salinity, 

warming sea temperatures and ballast water dumping. The marine fish of Turkey comprise 512 

species and are reviewed in detail by [18]. The majority of fishes, including the black list of 

Mediterranean invaders (Otero et al., 2013), have also been recorded on Turkish coasts “(Artüz, 1999; 
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Bilecenoğlu et al., 2002a; Dobrovolov et al., 2003; Çınar et al., 2005; Çiçek, 2006; Aleksandrov et al., 

2007; Engin et al., 2007; Vasil’eva, 2007; Tuncer et al., 2008; Bilecenoğlu, 2010; [18])”. 

  

Although the exact numbers of Turkish amphibians and reptiles is not certain, according to recent 

reports, the Turkish herpetofauna comprises approximately 34 amphibians and 132 reptilian species 

“(Baran et al., 2012; [21]; the reptile database, 2015)”. Until now, no amphibian species have been 

reported as introduced or invasive, but two reptilian species — the Red-eared Slider and İstanbul Wall 

Lizard — have been reported as invasive species “(http://www.europe-aliens.org/pdf, Hür et al., 2008; 

Mollov, 2009; Ficetola et al., 2012; Ilgaz et al., 2013; Silva-Rocha et al., 2014; Tok et al., 2015; [21], 

The reptil database, 2015)”. 

  

The avifauna of Turkey includes nearly 483 bird species. These are native, migrant, and rare or transit 

birds. IUCN Invasive Species Specialist Group (ISSG-2017) reported that eleven bird species are 

invasive in Turkey; Acridotheres tristis, Oxyura jamaicensis, Psittacula krameri, Alectoris chukar, 

Anas platyrhynchos, Anser anser, Bubulcus ibis, Columba livia, Cygnus olor, Porphyrio porphyrio 

and Streptopelia decaocto (http://www.iucngisd.org/gisd/). Turkey consists of two major geographic 

parts, Turkish Thrace and Anatolia (Asia Minor). Due to its geographical isolation and its location at 

the crossroads of three migration routes, the Turkish mammalian inventory comprises species 

mixtures of arboreal mammals from Europe, steppe mammals from The Caucasus and desert 

mammals from the Arabian Peninsula. With recent records, the number of mammalian species has 

reached 170 [3], [4], [12], [15], [16]. Nutria (Myocastor coypus) is known as alien among these 

species (Mursaloğlu, 1973; Özkan, 1999; İliker et al., 2009)”. “Khlyap et al. (2010)” stated that 62 

mammalian species are alien to Russian territory grouping such as (1) Intentional introduction, (2) 

Reintroduction, (3) Self-dissemination and (4) Accidental introduction. Some rodent species 

especially Synanthropic and Agrophilic have been considered as alien species “(Khlyap and 

Warshavsky 2010)”. In consistent with these, “Kosoy et al. (2015)” reported that the term of invasive 

species indicates that Black (Rattus rattus) and Brown (Norway) (Rattus norvegicus) rats are 

characterized as historically introduced species; cosmopolitan in their distribution, and alien where 

they did not inhabit previously, and they mostly lives inside houses or using other man-made feature. 

 

Biocides, including rodenticides, are used worldwide to manage pests in both agricultural and urban 

areas. Rodents are the one of the largest mammalian orders, with more than 2000 species, and cause 

economic losses, damage infrastructure, eat and contaminate large quantities of food, and transmit 

diseases to humans (e.g. bubonic plague, typhus, Weil’s disease, toxoplasmosis, trichinosis, 

hantaviruses, babesiosis, Lyme disease, tularaemia, cutaneous leishmaniosis, etc.). Rodent 

management and related topics are explained in detail by “Buckle and Smith (1994), Atkinson (2000), 

Gratz (2006), and WHO (2006)”. In Turkey, rodent pest management is regulated and supervised in 

agricultural areas by the Ministry of Food, Agriculture and Livestock, and in urban areas by the 

Ministry of Health. In present study, the alien or invasive status of non-native vertebrate in Turkey 

were discussed, and also the current pest management on Turkish rodents was evaluated. 

 

2. MATERIALS AND METHODS 

 

The findings is based on data obtained from the entire Turkey between 2010-2019, comprising data 

from sampling, observations from both scuba diving and searching inland ecosystems, and previous 

studies. The vertebrate species (fishes, reptile and birds) listed in this study were mainly classified 

according to terms for ecological invasion and its corresponding stages defined by “Colautti and 

MacIsaac (2004)”, and mammalian species were classified by the definitions of “Khlyap and 
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Warshavsky (2010)”. Fish samples were collected from various rivers, dams and lakes in Turkey 

(Table 1, Figure 1). Equipment such as electro shocker, gill nets and scoop nets were used to sample 

fish. The samples were fixed in 4–5% formaldehyde solution and were deposited in the Biology 

Department of Ankara University. Our data on marine fishes was mainly obtained from three 

locations: at Kaş (m1), Alanya (m2) and Gazipaşa (m3) (see Figure 1). The data from Alanya is based 

on long term observation between 2010-2019. The data on reptiles, birds and mammals was obtained 

from field observations and published literature. The studies on rodent pest management were 

performed on both wild rats (n= 5 in each groups) (Black and Brown Rats from Ankara provinces) 

and laboratory (Wistar) rats using first and second-generation anticoagulant rodenticides (warfarin, 

brodifacoum, bromadiaolone, chloropacinone, difenacoum, difethialone) readily available for 

commercial sale in Turkey. The active ingredients of rodenticides were analysed with HPCL before 

being given to rodents. Five samples were used in each experiment with application doses of 50 

mg/kg. 

 

Table 1. Record locations of alien inland fishes in the present study. 

Record locations of inland fishes in the present study Numbers on the map 

Işıklı Lake (Denizli)  r1 

Büyük Menderes, Eber Lake (Dinar, Çay, Afyon)  r2 

Yamula Dam Lake (Kayseri)  r3 

Su Çatı, Menzelet (Göksun,Kahramanmaraş)  r4 

Eşen Çayı (Fethiye, Muğla)  r5 

Alara river (Alanya, Antalya)  r6 

Köyceğiz Lagoon (Muğla)  r7 

Langır Creek (Dalaman-Muğla)  r8 

Kızılırmak River (Yozgat) r9 

Kızılırmak River (Sivas) r10 

Büyük Menderes (Denizli) r11 

Çine Stream (Aydın) r12 

Topçam Lam Lake (Aydın) r13 

İznik Lake (İznik, Bursa) r14 

Gölmarmara (Manisa) r15 

Hirfanlı Dam Lake (Ankara) r16 

Kesikköprü Dam Lake (Kırıkkale) r17 

Mogan Lake (Ankara)  r18 

Sakarya River and Sarıyar Dam Lake (Ankara) r19 

Uluabat Lake (Bursa) r20 

Bafa Lake (Muğla) r21 

Beyşehir Lake (Konya)  r22 

Upper Ceyhan River (Ekinözü, Kahramanmaraş) r23 

Spring water around Burdur Lake (Burdur)  r24 

Cuma Creek (Orhaneli, Bursa)  r25 

Eğirdir Lake (Isparta)  r26 
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Figure 1. Record locations of alien vertebrates of Turkey; m (marine locations), n (locations of 

Nutria), r (rivers), see in Table 1 for abbreviations. 

 

3. RESULTS 

 

3.1. Alien Vertebrates in Turkey  

The invasive status of alien vertebrate species recorded in Turkey was evaluated using our distribution 

records (Tables 2, 3, 4). A non-indigenous species may arrive in a country by means of travelling, or 

being transferred, transported, introduced or imported (terms described by “Colautti and MacIsaac, 

2004”). Some of indigenous and non-indigenous species may be intentionaly introduced from one 

parts of Turkey to another. Some species can be defined as synanthropic and agrophilic “(Khlyap and 

Warshavsky 2010)”. The statuses of Turkey’s vertebrate species were evaluated under this framework. 

 

3.2. Freshwater Fishes 

The numbers of fresh water fishes are controversial and have variously been reported to be 213 [14], 

236 [13],, 314 [17], 310 [10] and 377 [22], [23]. Thirty fishes were introduced from other countries 

(exotic) and sixteen translocated to to Turkish inland waters by “İnnal and Erk’akan (2006). Later, 

İnnal (2012)” listed 30 fish species as alien and 24 species as translocated, including some marine 

genera such as Liza, Mugil and Sparus. In this study, nine fishes were reported to be alien and two 

translocated in 26 river systems in Turkey (Table 2),  invasive ones; Gibel carps, Topmouth gudgeon, 

Rainbow trout, Eastern Mosquitofish, Zander, Piranha, Nile Tilapia, Pumpkinseed sunfish, Giant 

Pangasius. Pirahna was only reported in Uluabat-Sapanca Lake, and Giant Pangasius in only Sakarya 

River. Other invasive fishes were recorded from more than one aquatic system, and translocated fishes 

are Tench and Sand smelt which are also invasive and occupy in many rivers and lakes (Figure 1, 

Table 2).  However it is unknown whether these species have extended their range or have established 

natural populations in inland waters, and also taxonomic status of some of these fishes is uncertain. 

“İnnal (2012)” also reported that 12 species have established natural populations in inland waters. 

Within the invasive fish species, some “Alburnus chalcoides, Cyprinus carpio, Sander lucioperca, 

Perca fluviatilis, Silurus glanis” are vaccinated to the reservoir for fishery and production purpose, 
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some “Acipener baeri, Captogon zilli, Oreochromis aureus, Oreochromis mossambicus, Oreochromis 

niloticus, Salmo salar, Salvelinus alpinus, Salvelinus fontinalis” are accidentally released to the 

freshwater systems during research carried out in universities, some “G. holbrooki, 

Ctenopharyngodon idella, Hypophatalmichthys malitrix “ vaccinated to the freshwater systems for 

biological control, and some of the aquarium species “P. sanitwongsei, P. nattereri” are intentionally 

entered into the freshwater system by human [10], Yoğurtçuoğlu and Ekmekçi, 2018)”. Fishes alien to 

Turkish inland waters such as C. gibelio, P. parva, Oncorhynchus mykiss, G. holbrooki, Sander 

lucioperca, Oreochromis niloticus and L. gibbosus were introduced for commercial or pest 

management purposes, and are reported to be invasive species “(Wildekamp et al., 1997; Şaşı and 

Balık, 2003; Özuluğ et al., 2004, 2007; Uğurlu and Polat, 2007, Pyke, 2008; Ekmekçi et al., 2010; 

Przybylski and Zieba, 2011; Aydın et al., 2011; Tarkan et al., 2012; [10]; Karakuş et al., 2013; Tarkan 

et al., 2015)”. C. gibelio, one of the first invaders, has been recorded in eight rivers and lakes. It is 

important for commercial fishing, especially in the eutrophic and polluted Eber Lake (Table 2, see 

Figure 1), and it is said to be exported to Iraq. Alien fishes such as Oreochromis sp., Captodon zillii, 

and L. gibbosus are known to have spread to costal reservoirs and creeks in the west and south-west of 

the country [11], Çalışkan and Yerli, 2000; İnnal and Erk’akan, 2006; Özcan, 2007; Mert and Çiçek, 

2010, Aydın et al., 2011)”. Our records for L. gibbosus from Büyük Menderes River in Denizli and 

Cuma Creek in Bursa provinces (Table 1; r11, r25 and see Figure 1) prove the expansion of the 

distribution of the species. Ctenopharyngodon idella is other alien species that has been introduced 

into many aquatic systems, but has not established natural populations in most of these systems 

“(İnnal and Erk’akan, 2006; Tarkan et al., 2015)”. In consistent with these reports, this species was 

not caught in our survey of inland waters. Apart from this, Janitor fish (P. disjunctivus), Stinging 

catfish (H. fossilis) and Piranha (P. nattereri) are also alien to Turkish inland waters and are reported 

from the rivers of south-eastern Anatoli and Sapanca Lake “(Yalçın-Özdilek, 2007; Ünlü et al., 2011, 

[10], but there is no record for these species that establishing population in in the freshwater systems. 

Salmo salar and Salvelinus fontinalis occasionally appear in inland waters of Black Sea coast of 

Turkey “(İnnal and Erk’akan, 2006)”. The intentional introduced species Tinca tinca were caught at 

four locations. This species is known to be introduced to many aquatic systems, and is reported to 

have a harmful effect on natural populations “(Ekmekçi, 2010; [10]. Another intentional introduced 

species Atherina boyeri, which is native to the Black Sea coast of Turkey and has high ecological 

tolerance to salinity, was recorded from eight inland aquatic systems (Table 2). This species is known 

to be translocated to Turkish lakes and rivers, and to be a successful invader “(Balık et al., 2005)”. 

“Crivelli (1995)” has stated that fish introductions threaten endemic freshwater fishes in the northern 

Mediterranean region. Consistent with this report, the introduction of Sander lucioperca, T. tinca, 

Pseudorasbora parva and A. boyeri to Hirfanlı Dam Lake in Central Anatolia caused the extinction of 

Alburnus sp. “(Ekmekçi et al., 2010)”. In addition, two endemic fishes, A. akili and Pseudophoxinus 

handlirschi were extinct after S. lucioperca was introduced to Lake Beyşehir “(Küçük et al., 2009; 

[10]. Also “Pyke (2008)” pointed out the harmful effects of mosquito fishes on invertebrates, fishes 

and amphibians. The recent status and detailed evaluations of alien fresh water fishes were revised by 

“İnnal and Erk’akan (2006), İnnal (2012), [10] and Tarkan et al. (2015), Özuluğ et al. (2018) and [23]. 

In the assessment of “Tarkan et al. (2015)”, 30 species were reported to be introduced, 11 

translocated, and 19 established self-sustaining populations, they used a term translocated as the range 

extension considering the criteria given by “Blackburn et al. (2011)”. According to this criteria, 

“Tarkan et al. (2015)” stated in consistent with our findings that invasive species were listed as fully 

invasive (criterion E: A. boyeri, C. gibelio, Cyprinus carpio, P. parva, G. holbrooki), self-sustaining 

populations in the wild, with individuals surviving and reproducing a significant distance from the 

original point of introduction (criterion D2: T. tinca, L. gibbosus, Clarias gariepinus) and self-
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sustaining populations in the wild, with individuals surviving a significant distance from the original 

point of introduction but not reproducing (criterion D1: Captodon zillii).  

 

3.3. Marine Fishes 

Apart from fresh water fishes, the potential invader and alien Mediterranean and Black Sea marine 

fishes were listed by “Taşkavak and Bilecenoğlu (2001), Bilecenoğlu (2010), Otero et al. (2013) and 

Yankova et al. (2013)”. Of these species, sixteen from the Mediterranean and three from the Black 

Sea have been introduced due to range extension or human transportation and are evaluated along 

with our records in Table 3. The number of non-native fish species was 33 in 2002 “(Bilecenoğlu, 

2002a)”; in 2008 that number reached 49 “(Bilecenoğlu, 2010)”, including 18 fish species as a black 

list of Mediterranean invaders “(Otero et al., 2013)”. In this study, Alepes djedaba, Fistularia 

commersoni, Lagocephalus spadiceus, Lagocephalus sceleratus, Nemipterus randalli, Hemiramphus 

far, Pempheris vanicolensis, Sargocentron rubrum, Siganus luridus, Siganus rivulatus, Upeneus 

molluccensis and Upeneus pori were captured and observed via scuba diving, fishing or in fish 

markets; A. djedaba was rarely and seasonally observed in fish markets. Supporting our records, 

“Golani et al. (2013)” reported that A. djedaba had expanded its westward distribution to the island of 

Crete. F. commersoni was observed in Kaş (see Figure 1; m1) as single individual at a depth of 10 m, 

and was also reported in Alanya Bay (see Figure 1; m2). The first puffer fishes were observed in 2005, 

the current density of these two species are very high and cause threat to angling in daytime, and the 

range expansion of L. sceleratus was given in detail by “Bilecenoğlu (2006)”, and L. spadiceus by 

“Tuncer et al., (2018)”.  Although another Tetraodontid fish, Torquigener flavimaculosus, was 

reported to be very abundant in Fethiye Bay “(Bilecenoğlu, 2010)”, this species is not listed on the 

Mediterranean black list by “Otero et al. (2013)”, and not caught or observed in Alanya and Gazipaşa 

coasts. Randall’s threadfin bream (N. randalli) is frequently caught in fishing boats around Alanya 

and Gazipaşa bays, and is a commercial species in fish markets. This fish is reported to be a successful 

expander by “Bilecenoğlu and Russell (2008), Bilecenoğlu (2010)”. Vanikoro sweeper (P. 

vanicolensis), a successful invader, has begun to dominate in inshore caves. However, Redcoat (S. 

rubrum), which occupies the same niche as Vanikoro sweeper, has not increased in population density 

in the last ten years in Alanya and Gazipaşa coasts. According to “Bilecenoğlu (2010)”, U. 

molluccensis is a successful coloniser with commercial importance in trawl catches. This species is 

frequently seen at local fish markets, and is caught from the sandy grounds of Alanya and Gazipaşa 

Bays along with U. pori. “Çiçek (2006)” suggested that U. molluccensis formed 3% of alien fish 

biomass on the Turkish Mediterranean coast. S. luridus was rarely caught but S. rivulatus was 

abundant in the records from scuba diving and fishing with gill nets. Apart from the fishes listed as 

invasive by “Otero (2103)”, Black-barred halfbeak (H. far) was also caught in shore angling, but not 

considered as invasive due to the rarity in Alanya and Gazipaşa Bays. This fish is also listed as alien 

by being emphasized in their abundance in İskenderun Bay by “Bilecenoğlu (2010)”. Three fishes in 

the Black Sea are reported to be alien: Parablennius incognitus, Gobius cruentatus, and Liza 

haematochelia. L. haematochelia was introduced to the Black Sea, but this species seemingly has not 

expanded to the Marmara and Aegean Seas, and no detailed information is available about its invasive 

status “(Tuncer et al., 2008; Bilecenoğlu, 2010)”. 

 

3.4. Reptiles  

Currently there is no amphibian recorded as alien to Turkey, but one turtle species (Trachemys 

scripta, which are released to inland water by pet owners) and one species of lizard Podarcis siculus 

are known as alien species to Turkey (Table 4). The Red-eared Slider, T. scripta, was reported from a 

river in the south-west of Turkey “(Ficetola et al., 2012; [21])”. This species is reported to threaten 

native turtles and feed on aquatic insects, fishes and amphibians “(Ficetola et al., 2012)”, and its likely 
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distribution overlaps with two other native turtles in Turkey, Emys orbicularis and Mauremys 

rivulata. This species was not seen in the rivers in our surveys performed throughout south-west parts 

of the country, but the Red-eared Slider is considered to be a potential competitor with native turtles in 

the future. 

 

P. siculus “İstanbul Wall Lizard” was first recorded from Istanbul by “Berthold (1842)” and is mostly 

distributed in the Marmara region of Turkey (mostly in the Asiatic part, see region in Figure 1). Even 

though this species is non-native, recent studies have shown that this lizard has not expanded its range 

extensively in Turkey “(Podnar et al., 2005; Uğurtaş et al., 2007; Mollov, 2009; Ilgaz et al., 2013; 

Silva-Rocha et al., 2014; Tok et al., 2015)”. It is found as far to the east as Zonguldak province in the 

western Black Sea region of Turkey “(Ilgaz et al., 2013)”. No additional records are presented in this 

study for this taxon and its invasive status is unknown.  

 

3.5. Birds  

Of eleven birds on the IUCN Invasive Species Specialist Group (ISSG-2017) invasive species list, 

three species are observed in Turkey. A. tristis (Common myna) is an alien species in Turkey and has 

been observed in İstanbul, Ankara, İzmir, Kayseri and Samsun “([19])”. O. jamaicensis (Ruddy duck) 

have been recorded as alien species in Turkey but there are no distribution records for the species. P. 

krameri (Ring-necked parakeet) has colonised some parts of Turkey. This species was imported and 

accidentally released in Ankara in the 1980s, and is frequently observed in Ankara. They were 

recorded in Ankara (in this study), and they have also been observed in İstanbul as large colonies, 

İzmir, Denizli, Antalya, Adana, Gaziantep, Şanlıurfa “([19])”. The native bird, Pycnonotus 

xanthopygos (White-spectacled bulbul), is not included in the ISSG list as an invasive species, but has 

been recorded as expanding its distribution and has started to colonise new localities “(Aslan and 

Erdoğan, 2007)”. Streptopelia senegalensis (Laughing dove) is not a native bird in Turkey but not 

covered in the ISSG list. However, its distribution is expanding; they now occur in many cities but 

were known only in İstanbul and south-east Turkey (see the region in Figure 1) in the early 20
th
 

century “(Albayrak, 2011)”. Record locations for these birds are given in Table 3. 

 

3.6. Mammals  

Among Turkish mammals, only one, Myocastor coypus (Nutria), was accidental introduced. It is 

known from only two river systems: the Tunca and Meriç Rivers in Turkish Thrace and the Aras 

River in eastern Turkey (Table 4, see Figure 1; n1, n2, “Mursaloğlu, 1973; Özkan, 1999; İliker et al., 

2009”). We also observed nutria around the Tunca and Meriç Rivers. There is no information about its 

effects on ecosystems and local fauna. “Khlyap and Warshavsky (2010)” also reported that 

synanthropic and agrophilic rodents are a part of danger invasive alien mammals of Russia, and they 

also reported that Brown rat, the House mouse (Mus musculus), the Striped Field mouse (Apodemus 

agrarius), the East European vole (Microtus levis) are as synanthropic and agrophilic rodents in 

Russia. By the considering definitions of “Khlyap and Warshavsky (2010)”, three synanthropic/alien 

rodent species such as Western House Mouse (Mus domesticus), Brown (R. norvegicus) and Black (R. 

rattus) rats are common in Turkey. The genus Mus is represented by two species: M. domesticus and 

M. macedonicus (Balkan House Mouse), later occupies mostly rural areas and the grain fields. Brown 

rat is mostly distributed in central and northern urbans of country instead of southern parts through 

Mediterranean cost. Black rat is also common throughout the country with various colour morphs. 

Turkish synanthropic rodents belong to groups 3 (Self-dissemination) and 4 (Accidental introduction) 

according to the groups given by “Khlyap et al. (2010)”. In addition to Brown, Black rats and House 

mouse, A. agrarius and M. levis are distributed in Turkey but it is not possible to say anything about 
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their dissemination ways to Turkey, and they are not taken into account as synanthropic and agrophilic 

for Turkey. 

 

3.7. Rodent Control in Agriculture and Urban Areas  

In Turkey such rodents are regulated and supervised (rodent pest management) in agricultural areas by 

the Ministry of Food, Agriculture and Livestock, and in urban areas by the Ministry of Health. 

Rodents are classified simply as voles or moles in agricultural areas, according to a document on the 

plant health and application program released in 2014, and management procedures are explained in 

the related documents “(General Management of Food and Control, 2014)”. Many of these rodents are 

not alien and their distributions are detailed given by [4]. The first group of rodents (“voles”) includes 

mainly Microtus spp. (M. hartingi, M. lydius, M. guentheri, M. socialis, M. anatolicus and M. 

dogramacii) and Meriones tristrami which are distributed in grain fields, and Rattus rattus frugivorus 

in citrus gardens in Southern Turkey. However, the same fields are also occupied by non-target 

species such as grey dwarf hamster (Cricetulus migratorius), Turkish hamster (Mesocricetus brandti), 

Anatolian ground squirrel (Spermophilus xanthoprymnus), and European ground squirrel 

(Spermophilus citellus).  

 

The second group, “moles”, includes Nanospalax leucodon in Turkish Thrace and N. nehringi in the 

Asiatic part of Turkey. Poisoned grains (2–5% zinc phosphide) are traditionally used for rodent 

control in agricultural areas. According to a 2013 report, 1.202 kg zinc phosphide was used for rodent 

control in 73 provinces of Turkey in 2013. Konya province was most active against rodents, using 400 

kg zinc phosphide in 19956 kg poisoned baits, followed by Afyon with 2610 kg, and Balıkesir and 

Elazığ with 2500 kg each. Mechanical methods are used for mole management “(General 

Management of Food and Control, 2014)”. Apart from zinc phosphide, the fumigant aluminium 

phosphide is also used for rodents and is freely available on the Turkish market.  

 

In this frame first- and second-generation anticoagulant rodenticides are permitted for use in urban 

areas for synanthropic rodents. In our experiments performed on wild rats (Brown rat and Black rat) 

and Wistar rats (laboratory race of Brown rat), 50 mg/kg doses of anticoagulant rodenticides such as 

warfarin, brodifacoum, bromadiolone, chlorophacinone, difenacoum and difethialone caused death 

three days later after the poisoned baits were laid. No resistance to the rodenticides was observed in 

wild rats or Wistar rats captured around Ankara province. However, our findings were obtained from 

the small sample group, genetic tests for anticoagulant rodenticide resistance is needed for more 

precise results. Apart from the rodenticides listed above, other licensed rodenticides such as 

coumatetralyl and flocoumafen are used for rodent control and can be purchased from shops by 

individuals. However, the pest controls in urban areas are permitted to perform private licensed 

companies. The Ministry of Health also manages cases concerning public health. For example, the 

Ministry of Health successfully manages tularaemia, a well-known rodent-borne disease in rural 

settlements. Pest control procedures are not legally permitted for any species apart from rodents, 

despite complaints about snakes, Egyptian fruit bats Rousettus aegyptiacus and porcupines Hystrix 

indica. A naphthalene + sulphur mixture is permitted for use against snakes as a repellent, but there is 

no robust evidence of its efficacy. Egyptian fruit bat and porcupine are mainly found on the 

Mediterranean coast of Turkey. Egyptian fruit bat droppings foul the walls and windows of facilities 

when the flight path to fruit trees is close to buildings. The porcupine is a protected rodent and is 

under threat, but illegal hunting for folk remedies is very common in Turkey. There have been some 

complaints about porcupines gnawing avocado and olive seedlings. However, the control of Egyptian 

fruit bat and porcupine are not legally permitted in Turkey. Not all the listed harmful species are 

considered alien in Turkey. 
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Table 2. Alien and translocated (Tra) freshwater fishes recorded in Turkish aquatic ecosystems (Int: 

Introduced, Inv: Invasive, Col: Colonizing,   r: record locations in the present study, see map).  

Order/Family Scientific name Common name Status r 

Cypriniformes/ 

Cyprinidae 

Carassius gibelio  Gibel carps Int, Inv 2, 9, 10,11, 

12, 13,14,15 

Cypriniformes/ 

Cyprinidae 

Pseudorasbora parva Topmouth gudgeon Int, Inv 11,12,12,16 

17,18,19,20 

Cypriniformes/ 

Cyprinidae 

Tinca tinca Tench Tra 9,10,16,17 

Salmoniformes / 

Salmonidae 

Oncorhynchus mykiss Rainbow trout Int, Col, 

Inv 

1,2,3,4,5,6 

Atheriniformes / 

Atherinidae 

Atherina boyeri  Sand smelt Tra, Col, 

Inv 

3,14,16,17, 

18, 21,22,23 

Cyprinodontiformes / 

Poecilidae 

Gambusia holbrooki Eastern Mosquitofish Int, Inv 1,14,15,16,17, 

23 

Perciformes / 

Percidae 

Sander lucioperca Zander Int, Inv 16,22,26 

Charciformes/ 

Serrasalmidae 

Pygocentrus nattereri Piranha Int, Inv. 20 

Perciformes / 

Cichlidae 

Oreochromis niloticus Nile Tilapia Int, Inv 7, 8 

Perciformes / 

Centrarchidae 

Lepomis gibbosus Pumpkinseed sunfish Int, Inv 12, 13, 25 

Siluriformes 

Pangasiidae 

Pangasius sanitwongsei Giant Pangasius Int, Inv 19 

 

Table 3. Some potential invader fishes (based on Otero et. al., 2013) in Turkish coast of 

Mediterranean and Black Sea (PS: present study). 

Order/ 

Family 

Scientific name Common name PS 

(see map) 

References 

Mediterranean 

Perciformes/ 

Caragidae 

Alepes djedaba Shrimp scad  Alanya, 

Gazipaşa 

Akyüz, 1957; Geldiay, 

1969; Gücü et al., 1994; 

Otero et al., 2013 

Perciformes/ 

Apogonidae 

Apogonichthyoides 

pharaonis 

Pearlycheek 

cardinalfish 
- Otero et al., 2013; [18] 

Atheriniformes/ 

Atherinidae 

Atherinomorus 

forskalii 

Red sea 

hardyhead 

silverside 

- Kosswig, 1950; 

Geldiay, 1969; Otero et 

al., 2013 

Syngnathiformes/ 

Fistulariidae 

Fistularia 

commersonii 

Bluespotted 

cornetfish 

Kaş, 

Alanya 

Bilecenoğlu, 2002a; 

Otero et al., 2013 

Tetradontiformes/ 

Tetraodontidae 

 Lagocephalus 

spadiceus,  

Puffer fishes  

 

Alanya, 

Gazipaşa 

Akyol et al., 2005; 

Bilecenoğlu et al., 
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 Lagocephalus 

scleratus 

 

2002b, 2006; Tuncer et. 

al., 2008; Otero et al., 

2013 

Perciformes/ 

Nemipteridae 

 Nemipterus randalli Randall’s 

threadfin bream 

Alanya, 

Gazipaşa 

Bilecenoğlu and 

Russell, 2008; Gülşahin 

and Kara, 2013; Otero 

et al., 2013; Bilecenoğlu 

et al., 2013 

Beloniformes/ 

Exocoetidae 

 Parexocoetus mento African Sailfin 

flyingfish 
- Ben-Tuvia, 1966; Avşar 

and Çiçek, 2000; Otero 

et al., 2013 

Beloniformes/ 

Hemiramphidae 

Hemiramphus far Black-barred 

halfbeak 

Alanya Kosswig, 1950; [18] 

Perciformes/ 

Pemperidae 

Pempheris 

vanicolensis 

Vanikoro 

sweeper 

Alanya, 

Gazipaşa 

Papaconstantinou, 1988; 

Gücü et al., 1994; Otero 

et al., 2013 

Beryciformes/ 

Holocentridae 

Sargocentron 

rubrum 

Redcoat Alanya, 

Gazipaşa 

Kosswig, 1950; Otero et 

al., 2013 

Aulopiformes/ 

Synodontidae 

Saurida 

undosquamis 

Brushtooth 

lizardfish 
- Ben-Tuvia, 1966; 1973; 

Otero et al., 2013 

Perciformes/ 

Siganidae 

 Siganus luridus, 

Siganus rivulatus 

Spinefoot 

species 

Kaş, 

Alanya 

Ben-Tuvia, 1973; 

Fischer, 1973; Kosswig, 

1950; Otero et al., 2013 

Tetraodontiformes/  

Monacanthidae 

 Stephanolepis 

diaspros 

File fish - Ben-Tuvia, 1966; 

Çiçek, 2006; Otero et 

al., 2013; Bilecenoğlu et 

al., 2013 

Perciformes/ 

Mullidae 

a. Upeneus 

molluccensis  

b.Upeneus pori 

Goatfishes  Alanya, 

Gazipaşa 

 

Kosswig, 1950; Ben-

Tuvia, 1973; Akyol et 

al., 2006; 

Otero et al., 2013  

Black Sea 

Perciformes/ 

Blenniidae 

Parablennius 

incognitus 

Pygmy blenny - Vasil’eva, 2007; [18] 

Perciformes/ 

Gobiidae 

Gobius cruentatus Red-mouthed 

goby 

- Artüz, 1999; Engin et 

al., 2007; [18] 

Mugiliformes/ 

Mugulidae 

Liza haematocheila Redlip mullet - Kosswig, C., 1974; 

Dobrovolov et al., 2003; 

Aleksandrov et al., 

2007; [18] 
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Table 4. Imported (Imp), intentional (Int), invasive (Inv), transported (Tra), travelling (Trv), 

spreading (Spr), colonizing (Col) reptiles, birds and mammals of Turkey (Ps: present study). 

Order/Family Scientific 

name 

Common 

name 

Status PS 

(see map) 

References 

Reptiles 

Testudines/ 

Emydidae 

Trachemys 

scripta 

Red-eared 

slider 

Imp, Col 

 

- Daisie., 2015; 

Ficetola et al., 2012 

Squamata/ 

Lacertidae 

Podarcis 

siculus 

İstanbul 

Wall 

Lizard 

Tra, Spr - [21]; Berthold, 1842; 

Bird, 1936; 

Bodenheimer, 1944; 

Başoğlu and Baran, 

1977; Çevik, 1999; 

Uğurtaş et al., 2000; 

Hür et al., 2008; 

Mollov, 2009; Ilgaz 

et al., 2013; Silva-

Rocha et al., 2014. 

Birds 

Columbiformes/ 

Columbidae 

Streptopelia 

senegalensis 

Laughing 

dove 

Inv, Col Bursa, Niğde Albayrak, 2011; [19] 

Psittaciformes/ 

Psittaciculidae 

Psittacula 

krameri 

Ring-

necked 

Paraket 

Imp, Col Ankara, 

İstanbul 

[19] 

Passeriformes/ 

Pycnonotidae 

Pycnonotus 

xanthopygos 

White-

spectacled 

Bulbul 

 Spr, Col Mediterranean 

coast 

Aslan and Erdoğan, 

2007; [19] 

Passeriformes/ 

Sturnidae 

Acridotheres 

tristis 

Common 

myna 

Trv, Col İstanbul [19] 

Mammals 

Rodentia/ 

Myocastoridae 

Myocastor 

coypus 

Nutria 

(coypu) 

Int n1: Meriç, 

Tunca, n2: 

Aras 

Mursaloğlu, 1973; 

Özkan, 1999; İliker 

et al., 2009 

 

4. CONCLUSIONS and DISCUSSION 

 

Present research focused on the alien, invasive alien vertebrate species and pest management of 

synanthropic rodents in Turkey. We reported nine fresh water fishes as alien (seven potential invasive 

and two intentional introduced). Invasive freshwater fishes in Turkey are known to be harmful, and 

caused to extinction of the some native species. There are no certain data the effect of alien Marine 

fishes on the indigenous species in Turkish seas. No alien species was reported from amphibian 

classis. Two alien species from reptilian classis are thought to be potential threat for natural species, 

especially freshwater turtle in Turkish rivers. Mammalian alien is nutria in Turkey and there is no 

information about any threat on the natural population in the ecosystem occupied by nutria. There are 
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3 synanthropic rodents which are originally not native to the country. The pest control in urban are 

performed on these rodents using anticoagulant rodenticide. However, their efficiency on the target 

species and anticoagulant resistance are not reported up to now. 
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