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Abstract: 	 The aim of this study is to report the occurrence of the invasive alien Eastern mosquitofish Gambusia 
holbrooki in four Mediterranean river estuaries of Turkey (Manavgat, Göksu, Seyhan, and Ceyhan). The 
monitoring of fish communities carried out from 2014 to 2017 revealed the presence of G. holbrooki both 
with juveniles and adult specimens in all four estuaries. Along with G. holbrooki and other alien species a 
total of 24 native species at juvenile stages were recorded. Some of them, such as the critically endangered 
Anguilla anguilla and the endemic goby Pomatoschistus anatoliae, are of particular conservation interest 
and require specific attention. The presence of G. holbrooki in the studied estuaries that could serve as 
recruitment areas for the populations of the sensitive native and threatened species may act as additional 
threat for their survival and may distort the ecological equilibrium of the river estuary ecotones.
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Introduction
River estuaries are among the most productive 
aquatic ecosystems (Costanza et al. 1997) and 
play an essential ecological role as nursery and 
feeding areas for many species (Cooper et al. 
1994, Marques et al. 2004). These ecosystems are 
particularly used by the juveniles of fish because of 
their favourable ecological characteristics such as 
the availability of food and refuges from potential 
predators that ensure the growth and survival of 
young specimens (Haedrich 1983, Miller 1985, 
Lenanton & Potter 1987, Beck et al. 2001).

Despite of the recognised importance of river 
estuaries in terms of biodiversity (Marchand 
1980, Costa & Bruxelas 1989, Beck et al. 2001, 
Gillanders et al. 2003, Able 2005), they are among 

the most frequently modified and threatened aquatic 
environments (Blaber et al. 2000). Mediterranean 
estuaries play an acknowledged role as nursery 
areas for several commercially important fish 
species (Vasconcelos et al. 2010) but their richness 
in terms of biodiversity has not been assessed 
comprehensively due to their borderline position. In 
addition, during the last few decades several factors, 
including the climate change, anthropogenic activity 
and alien species have severely impacted these areas 
(Lotze et al. 2006, Streftarıs & Zenetos 2006).

One of the biggest threats to the aquatic 
ecosystems is the introduction of invasive alien 
species that can negatively impact the native 
species and alter the long-term viability of the 
biodiversity ecotones (Goldberg 1995, Costa et 
al. 2002, Kennish 2002, Helfman 2007). Despite 
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the ecological and economic impact of alien species 
that has been widely documented (Cambray 2003, 
Lintermans 2004, Garcia-Berthou & Moyle 
2011), their introduction continues to be a common 
practice. Some of the alien species can have 
beneficial effects on the native ecosystems, but a 
number of these species becomes invasive and able 
to establish viable populations that can negatively 
impact the new environment (Mack et al. 2000, 
Cope & Winterbourn 2004, Johnson et al. 2009).

The Eastern mosquitofish Gambusia holbrooki 
Girard, 1859, and its congeneric G. affinis (Baird 
& Girard, 1853) are among the most invasive alien 
species, which have been widely introduced in several 
countries as a biological control agent for mosquito 
larvae (Krumholz 1948, Courtenay & Meffe 1989, 
Garcia-Berthou et al. 2005, Veenvliet 2007, Pyke 
2008). Nevertheless, it has been found that both species 
affect negatively native and endangered fish, as well as 
the invertebrate species preying on them (Hurlbert et 
al. 1972, Hurlbert & Mulla 1981, Miura et al. 1984, 
Blaustein 1992, Schaefer et al. 1994, Lawler et al. 
1999). Following the initial introductions, the species 
have become pests in many waterways around the 
world and are listed among the first 100 of the World’s 
Worst Invasive Alien Species according to the Global 
Invasive Species Database (2019). 

The introduction of G. holbrooki in several 
freshwater environments has become a serious threat 
to many endemic species in Europe (Kottelat & 
Freyhof 2007). This species, indeed, has rapid 
population growth potential and inhabits shallow 
ponds and edges of watercourses (Page & Burr 
1991, Pyke 2005). Being able to tolerate a wide range 
of ecological conditions and habitat disturbances 
(Pyke 2008), it can also occur in brackish sloughs 

and coastal saltwater habitats (Arthington & 
Lloyd 1989, Froese & Pauly 2019). 

With regard to Turkey, the oldest reported 
introduction of G. holbrooki is known from the 
early 20th century into Amik Lake (Hatay, Southern 
Turkey) (Geldiay & Balık 1988). So far, the species 
has been reported to occur in several freshwater 
systems throughout Turkey (Özuluğ et al. 2005, 
Erk’akan & Ozdemir 2011, Ergüden 2013, 
Özuluğ et al. 2013, Tarkan et al. 2015, Kurtul 
& Sarı 2020), where it has been intentionally 
introduced (Geldiay & Balık 1988, Özuluğ et al. 
2007) or spread from neighbouring countries (Aydın 
et al. 2011). There is scarce knowledge to date about 
the presence of G. holbrooki in the Mediterranean 
river estuaries of Turkey (Innal & Ozdemir 2012) 
and about the composition of the fish communities 
of these peculiar habitats in general (Akin et al. 
2005, Kucuk et al. 2007, Innal & Ozdemir 2012).

This study aims to report the occurrence of G. 
holbrooki in four Mediterranean river estuaries of 
Turkey (Manavgat, Göksu, Seyhan, and Ceyhan) and 
to focus the attention on the native fish communities 
inhabiting the estuaries, which are of particular 
conservation interest, especially at juvenile stages, 
and which could be potentially threatened by the 
presence of this alien species.

Materials and Methods
The fish specimens were collected from four Turkish 
estuary systems located along the Mediterranean coast 
(Manavgat, Göksu, Seyhan, and Ceyhan) from 2014 
to 2017, during different monitoring programmes 
aimed to investigate the fish fauna (Fig. 1). The fish 
were caught by a shore seine net: 10 m long, 2 m  

 

 
 
Fig. 1.  
  

Fig. 1. Map of Turkey showing the sampling localities.
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high, and 1.2 x 2 mm mesh size. In each of the four 
river estuaries, the different stations were selected 
and sampled as representatives of the different river 
habitats, including river mouths, canals and brackish 
water. After collection of the samples all the specimens 
were identified at species level according to the 
updated identification keys available in the literature 
(Geldiay & Balık 1988, Kottelat & Freyhof 2007).

Results
Gambusia holbrooki was recorded in all of the 
sampled estuaries where it occurred both with adult 
and juvenile specimens. The species was found 

mainly during the spring and summer seasons. 
Along with G. holbrooki, a total of 24 native fish 
species, belonging to 12 families, were found at 
juvenile stages in the four estuaries (Table 1).

Gambusia holbrooki was found to be 
particularly abundant in the Seyhan River system 
(18.22% of the total species), where it was the 
second most abundant fish after the native mugilid 
species (Chelon auratus and C. saliens) (Fig. 2). 
On the contrary, G. holbrooki occurred with lower 
abundances in Göksu (3.05%), Ceyhan (3.65%), 
and Manavgat (0.94%) estuaries (Fig. 2).

Among all sampled species, those which 
particularly require attention in terms of conservation 

 
 

 
 
Fig. 2.  
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Fig. 2. Relative abundance (%) of alien Gambusia holbrooki and native fish species found to occur at juvenile stages 
in the four studied estuaries. 
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were the European eel Anguilla anguilla, listed as 
critically endangered according to the IUCN, the 
endangered Alburnus baliki, an endemic species 
known to occur only in the Manavgat River and the 
Turkish endemic goby Pomatoschistus anatoliae, a 
species which has been only recently described but 
not much studied and not yet evaluated by the IUCN 
(Table 1).

Discussion
This study reports the first occurrence of G. holbrooki 
in the estuaries of the rivers Ceyhan, Seyhan, Göksu, 
and Manavgat. With regard to Ceyhan and Seyhan 
river systems, G. holbrooki was previously reported 
to occur upstream of the dam lakes (Erk’akan & 
Ozdemir 2011, Alagöz Ergüden & Göksu 2012). 
Further studies are needed to find out whether the 
presence of G. holbrooki in the estuary areas of 
Ceyhan and Seyhan rivers could be due to a passive 
downstream spread of the species or due to new 
introduction/ release.

With regard to the Göksu and Manavgat 
rivers this study reports the first occurrence of G. 
holbrooki in the entire river systems. The previous 
studies on fish fauna of the Göksu River have not 
reported the presence of Gambusia sp. (Kucuk et 
al. 2007). Therefore, the occurrence of the species 
in the Göksu estuary could be due to a recent 
introduction. Regarding the Manavgat River, 
although no scientific study has ever indicated the 
occurrence of G. holbrooki, it is reported by the 
local media that the respective municipalities has 
recently released the species for biological control of 
mosquito larvae in some localities in the Manavgat 
basin. Further studies are encouraged to clarify the 
entity of these releases with the aim to involve the 
local administration and stakeholders and increase 
their knowledge about the risk posed by this species. 

The introduction or spread of G. holbrooki 
into natural water bodies is a worldwide recognised 
threat and the deriving environmental cost there 
from could be extremely high (Pyke 2008). 
Previous experimental studies have demonstrated 
the negative effects of Gambusia sp. on other fish 
species (Arthington & Lloyd 1989, Courtenay 
& Meffe 1989, Galat & Robertson 1992, Ayala 
et al. 2007). Negative impact has been observed 
to occur through direct predation or physical 
injury. This pressure leads to decrease in survival 
and recruitment, with consequent reduction of the 
impacted population (Blaustein 1992, Schaefer et 
al. 1994), and even to local extinction (Arthington 
& Lloyd 1989, Courtenay & Meffe 1989, Galat 

& Robertson 1992). In addition, other researchers 
report that populations of some fish species have 
positively increased their density and status after 
natural or artificial reduction of G. holbrooki (Meffe 
1983, Galat & Robertson 1992).

Ayala et al. (2007) investigated the negative 
effect of G. affinis on the endangered cyprinid the 
least chub Iotichthys phlegethontis (Cope, 1874). 
They found that aggression by G. affinis can force 
the cohabiting species move toward less suitable 
habitats characterised, for example, by a higher 
exposure to the predators or scarce availability of 
resources. These reports are particularly interesting 
in the case of the four Mediterranean estuaries 
considered in the present study, because among the 
native fish found to occur together with G. holbrooki 
there were species of particular conservation interest 
such as A. anguilla or the endemics A. baliki and 
P. anatoliae. The presence of G. holbrooki in these 
localities that could serve as recruitment areas for 
the populations of the mentioned sensitive native 
species, may represent an additional threat to their 
survival and may distort the ecological equilibrium 
of the river estuaries ecotones. Previous researchers 
have already reported the occurrence of other alien 
fish species in the four investigated rivers (Kucuk 
et al. 2007, Erk’akan & Ozdemir 2011, Alagöz 
Ergüden & Göksu 2012).

Ayala et al. (2007) also reported that the 
intensity of predation of G. affinis on I. phlegethontis 
decreases with the chub’s increase in size. This 
indicates that small size species or species in juvenile 
stages are the most vulnerable to the impact of G. 
affinis. With regard to the four examined estuarine 
systems, some small size species such as Aphanius 
fasciatus, Parablennius sanguinolentus and Salaria 
fluviatilis were found to occur together with G. 
holbrooki. The populations of these small size 
species, although currently not listed as threatened 
by the IUCN, may be potentially impacted by 
the presence of G. holbrooki and deserve special 
attention.

Previous studies reported that G. affinis and 
G. holbrooki are not more effective than the native 
predators of mosquitoes and that their wide use as 
biological control agents is not strongly justified by 
the final results (Washino 1968, Reed & Bryant 
1975). In some cases their biological control is 
considered to be even ineffective (Lloyd et al. 1986). 
Currently, it is widely accepted that the effect of the 
species as a mosquitos’ predator is minimal and the 
presence of the species may even exacerbate the 
problem, due to its voracious appetite for mosquito 
larvae (Allen et al. 2002). More specifically, some 
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authors reported that under laboratory conditions, 
species of the genus Aphanius are more useful than 
G. affinis in preying on mosquitoes (Homski et al. 
1994, Al-Akel & Sullman 2011). Further studies 
are needed to evaluate in field whether the native 
species like A. fasciatus could act as effective 
predators of mosquitoes compared to G. holbrooki 
and whether the presence of this species have 
affected the populations of the native species in the 
studied habitats.

Once established, G. holbrooki is difficult to 
eliminate because it can rapidly colonise new areas, 
increase in numbers and repopulate areas after 
reduction (Hildebrand 1919, Self 1940, Lloyd et 
al. 1986). Moreover, it has been reported that when 
introduced in a new habitat G. holbrooki can spread 
to a level to become one of the most abundant fish 
species (Arthington & Milton 1983, Kilby 1955, 
Morton et al. 1988, Webb & Joss 1997) as it was 
observed in the present study for the Seyhan estuary.

Taking in consideration all of the above, the 
best method to reduce the negative impact of G. 
holbrooki is to control their further spread through 
banning the intentional release by mosquito-control 
agencies and continue the monitoring of the estuary 
habitats, which are important for the survival of 
a great number of marine and freshwater native 
species.
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