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Introduction
The eastern mosquitofish (Gambusia holbrooki 
Girard, 1859) is a small, sturdy fish, with deeply 
rounded body and flat dorsal surface. It belongs to 
family Poeciliidae Garman, 1895. Lloyd & Tomasov 
(1985) stated that there are two close related but not 
synonymic species – eastern (Gambusia affinis hol-
brooki Krumholz 1948) and western mosquitofish 
(Gambusia affinis affinis Baird & Girard 1853). Their 
native range covers south-eastern states of USA and 
Mexico (Lloyd & Tomasov 1985). Now eastern 
mosquitofish according to Lloyd & Tomasov (1985) 
and Arthington et al. (1999) is not a subspecies but 
a different species Gambusia holbrooki.

Gambusia holbrooki inhabits slowly moving 
or stagnant waters with preference of areas dense-
ly covered with plants. The species can survive in 
heavily polluted waters, because has the ability to 
supply with oxygen from the surface layers of the 
water (Cech et al. 1985).

Eastern mosquitofish was introduced intention-
ally or accidently in over 50 countries around the 
world (García-Berthou et al. 2005). Intentional in-
troductions were undertaken for using mosquitofish 

as biological agent for prevention of malaria. In 
many countries introduction of this fish caused a 
negative impact on native ecosystems. There are 
records that confirm its negative impact and predato-
ry behavior on many native fish and amphibians and 
their larvae (Arthington 1989, Courtenay & Meffe 
1989, Minckley et al. 1991). Eastern mosquitofish 
is included in Top 100 of the most dangerous in-
vasive species of GISP (Global Invasive Species 
Programme, http://www.issg.org/database/.

In Europe Gambusia holbrooki was introduced 
first in Italy in 1921 with the presumption that it is a 
very good biological agent for prevention of malar-
ia. In Bulgaria it was introduced in 1924. First suc-
cessful attempts for breeding were made near river 
Tundzha by Slivensky (Mikov, 2005). Then fish 
were massively breed and introduced in malaria rich 
areas, such as swamps, lakes, coastal lakes and wet-
lands near Black Sea shore and Danube River, as a 
biological agent in the fight with malaria mosquitoes 
from genus Anopheles Meigen, 1818. 

The present distribution of mosquitofish in 
Bulgaria is well known (Fig. 1). Its range covers most 
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of the territory of the country, as reported by several 
authors previously (Apostolou 2005, Apostolou et 
al. 2010, Karapetkova & Zhivkov 2006, Polacik et 
al. 2008, Vassilev 1995, Vassilev 1999, Vassilev 
& Pehlivanov 2005). Until now there have not been 
conducted any studies on mosquitofish biology and 
ecology in Bulgaria and Eastern Europe, and its in-
fluence on native taxocoenoses. This paper presents 
the first data concerning the life-history of Gambusia 
holbrooki in Bulgaria. 

Materials and Methods
The study was carried out in a total of seven model 
water bodies of different type in Bulgaria (Fig. 1, 
Table 1). The sampling sites were selected to have 
similar habitat features consisting of shallow areas 
ranging from 5 cm to 50 cm deep, low water velocity 
or standing water and abundant aquatic vegetation.

For the analyses were collected a total of 1484 
mosquitofish, 208 of them were immature, 434 
males and 842 females. The sampling was carried 
out from 2008 to 2010. The examined specimens 

were captured along the shoreline using hand net 
and preserved in 4% buffered formalin solution. 
Geographical coordinates, altitude, water and air 
temperatures (ºC) were measured in each sampling 
event (Table 1). In the laboratory, sex was determined 
by using the morphology of the anal fin according 
to Turner (1941) and by gonad examination. Males 
were classified as mature if a fully formed gonopo-
dium was present; females were classified as mature 
if the ovaries contained developed eggs and as im-
mature if the ovaries were absent or small and trans-
lucent (Strange, 1996). Total weight (TW), eviscer-
ated weight (EW) and gonadal weight (GW) were 
measured to the nearest 0.1 mg; standard length (SL) 
(nearest 0.1 mm) was measured with a caliper.

Statistical analyses of covariance (ANCOVA) 
were applied to study variations of life-history traits 
among different investigated populations, for each 
sex separately. In the analyses SL was used as a 
covariate. Analyses include testing for interactions 
among covariates (e.g. SL, TW, EW) and categorical 
factors (e.g. latitude, temperature). If the covariate 
factors were not significant (P>0.10), they were ex-
cluded from the analysis. The gonadosomatic index 
(GSI = gonadal weight/total weight) was calculated 
as an alternative to ANCOVA of GW according to 
García-Berthou & Moreno-Amich (1993). Standard 
length was not used as covariate for the analysis of 
GSI. Estimated adjusted means of the dependent 
variables were used to describe differences among 
populations. The relationship of the life-history vari-
ables with latitude and average year temperature was 
analyzed with multiple linear regression (MLR). All 
of the quantitative variables, except GSI and latitude, 
were log10-transformed for linear models, because ho-
moscedasticity and linearity were clearly improved. 

Results
Population structure and dynamics

Sex-ratio differed among the examined popu-
lations, as in Pancharevo Reservoir, Dolni Bogrov 
Lake, Maritza River it was two females per one 
male. In Ognyanovo Reservoir and Potamyata River 
it was three females per one male. In Tundzha River 
sex-ratio was 1.6 females per 1 male and in Rupite 
hot springs – one female per one male.

Population dynamics for Pancharevo Reservoir 
during the study period is illustrated in Fig. 5. In 

Fig. 1. Location of sampling sites (black dots) and known 
distribution (white dots) of Gambusia holbrooki in Bul-
garia (South-Eastern Europe). Sampling sites are: Dolni 
Bogrov lake (1), Maritza river (2), Ognyanovo reservoir 
(3), Pancharevo reservoir (4), Potamyata river (5), Rupite 
hot springs (6), Tundzha river (7).  
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December and March there was observed the lowest 
number of mosquitofish, probably because of their 
biological characteristic to hibernate in leaf letter 
on the bottom in winter months. In April no imma-
ture fishes were present, and females were relative-
ly small in size (from about 15 mm to 23 mm SL). 
During May there were established larger females 
altogether with the smaller ones; their size can be 
divided in two classes ranging from 15 mm to 23 
mm and from 24 mm to 36 mm in standard length. 
The first newborns appeared also in May. In June 
there was observed increased number of immature 
specimens and very few mature males and females. 
In October, most of males and females were imma-
ture. Most of the observed females were small-sized 
(from about 15 mm to 23 mm) with a few larger ones 
(from 24 mm to 30 mm).

Condition
The lowest condition values for both males and fe-
males were observed in March; then they increased 
gradually to June (Fig 2, 3). The periods with the 
highest values condition were from June to October 
(except August), then they decreased. The popula-
tions of Ognyanovo Reservoir and Tundzha River had 
the highest condition values, followed by Potamyata 
River, Dolni Bogrov Lake and Pancharevo Reservoir. 
The lowest condition values were observed in Rupite 
hot springs and Maritza River (Fig. 2, 3).

Significant correlations аt P≤0.05 level were 
calculated (Table 3) between eviscerated weights of 
females and males (r2 = 0.829, P = 0.042). Linear 
regression analyses showed high correlation rates 
at P≤0.05 level between total weight and latitude in 
males, with an established significant corresponding 
increase of these two parameters (Fig. 4).

Reproduction
The eggs’ development generally started in mid-April 
when the water temperature was above 15 oC and 
continued until the end of September. In Pancharevo 
Reservoir population, two reproduction periods can 
be distinguished. The first one was marked to start in 
April and continued to June, when it was observed 
a peak in the immature mosquito fish number, with 
very few present mature fish. The second period, 
which should start in end of summer when the pre-
vious year cohort offspring will become mature as 
reported before (Cabral & Marques 1999) was es-
tablished by indirect data – presence of small-sized 

juveniles in September sampling, on account of 
missing August sampling . 

Gonadosomatic index started to increase from 
April to May, decreased in the period June-July and 
increased again in July. For females the highest aver-
age GSI values were observed in September (Fig. 3). 
For males the highest average GSI values were ob-
served in June (Fig. 2). Highest GSI values showed 
females from Maritza River, followed by females 
from Potamyata River and Dolni Bogrov Lake. 

Gonadal weight of females had lowest values 
in April, then increased and reached maximum val-
ues in the period from July to September (Fig. 3). In 
males well developed gonads can be found through-
out the year and it seems that their gonadal weight is 
not closely related to temperature (Fig. 2, 3). 

ANCOVA analyses of males showed more sig-
nificant correlation between standard length and go-
nadal weight than in females (Table 2). Significant 
correlations at P≤0.01 level, were observed between 
altitude and GSI, also between latitude and GSI of 
the males (Table 3). 

Discussion
The absence of data concerning the life-history traits 
of mosquitofish from neighboring countries led 
us to compare the characteristics of the examined 
Bulgarian populations with more distant ones living 
in different environmental conditions. 

The observed overall ratio (two females per 
one male is similar to sex-ratio of mosquitofish 
populations from SW Iberian Peninsula (Fernández-
Delgado 1989) but showed significant difference 
compared to other populations of the species from 
NE Iberian Peninsula (Vargas & Sostoа 1996), 
where sex ratio is four females per one male. Other 
populations from SW Iberian Peninsula (Pérez-Bote 
2005) had sex-ratio 1:1. In mosquitofish populations 
from the Mediterranean region of Turkey (Öztürk 
2002), sex-ratio was three females to one male. 

The population dynamics showed that in spring, 
females are presented only by small sized individu-
als (15 mm – 23 mm SL). The missing of imma-
ture mosquitofish in April is probably related to the 
fact that all fish are born during the previous year 
and had reached maturity at this point. The bigger 
females (24 mm – 36 mm SL) probably die during 
winter months. In the beginning of summer period 
in May, females were presented by two size classes 
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– the smaller ones were young of the year and the 
bigger ones were born the previous year. 

The mosquitofish condition from the examined 
sites varied in different populations, with highest 
values during late summer and autumn. This is be-
cause of physiological adaptation of the species to 
store fat reserves, as an energy source during cold 
periods (Reznick & Braun 1987; Meffe & Snelson 
1993). In both sexes the condition started to decline 
proportionally to the temperature, continued to de-

crease during winter months and started to increase 
in spring. 

The relationship between total mass and lati-
tude observed in male Gambusia holbrooki (Fig. 4) 
confirms the results of Benejam et al. (2008), who 
established a proportional increasing of body con-
dition according to latitude. This can be explained 
with the thesis that in colder temperatures eastern 
mosquitofish invest more energy to get bigger, and 
spend less energy in reproduction.

Fig. 2. Log10 transformed adjusted means of eviscerated 
weight, gonadal weight and gonadosomatic index (GSI) 
for male mosquitofish. The symbols correspond to sam-
pling sites as follows:  Dolni Bogrov lake,  Maritza 
river,  Ognyanovo reservoir,  Pancharevo reservoir,  
Potamyata river,  Rupite hot springs,  Tundzha river.

Fig. 3. Log10 transformed adjusted means of eviscerated 
weight, gonadal weight and gonadosomatic index (GSI), 
for female mosquitofish. The symbols correspond to sam-
pling sites as follows:  Dolni Bogrov lake,  Maritza 
river,  Ognyanovo reservoir,  Pancharevo reservoir,  
Potamyata river,  Rupite hot springs,  Tundzha river.  
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Table 3. Table of correlation coefficients of environmental factors compared to log10 transformed life-history charac-
teristics (total weight (TW) (g), eviscerated weight (EW) (g), gonadal weight (GW) (g), gonadosomatic index (GSI) 
for male (m) and female (f) mosquitofish.    

 

Water 
tem-
pera-
ture 
(oC) 

Aver-
age 
year 
air 

tem-
pera-
ture 
(oC)

Alti-
tude
(m)

Lati-
tude 
(oN)

EW 
(f)

GW  
(f)

TW 
(f)

GSI 
(f)

EW 
(m)

GW 
(m)

TW 
(m)

GSI 
(m)

Average year 
air  tempera-
ture (oC)

 0.15 ** **

Altitude (m) -0.26 -0.93 ** **

Latitude (oN) -0.32 -0.94  0.93 * **

EW (f) -0.43 -0.28  0.26  0.38 * *

GW (f) -0.30  0.05 -0.10 -0.30 -0.10 **

TW (f) -0.09  0.06  0.03  0.09  0.83 -0.40 **

GSI (f) -0.30  0.05 -0.10 -0.30 -0.10         1 -0.40

EW (m) -0.60 -0.53  0.54  0.73  0.83 -0.50  0.60 -0.50 **

GW (m) -0.80 -0.63  0.80  0.80 -0.20 -0.40 -0.80 -0.40 0.80 **

TW (m) -0.43 -0.68  0.71  0.87  0.66 -0.70  0.49 -0.70 0.94     1

GSI (m) -0.40 -0.95     1      1 -0.40 -0.20    -1 -0.20 0.40 0.80 0.80  
Significance (P) is presented with * for P ≤ 0.05 level of significance and with ** for P ≤ 0.01 level of significance.

Fig. 4. Relationship between log10 transformed adjusted means of total weight (g) of males and latitude (oN). The 
symbols correspond to sampling sites as follows:  Dolni Bogrov lake,  Maritza river,  Ognyanovo reservoir,  
Pancharevo reservoir,  Rupite hot springs,  Tundzha river.
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The egg production started in April and the 
GSI values increase until the end of May. In June 
it was observed a decrease in GSI values similar to 
the results published by Cabral & Marques (1999). 
According to Krumholz (1948) mosquitofish popu-
lations produce brood every 3 to 5 weeks, then for 
one breeding season of 5 months as it is in Bulgaria, 
it is possible that the local populations produce up 
to 6 broods.  

In Pancharevo Reservoir reproduction starts in 
April, when all the fishes are from 2009 cohort and 
are mature. In June it was observed a peak in the 
numbers of immature specimens on account of the 
present mature, which indicates that the 2009 cohort 
started to disappear. It is previous reported, that in 
other countries there is a second period of reproduc-
tion and it starts in the end of the summer (when 
the offspring of 2009 cohort had reached maturity 
and started breeding (Cabral & Marques 1999, 
Botsford et al. 1987). 

In the end of September and until mid-October 
the average temperature is high enough for breeding 
to occur – 4-5 oC higher than in spring (when gonads 

development normally starts) – but no gonads were 
detected then. This corresponds with the study of 
Medlen (1951) in which he proved that both lower 
temperature and short photoperiod inhibit the repro-
duction of mosquitofish. Compared to the breeding 
season of mosquitofish from Mediterranean regions 
of Turkey (Öztürk 2002), in Bulgaria it is shorter 
and starts a month later.  In populations from Western 
Portugal (Cabral & Marques 1999) the breeding 
season start in April and ends in October. 

The population from Rupite hot springs is 
unique for Bulgaria. There was measured the highest 
temperature in which this species can be found in the 
country – 42.8 oC. It had lower condition compared 
to other studied populations, most probably because 
of the constant high water temperature, where they 
do not have to invest much energy to become bigger 
and to be able to withstand the typical for the region 
winter conditions.

In general the ability of Gambusia holbrooki to 
change its life history in order to adapt to different 
habitats (Haynes & Cashner 1995) explains the dif-
ferences in the life-history traits between the stud-

Fig. 5. Length-frequency distribution of immature ( ), male ( ) and female ( ) Gambusia holbrooki at ponds near 
Panharevo Reservoir from October 2008 to June 2010.
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ied Bulgarian populations. This study showed that 
it is very well adapted to the four-season climate in 
Bulgaria, as well to some specific conditions like 
brackish waters, hot springs or winter-frozen low-
mountain reservoirs. 
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