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Abstract

Khanom, M., Abdur Rouf, M., Ahsan, N., Siddiqui, N. & Tomljanovic, T. (2020). Morphological characteristics, 
growth and age structure of allochthonous fish pumpkinseed, Lepomis gibbosus in Bara Lake, Croatia. Bulg. J. 
Agric. Sci., 26 (1), 213–222

The allochthonous pumpkin seed, (Lepomis gibbosus, L.1758) is the most abundant species (about half of the total fish 
abundance) in Bara Lake, Croatia. Pumpkin seeds caught by electro fishing were subjected to the determination of length-
weight relationship, length-length relationship, morphometric and meristic characters, age structure and growth performance. 
The length-weight relationship showed a significant linear relationship (P = 0.00). Similarly, the total and standard length 
also showed a highly significant linear relationship (P < 0.05).The growth model for the individuals based on length-weight 
relationship was determined as W = 0.013L3.14. Three age groups were observed (1 + to 3 + ) in the age structure among which 
more than 60% of the fish belonged to the 2 + groups. The asymptotic length (L∞) found in the present study was smaller 
(8.45cm) than those reported from other European countries. The estimated value of growth coefficient was 0.723 and overall 
growth performance, ǿ was 1.71derived using Von Bertalanffy growth parameters. The pumpkinseed population in the present 
study was characterized by higher growth and smaller age structure compared with other European pumpkinseed populations 
suggesting the recent invasion of pumpkinseed population in Bara Lake.

Keywords: pumpkinseed; age structure; growth coefficient; Bara Lake; Croatia
Abbreviations: TL – Total length; SL – Standard length; HL – Head length; PDL – Post dorsal length; PrDL – 
Pre-dorsal length; PrPL – Pre-pectoral length; PrPlL – Pre-pelvic length; PrAL – Pre-anal length; DHL – Dorsal 
head length; HW – Head width; HH – Head height; ED – Eye diameter; SnL – Snout length; POL – Post-orbital 
length; IOW – Inter orbital width; VMO – Vertical mouth; opening; HMO – Horizontal mouth opening; MA – 
Mouth area; S- Scale radius; L1 – Length at age 1 + ; L2 – Length at age 2 + ; L3 – Length at age 3 + 

Introduction

The pumpkinseed (Lepomis gibbosus, L. 1758) was 
introduced in Europe from its native North America as a 
potential sport and garden fish in 19th century and today 

found in West and Central Europe (De Groot, 1985; Wel-
comme, 1992). It was transferred to the European part of 
Russia in 1948, where it was quickly adapted and spread 
to eastern and central waters of Europe (Holopainen et al., 
1997). The first written source about its appearance in for-
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mer Yugoslavia was recorded by Plančić (1967) describing 
the fish fauna in Ečka ponds in 1962. The spreading of this 
species was recorded in delta of Danube River in 1949 at 
the rate of distribution of 30 km/year (Kozlov, 1993; Fed-
onenko & Marenkov, 2013). It is one of the most abundant 
fishes in shallow water bodies and considered alone of the 
most successful introduced species in Europe, probably 
due to its predatory behavior and reproductive strategy 
(Uzunova & Zlatanova, 2007). The pumpkinseed has been 
studied in its natural geographic range (Werner & Hall, 
1979; Collins, 1989), but little is known about its biology 
outside its natural distribution (Uzunova et al., 2008).It is 
more highly adapted to complex maneuvering in lentic en-
vironments than to swimming in a current (Webb, 1998). 
Age, growth and morphology of the pumpkinseed have 
been studied in the lower Danube, Hungary (Papadopol & 
Ignat, 1967), Italy (Tandon, 1977) and Camargue (Crivelli 
& Mestre, 1988). Recent studies on the biology of inva-
sive fishes has now addressed the adaptations in life his-
tory traits of non-native fishes in their new environments 
(Fausch et al., 2001; Copp et al., 2004; Vila-Gispert et al., 
2005; Copp & Fox 2007; Ribeiro et al., 2008). Howev-
er, a progressive elimination of indigenous species can be 
occurred with an enhancement of pumpkinseed popula-
tion in Europe causing the adverse changes in biocenoses 
(Almeida et al., 2014, Godinho, 2004). The adverse eco-
logical impacts of invading species of pumpkinseed has 
also been reported in several countries as these species 
may feed on small fish, fish eggs and other vertebrates 
(Berg, 1965; Scott and Crossman, 1973; Billard, 1997). 
In addition, it is important to mention that the presence of 
pumpkinseed negatively affects native fish populations of 
the River Sava (Bakota et al., 2003). Considering the sta-
ble tendency of increasing the distribution and abundance 
of other populations of pumpkinseed in Europe, expan-
sion of this species in different shallow water bodies in 
Croatia is likely.

Morphometric parameters of a fish species has major 
role to ensure whether there is any disparity between the 
same species of different geographic regions (Naeem et 
al., 2012). Length-weight relationship, as a tool for fish 
conservation, provides information on the condition, 
growth pattern, ontogenic changes in fish population dy-
namics (Oscozet al., 2005; Simon et al., 2009). This re-
lationship is also useful to estimate stock biomass from 
limited sample sizes (Binohlan & Pauly, 1998; Valle et 
al., 2003; Ecoutin et al., 2005; Simon et al., 2009). The 
relationships between mouth and body size quantify prey-
size based feeding patterns (Karachle & Stergiou, 2012), 
definethe ecological position of organism within food web 

and are used for fisheries management to select bait size 
(Erzini et al., 1997; Karpouzi & Stergiou, 2003). A very 
little attention has been paid to the growth, age structure 
and morphological characters of newly introduced pump-
kinseed in Croatia. The biology of invasive species are 
more imperative in order to pathway their performance in 
anew ecosystems. Therefore, the aim of the present study 
for the first time is to provide morphometric and meristic 
measures, age-structure and growth performance of the 
pumpkinseed, L. gibbosus population in Bara Lake locat-
ed in the continental part of Croatia in the Sava River ba-
sin. This information may serve as useful biological data 
for future management of this fishery resource.

Materials and Methods

Study area and sample collection
Specimens were collected during October, 2015by 

electrofishing from the Bara Lake having eutrophic char-
acter, muddy bottom and surrounded by low aquatic veg-
etation. The Bara Lake is located within the administra-
tive boundaries of the town of Kutina (Sisak-Moslavina 
County) in the fishing area of Sava River. Total area of 
Bara Lake is about 0.75 ha with depth varying from 0.5 to 
5 m. The bottom of this lake is muddy except few sandy 
parts in the left side with gentle slope and low depth. The 
physico-chemical parameters of Bara Lake are shown in 
Table 1.

A total of nine species were recorded in this lake among 
which 55% are non-native species and 45% native species. 
The most abundant species was pumpkinseed in this lake 
constituting 50.7% of the total fish abundance. Pumkinseed 
coexisted with five autochthonous species: European perch 
(Perca fluvialitis), Freshwater bream (Abrami brama), 
Roach (Rutilus rutilus), Ray-finned fish (Alburnus arborel-
la), Ide (Leucis cusidus) and Northern pike (Esox lucius) 
and two allochthonous (introduced) species: Pikeperch 
(Sander Lucioperca) and Stone moroko (Pseudorasbora 
perva).
Table 1. Physico-chemical parameters of Bara Lake 
Parameters Values Parameters Values
Temperature (°C) 13.80 NO3

- (mg/l) 0.00
O2 (mg/L) 9.00 CaCO3 (mg/l) 0.00
Conductivity (μS/cm) 35.20 Ammonia MR (mg/l)
pH 7.80 NH3-N 0.00
Free chlorine (mg/l) 0.12 NH3 0.00
Nitrite LR (NO2

-) (mg/l) 0.08 Phosphate LR (mg/l)
Nitrite LR (NO2

- – N) (mg/l) 0.02 PO4
3- 0.27

Nitrate (NO3
- – N) (mg/l) 0.00 P 0.09
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Data collection and analysis
Morphometric and meristic characteristics
The collected specimens were immediately transported 

to the laboratory of Department for Fisheries, Beekeeping, 
Game management and Special Zoology, Faculty of Agri-
culture, University of Zagreb, Croatia with ice and kept in 
frozen condition after measuring length and weight. All the 
specimens were defrosted before further laboratory analy-
ses. The length of different body parts of all specimens were 
measured to the nearest 0.01 mm using measuring board and 
digital slide caliper (absolute digimatic digital calipers, Mi-
tutoyo, Japan) and weighed to 0.01 g accuracy (wet weight) 
with RADWAG Wagi electronic balance (Model-PS 750.
R1). All meristic characters (fin rays and scales and gill rack-
ers) were counted using a stereo microscope (Stemi DV4/
DR, Zeiss, Oberkochen, Germany). Several morphometric 
measures such as total length (TL),standard length (SL),and 
fork length (FL) were estimated for determining the growth 
of different body parts of the fish and compared with the 
head length and total length of the body as percentage (Hile, 
1948). Fork length (FL) was calculated from standard length 
using conversion factor (Carlander, 1977): 

SL = 1.04FL/1.25. 

For all individuals the vertical (VMO) and horizontal 
(HMO) mouth openings were measured to the nearest 0.01 
mm to determine mouth area (MA) using the following for-
mula (Erzinietal, 1997; Karpouzi & Stergiou, 2003): 

MA = 0.25π × (VMO×HMO).

Length-weight and length-length relationship
The relationships between lengths of different body parts 

of the fish were derived using linear regression. The data 
were subjected to statistical analysis by fitting length-weight 
relationship following Le Cren (1951) and the growth model 
was expressed as 

W = aLb, 
where W = weight in gm, L = length in cm, a = a constant 
being the initial growth index, and b = growth coefficient.

Age determination and growth performance
Five to six well-developed scales were removed from 

the body portion in between the lateral line and dorsal fin 
of each specimen. The scales were then cleaned and com-
pressed with two glass slide s for age determination. The 
number of completely developed annual rings (annuli) was 
counted and both the scale radius (S) from the focus to the 
end of the scale and annual increments (from the focus to the 
annuli) were measured from photographs taken by Dino-Lite 

Digital Microscope PR0 with magnification- 10x~50x, 200x 
(AM413T). The relationship between total length (TL) and 
scale radius (S) was calculated by the linear regression: 

TL = a + bS. 

Back-calculated lengths at each year with growth marks 
were estimated using the Fraser-Lee equation (Francis, 
1990):

Li = a + (TL-a)×(Si/S),

where Li is the total length of the individual at growth mark i, 
TL is the total length at time of capture, Si is the length between 
scale focus to growth mark i, S is scale radius and a is the inter-
cept on length axis of the linear regression between TL and S.

Overall growth performance index (ǿ) was interpreted by 
the growth index (Munro & Pauly, 1983): 

ǿ = log (K) + 2 log (L∞), 

which is derived using von Bertalanffy parameters 
where K is the rate at which ultimate length, L∞ is approached.

Statistical analysis
Regression coefficient, coefficient of determination, 

power curve relation and significance test(at 5% significance 
level) was estimated following MS Excel program.

Result

Morphometric and meristic measures
The pumpkinseed is a deep-bodied species with a very small 

mouth. The head is large occupying about one fourth of the total 
body length. The dorsal fin is long, unbranched and fused with 
10 spiny and 10-12 soft rays elongated from the operculum to 
the frontal caudal peduncle. The pelvic fin is comprised of one 
spine and five soft rays and anal fin has three spine and 9-12 
soft rays. The long pectoral and caudal fin comprised of 10-14 
and 18-20 fin rays respectively. The length and depth of caudal 
peduncle are 4-9.5 mm and 6.5-16 mm respectively. There are 
31-39 scales in a lateral line with 5 scales above- and 10-12 
scales below lateral line. The length of first gill arch (left side, 
out part) was found as 7-12 mm with 7-10 gill rakers (Table 4).

The mean length and weight of the pumpkinseeds were 
found as6.61±1.14cm and5.23±2.51 gm respectively in Bara 
Lake. The standard length, head length, post dorsal length, 
pre-dorsal length, pre-pectoral length, pre-pelvic length, pre-
anal length were found as 76.95%, 28.39%, 17.80%, 31.83%, 
26.36%, 31.80% and 60.15% of the total length of the fish 
respectively (Figure 1a). Moreover, dorsal head length, head 
width, head height, eye diameter, snout length, post-orbital 
length, and inter orbital width were found as 51.79%, 42.22%, 
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68.36%, 34.48%, 25.00%, 47.97% and 29.33% in relation to 
the head length of the fish respectively (Figure 1b).

Relationship between length-weight and different 
body parts

Relationship between mouth area and total length
The mouth area was ranged from 0.18 to 0.77 cm2 with 

the mean of 0.46 cm2 and were exponentially related to the 
total length (MA = 0.040e0.356TL; r2 = 0.855) for pumpkinseed 
(Figure 2).

Length-weight and length-length relationship
The regression equation of length-weight relationship 

was estimated as Log W = 3.138 Log TL – 4.366 and r2 = 
0.991 (Figure 3). The obtained linear relationship between 
length and weight was highly significant (P = 0.00). Howev-
er, the growth model for this species based on length-weight 
relationship was determined as W = 0.013L3.14withr2 = 0.991 
(Figure 4) following hypothetical lengths.

Regression equation of length-length relationship be-
tween the total length and standard length, the total length 
and fork length, the standard length and fork length as well as 
the total length and head length was found as SL = 0.772TL 
+ 0.010; r2 = 0.991 (P = 0.03), FL = 0.928TL + 0.012; r2 = 
0.991(P = 0.00), SL = 0.832FL + 9E-14; r2 = 1(P = 0.00) 
and HL = 0.292TL-0.053; r2 = 0.926 (P = 0.00), respective-
ly. Highly significant linear relationships (P < 0.05) between 
the above mentioned measurements were observed in this 
study. Determination coefficients (r2) of the length-length re-
lationships of pumpkinseed in the present study were ranged 
between 0.991 and 1, which indicate a good match between 
the data points (Figures 5 – 8).
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Figure 1. Morphometric measures of pumpkinseed  
in relation to the a) total length and b) head length  

of the fish in percentage
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Table 2. Length and weight at age of pumpkinseed in Bara Lake
Age Group LengthMean

(cm)
Lengthmax

(cm)
Lengthmin

(cm)
Weightmean

(g)
Weightmax

(g)
Weightmin

(g)
1 + 5.35±0.91 7.20 4.0 2.74±1.72 6.70 1.10
2 + 7.01±0.74 8.45 4.9 5. 90±1.92 10.25 1.83
3 + 7.73±0.39 8.30 7.5 7.98±1.46 10.12 6.90

10

8

6

4

2

0

T
L

 (
c
m

)

0.250.200.150.100.05

S

TL = 18.995 S + 3.856

r   = 0.5502

Figure 5. Relationship between total length (TL) and 
standard length (SL)

Figure 8. Relationship between total length (TL)  
and head length (HL)

Figure 9. Age distribution of pumpkinseed in Bara Lake

Figure 10. Relationship between total length (TL) and 
scale radius (S)



218 Momotaz Khanom , Muhammad Abdur Rouf, Nazmul Ahsan, Noman Siddiqui and Tea Tomljanović

Age structure and growth 
The collected individuals were grouped into three age 

groups: 1 +, 2 + and 3 +. The dominant age group was 
two years’ old (2 +) fish in the catches accounting for 
60%whereas the least in number at the oldest age group 3 
+ in the investigated lake (Figure 9). The maximum length 
and weight of the individual were estimated as8.45cm and 
10.25 g respectively at age group 2 + though the highest 
mean length and mean weight was found at the age group 
3 + (Table2).

The scale radius (S) was linearly related to total length for 
pumpkinseed and the regression equation was TL = 18.995S 
+ 3.856 (r2 = 0.55) and are shown in Figure 10. 

The intercept of the regression was used to back calcu-
lation of length at age of each year (Table 3). The highest 
growth rate in length (5.16 cm) was obtained in the first year 
of life and decreased in the subsequent years. The oldest age 
group of the individuals were revealed 3 + in the investigated 
lake with lowest growth rate (mean back-calculated value = 
0.71 cm and observed value = 0.72 cm) (Table 3).

There were no significant differences between the 
mean back-calculated and observed length at any group (P  

=  0.3619). The value of growth coefficient, K is 0.723 and 
the theoretical age at length, t0(-0.407yr) were derived from 
the Von Bertalanffy plot (Figure 11).

Discussion

The total length of the pumpkinseed found in the Sava 
River was recorded as 5.95±24.44 cm (Sumer et al., 2005). 
According to McAllister and Coad (1974), the dorsal fin of 
pumpkinseed has 9 or 10 spines and 11-13 soft rays and the 
anal fin has 3 spines and 10-12 soft rays that support the 
present study. Erk’akan (1983) depicted specimens of the 
pumpkinseed fish from the Ipsala drainage canals in Edirne 
with 10 spines and 11-12 soft rays in dorsal fin and 33-36 
scales on a lateral line (Table 4). 

Jakovlic & Treer (2001) estimated morphometric traits of 
pumpkinseed populations from gravel–pit Vukovina in Cro-
atia with standard length 81%, fork length 95%, head length 
26% of total length and eye diameter 33% of head length 
which is consistent with those of the present investigation. 
While stream pumpkinseed pectoral fins were longer than 
those of Lake Pumpkinseed, in most other cases the length 
and width of the fins was greater in the lake fish. Anal and 
dorsal fin heights were greater in lake fishes of both species, 
and all fin sizes (pectoral, pelvic, anal and dorsal) were larger 
in the lake dwelling rock bass (Brinsmead & Fox, 2002). 
Mouth areas were highly exponentially significant related to 
total length that agrees the findings on this species of Bobo-
ri et al. (2006). Mouth morphology plays an important role 
in foraging ability, resource exploitation and consequently 
on fish diet (Stergiou & Fourtouni, 1991; Labropoulou & 
Markakis, 1998; Karpouzi & Stergiou, 2003).

Fish are said to be isometric growth when length in-
creases in equal proportions with body weight for con-
stant specific gravity. Regression co-efficient for isomet-
ric growth is ‘3’ and the values greater or lesser than ‘3’ 
indicate allometric growth. The growth co-efficient (3.14) 
of the present study derived from regression equation of 
length-weight relationship is higher than the theoreti-
cal value of 3 which indicates that pumpkinseed of Bara 
Lake tends to become relatively fatter or have more girth 
as it grows longer and shows allometric growth. There-
fore, it can be said that the surrounding environment is 
suitable for better growth of this species. Similar positive 
allometric growth obtained by Domagala & Kondratowicz 
(2006); Uzunova et al. (2008); Giapis (2003) supports that 
of the present study. However, a variation in slope(b) may 
occur due to species variation, difference in environmental 
factors, sex variation etc (Joadder, 2009).The asymptot-
ic length (8.45cm) obtained in the present study was less 
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Table 3. Mean back-calculated total length (cm) at each year
Mean back-calculated total length (cm) at each year:
Age at capture L1 L2  L3
1 + 4.79
2 + 5.18 5.93
3 + 5.51 6.13 6.74
Mean 5.16 6.03 6.74
Annual growth increments 5.16 0.87 0.71
Observed length (cm) at age (year) 1 + 2 + 3 + 
Mean 5.35 7.01 7.73
Annual growth increments 5.35 1.66 0.72
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compared to the mean value of this parameter established 
in other European populations and native ranges of North 
America (Copp et al., 2002; Tandon, 1977)most probably 
due to short lived pumpkinseed observed in Bara lake. In-
deed, the rate at which L∞ is reached is slower for long lived 

species and higher for short lived species (Wootton, 1998). 
However, the estimated K value was higher most likely as 
a consequence of establishing the juvenile stage, age 2 + 
and short samples of the population in Bara lakethan that 
reported for other introduced populations for pumpkinseed 

Table 4. Some morphometric and meristic measures of pumpkinseed in Bara Lake
Measure or count Value of present study

Mean ± SD Ranges
Reference 

value
References 

Total length (cm) 6.61±1.14 4.0–8.45 11.70;
 5.95

Sasi & Balik, 2003
Sava river (Sumer et al., 2005) 

Standard length (cm) 5.11±0.88 3.2–6.7 9.60;
5.09–13.77

Sasi & Balik, 2003;
Brinsmead & Fox, 2002

Length of dorsal fin (mm) 10.77±1.81 7–14 – –
Dorsal fin base length (mm) 22.43±4.78 13.5–31 38·9–40 Brinsmead & Fox, 2002
Pectoral fin length (mm) 16.39±3.21 9–21.5 23.2–27·19 Brinsmead & Fox, 2002
Length of pelvic fin (mm) 12.32±2.24 7–15.5 15·60–17·78 Brinsmead & Fox, 2002
Length of anal fin (mm) 12.50±2.32 8–16.5 13·16–15·85 Brinsmead & Fox, 2002
Anal fin base length(mm) 10.41±2.15 7–14.7 17·71 Brinsmead & Fox, 2002
Caudal fin length (mm) 14.77±2.74 8–20 –
Depth of caudal peduncle (mm) 6.99±1.45 4–9.5 10·53 Brinsmead & Fox, 2002
Length of caudal peduncle (mm) 11.97±2.28 6.5–16 –
Dorsal fin rays* X   11 X   10–12 X  11

X  12  
Sasi & Balik, 2003; McAllister & Coad, 1974

Anal fin rays* III  10 III  9–12 III  10 
III  11  

Sasi & Balik, 2003;
McAllister & Coad, 1974

Pectoral fin rays 12±0.94 10–14 – –
Caudal fin rays 19±0.40 18–20 – –
Pelvic fin rays I   5 I   5 – –
Scales on Lateral Line 35.34±1.79 31–39 49

35–44
Sasi & Balik, 2003

McAllister & Coad,1974
Scales above Lateral Line 4.09±0.31 4–5 – –
Scales below Lateral Line 11.34±0.62 10–12 – –
MA (cm2) 0.46 0.18–0.77 0.24–0.92 Bobori et al., 2006
Length of the first gill arch (mm) 10.5±1.45 7–12 – –
Number of gill rakers (left side, outpart) 7.9±0.89 7–10 – –

*Roman numbers and numerals indicate numbers of spiny and soft fin rays respectively

Table 5. Growth parameter (L∞: asymptotic length, cm; K: growth coefficient, yr-1; t0: hypothetical age at zero length, 
yr; tmax: maximum recorded age, yr; ǿ: overall growth index) estimates for pumpkinseed from Bara lake and other Eu-
ropean and North American Lake/reservoirs
Lake/reservoirs Sex ** L∞(cm) K(yr-1)   t0(yr) tmax(yr)   ǿ Reference
Kerkini reservoir* C 19.4   0.152   -0.52 8 1.76 Giapis (2003)
Kerkini reservoir* M 26.7 0.088   -1.04 7 1.80 Giapis (2003)
Kerkini reservoir* F 19.9 0.133   -0.76 8 1.72 Giapis (2003)
Tavropos reservoir* C 11.9 0.506 -1.67 3 1.85 Bobori, et al. (2006)
European populations C 12.8(SL) 0.265 - 8 3.64 Copp et al. (2004)
North American Populations (Native) C 16.86 (SL) 0.232 - 10 3.82 Copp et al. (2004)
Bara lake C 8.45 0.723 -0.41 3 1.71 Present study

* Located in Greece
** M – Male; F – Female and C – Combined sex
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in Europe and native North America (Copp et al., 2004) al-
though overall growth performance, ǿ was approximately 
similar to that of individuals of some reservoirs in Greece 
and lower than native populations (Table 5).

The pumpkinseed found in Bara lake is short-lived spe-
cies with a typical high growth rate in the first years of life 
that agrees the findings of Carlander (1977) and Copp et al. 
(2002) (Table 3). Adult growth rates and asymptotic length 
(L∞) of introduced European populations, relative to native 
North American populations, may be lower due to the result 
of higher reproductive effort associated with the colonization 
of new ecosystems (MacArthur & Wilson, 1967).

Copp et al. (2004) reviewed some information on growth 
of pumpkinseed in its native North American and introduced 
European ranges to compare somatic growth. He found the 
lowest (3.7 cm) SL at age 2 in Cottesmore Pond (England) in 
introduced European ranges and highest (10.4cm) in water 
bodies of Delware, USA of its Native American ranges for 
juvenile growth rate. He reported that the growth rate among 
distant populations may significantly differ and found that 
the adult growth rate was faster in North American (native) 
populations than that of European ones (introduced).

The maximum reported age (10 yr) for the species was 
observed from the native water bodies such as Pennsylvania, 
USA (Carlander, 1977) and8 yr of age in introduced regions 
such as Kerkini reservoir in Greece (Giapis, 2003) and Divor 
reservoir in Portugal (Brabrand & Saltveit, 1989). In con-
trast, short lifespan was reported for several pumpkinseed 
populations from different type of water bodies and geo-
graphical latitudes to reach3yr in Western Greece (Bobori 
et al., 2006) as similar to that of the present study;4yrin Bul-
garia (Uzunova et al., 2008) and 5yr in Poland (Domagala 
et al., 2016). In the findings of Bobori et al. (2006) the three 
age classes of the pumpkinseed found from Tavropos reser-
voir and other areas of their Greek distribution had almost 
equal number of individual which corroborates the present 
study. The back-calculated lengths of pumpkinseed reported 
as 8.7 cm, 10.0 cm and 10.7cm for first, second and third 
year for Tavropos reservoir (western Greece) by Bobori et 
al. (2006) was higher than those of the present study. Similar 
higher back-calculated lengths were reported by Neophitou 
& Giapis (1994) for Odra River (Poland) and Kerkini Res-
ervoir (Greece). Opposite scenario ie.,lower back calculated 
lengths were reported for Tapada Pequena Reservoir (Portu-
gal) by Godinho & Ferreira (1996) compared to the results 
of the present study. However, annual growth pumpkinseed 
populations in Bara Lake were approximately similar to the 
findings obtained by Gutikrrez-Estrada et al. (2000).

Individuals of younger age groups (1 + and 2 + ) pre-
vailed among caught fishreported for the waters of Spain(-

Gutierrez-Estrada et al., 2000), England (Villeneuve et al., 
2005), Bulgaria (Uzunova et al., 2008), and Czech Republic 
(Konečná et al., 2015) that agreed with prevalence of age 
group 2 + in the investigated lake of the present study.

Conclusion

The small number of age groups attendant with small 
size of pumpkinseed indicates that these are recently invad-
ed population in Bara Lake considering the early stages (2 
+ age group) of population establishment. Relatively high-
er growth coefficient as well as positive allometric growth 
of pumpkinseed in this lake compared to other introduced 
and native regions indicates expressive abilities of adapta-
tion, resistance and reproduction of the species in the new 
environment. However, data on allochthonous pumpkinseed 
is limited to few populations in water bodies of Croatia, so 
further study and monitoring is frequently required to inves-
tigate their distribution, growth, reproduction and ultimately 
impact assessment on aboriginal species in ecosystems.
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