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Abstract. Recent morphological and genetic studies on the genus Barbus in the Danube basin area (Kotlík et 
al. 2002) have led to division within the Barbus petenyi species complex and description of a new species, 
Barbus balcanicus. As a contribution to a better understanding of ecology of this newly described species, 
during 2007 authors studied the age structure, growth rate and sexual dimorphism in the population from the 
Ilova River basin. The overall sex ratio in the population was close to expected 1:1. Age estimation of 
captured specimens identified males aged 0-2 years and females aged 0-3 years. Length and weight change 
over age shows that there is no difference in growth rate between males and females. The population age 
structure suggest that females live longer (3+) than males (2+), thus explaining the sexual dimorphism in the 
body size. Males reach sexual maturity at around 67 mm of the total length (TL) and females at 
approximately 82 mm TL. Mean condition factor (Kmean) for all age classes is high (~1.2-1.3) and shows similar 
values. The results from unpaired two-tailed t-tests for all 26 morphometric characters show statistically 
significant differences between males and females (p<0.001). However, when comparing the morphometric 
ratios, 9 out of 28 have shown statistically significant differences (6 ratios with p<0.001; 3 ratios with p<0.005). 
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Introduction 
 
The genus Barbus contains more than 20 species 
(Kottelat & Freyhof 2007) of which many have 
broad distribution, but some species in the Medi-
terranean region have very narrow distribution 
area and are endemics (Tsigenopoulos et al. 1999, 
2002, Tsigenopoulos & Berrebi 2000, Machordom 
& Doadrio 2001). Even though there is still a lack 
of data about the ecological characteristics of 
many European barbels, they are separated into 
two ecophenotypic groups: rheophilic (riverine) 
group which contains smaller species (total body 
length TL = 20-25 cm), and fluvio-lacustrine type 
which includes larger species (total body length 
TL > 50 cm) (Tsigenopoulos et al. 1999). 

Formerly classified as Barbus petenyi, the large 
spot barbel, now recognized as Barbus balcanicus, 
was recently described by Kotlík et al. (2002). It is 
a small rheophilic species with widespread distri-
bution in the mountainous area of the Danube 
(rivers Sava, Drina, Archar, Krupaja, Nera and 
Vlašina Lake), the Adriatic (river Soča) and the 
Aegean (rivers Gallikos, Vardar, Loudias and Ali-
akmon) basins (Tsigenopoulos et al. 2002, Kottelat 
& Freyhof 2007, Marić et al. 2012). Recent genetic 
studies revealed that B. petenyi complex comprises 
at least three species which have separated during 

Pliocene (Kotlík & Berrebi 2002). B. balcanicus was 
described as one of those three species based on its 
unique genetic and morphological characteristics 
(Buonerba 2011). It inhabits mountainous and 
submountainous streams and rivers, rarely lakes 
and accumulations, of the Dinaridic massif on the 
Balkan Peninsula. Beside the Danube basin, con-
specific populations were recorded in the Isonzo 
River basin (Adriatic drainage) in Italy and Slove-
nia, and in rivers of the Aegean Sea drainage in 
the north Greece (Kotlík & Berrebi 2002, Tsi-
genopoulos et al. 2002). Similar to other barbel 
species (Britton & Pegg 2011), it is a demersal spe-
cies that lives in fast and moderately fast streams 
with gravel bottom, usually retaining in riffles and 
waterfalls. During the spawning season (May to 
July) B. balcanicus migrates to the upper parts of 
the stream searching for waterfalls and faster well 
oxygenated currents to spawn. More detailed data 
on the environmental characteristics of individual 
populations of this species are very scarce, and for 
the Croatian area, until now, practically non exis-
tent. Observations on morphological characters 
highlight conformation features of the species or 
subspecies in a given geographical area revealing 
any differences in terms of body size (Bănăţean-
Dunea et al. 2009). On the other hand, these data 
are important for understanding the species life 



Ecology of Barbus balcanicus in central Croatia 
 

159

cycle, describing its ecological valence, and accu-
rate determination of the population state, which 
is the basis for defining the level of vulnerability 
and proposing measures for its protection. There-
fore, the aim of this study was to gather informa-
tion on the environmental characteristics and life 
cycle of the large spot barbel in Croatia, as a con-
tribution to a better understanding of this species 
and a basis for comparison with its conspecific 
populations. 

 
 

Materials and methods 
 
The study was based on a sample of 77 individuals of the 
large spot barbel caught at five locations on the Ilova 
River and its tributaries in the central Croatia (Fig. 1). The 
ecological characteristics of the Toplica River (locations A 
and E) are a winding water flow through the forest and 
distinct changes in the depth of the flow, while the bot-
tom is covered with pebbles and mud. The terrain is 
sloped, allowing rapid water flow, and the roots and 
stumps from the surrounding trees create hidden holes 
where the fish can dwell. Similar ecological features are 
present on location B (Rijeka River), except that the sub-
strate consists of smaller sized pebbles, less mud and 
slower stream flow. The fish are dwelling in deeper holes 
(the maximum depth of 1 meter), sheltered by the tree 
stumps and roots. The substrate at location F (Rijeka 
River) consists of a mud and sand combination, the ter-
rain is quite laid and thus the water flow is much slower. 
Location C (Ilova River) is situated below the dam that 

 
 

Figure 1.  Map of Ilova river drainage with locations 
where Barbus balcanicus was found. 
 
 

regulates the water flow to nearby ponds. Typical sub-
strate ingredients of the Ilova River are sand and mud, 
but the bottom substrate beneath the dam is anthropo-
genically altered due to paved coastal access and residual 
stone blocks that reduce the river width. Beside the large 
spot barbel, 35 fish species from 10 families (Jelić et al. 
2009) were recorded in the Ilova River. 

Gender of every specimen of the large spot barbel 
was determined by gonad inspection. Age class was de-
termined by collecting 10 scales from the anterior part of 
each fish between the lateral line and dorsal fin. Annuli 
(growth zones) on the scales were counted on the micro-
film projector and their thickness was measured in mi-
crometers.  

Altogether 26 morphometric characters (Fig. 2; modi- 
fied from Lampart-Kałužniacka & Heese 2000, Domagała 

 

 
 

 

Figure 2.   Diagram of measured morphometric characters. Abbreviations: TL, Total length; SL, Standard length; 
Lc, head length; pan, distance between the snout and anal aperture; pA, preanal distance; pV, preventral dis-
tance; pP, prepectoral distance; pD, predorsal distance; Van, distance between the ventral and anal fin;  
lpC, length of caudal peduncle; lD length of dorsal fin base; lA, length of anal fin base; lC, length of caudal fin 
base; lP, length of pectoral fin base; lV, length of ventral fin base; P-V, distance between pectoral fin base and 
ventral fin base; P-A, distance between pectoral fin base and anal fin base; H, maximum body height;  
hco, maximum head height; h, minimum body height; laco, maximum body width; lac, maximum head width; 
io, interorbital distance; prO, preorbital distance; poO, postorbital distance; Oh, horizontal diameter of eye. 
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& Kirczuk 2004, Corsini et al. 2005, Szlachciak & Stra-
kowska 2010, Takács 2012) were measured on each 
specimen with a caliper of 0.1 millimeter accuracy. For 
weight determination a digital scale with precision of 0.1 
gram was used. In addition, the ratio between 19 mor-
phometric characters (Lc, pan, pA, Van, pV, pP, pD, lpC, 
lD, lA, lC, lP, lV, P-V and P-A) and a standard body 
length (SL), the ratio between 8 morphometric characters 
(hco, h, laco, lac, io, Oh, prO and poO) and maximum 
body height (H), and the ratio between the maximum 
head width and the maximum body width (lac/laco) 
were calculated. 

Fish growth was determined from the length-weight 
relationship expressed by curve interpolation: W = aSLb 
(W = fish weight in grams, a = intercept on the x-axis, SL 
= standard fish length in millimeters, b = exponent of the 
arithmetic form of the weight–length relationship and the 
slope of the regression line in the logarithmic form). Coef-
ficient b was used to describe the growth of barbel popu-
lation in the Ilova River basin. The R2 value (coefficient of 
determination), which reveals how the assessed value on 
the curve fits the data (Treer 2008), was obtained by curve 
interpolation. The curve is more reliable as the R2 is closer 
to the theoretical value of 1. 

Fish condition is calculated on the basis of fish body 
length and weight, using the mean condition factor 
(Kmean). Kmean represents the mean condition factor for a 
given length derived from the respective weight–length 
relationship (Froese 2006), making it suitable for compari-
son of different populations of the same species. The 
equation used to calculate mean condition factor is: Kmean 
= 100aLb-3 (Clark 1928; Kmean = mean condition factor, L = 
total fish length in cm, a = coefficient of the arithmetic 
weight–length relationship and the intercept of the loga-
rithmic form, b = exponent of the arithmetic form of the 
weight–length relationship and the slope of the regression 
line in the logarithmic form). Condition factor below 0.7 is 
considered to be low, and above 0.9 is high (Ricker 1975).   

All data on morphological characters (except for in-
dices of these characters) were log-transformed prior to 
statistical analyses. We used an unpaired two-tailed t-test 
and analysis of covariance (ANCOVA) to test for sexual 
size dimorphism. The analyses were performed in PAST 
ver. 2.16 (Hammer et al. 2001). 
 
 
Results 
 
Gonad inspection of 77 specimens showed 36 
males (47% of the total number of individuals), 35 
females (45% of the total number of individuals) 
and 6 juveniles (8% of the total number of indi-
viduals). Males mature at a minimum size of 67 
mm and females at a minimum size of about 82 
mm. Females on all stations are larger than males 
in all measured parameters. Males and females 
differ significantly in all morphometric features (p 
<0.001), as well as in 9 morphometric ratios 
(pan/SL, lA/SL, lC/SL, lP/SL, lV/SL, PA/SL,  

 
 

Figure 3.  Length distribution of Barbus balcanicus  
by sexes. 

 
 

 
 

Figure 4.  Box-Whisker plot of sexual dimorphism  
of standard length (SL) in Barbus balcanicus. 

 
 

Oh/H, h/SL, Oh/SL; p <0.001). 
Figure 3 shows the total body length classes 

by gender. Males are generally much smaller than 
females, which was also confirmed by the Box-
Whisker plot (Fig. 4). The highest number of males 
is in the length class between 101 – 110 mm TL, at 
which the number of females is just starting to 
grow. Only 3 males are in the length class above 
120 mm TL, and they do not exceed a total length 
of 140 mm. Unlike them, most of the females are 
bigger than 120 mm and are deployed in 131 – 140 
mm TL length class. The two largest recorded fe-
males are 198 and 196 mm TL, whilst the TL of the 
lowest recorded specimen is 57.22 mm. Number of 
females and males is the highest in the middle 
length classes (121 – 160 mm TL for females, and 
81 – 120 mm TL for males), and then more or less 
regularly decreases to the highest and lowest 
length classes. 

Standard length (SL) and weight (W) diagram  
of 77 specimens of large spot barbels describes 
population growth (Fig. 5). Coefficient b, calcu-
lated from the length-weight relationship, for both 
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males (b = 2.914) and females (b = 2.925) is ap-
proximately equal to the theoretical value of 3. R2 
value for both males (R2 = 0.96) and females (R2 = 
0.98) is very close to the theoretical value of 1, 
which indicates that the estimated values on the 
curve fit the data. 

One-way ANCOVA of SL and body weight 
comparison showed statistically significant differ-
ence between males and females (F = 169.9, 
p<0.001). On average, males of the same or very 
similar SL weighted more than females (Fig. 6). 

The age structure of the population (Fig. 7) co-
incides with the results collected from morpho-
logical measurements. Correlation of age and 
standard body length results in overlap among 
age classes for both males and females (Fig. 8). 
Such results can be expected if we assume that all 
individuals in the population are not equally effec-
tive in exploiting the ecological niche. 

Growth of B. balcanicus (Fig. 9) is defined as 
continuous and individuals grow throughout their 
entire life. Also, it is evident that males and fe-
males have similar growth rates (Fig. 9). However, 
the age structure of the population indicates that 
females live longer (3+) than males (2+) which ex-
plains the sexual dimorphism in body size (TL, SL, 
H, etc.; see Table 2). 

The average values of mean condition factor 
(Kmean) for various age groups of large spot barbels 
ranges from 1.19 to 1.28 (Table 1). Kmean for females 
is the largest in group 1+ and decreases with age, 
while for males Kmean is higher in the 2+ age group. 

 
 

Discussion 
 
The large spot barbel inhabits the upper parts of 
the Ilova River and its tributaries Rijeka and Top-
lica. Stations situated near the spring and at the 
highest altitudes (A, E, and B) are categorized as 
the transitional upper part of the barbel zone into 
trout zone, which is evident by the physical pa-
rameters of the flow (large pebbles, faster water 
flow). Station F (Rijeka River), situated at a lower 
part of the barbel zone, is characterized by a 
slower stream flow and a mixture of sandy-
muddy bottom. Station C on the Ilova River is an 
example of how the anthropogenic influence cre-
ates characteristic microphysical conditions. A 
dam located on that station conditions forming of 
the lacustrine part of the river with the muddy 
bottom, in which limnophilic fish species are 
prevalent (Rhodeus amarus (Bloch 1782), Alburnus 

 
 

Figure 5.  Length-weight relationship  
in Barbus balcanicus. 

 
 

 
 

Figure 6.  Oneway ANCOVA of standard length (SL) and 
weight (W) of Barbus balcanicus: males (black dots),  
females (red crosses) (F = 169.9, p<0.001). 

 
 

 
 

Figure 7.  Age classes in Barbus balcanicus. 
 
 

alburnus (Linnaeus 1758), Carassius gibelio (Bloch 
1782), Cobitis elongatoides (Bacescu & Maier 1969)). 
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Figure 8.  Age vs. standard body length (SL) relationship of Barbus balcanicus: a) males and b) females. 
 

 

      
 
 

Table 1.  Mean condition factor (Kmean) in recorded  
age groups of Barbus balcanicus. 

 

Age Gender TLmean (cm) Wmean (g) Kmean 
F 12.14 24.17 1.28 1+ 
M 10.35 13.71 1.19 
F 14.99 43.37 1.27 2+ 
M 12.01 21.80 1.22 

3+ F 17.53 67.88 1.24 
 
 
Below the dam, the river has a faster current flow, 
with bottom mostly made of concrete blocks, 
stones and sand, providing good conditions for 
rheophilic species (Stojkovic et al. 2013) such as B. 
balcanicus, Squalius cephalus (Linnaeus 1758), and 
Sabanajewia balcanica (Karaman 1922).  

Population structure analysis of the large spot 
barbel from the Ilova River drainage has showed  
that females are larger than males. These results  

correspond with the data of other studies 
(Movchan & Smirnov 1981, Šumer & Povž 1998, 
Georgiev 2001, Vasiliou & Economidis 2005). 
Males are arranged within a length class between 
61-140 mm TL, and the largest number in the class 
101-110 mm TL. Females show a wider length 
range, which is between 81-200 mm TL, with the 
largest number of females in the class 131-140 mm 
TL. Overall mean body length of all specimens is 
96.80 mm SL, and 116.12 mm TL. The maximum 
total length of the specimens from the Velika Mo-
rava River in Serbia is 228 mm (Šorić 1992 from 
Bănărescu & Bogutskaya 2003). Bănărescu and 
Bogutskaya (2003) also indicated that specimens 
up to 300 mm were recorded. The largest speci-
men caught in this study is 198 mm TL. Compari- 
son of total lengths of specimens from the Ilova 
River with those from literature did not show de- 

Figure 9.  Linear relationship of 
standard body length (SL) and 
scale increment (Stot) in Barbus 
balcanicus. 



Ecology of Barbus balcanicus in central Croatia 
 

163
  

Table 2.  Summary of sexual dimorphism in morphological traits in Barbus balcanicus (in mm): The last 
two columns present the results from unpaired two-tailed t-test for sexual size dimorphism. Statistical 
tests were performed on log-transformed data (except for ratios). 

 

Males (N = 36) Females (N = 35) t-test (df = 69) Measure 
Mean  ± SE Range Mean  ± SE Range p 

TL 101.48±2.59 67.48-137.07 139.30±4.49 82.55-198.00 <0.001 
SL 83.86±2.22 54.18-113.66 117.14±3.88 68.25-165.98 <0.001 
Lc 22.39±0.57 15.48-33.33 31.20±1.16 19.07-48.31 <0.001 
pan 62.61±1.65 40.97-85.97 88.82±3.01 52.81-132.50 <0.001 
pA 65.49±1.75 42.93-91.77 92.02±3.08 54.76-135.74 <0.001 
Van 16.61±0.55 8.76-23.97 24.33±0.91 12.98-36.98 <0.001 
pV 46.24±1.13 30.29-62.85 64.81±2.18 38.81-93.86 <0.001 
pP 22.46±0.58 15.01-32.8 31.40±1.05 19.63-44.27 <0.001 
pD 44.20±1.10 29.04-60.06 61.73±1.98 35.63-86.85 <0.001 
lpC 14.03±0.48 8.77-19.1 19.02±0.63 10.67-26.04 <0.001 
lD 9.65±0.28 6.35-14.36 14.04±0.61 6.56-24.38 <0.001 
lA 5.41±0.19 3.38-8.94 8.60±0.37 3.38-14.26 <0.001 
lC 18.32±0.44 13.08-25.17 22.89±0.60 15.26-32.33 <0.001 
lP 15.97±0.42 10.73-22.16 20.58±0.58 12.17-27.30 <0.001 
lV 13.20±0.35 8.78-18.37 17.57±0.50 10.02-25.54 <0.001 
P-V 25.31±0.67 16.47-34.21 35.98±1.25 20.69-54.95 <0.001 
P-A 44.15±1.18 29.03-60.56 62.98±2.18 35.38-96.80 <0.001 
hco 13.11±0.36 8.63-17.83 18.19±0.64 10.62-27.19 <0.001 
H 17.52±0.53 11.93-24.97 24.62±0.90 14.00-35.01 <0.001 
h 8.87±0.26 6.19-12.71 11.79±0.37 6.32-16.33 <0.001 
laco 11.77±0.34 8.28-16.54 17.27±0.73 9.24-29.34 <0.001 
lac 11.91±0.48 7.34-18.21 17.94±0.86 7.28-27.45 <0.001 
io 6.41±0.23 3.13-8.96 9.20±0.45 3.53-15.35 <0.001 
Oh 4.45±0.07 3.40-5.71 5.27±0.13 3.86-7.56 <0.001 
prO 9.24±0.31 5.78-14.84 13.57±0.56 6.70-21.99 <0.001 
poO 10.29±0.28 7.42-14.34 14.88±0.58 8.57-22.42 <0.001 
mass 13.37±1.01 4-31.8 37.74±3.51 6.60-97.70 <0.001 
Lc/SL 0.268±0.003 0.227-0.301 0.266±0.004 0.170-0.295 0.757 
pan/SL 0.747±0.002 0.719-0.778 0.758±0.003 0.727-0.798 <0.001 
pA/SL 0.781±0.002 0.748-0.811 0.786±0.003 0.732-0.819 0.240 
Van/SL 0.197±0.003 0.139-0.228 0.207±0.002 0.174-0.238 0.010 
pV/SL 0.553±0.003 0.517-0.612 0.554±0.003 0.517-0.581 0.811 
pP/SL 0.269±0.003 0.234-0.301 0.269±0.003 0.234-0.310 0.939 
pD/SL 0.528±0.002 0.502-0.560 0.528±0.003 0.498-0.599 0.977 
lpC/SL 0.167±0.002 0.138-0.187 0.163±0.003 0.116-0.188 0.326 
lD/SL 0.115±0.001 0.099-0.130 0.119±0.002 0.096-0.147 0.089 
lA/SL 0.064±0.001 0.050-0.079 0.073±0.001 0.050-0.086 <0.001 
lC/SL 0.219±0.002 0.198-0.263 0.198±0.003 0.166-0.257 <0.001 
lP/SL 0.191±0.001 0.161-0.202 0.177±0.002 0.136-0.204 <0.001 
lV/SL 0.158±0.001 0.137-0.174 0.151±0.001 0.132-0.178 <0.005 
P-V/SL 0.302±0.003 0.266-0.337 0.307±0.002 0.282-0.331 0.140 
P-A/SL 0.527±0.002 0.499-0.557 0.537±0.003 0.516-0.583 <0.005 
hco/H 0.752±0.010 0.660-0.912 0.744±0.012 0.626-0.898 0.612 
h/H 0.508±0.006 0.444-0.589 0.484±0.008 0.412-0.597 0.013 
laco/H 0.676±0.011 0.562-0.838 0.701±0.013 0.543-0.867 0.148 
lac/H 0.678±0.016 0.410-0.852 0.722±0.017 0.478-0.863 0.061 
io/H 0.366±0.008 0.233-0.444 0.370±0.009 0.221-0.464 0.743 
Oh/H 0.259±0.006 0.199-0.336 0.219±0.005 0.168-0.302 <0.001 
prO/H 0.528±0.008 0.445-0.631 0.551±0.010 0.466-0.680 0.061 
poO/H 0.592±0.009 0.499-0.731 0.607±0.012 0.503-0.772 0.320 
lac/laco 1.011±0.022 0.871-1.373 0.982±0.020 0.788-1.269 0.323 
H/SL 0.209±0.003 0.162-0.233 0.210±0.003 0.163-0.240 0.793 
h/SL 0.106±0.001 0.090-0.114 0.101±0.001 0.088-0.112 <0.005 
Oh/SL 0.072±0.001 0.060-0.086 0.060±0.001 0.050-0.083 <0.001 
prO/SL 0.141±0.002 0.106-0.162 0.147±0.002 0.121-0.180 0.050 

 
 
viation from average value. 

The most numerous age group in the Ilova 
River population is the age group 1+, which 
shows a huge variation of the body length. The 

second most frequent is the age group 2+. Similar 
results on the age structure of the large spot barbel 
were given in a population study from the Gruža 
River (Serbia) by Šorić and Janković (1989). 
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Sex ratio obtained in this study was 1:1, indi-
cating that both sexes in the population are 
equally represented. Vasiliou and Economidis 
(2005) state the ratio of 1.28:1 in favor of males, 
while other studies mention that females are usu-
ally more numerous, and that the ratio increases 
with age in their favor (Movchan & Smirnov 1981, 
Šorić & Janković 1989). Males sexually mature at a 
minimum size of 67 mm, and females at a mini-
mum size of about 83 mm. In the Gruža River 
males mature at a minimum size of 56 mm and 
females at the size of 107 mm (Šorić & Janković 
1989). The highest variability in the growth of both 
sexes is present during the first year of life. At the 
first year of life females are investing more energy 
into growth than in the sexual development and 
sexually mature at larger sizes than males, mostly 
in the 2+ and 3+ age classes. In the study by 
Economidis et al. (2003) males were not recorded 
in the older age classes, which suggests that they 
have a shorter life cycle. Their results coincide 
with the age structure of the population of large 
spot barbel in the present study (Fig. 5). Number 
of females and males was even, and already in the 
oldest age group (3+) there were no males. Šorić 
and Janković (1989) noted that the maximum re-
corded lifespan for males in Gruža was also 3+ 
years. According to Britton & Pegg (2011) females 
of Barbus barbus (Linnaeus 1758) live longer, grow 
faster, and achieve greater lengths compared to 
males. Similar observations on the sexual dimor-
phism in survival and growth of B. balcanicus can 
be derived from the results obtained in this inves-
tigation. 

Monitoring of any fish population requires 
knowledge about the growth of that population. 
Our results show that the growth of the large spot 
barbel in the Ilova basin is isometric, and the fish 
gain evenly both in length and mass. A similar re-
sult (b = 2.97) on the same species in the Gruža 
River in Serbia was obtained by Šorić and Janković 
(1989). Economidis et al. (2003) suggested that the 
body weight increases extensively throughout the 
life, in contrast to the growth in length whose in-
tensity decreases with the age. The greatest vari-
ability in growth of the large spot barbel from the 
Ilova River is present during the first year of life, 
which is in agreement with data obtained by 
Economidis et al. (2003). 

Mean condition factor (Kmean) shows a stable 
value in all age groups. Similar results on the feed-
ing habits of the large spot barbel were obtained 
by Piria et al. (2007) on the Sava River population, 

in which they observed uniform values of Kmean 
among different length classes. The values in their 
study were slightly lower than the ones obtained 
in this investigation, with an average of about 1.04 
to 1.06. Šorić and Janković (1989) also report simi-
lar findings, with the values of Kmean between 1.02 
to 1.21, and the greatest increase in condition fac-
tor in the third (2+) age group. Since a relatively 
small number of age classes is present in this 
study, we cannot accurately conclude whether 
there is any trend present in the condition coeffi-
cient over the years. In addition, there is almost no 
data on the annual growth of this species available 
for possible comparison. In this study, however, a 
condition factor calculated for each age class in 
females was slowly decreasing with age, and was 
lower among individuals in the fourth age group 
than in younger individuals. When comparing to 
females, Kmean for males is lower in all age classes 
and is growing with the age, which could suggest 
differences in the usage of resources for growth 
and reproduction between males and females.  
Mean values of all morphometric characters in 
females are higher, which coincides with the re-
sults of age classes and sexual maturation shown 
in this study, since females have a longer life ex-
pectancy (Movchan and Smirnov 1981, Šorić and 
Janković 1989) and undergo a longer period to 
reach sexual maturity, during which more energy 
is invested in growth (Economidis et al. 2003). 
Analysis of the relationship of morphometric 
characters by gender (Table 2) showed a statisti-
cally significant difference in 9 ratios. The distance 
between the snout and anal aperture (pan) to 
standard body length (SL) ratio and distance from 
the base of the pectoral fin to the base of anal fin  
(P-A) to SL ratio were greater in females than in 
males, which suggests that their anal opening lies 
more caudal on the body. Length of preanal fin 
base (lA) was also greater in females. Conversely, 
the caudal peduncle height (h) and length of cau-
dal fin base (lC), pectoral fin base (lP) and ventral 
fin base (lV) to the SL ratio were higher in males. 
The diameter of the eye (Oh) to the maximum 
body height (H) ratio was higher in males. 
Economidis et al. (2003) state certain morphomet-
ric differences between sexes that include longer 
paired fins and a larger eye diameter in males, 
which were confirmed in this investigation. These 
data also indicate differences in the way of life, 
and perhaps, the use of resources between males 
and females, which should be tested by further re-
search, especially on the diet of the large spot  
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Table 3.  Morphometric characteristics of several populations of Barbus balcanicus from the Danube drainage. 
 (1.- this investigation; 2.- Bănărescu & Bogutskaya (2003); x̄ – mean value). 

 

 Middle Danube - Tisa Middle and lower Danube Middle Danube  
- Drina 

River Ilova¹ Tereblia² Someş² southern Banat² Argeş² Tara, Lim & Ćehotina 
N 77 20 8 13 12 76 

B. balcanicus B. balcanicus B. balcanicus B. balcanicus B. petenyi B. balcanicus 
This investigation Smirnov 1976 Bănărescu 1957 Marić et al. 2012 

 x̄  range x̄  range x̄  range x̄  range x̄  range x̄  range 
SL (mm) 96.80 46.3-165.98 152.30 124.0-181.0 87.60 81.50-98.00 104.30 80.00-166.00 134.50 91.00-120.00 103.81 62.70-188.00 

% SL             
H 20.76 15.04-24.04 21.43 19.40-24.70 20.70 18.70-22.30 21.12 17.40-22.30 19.67 17.80-22.80 22.58 19.60-24.60 
h 10.33 8.83-11.44 9.31 8.30-10.00 9.39 8.60-9.80 10.12 9.10-11.90 9.52 8.80-10.30 11.10 9.80-12.70 

lpC 16.50 11.57-18.84 19.53 18.30-26.70 19.91 18.40-21.20 19.00 16.50-21.10 19.20 17.10-21.00 19.22 17.00-21.20 
pD 52.89 49.80-59.93 51.39 48.20-53.60 51.31 50.00-52.30 50.50 48.90-54.60 50.25 47.70-52.50 52.40 49.50-56.00 
pV 55.43 51.66-61.23 55.83 53.00-57.40 53.90 52.50-57.00 52.58 50.30-54.00 53.25 50.50-54.70 55.23 51.10-58.40 
lP 18.48 13.64-20.64 18.47 15.30-21.20 20.05 18.60-21.00 19.42 17.50-21.90 18.58 16.50-20.60 19.42 17.10-21.20 
lV 15.49 13.24-17.83 14.43 12.60-16.80 17.68 16.80-18.20 15.51 13.60-16.70 15.25 13.60-18.10 18.53 13.70-20.70 
lD 11.63 9.61-14.69 13.15 12.00-15.00 13.25 12.10-14.40 12.13 11.10-13.40 13.12 12.20-14.50 12.52 10.40-14.20 
lA 6.82 4.95-8.59 8.11 7.00-8.90 7.72 7.00-9.00 7.27 5.25-9.00 8.26 7.30-9.10 6.75 4.60-8.40 
lC 21.17 16.56-26.27 26.99 24.30-28.80 27.68 26.30-30.70 26.36 24.80-28.30 25.67 24.40-28.20 - - 

prO 14.23 10.58-17.97 - - 10.99 10.20-12.40 10.48 8.75-11.90 10.80 10.30-11.40 12.07 9.80-14.40 
Oh 6.75 5.03-8.56 - - 4.93 4.60-5.30 4.67 3.82-5.62 3.79 3.20-4.40 4.86 4.00-5.90 

 
 

barbel. 
At the time of spawning large spot barbel 

gathers in shoals and migrates upstream in search 
of favorable habitats (Mrakovčić et al. 2006). This 
behaviour could explain the higher prevalence of 
younger individuals in the investigated sites 
(males maximum lifespan of 2+; females maxi-
mum lifespan of 3+) as compared with the results 
of other authors (Šorić & Janković 1989). Specifi-
cally, individuals from the Gruža River population 
reached the significantly higher total body length 
(> 200 mm), and the oldest specimens entered in 
8+ age group. However, the period of sexual ma-
turity in both males and females of this study co-
incide with their results. These results indicate 
that mostly younger and smaller individuals re-
side on the investigated locations (the upper 
course of the Ilova River and its tributaries), while 
older and larger specimens probably go into the 
lower parts of the basin where the flows are wider 
and deeper, and the availability of larger prey is 
greater. These conclusions need to be confirmed 
additionally by placing research stations in the 
lower course. 

Comparison of morphometric characteristics 
of the Ilova River basin population to populations 
from other rivers in the Danube basin is shown in 
Table 3. Data show that in each population, differ-
ent mean values and range of variation for differ-
ent characters are present. However, as apparent 
from the Table 3, these variations are relatively 
small and the standardized measures revolve 
around the same values. When comparing differ-

ent populations of this species, Bănărescu & 
Bogutskaya (2003) emphasize that there are slight 
differences in only two characteristics: the maxi-
mum body width, ranging from 19.67 to 21.7% SL, 
and the minimum body width with a range from 
8.97 to 10.12% SL. Mean maximum body width 
obtained in this study was 20.76% SL, and the 
mean minimum width is 10.33% SL, which is con-
sistent with the results presented by Bănărescu & 
Bogutskaya (2003). Also, the same morphometrical 
traits of B. balcanicus populations from the three 
tributaries of Drina River (Marić et al. 2012) are 
only slightly higher. Therefore, it can be con-
cluded that there are no visible differences in the 
morphometric characters of compared popula-
tions. Domitrović et al. (2004) measured the mor-
phometric traits of B. balcanicus from the Sava 
River, but their data were not taken into account 
because of too few comparable morphometric fea-
tures (3 out of 8 mentioned in the paper) measured 
in that research. 

These results present the first data on the ecol-
ogy and life cycle of the large spot barbel, B. bal-
canicus, in Croatia. Due to a relatively small num-
ber of individuals caught on some locations, de-
finitive conclusions about the large spot barbel 
population in Croatia could not be made. There-
fore, in order to make definite conclusions the au-
thors propose detailed seasonal sampling includ-
ing the investigation of diet composition and go-
nad development, which were not included in this 
study. 
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