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Abstract: 	 The structure and growth of the autochthonous population of Squalius platyceps in the Brestica Stream 
and the allochthonous population of the same species in the Upper Zeta River were studied based on the 
examination of 232 specimens. The mean length was 15.7 ± 5 cm in the Brestica Stream and 18.1 ± 3.8 
cm in the Upper Zeta River. The mean weight was 59.8 ± 44.1 g in the Upper Zeta River and 61.7 ± 55.6 
g in the Brestica Stream. Juveniles (64 %) and the 3+-year age group (38 %) dominated the autochthonous 
population. The 2+-year age group (43 %) and juveniles (48.5 %) prevailed in the allochthonous popula-
tion. The growth rate (a) was 0.22 in the Upper Zeta River and 0.33 in the Brestica Stream. Mean back 
calculated total lengths was from 6.3 ± 1.6 cm to 17.1 ± 3.2 cm in the Brestica Stream. In the Upper 
Zeta River, the mean back calculated total lengths ranged from 7.5 ± 1.6 cm to 22.2 ± 5.6 cm. The study 
contributes to ecological characterisation of S. platyceps in previously unstudied habitats and provides 
baseline data needed for the population management.
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Introduction
The Skadar chub Squalius platyceps Župančić, 
Marić, Naseka & Bogutskaya, 2010 (Cyprinidae: 
Leuciscinae) occurs in inland waters of Albania, 
Montenegro and North Macedonia (Freyhof 2011). 
It is the most translocated fish species in Montene-
gro, being introduced to artificial lakes and small 
ponds as well as to other river basins such as the Piva 
River (Marić 2019). One of the main reasons for as-
sessing fish age is to explain its growth rate, which 
represents the dynamics of the length or weight 
during a certain period. Since the early 1900s, for 
the majority fish species valued in commercial and 

recreational fisheries, scales have been used for age 
and growth assessments (Matta 2018). Squalius 
platyceps from Skadar Lake is a recently-described 
species (Župančić et al. 2010). Its distribution was 
precisely determined (Marić & Milošević 2011). It 
is mainly feeding on vegetation (Marić & Rajković 
2004). It is one of the several species of fish used 
in Montenegrin commercial, sport and recreational 
freshwater fishing (Marić 2018). 

Squalius platyceps is endemic to the Ska-
dar – Drim – Ohrid basin. It has been studied but 
never from point of view of its growth. Indigenous 
lake populations of S. platyceps have been exam-
ined (Krivokapić 2015a, 2015b, 2015c) but little is 
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known about the biology of its populations in river 
systems. Furthermore, its acclimatization in non-na-
tive habitats is completely unknown. It is unknown 
whether there are differences and patterns in the 
growth differing its native and introduced popula-
tions. Many studies indicate that such patterns are 
species-specific, e.g., it has been shown that the 
abiotic environment plays an important role for the 
growth of Carassius auratus (see Marić 1998).

The main objective of the present study is to 
compare the growth patterns of S. platyceps in its 
native and non-native habitats, thus providing in-
formation of fundamental importance and practical 
application.

Materials and Methods
Study area
The Zeta River (Fig. 1) belongs to karst hydrogra-
phy and is the second river in Montenegro in terms 
of water volume. It has great water stratum swings 
and is the biggest sinkhole river in Montenegro. The 
valley of the Zeta River is characterised by paleo-
genic and quaternary sediments (clay and sandy) 
(Radojičić 2008). The length of Zeta River with the 
underground flow is about 89 km; its drainage area 
is 1547 km² (Marković 1990). 

The Upper Zeta River from Nikšić Field dis-
appears into the subsurface and reappears approxi-
mately 5 km southeast in Bjelopavlići Plain to form 
the Lower Zeta River. The water follows a trajectory 
with an altitude difference of 550 m during its sub-
surface flow, which gives an important hydroelectric 
potential (Frankl et al. 2016). The Brestica Stream 
is a tributary of Lower Zeta and its area is character-
ised by layered and banked limestones with radio-
lites, hippurites and red marly limestones (Vujačić 
et al. 2017). The mean temperature of the Zeta River 
from November to May was 10.8°C. From June to 
October, the mean temperature was 17.8°C. The pH 
value ranged from 7.57 to 8.05 and the partial pres-
sure of carbon dioxide ranged from 10−2.8 to 10−2.4 
atm (Živković et al. 2020). Water bodies belonging 
to the Lower Zeta River are characterised to belong 
from good up to excellent water quality class. On 
the other hand, the Upper Zeta River belongs to the 
poor and good water quality classes (Doderović et 
al. 2020). Anthropogenic sources leading to pollu-
tion of the Upper Zeta River include weighty metal 
disposal in insufficiently defended landfills, waste 
disposal, organic and inorganic fertilisers, trash mud 
and coal burning leftovers (Marić & Stanić 2021).

Data sampling and processing
Data from 232 specimens of Skadar chub (S. plat-
yceps) were studied. The specimens were caught 
from two sites located in the upper part of the Zeta 
River (42°30’19.3” N, 19°13’11.3” E) during June 
(spawning period) and one from the Brestica Stream 
(42°48’39.2” N, 18°55’31.1” E) (Fig. 1) during 
April (the end of the pre-spawning period) 2015. 
Specimens were caught by electroshocking with 
200–300 V, 40-Hertz frequencies and one anode. 
The river area where specimens were captured is 
about 150 m long and 5–15 m wide, with a depth 
of 30–100 cm. The collected material was analysed 
on site or immediately frozen (89 specimens were 
returned to the river and 143 were sacrificed).

The total length (cm) of every fish was esti-
mated from the tip of the snout (mouth closed) to 
the extended end of the caudal fin using a measuring 
board (± 0.1 mm). The body weight was noted to the 
closest gram using an electronic balance (± 0.1 g). 
A light microscope was used to count annual rings 
of scales for age determination. The Keyence elec-
tronic microscope was used to measure the distance 
between annual rings for growth calculations. The 
specimens were divided into 46 length groups with 
a range of 5 mm each to estimate the age groups. 
The first group was 5.1–5.5 cm and the last group 
was 27.6–28 cm. In addition, the specimens were 

Fig 1. The position of the Zeta River (x) and approximate 
fish catch locations on the Brestica Stream (1) and the 
Upper Zeta River (2) marked on the map of Montenegro
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divided into weight classes with a range of 20 g each 
starting from the first group (up to 20 g) and ending 
in the last group (261–280 g). 

The estimation of the length growth was calcu-
lated using the formula of Dahl Lea (1910):

li =    
    

where l is the length of the body, S is the length 
of the scales and li and Si are the values in a given 
year. 

The length age ratio is given by Von Berta-
lanffy’s equation (von Bertalanffy 1934, 1938): 

Y = A - Be-eX

where A is an asymptote, B is the section with 
ordinate, e is the current growth rate and X is the 
unit of time. 

A calculation of differences between individual 
groups (females and males) was estimated by a stu-
dent t test according to the following formula: 

t = 
     

          
 

where M1, M2 are mean values and SM1, SM2 
are the corresponding errors of the mean value 
(Mayrat 1970). The absolute and relative growths 
were estimated to characterise a growth rate better. 

The coefficient of determination (R2) was 
used as an indicator of the quality of the regression 
(Scherrer 1984). All the statistical analyses were 
considered at a significance level of 5% or 1% (P < 
0.05 or P < 0.01).

Abbreviations: a.g. – age groups, SD – stand-
ard deviation, SE – standard error, SL – standard 
length, TL – total length, TL(M) – mean value of 
total length, TL1, TL2, TL3, TL4 – mean values of to-
tal lengths by age groups, VBGF – Von Bertalanffy’s 
growth function, W – weight, W(M) – mean weight, 
S. – Squalius.

Results
The sample from the Brestica Stream consisted of 
46 males (31 %), 7 females (5 %) and 95 juveniles 
(64 %). Based on the analysis of the χ2 test, there 
was a statistically significant difference in sex repre-
sentation concerning the theoretically expected ratio 
(1:1) (χ2 = 28.7, d.f. = 1, p < 0.01). The Upper Zeta 
River’s sample consisted of 26 males (29 %), 20 fe-
males (22.5 %) and 43 juveniles (48.5 %). Based on 
the analysis of the χ2 test, there was not a statisti-
cally significant difference in the sex representation 

concerning the theoretically expected ratio (1:1) (χ2 
= 0.78, d.f. = 1, p < 0.01).

The total length of the specimens from the 
Brestica Stream ranged from 6.6 cm to 27.8 cm, 
with a mean length of 15.7 ± 5 cm (mean length ± 
SD). The length class of 9.6–10 cm contained the 
most significant number of specimens (10) (Fig. 2). 

In the Upper Zeta River, the total length of the 
specimens ranged from 9.5 cm to 27 cm (mean length 
18.1 ± 3.8 cm). The three length classes of 14.6–15 
cm, 17.6–18 cm and 21.6–22 cm contained the most 
significant number of specimens (7) (Fig. 3).

The weight of the specimens from the Bres-
tica Stream ranged from 2.9 g to 262 g, with a mean 
weight of 61.7 ± 55.6 g (mean weight ± SD). The 
weight class of 0–20 g contained the most signifi-
cant number of specimens (52) (Fig. 4). 

In the Upper Zeta River, the weight of the spec-
imens ranged 5–230 g, with a mean weight of 59.8 

Fig. 2. TL distribution of 143 specimens of Squalius 
platyceps in the Brestica Stream (2015)

Fig. 3. TL distribution of 89 specimens of Squalius 
platyceps in the Upper Zeta River (2015)
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± 44.1 g. The weight class of 20–40 g contained the 
most significant number of specimens (28) (Fig. 5).

In the Brestica Stream, the 3+ y age group con-
tained the most significant number of specimens 
(52). On the other hand, the 2+ y age group contained 
the most significant number of specimens (38) in the 
Upper Zeta River (Table 1). 

There was a relatively high statistical signifi-
cance (R2 = 0.79) between the total length and age 
correlation for the population in Stream Brestica. 
This suggests that Von Bertalanffy’s model is a rea-
sonable representation of the growth trajectory of 
the S. platyceps population under study. However, 
it is important to note that the remaining 21% of 

Fig. 7. VBGF of 89 Squalius platyceps specimens in the 
Upper Zeta River (2015)

Fig. 6. VBGF of 143 Squalius platyceps specimens in the 
Brestica Stream (2015)

Fig. 4. W distribution of 143 Squalius platyceps speci-
mens in the Brestica Stream (2015)

Fig. 5. W distribution of 89 Squalius platyceps specimens 
in the Upper Zeta River (2015)

Table 1. Age structures of 232 specimens of Squalius platiceps from the Brestica Stream and the Upper Zeta River (2015)

Sites Age group N % W variation (g) W(M) ± SD TL variation (cm) TL(M) ± SD

Stream 
Brestica

1+ 36 25 2.9 - 17.1 10.7 ± 5.1 6.6 - 11.7 9.9 ± 1.7
2+ 51 36 8.1 - 89.3 44 ± 21.8 9.4 - 19.2 15.1 ± 2.3
3+ 54 38 51.4 - 254 106.7 ± 40.1 16.3 - 29 20.2 ± 2.3
4+ 2 1 52.7 - 262 152.1 ± 70.6 17.00 - 27.8 22.4 ± 3.6

Upper 
Zeta 
River

1+ 16 18 5 - 54 22.4 ± 17.1 9.5 - 17 13.1 ± 2.4
2+ 38 43 20 - 120 41.7 ± 24.1 14 - 23.5 16.9 ± 1.7
3+ 28 31 30 - 230 86.9 ± 32.6 17.5 - 27.5 21.1 ± 2.1
4+ 7 8 90 - 215 135 ± 122.7 22.5 - 27 24.1 ± 2.1
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the variation in the data may be due to factors not 
accounted for in our model, such as environmental 
factors or individual variation in growth. 

The growth rate was a = 0.33 which is pre-
sented in Fig. 6. Additionally, the growth is the most 
intense in the first two years, which could be due to 
several factors, such as the availability of food, the 
absence of predators, or favourable environmental 
conditions that facilitate breeding and survival.

In the Upper Zeta River, there was a moderate 
statistical significance (R2 = 0.71) between the total 
length and age correlation. While Von Bertalanffy’s 
model provides a reasonable approximation of the 
growth trajectory of the S. platyceps population, it is 
important to note that there may be other factors that 
contribute to the observed variation in the data, such 
as predation pressure or environmental conditions. The 
growth rate was a = 0.22 which is presented in Fig. 7. 

Mean back calculated lengths in the first year 
ranged from 6.3 ± 1.6 cm for the population in the 
Brestica Stream (Table 2) to 7.5 ± 1.6 cm in the Up-
per Zeta River (Table 3). In the second year, mean 
back calculated lengths ranged from 12.1 ± 2.3 cm 
for the population in the Brestica Stream to 13.2 ± 
1.7 cm in the Upper Zeta River. Mean back calcu-
lated lengths ranged from 17.1 ± 3.2 cm in the Bres-
tica Stream to 18.4 ± 2 cm in the Upper Zeta River 
in the third year. 

Discussion
Our study showed no significant difference in sex
representation in the population of S. platyceps in
the Upper Zeta River, similarly to the results of Rai-
kova-Petrova et al. (2012) for S. cephalus from the
Iskar River, Bulgaria. However, a statistically signif-
icant difference in the population sex structure was 
found in the Brestica Stream. Thus, our results are 
only partially consistent with the above-mentioned 
study. The native S. platyceps population had a sig-
nificantly higher proportion of males than females 
(6.6 : 1). Males are smaller and reach sexual matu-
rity at a smaller size than females, which results in 
a length distribution that is skewed towards smaller 
sizes in Brestica River. Similarly to previous studies 
(Caffrey et al. 2008, Pompei et al. 2011, Sülün et 
al. 2014, Kalkan et al. 2002), we showed that males 
are slightly more numerous than females (1.3 : 1) in 
the Upper Zeta River.

The method of electrofishing resulted in the 
determination of age groups and approximate mean 
values with high precision. It is not known whether 
the age structure of other fish species from Skadar 
Lake was precisely determined in this way. Previ-
ous studies (Stanković & Trivunac 1981, Marić 
2019) have shown that S. platyceps in Skadar Lake 
can grow up to 50 cm and 5.6 kg. We measured a 

Table 2. Back calculated total lengths of 143 specimens of Squalius platyceps from the Brestica Stream (2012–2015)

Markers in the catching time Age and average values for TL (cm)
Generation Age group (M) TL (cm) N TL1 TL2 TL3 TL4

2012 4+ 22.4 ± 3.6 7 5.5 ± 0.9 11.8 ± 3.0 17.1 ± 3.2 -
2013 3+ 20.2 ± 2.7 49 6.3 ± 1.7 12.1 ± 2.3
2014 2+ 15.1 ± 2.3 40 6.5 ± 1.7
2015 1+ 9.9 45

Average values (M) 6.3 ± 1.6 12.1 ± 2.3 17.1 ± 3.2
Absolute growth (cm) 5.9 5.1 3.6
Relative growth (%) 42.9 27.4 16.2

Table 3. Back calculated total lengths of 89 specimens of Squalius platyceps in the Upper Zeta River (2012–2015)

Markers in the catching time Age and average values for TL (cm)
Generation Age group (M) TL (cm) N TL1 TL2 TL3 TL4

2012 4+ 24.1 ± 2.1 7 8.2 ± 2.0 14 ± 2.1 19.2 ± 2.4 22.21 ± 5.6
2013 3+ 21.1 ± 2.1 28 7.5 ± 1.1 13.4 ± 1.7 18.2 ± 1.8
2014 2+ 16.9 ± 1.7 37 7.2 ± 1.5 12.8 ± 1.6
2015 1+ 13.1 ± 2.4 16 7.9 ± 2.1

Average values (M) 7.5 ± 1.6 13.2 ± 1.7 18.4 ± 2.0 22.2 ± 5.6
Absolute growth (cm) 5.8 5.1 3.6
Relative growth (%) 42.9 27.4 16.2
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significantly lower maximum length (27.8 cm) and 
weight (262 g) of S. platyceps. Our results on the 
size are in the agreement with Marić (1998) who 
has found that C. auratus grows significantly fast-
er and achieves higher dimensions in Skadar Lake 
when compared to many Central and Eastern Eu-
ropean localities. In addition, the size of our speci-
mens was significantly lower when compared to the 
size of chub species from the rivers in the region 
(Habeković 1994, Delić 1994). Therefore, a proper 
comparison with previous data is not reasonable. 

According to Tedesco et al. (2009), higher 
water temperatures in river systems lead to fast-
er growth rates and larger maximum sizes in fish 
populations. In their study, Volkoff & Rønnestad 
(2020) showed that temperature might affect food 
digestion and assimilation of fish by increasing di-
gestion and metabolic rates as well as by increasing 
food intake. Our study showed a faster growth rate 
and a larger maximum length of the native S. plat-
yceps population. This may be a result of a more fa-
vourable temperature regime in the Brestica Stream 
because it is located in a subtropical climate while 
the Upper Zeta River in a continental climatic area. 
Additionally, the slower growth of the S. platyceps 
population in the Upper Zeta River could be due 
to higher pollution levels and, consequently, fewer 
concentrations of oxygen (Marić & Stanić 2021; 
see also Pliūraitė et al. 2013). 

Our results on the growth rates are in the agree-
ment with previous studies (Copp et al. 2004, Krue-
ger et al. 1994 & Rypel 2014) demonstrating that 
native fish populations have evolved to be better 
adapted to the specific environmental conditions of 
the river system. These adaptations might be asso-
ciated with the competition, predation and fishing 
pressures as well as with the genetic differences, 
which give them a growth advantage over introduced 
populations. Intensive growth in the first two years 
of life was also documented in studies on other fish 
species, e.g., grayling (Thymallus thymallus) in the 
Kupa River (Sprem et al. 2005). In our study, higher 
growth was shown in the second year than in the first 
year for the native S. platyceps population, which is 
in agreement with Krivokapić (1998). Slightly larg-
er mean back calculated lengths in the introduced S. 
platyceps population were calculated for 2012–2015, 
which can be related with the age structure.

Conclusions
The autochthonous population of S. platyceps in the 
Brestica Stream showed a larger maximum length 
and weight and faster growth than the allochtho-

nous population in the Upper Zeta River. Some of 
the reasons include lower temperatures and levels of 
oxygen in the Upper Zeta River and better adapta-
tion of the autochthonous population. Our von Ber-
talanffy’s model had a relatively high and moderate 
level of fit to the observed data but there was still 
some unexplained variation. Therefore, further stud-
ies in this specific field are required to explain the 
specific factors, which influence the structure and 
growth dynamics of S. platyceps populations and to 
refine the accuracy of the model.
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