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Abstract: 	 The length-weight relationships (LWR) were estimated for five endemic fish species from Lake Prespa, 
including Rutilus prespensis, Chondrostoma prespense, Barbus prespensis, Alburnus belvica and Squalius 
prespensis. The a and b parameters and the condition factor were calculated using the measurements for 
length and weight. According to FishBase, this study provides the first LWRs for some of these species 
(no data is available for R. prespensis, C. prespense and S. prespensis). As for B. prespensis and A. blevica, 
only data for specimens from Small Prespa Lake are available.
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Introduction
Many studies have emphasised the significance of 
establishing length-weight relationships (LWRs) 
in fish. They offer details about the fish’s physi-
cal traits and overall well-being, growth patterns, 
and environmental conditions. Because of this, the 
length-weight relationship and its parameters have 
important applications in fish biology, fish ecology, 
and fisheries management (Le Cren 1951, Froese 
2006). LWRs can be used to determine the weight 
and estimate the biomass associated with a specific 
length (Froese 1998). Length-weight relationships 
can differ in various aspects regarding season (Le 
Cren 1951, Bobori et al. 2010, De Giosa 2014), re-
gion variations within the same species (Tsoumani 
et al. 2012), feeding regimes (Datta et al. 2012), 
physiological factors such as maturity and spawn-
ing, or changes in environmental conditions (Fro-
ese 2006). The relationship between length and 
weight also enables the calculation of condition 
indexes. Fulton’s Condition Factor (K) is a means 

for comparing the weight and length in a particular 
fish sample and can indicate differences related to 
sex, season, or place of capture (Ricker 1975). The 
values for the condition factor have been interpreted 
from the point of various biological features, such 
as fish health, feeding intensity, or gonadal develop-
ment. The expression of the length-weight relation-
ship and the measurement of changes in condition 
are two rather different but interconnected aims in 
analysing length-weight data (Le Cren 1951). 

Lake Prespa is a mesotrophic water body lo-
cated on the Balkan peninsula and is shared by three 
countries: North Macedonia, Albania, and Greece. 
This lake belongs to the watershed of the river Crn 
Drim that flows into the Adriatic Sea (Popovska & 
Bonacci 2007). There are a total of 25 fish species 
identified in Lake Prespa, of which 13 are native, 
and 12 are introduced at different times in history 
(Ilik-Boeva et al. 2017). Out of the 13 native spe-
cies, 8 are endemic and found only in this lake or 
its watershed (Spirkovski et al. 2012). The native 
and endemic fish species are under constant pres-
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sure and competition with the alien fish species with 
well-established lake populations (Pietrock et al. 
2022). However, regardless of the uniqueness of the 
Lake Prespa ecosystem, its high level of fish ende-
mism, and all the challenges that the fish fauna has 
to endure, there are very few LWR studies. 

This study aimed to investigate the length-
weight relationships of five fish species from Lake 
Prespa, including Rutilus prespensis Karaman, 
1924; Chondrostoma prespense Karaman, 1924; 
Barbus prespensis Karaman, 1924; Alburnus bel-
vica Karaman, 1924 and Squalius prespensis 
Fowler, 1977. These species are members of the 
Cyprinidae family and are endemic to Lake Prespa 
and its watershed (Kottelat & Freyhof 2007). It is 
worth mentioning that none of the investigated spe-
cies from Lake Prespa have encoded LWR data in 
FishBase (Froese & Pauly 2023).

Materials and Methods
Specimens of the mentioned fish species were col-
lected in Lake Prespa at four sampling locations 
designated in Figure 1. The sampling occurred dur-
ing campaigns in different months throughout 2020-
2022. A total of 3094 specimens were sampled using 
gillnets with mesh sizes of 16, 18, 22, 24, and 26 
mm knot to knot. At dusk, the nets were placed in 
the lake’s littoral zone and remained in the water for 
approximately 12 hours. Following the lifting and 
cleaning the nets, the fish were immediately identi-
fied and divided by species. The taxonomy of the 
fish species was applied according to Kottelat & 
Freyhof (2007). Total length (to the nearest 1 mm), 
measured from the tip of the snout to the end of the 
caudal fin, and body weight (to the nearest 0.1 g) 
were measured using a ruler and laboratory scale, 
respectively. The function W=aLb was applied for 
the estimation of the LWR (Ricker 1975), where W 
indicates the total body weight in grams(g), L is the 
total body length in centimetres (cm), a and b are the 
coefficient and the exponent of the arithmetic form 
of the length-weight relationship, and the intercept 
and slope of the regression line of the logarithmic 
form of that relationship (Froese 2006). Linear re-
gression of the logarithmic form of the LWR was 
used to estimate the values for a and b (logw = loga 
+ b(logl)), 95% confidence intervals of the parame
ters, and the statistical significance of the regres-
sion relationship (r2). The parameter b serves as an 
indicator of the type of growth of the fish. When 
b=3, it indicates isometric growth, in which weight 
increases as the cube of length. When b>3, the fish 
grows in weight at a greater rate than required to 

maintain constant body proportions, and vice versa 
when b<3 (Ricker 1979). To determine whether the 
b value differed significantly from 3, a t-test at the 
significance level of 0,05 was used. From the values 
for weight and length, Fulton’s condition factor was 
calculated for every fish using the standard formula 
K = (W / L3) x 100 (Ricker 1975).

Results
For each of the examined species, the sample size, 
minimum and maximum lengths, weights, values for 
the a and b parameters with their 95% confidence 
limits, and the coefficient of determination r2 are all 
listed in Table 1. Figure 2 shows the LW plot for 
each of the fish species.

The parameters a and b values fell between 
0.0083 and 0.0231, and 2.6979 and 3.31374, respec-
tively. Barbus prespensis showed negative allometric 
growth (b<3, p=0.05), Rutilus prespensis showed 
positive allometric growth (b>3, p=0.05), while Al-
burnus belvica, Chondrostoma prespense, and Squa-
lius prespensis showed isometric growth (b=3). Only 
A. belvica, with 0.7581, had a lower r2 value than the 
other studied species (above 0.9). The condition fac-
tor was also determined, ranging from 0.95 for C. 
prespense to 1.23 for R. prespensis (Table 2).

Discussion
LWR data for Lake Prespa fish are scarce, and there 
is a gap in knowledge regarding this topic. No data 
was available in FishBase for the fish species from 
Lake Prespa (Froese & Pauly 2023). We presented 
the first LWR description for B. prespensis from 
Lake Prespa, with previous data only available for 
specimens from Small Prespa Lake (Crivelli et 
al. 1996). There are available data for A. belvica, 
C. prespense, R. prespensis and S. prespensis from 
Lake Prespa (Tsoumani et al. 2012, Milosevic & 
Talevski 2016) and Small Prespa Lake (Bobori et 
al. 2010), but they are not presented on FishBase.

According to Froese (2006), the parameter b 
values for teleost fish should fall in the 2.5 < b < 
3.5 range, and our findings match that estimate. Us-
ing the LWR data for 1773 species, Froese (2006) 
showed that 90% of the values for parameter a fell 
between 0.001 and 0.05. All fish species in our 
investigation displayed values that fell within this 
range. The regression models for R. prespensis and 
C. prespense are in line with the data presented for 
these fish species from Small Prespa Lake (Bobori 
et al. 2010) with positive allometric and isometric 
growth, but not with the available data from Lake 
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Prespa, where Milosevic & Talevski (2016) pre-
sented negative and positive allometric growth for 
these species, respectively. Our results for parameter 
b showed that A. belvica has isometric growth, which 
is in agreement with previous data from Lake Prespa 
(Milosevic & Talevski 2016) but not with the data 
from Small Prespa Lake presented by Bobori et al. 
(2010), which showed positive allometric growth. 
Depending on the season, the population, or annual Ta
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Fig. 1. Map of Lake Prespa and the location of the sam-
pling sites
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environmental variations, there can be significant 
within-species variations in length-weight relation-
ships (Froese 2006). We found isometric growth for 
S. prespensis, a result also presented in the avail-
able data for this fish species from Lake Prespa and 
Small Prespa Lake (Milosevic & Talevski 2016, 

Bobori et al. 2010). Fish LWR variations may be 
caused by several factors, including sample size and 
length range, fish age and sex, gonad maturity, feed-
ing intensity, season, and environmental conditions 
(Froese 2006). However, not all of these variables 
were considered in the current study.

The results for the condition factor showed val-
ues around 1 (Table 2). A good fitness for fish species 
is assumed when condition factor values are equal or 
close to 1 (Jisr et al. 2018). We couldn’t find any pre-
viously published data regarding the condition fac-
tor for the species in question. The Fulton condition 
factor assumes that the investigated fish is growing 
without any change of form (b=3) (Le Cren 1951, 
Froese 2006), but it is the most popular and widely 
used condition factor in ichthyological research. 

Our study gave the first LWR description for 
Barbus prespensis from Lake Prespa and offered an 
update on the previous LWR data for the remaining 
fish species. Nevertheless, despite the scientific and 
commercial importance of the Lake Prespa fish, we 
can say that LWR investigations regarding these spe-
cies are lacking. Lake Prespa fish species have mul-
tiple challenges to face, such as loss of habitat and 
spawning grounds because of the water level decrease 
in the lake, water pollution from the surrounding agri-
cultural areas, and competition with the growing alien 
fish species that have well-established populations in 
the lake. This kind of research and data is of great 
importance and will contribute to fishery research and 
management and species conservation. Moreover, 
our study can provide valuable data for FishBase, 
in which none of the investigated species from Lake 
Prespa have an LWR description presented.
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