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ABSTRACT

Length-weight relationships (LWRs) are useful for calculating weight based on measurements of length. Here we provide LWRs for 17 species
of fish from the rivers VItava and Elbe in the Czech Republic, Central Europe. The samples were collected by electrofishing from May 2016
to August 2019. There are far fewer LWRs for riverine than lotic fish. All LWRs were significant with r2 values ranging from 0.99 for the
European barbel (Barbus barbus) to 0.95 for European bullhead (Cottus gobio) and with estimated b values ranging from 2.93 in common
dace (Leuciscus leuciscus) to 3.26 in non-native round goby (Neogobius melanostomus). These results increase the data on LWRs for fish in
riverine environments and provides a good tool for managing fisheries and future studies.
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Introduction

Length-weight relationships provide a quantitative de-
scription of the relation between length and weight of in-
dividuals in fish populations, which may be used to deter-
mine biomass and further indices - e.g., condition based
on length distribution data (Ricker et al. 1975; Froese et
al. 2011; Verreycken et al. 2011). An obvious advantage
of LWR is that just by having length measurements it is
possible to estimate weight, thus avoiding further labora-
tory work and not having to kill the specimens. The rela-
tionships provided can also be used to estimate biomass,
when only lengths of fishes are available, e.g. in both rec-
reational and commercial fishing. Growth of fish stocks
depends on various factors, such as species, sex, age and
season (Le Cren 1951; Bagenal and Tesch 1978; Khristen-
ko and Kotovska 2017), but it also differs depending on
habitats and nutritional status of fish in different environ-
ments. LWR equation is W = aLb, where W is the weight
(g), L is the standard length (cm), a is the intercept and b
the slope of regression and an allometric coefficient (Le
Cren 1951; Froese 2006). Despite the many LWR studies
on European freshwater fish, these are mostly for lakes
and hence may differ in terms of the parameter b derived
from the data for the lotic environment. The aim of this
study is to provide LWRs for common European riverine
fishes, for which there are far fewer LWRs (Tsionki et al.
2021). LWR were estimated for 17 species of riverine fish
species collected in the two largest rivers in the Czech
Republic, Vltava and Elbe Rivers.

Material and Methods

Fish were collected by electric fishing powered by
a Honda engine and a LENA generator the output volt-

age of which was 300-600 V (50 Hz) (Bednat, Czech
Republic; https://www.r-bednar.cz/). Fish of a range of
different sizes were sampled from the entire commu-
nity by wading upstream along the shoreline for about
100 metres. These surveys were done from May 2016 to
August 2019.

In total, 1385 individuals belonging to 17 species were
measured and the samples were kept frozen until pro-
cessed in the laboratory. All fish were identified to spe-
cies according to Kottelat and Freyhoff (2007) and their
length (L; cm; nearest to 0.1 cm), wet weight (W; g; near-
est to 0.1 g) measured. The LWRs were calculated using
the least square regression method and 2 (coeflicient of
determination) used as an indication of the robustness
of the relationships (Le Cren 1951; Froese 2006). The
coeflicient of allometry b (i.e. the slope) describes how
the weight of fish (g) scales with body length (cm). The
regression equation for the LWRs is W = aL?, the loga-
rithmic form of which is:

log,, (W) =log,, (a) + blog,, (L)

Curvilinear plots of the length and weight data were
generated and used to check for outliers in the dataset
(Froese 2006). The significance of the regression analyses
was tested using an ANOVA. All statistical analyses were
performed in the software R 4.0.5 (R Core Team 2015).

Results

LWRs were calculated for 17 species of fish, see Ta-
ble 1 for detailed information on sample size, ranges in
length (cm) and body weight (g), LWR parameters with
95% CI of a and b, and coeflicient of determination (r2)
for each species.
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Table 1 Length-weight relationships for 17 species of fish collected from the Vitava and Elbe Rivers, Czech Republic, from May 2016 to
August 2020 (a and b are parameters of the length-weight relationship; Cl confidence interval; N sample size; SE standard error (b); r?
coefficient of determination; L total length; W body weight).

Length (cm) Weight (g) Regression parameters

Species N Min Max Min Max a 95% Cl b 95% ClI r2

Squalius cephalus 261 47 41.2 1.02 1000 0.113 | 0.1179-0.1274 3.121 3.0864-3.1551 0.992
Rutilus rutilus 292 3 28.1 0.22 264.12 | 0.106 | 0.1023-0.1103 3.234 3.1977-3.2706 0.991
Alburnus alburnus 124 25 16.7 0.13 47.31 0.101 0.0942-0.1083 3.158 3.0898-3.2264 0.986
Barbus barbus 72 24 52.7 0.13 1220 0.101 | 0.1218-0.1314 | 3.044 | 3.0112-3.07664 | 0.998
Gobio gobio 136 2.7 17 0.16 50.21 0.126 | 0.1214-0.1298 3.029 2.9924-3.0654 0.995
Leuciscus leuciscus 120 24 25.2 0.22 154.74 | 0.143 | 0.1344-0.1522 2.930 2.8657-2.9936 0.986
Chondrostoma nasus 63 34 45.1 0.32 1160 0.112 | 0.1019-0.1227 3.143 | 3.0760-3.2099 | 0.993
Perca fluviatilis 54 53 29 1.58 27793 | 0.144 | 0.1196-0.1738 3.007 2.8252-3.1884 0.955
Leuciscus idus 32 4.4 44 0.65 980 0.111 0.0928-0.1333 3.221 3.0582-3.3845 0.982
Cottus gobio 51 5.1 10.3 1.72 15.88 | 0.138 | 0.1150-0.1661 3.119 | 2.9095-3.3275 | 0.948
Gymnocephalus cernua 20 0.12 5.2 125 22.66 | 0.123 | 0.1077-0.1567 3.116 2.9130-3.3186 0.983
Neogobius melanostomus 89 0.12 5.1 1.62 17.68 | 0.128 | 0.1165-0.1402 3.255 3.1473-3.3623 0.976
Rhodeus amarus 26 23 6.9 0.12 428 | 0.137 | 0.1249-0.1495 3.108 | 2.9769-3.2398 | 0.989
Abramis brama 1 0.14 1.1 11.36 600 0.138 | 0.0972-0.1957 2971 2.6976-3.2433 0.985
Blicca bjoerkna 10 9.5 385 10.83 860 0.134 | 0.1803-0.1340 3.114 2.8734-3.3539 0.993
Barbatula barbatula 10 0.14 5.9 11.3 10.87 | 0.122 | 0.0935-0.1591 2.988 | 2.6991-3.2771 | 0.986
Pseudorasbora parva 14 0.12 3.8 7.8 479 | 0.120 | 0.1017-0.1407 3.100 2.9392-3.3883 0.987

Discussion

The LWRs presented in this study are for common
European fish within their usual size ranges, except
for round goby (Neogobius melanostomus), which is
a non-native species recently reported in the Czech Re-
public. The coeflicient of allometry (b), reported in this
study varied from 2.92 to 3.25; the latter being the upper
limit for all the species of fish evaluated in this study.

Most of the studies on LWRs have been conducted
in the lakes, whereas studies on riverine species are far
less common. Our results can be compared to a few of
such studies. More specifically, European chub (Squalius
cephalus), common roach (Rutilus rutilus) and European
barbel (Barbus barbus) in rivers across Europe, for which
there are similar b coefficients (Prokes et al. 2006; Ver-
reycken et al. 2011). Although invasive species in West-
ern Europe (Spain, Portugal, and the Middle East), the
Common bleak (Alburnus alburnus) is only occasionally
from lakes (Kleanthidis et al. 1999). The only recent data
on this species in a riverine environment comes from the
tributaries of the Ebro River in Spain, where the values of
b=2.84 and b = 3.05 (Leunda et al. 2006) are lower than
those recorded in our study. We increased the data on the
LWR for gudgeon (Gobio gobio), for which Verrycken et
al. (2011) report the value b as 3.18, which is higher than
our result for this species (b = 3.03). We also recorded the
LWR for common nase (Chondrostoma nasus), for which
there is only a single record for b = 3.04 from the Skadar
Lake (Milosevi¢ and Mrdak 2016). Although there are
several studies on the LWRs of European perch (Perca
fluviatilis), most are for lakes and very few for riverine

habitats (Rajkova-Petrova 2001). Data on the LWR for
European bullhead (Cottus gobio) can only be compared
with results of a study on this species in the Tiber Riv-
er, Italy, which reports a b value of 3.304 (Bevagna et al.
1990).

Despite being an invasive species in Europe and
North America, there is little data on the LWRs of round
goby (Neogobius melanostomus). MacInnis and Corkum
(2000) report the LWR for this species in rivers in the
USA, for which b = 3.0. Finally, our results for the LWR
of silver bream (Blicca bjoerkna) can be compared with
an older study in the Berounka River, Czech Republic
(Hanel 1991), for which b = 3.27.

For lakes, the average value for ruffe (Gymnocepha-
Ius cernua) based on 11 studies 1 is b = 3.17 (Ogle and
Winfield 2009), which is higher than that recorded in this
study (b = 3.12). The value recorded for Abramis brama
in this study is b = 2.97, which is lower than that recorded
in other studies such as in the Marmara region in Turkey
b = 3.25 (Tarkan et al. 2006), or in the Danube Delta in
Romania, where the average value is b = 3.20 (Cernis-
encu and Staras 1992). Older studies on common bleak
Alburnus alburnus in 6 lakes in Greece report an average
b = 3.34 (Kleanthidis et al. 1999), which is higher than
the b = 3.16 recorded in this study. That is, higher b val-
ues are reported for lentic environments than for rivers.

Data for European dace (Leuciscus leuciscus) b = 3.19,
Ide (Leuciscus idus) b = 3.26, ruffe (Gymnocephalus cer-
nua) b = 3.04, stone loach (Barbatula barbatula) b = 3.14
and barbel (Barbus barbus) b = 3.10, are reported by
Verreycken et al. (2011) for Flanders (Belgium) and for
European chub (Squalius cephalus) by Kog et al. (2007).
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Comparison of the parameters b of the above species
studied by Verreycken et al. (2011) indicates that dace
(Leuciscus leuciscus), stone loach (Barbatula barbatula)
and barbel (Barbus barbus) have low values and ide (Leu-
ciscus idus), ruffe (Gymnocephalus cernua) and European
chub (Squalius cephalus; Kog et al. 2007) have high val-
ues.

This study aims to provide data for fisheries regulation
and management of rivers (Kottelat and Freyhof 2007;
Lyach and Cech 2018). The LWRs presented increase the
accuracy of fish biomass estimates for rivers and hence
can serve as a primary source for fisheries and/or future
scientific studies focused on riverine fish communities.
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