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Abstract

Fish length-weight relationships (LWR) are essential for estimating biomass and assessing fish population health. This
study examined the LWR and condition factors (K) of seven commercial fish species caught along the Romanian Black
Sea coast between March and November 2023. A total of 4,698 individuals were analyzed, with the most abundant
species being Engraulis encrasicolus (2,248 individuals) and Atherina boyeri (810 individuals). The LWR parameters
varied: the intercept "a" ranged from 0.0034 (Trachurus mediterraneus) to 0.0134 (A. boyeri), and the slope "b"
ranged from 2.7 (A. boyeri) to 3.32 (T. mediterraneus). The coefficient of determination (1) ranged from 0.72 to 0.957.
Growth was isometric for 4 species, negative allometric for 1 species, and positive allometric for 2 species. Condition
factors (K) indicated suboptimal health (K < 1) for most species, except Neogobius melanostomus (K = 1.3) and Mullus
barbatus (K = 1.09). These results are valuable for future fisheries management and conservation efforts.
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INTRODUCTION

This study presents current data on the length-
weight relationships for seven fish species
caught at the Romanian Black Sea Coast and
provides LWR, for the first time, for Atherina
boyeri in the Romanian Black Sea Coast (GSA
29). Other studies have also been conducted on
the length-weight relationship at Romanian
Black Sea Coast (Radu et al., 2013; Paun et al.,
2019a; Paun et al., 2019b; Paun et al., 2021;
Paun et al.,, 2024), at the Turkey Black Sea
Coast (Ak et al., 2009; Bengil & Aydin, 2020;
Calik and Erdogan Saglam, 2017; Demirhan &
Can, 2007; Gozler & Baytasoglu, 2022; Kalayc1
et al, 2007, Karadurmus & Aydin, 2022;
Kasapoglu and Diizgiines 2013; Onay &
Dalgig, 2021, Ozdemir & Duyar, 2013;Tiirker
& Bal, 2018a; Tiirker & Bal, 2018b; Van et al.,
2019), at Bulgarian coast (Yankova et al.,
2010; Yankova et al., 2011; Yankova, 2014;
Yankova et al., 2020), in the Mediterranean Sea
(Sangun et al. 2007;), Marmara Sea (Daban et
al., 2020; Keskin & Gaygusuz, 2010), Aegean
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Sea (Kapiris & Klaoudatos, 2011) and other
regions (Kale et al., 2023; [lhan and Sar1, 2015;
Innal & Engin, 2020), but in these studies the
samples were obtained from stationary
uncovered pound nets and pelagic trawl. The
present study provides the LWRs and condition
factors for seven commercial species:
Engraulis  encrasicolus (Linnaeus, 1758),
Sprattus sprattus (Linnaeus, 1758), Atherina
boyeri (Risso, 1810), Trachurus mediterraneus
(Steindachner,  1868),  Mullus  barbatus
(Linnaeus, 1758), Neogobius melanostomus
(Pallas, 1814), Mesogobius batrachocephalus
(Pallas, 1814), collected along the Romanian
Black Sea Coast.

The LWR 1is an important tool in the
assessment of fish stocks and populations. It is
used to estimate the weight for a given length
and reflects the welfare of individual fish
(Froese, 2006).

Thus, this study presents updated data of
length-weight relationships and body condition
factors for seven commercial fish species
collected along the Romanian Black Sea Coast.



MATERIALS AND METHODS

The samples were collected on the Romanian
Black Sea Coast within fishing periods of
March-November 2023. The samples were
collected bimonthly from uncovered stationary
pound nets along the Romanian coastline
starting with the months of April-May when the

nets are installed and until October-November
when they are removed due to adverse weather.
Samples were also collected during pelagic
trawl expeditions carried out both in spring
(March-April) and in autumn (September-
October) with the research vessel Steaua de
Mare 1 within the National Fisheries Data
Collection Program (Figures 1 and 2).

Figure 1. Sample collected from uncovered stationary
pound nets from Tabara Navodari (original photo)

Fish specimens were moved to the laboratory
and total length, total weight and sex was
recorded (Figures 3 and 4). The fish species
sampled were: A. boyeri (810 individuals),
M. barbatus (230 individuals), S. sprattus (724
individuals), E. encrasicolus (2248
individuals), T. mediterraneus (540

Figure 2. Sample collected from pelagic trawl
(original photo)

individuals), N. melanostomus (100
individuals), M.  batrachocephalus (46
individuals).

Based on the sampling locations, a map of the
study area was created from which samples
were taken, both from uncovered nets and from
pelagic trawl (Figure 5).

Figure 3. Measuring total length of individuals from
Gobidae family (original photo)

The length-weight relationship (LWR) was
calculated using the formula (Pauly, 1984):

W =aTL? (1)
where:
W - the total weight of the fish (g);
TL - the total length of the fish (cm);
a - a constant;
b - the allometric coefficient (Froese, 2006).
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Figure 4. Laboratory analyses from individuals of
Gobidae family (original photo)

The parameters a and b were calculated by
functional regression. The b value for each
species was tested by t-test at the 0.05
significance level to verify that it was
significantly different from isometric growth
(Beverton & Holt, 1957; Froese, 2006). It is
well known that values of b provide
information on fish growth; when b = 3, the
growth is isometric, when the value of b is



higher and less than 3, weight is allometric,
(positive allometric if 5>3, negative allometric
if 5<3) (Ricker, 1975). The coefficient of
determination (r?) and the confidence limits

(95% CL) were used as indicators of quality for
parameters a and b (Froese, 2006; Froese et al.,
2011).
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Figure 5. Sampling map (Made by Dragos Niculescu, NIMRD “Grigore Antipa”)

Fulton’s condition factor was calculated with
the formula:

K = (W/L%) * 100 )
where: W is the fish body weight, in g, and L is

the fish total length, in cm (Froese, 2006).
The statistics were made in R Studio.

RESULTS AND DISCUSSIONS

In the present study, a total of 4,698 individuals
belonging to seven different fish species were
analysed to estimate the LWR’s parameters.
Length-weight relationships were presented in
Figure 6. The sample size (N), length range,
mean length, weight range and mean weight
were presented in Table 1. The most specimens
sampled were from E. encrasicolus species
(2248), and the fewest from M.
batrachocephalus species (46). Total length
ranged from 6 cm in S. sprattus to 29.3 cm in
M. batrachocephalus. The total weight ranged
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from 1.17 g in E. encrasicolus to 262 g in M.
batrachocephalus.

In Table 2, the parameters of the length-weight
relationship (a and b), the confidence intervals
95% CI, the coefficient of determination (12),
the P value for t-test comparing differences for
isometric growth, growth type and the Fulton
body condition index (K) were estimated. The
exponent b values ranged from 2.7006 (in A.
boyeri) to 3.3256 (in T. mediterraneus). The
coefficient of determination 1> varied between
0.72 (in A. boyeri) and 0957 (in N.
melanostomus). Also r* values were >0.90 in
four species. Regarding the growth type four
species showed isometric (E. encrasicolus, S.
sprattus, M. barbatus, M. batrachocephalus) (b
= 3, P > 0.05), two species showed positive
allometric patterns (7. mediterraneus, N.
melanostomus) (b > 3, P < 0.05) and only one
species, 4. boyeri showed negative allometric
pattern (b < 3, P <0.05). The lowest value of K



was recorded in S. sprattus (0.63), and the
higher value 1.3 in N. melanostomus. M.
barbatus and N. melanostomus showed a good
relative condition body (K>1). The b values in
the seven species sampled fell within the
anticipated range of 2.5 to 3.5 (Carlander,
1977).

In Table 3 comparatives studies in different
regions regarding the length-weight relation-
ship for the seven fish species were presented.
In T. mediterraneus, b value is similar to that
one found on the Bulgarian Black Sea coast by
Yankova et al. (2010) and Yankova (2014).
Also, the value of 1 is higher than 0.9 on the
Bulgarian Black Sea coast and the sizes and
weights of the individuals are similar. The
growth in 7. mediterraneus is of positive
allometric type in the present work. In contrast,
Sahin et al. (2009) found a lower value of b
(2.9552) on the Turkish Black Sea coast.

The value of the parameter b in M. barbatus is
<3 and is similar to those found by Kalayc et
al. (2007) on the Turkish Black Sea coast and
Daban et al. (2020) in the Sea of Marmara, but
different from those found by Tiirker & Bal
(2018a), Onay & Dalgi¢ (2021), Demirhan &
Can (2007) and Gozler & Baytasoglu (2022),
also on the Turkish Black Sea coast (b>3). The
value of the coefficient of determination r? in
M. barbatus is >0.9 as in all other studies,
except in the study carried out by Daban et al.
(2020) in the Sea of Marmara, where 1°<0.9.
We observed that the maximum length and
weight of red mullet differ in the other studies,
being smaller on the Romanian Black Sea coast
compared to the Turkish Black Sea coast or the
Sea of Marmara.

In S. sprattus, the value of the parameter b is
<3 and is similar to those found by Kasapoglu
and Diizgiines (2013) and Kalayci et al. (2007)
on the Turkish Black Sea coast but different
from those found by Tiirker & Bal (2018b) on
the Turkish Black Sea coast and Daban et al.
(2020) in the Sea of Marmara (b>3). The value
of the coefficient of determination r* in S.
sprattus is >0.9 as in the studies carried out by
Kasapoglu & Diizgiines (2013), Tiirker & Bal
(2018b) on the Turkish Black Sea coast but
differs from those reported by Keskin &
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Gaygusuz (2010) in the Sea of Marmara, where
12<0.8. Also the lengths of individuals in the
Sea of Marmara are much smaller than in the
other studies carried out in the Black Sea.

The value of the parameter 5 in
E. encrasicolus is <3 as in the other studies
carried out on the Turkish Black Sea coast and
in the Mediterranean Sea but differs from the
study carried out by Kapiris & Klaoudatos
(2011) in the Aegean Sea where the value of
b>3. The value of the coefficient of
determination 12 in S. sprattus is <0.9 as in the
study carried out by Kalayci et al. (2007), but
differs from the other studies where r>>0.9 on
the Turkish Black Sea coast, the Aegean Sea
and in the Mediterranean Sea. Sangun et al.
(2007), in the study carried out in the Northern
Mediterranean Sea found higher values of total
length and total weight in anchovies than in the
other studies.

In the research conducted, we did not find
studies regarding the length-weight relationship
for A. boyeri in the Black Sea, therefore we
compared the data with the studies found in
other regions.

The value of the parameter 5<3 and the growth
type is negative allometric as in the studies
conducted by Kale et al. (2023) in Atikhisar
Reservoir, {lhan & Sar1 (2015) in Marmara
Lake and Innal & Engin (2020) in Demirkoprii
Dam Lake, but it differs from the study
conducted by Keskin & Gaygusuz (2010) in
Marmara Sea, where b>3 and showed a
positive allometric growth. The values of
minimum length and minimum weight in the
present study are higher than in the other
studies conducted.

The value of b in M. batrachocephalus is <3 as
in the studies carried out by Demirhan & Can
(2007), Ak et al. (2009) and Calik & Saglam
(2017) on the Turkish Black Sea coast, but
differs from the study by Bengil & Aydin
(2020), where 5>3. The value of the coefficient
of determination r* in this study is <0.9 and
differs from the other studies on the Turkish
Black Sea coast where 1>>0.9. The values of the
length and total weight of the specimens
measured in the present study were higher than
in the other studies carried out.
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In N. melanostomus both the value of >3 and
the coefficient of determination r>>0.9 are
similar to those found in other studies on the
Turkish Black Sea Coast, only in the study
conducted by Ak et al. (2009), the value of
1>0.9. The specimens measured in the present
study are somewhat smaller than those from the
Turkish Black Sea Coast.

LWR parameters (a and b) can differ due to
various factors such as the method of sampling,
duration of sampling, preservation techniques,
salinity, sex, temperature, seasonal timing,
maturity stage, diet, stomach content, sample
size, and environmental or seasonal influences
(Bagenal & Tesch, 1978; Wootton, 1990;
Ricker, 1975). None of these factors have been
considered in the present study.

In fisheries, understanding the length-weight
relationship is important for setting fishing
quotas and ensuring sustainable practices.

CONCLUSIONS

Sprat, anchovy and horse mackerel are highly
demanding and invaluable fish species for
human consumption in Romanian area.

The biological parameters presented in this study
help researchers compare them with those from
other similar studies and establish the length-
weight relationship for 4. boyeri for the first
time on the Romanian Black Sea Coast.

More studies conducted over a longer period,
as well as a larger number of specimens are
required to help improve the species length-
weight relation.

By comparing LWRs across different species, we
can monitor changes in growth patterns, which
may reflect environmental factors like food avai-
lability, water temperature, and habitat quality.
Deviations from typical LWRs can by signal
problems such as overfishing or pollution.
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