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The knowledge of morphological relationships and particularly of those concerning fish body
girth (G) with total length (TL) is necessary in gear selectivity and specifically the technical measures
to avoid capture of undersized individuals. This study concerns 24 marine species exploited by the
small-scale coastal fleet in the Aegean Sea (eastern Mediterranean Sea), for 6 of which, the TL-G
relationships are mentioned for the first time in the Mediterranean Sea and the adjacent seas.
Samples were collected seasonally, from April 2016 to February 2017. The coefficients of the linear
regression of body girth in three body positions, (G,,, posterior to the eye; Gjeqq at the posterior end
of the operculum; G, at the maximum body depth), with the total length were estimated for each
species and for the groups formatted when Gy, Gpeaq and G,,, were plotted against total length for
all the species combined. Statistically significant differences among the three groups were detected
(ANCOVA, P<0.001). Comparison of the total length-body girth relationships for 18 species
previously studied in different geographic areas of the Mediterranean and the adjacent seas, showed
differences mainly with the results from Portuguese waters for certain species populations. Based
on the resulted equations, the maximum girth (G,,,,) corresponding to the Minimum Conservation
Reference Size (MCRS) and to the total length at maturity (L,,) were calculated for each species.
Identified mesh sizes respective to G,,,, values were quite larger than the minimum legal mesh
size for gillnets and the inner sheet of trammel nets, indicating that the relevant current fisheries
regulations cannot meet the requirements for sustainable exploitation of fish resources.

Key words: fish morphology; fisheries management; gillnets; length at maturity (L,,); Minimum
Conservation Reference Size (MCRS); trammel nets

INTRODUCTION

The morphometric relationships of fish pro-
vide basic information on their populations,
since morphology is strongly related to the func-
tional role of a species within a community and

thus, to their evolutionary history (WAINWRIGHT
& REILLY, 1994). The relationship between fish
total length and body girth (LGR) is useful for
the comparison of life history and morphology
among species or populations (SANTOS et al,
2006), the explanation of predator—prey relation-
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ships and the estimation of trophic level (HAM-
BRIGHT, 1991; PAULY, 2000), the determination of
gear selectivity, as both length and girth have
significant effect in the retention of fish by dif-
ferent fishing gears (gillnets: REIS & PAWSON,
1999; FUJIMORI, 2018; trammel nets: SANTOS et al.,
2006) as well as for the estimation of girth from
length measurements, that are easier obtained
onboard and are more readily available (STER-
GIOU & KARPOUZI, 2003).

Despite their importance in fisheries research
and management, studies focusing on total
length - body girth relationships for marine
fish species in the Mediterranean Sea and the
adjacent seas are limited (Greece: STERGIOU &
KARPOUZI, 2003; Portugal: MENDES et al, 2006;
SANTOS et al, 2006; Saudi Arabia /Red Sea:
GABR & MAL, 2018). More often, LGRs are used
as a mean to assess fishing gear selectivity
(FABI et al., 2002; OZEKINCI, 2005; MOUTOPOULOS
et al, 2017; ILKYAZ, 2018), since length-based
selectivity models are justified when a linear
relationship between fish girth and fish length
is established (KURKILAHTI et al, 2002). Occa-
sionally, the estimation of LGRs is included in
morphometric-biometric analyses of single spe-
cies (GARCIA-RODRIGUEZ & ESTEBAN, 1998) and
in the estimation of girth by applying different
models (RAGONESE & BERTOLINO, 1994).

Total length - body girth relationships are
important in fisheries management especially in
the Mediterranean Sea where most fisheries are
managed by controlling the fishing effort and by
technical measures (closed areas and seasons,
minimum landing size, minimum mesh sizes
for nets). A meaningful relationship between
related technical measures (such as gear mesh
size and fish minimum landing size) is necessary
to ensure the effectiveness of any regulation and
fisheries management. In this context, the corre-
lation of the mesh size regulations with the Min-
imum Conservation Reference Sizes (MCRS; in
the EU Regulation 2019/1241 the term MCRS
replaced the term Minimum Landing Size of the
EC Council Regulation 1967/2006) is necessary
aiming towards the reduction of the undersized
(and mostly immature) individuals in the catch.
The MCRS have been defined for a limited

number of species, and in some cases are not in
accordance with their size at first maturity (L,
the length at which 50% of a population are
sexually mature) (LUCCHETTI et al., 2020) indicat-
ing that a large number of undersized individu-
als are being caught by fishing gears (TSIKLIRAS
& STERGIOU, 2014).

The aim of the present study is the estimation
of the LGRs of 24 marine fish species from the
northern Aegean Sea. Based on this information
and by taking into consideration the L, and the
MCRS of each species, we indicate mesh sizes
that would be more appropriate for the multi
gear and multi species coastal fishery of the
area, and could contribute to mitigate the cap-
ture of undersized individuals for some of the
species studied.

MATERIAL AND METHODS

The fish samples used were collected during
a gillnet and trammel net selectivity survey in
the northern Aegean Sea (eastern Mediterra-
nean). The sea trials were carried out seasonally,
from April 2016 to February 2017 onboard a
commercial small-scale fishing vessel. Three
fleets of nets were fished, each made up of
two net-types (trammel and gillnets) mounted
alternately and ten different mesh sizes placed
in random order. The mesh sizes of the gillnets
and the inner sheets of the trammel nets ranged
from 32 to 140 mm stretched mesh (32, 38, 44,
52, 60, 72, 84, 100, 120, 140 mm) while the
outer sheets of trammel nets ranged from 190
to 540 mm stretched mesh (190, 200, 220, 260,
300, 320, 350, 400, 480, 540). Nets were linked
together to form 1000 m long fleets that were
deployed at three depth zones (0-20 m, 20-40
m, 40-60 m), one fleet in each depth zone, as the
coastal fishery in the area usually exploits the
depths from the coastline to 60m. The taxonomy
and nomenclature of the species is according to
FishBase (FROESE & PAULY, 2019).

The total length (TL) and body girth (G) was
measured to the nearest 0.1 cm for all fish spe-
cies. The body girth was measured using a thin
non-elastic thread (monofilament PA twine) that
was afterwards extended on a measuring board.
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Girth measurements were recorded at three posi-
tions along the fish body: the eye girth (Gy.) was
measured just posterior to the eye, the head girth
(Gpeaq) at the posterior end of the operculum and
the maximum girth (G,,,,) at the maximum body
depth (MOUS et al, 1995). For small red scorpi-
onfish Scorpaena notata, black scorpionfish
Scorpaena porcus, greater weever Trachinus
draco and stargazer Uranoscopus scaber, the
Gieaq Was measured at the end of pre-operculum
since the end of operculum coincided with the
maximum girth. All girth measurements were
taken from the same person in order to minimize
the measurement bias. The body positions where
the girths were measured are related to the three
most common ways fishes are caught by gillnets
(BARANOV, 1914): 1) tangled: caught in the net by
maxillaries and teeth, no penetration of fish’s
body in the mesh, ii) gilled: caught behind the
gill cover, penetration of fish head in the mesh,
iii) wedged: caught by a mesh around the body,
penetration of a considerable part of the body in
the mesh.

The total length and body girth measure-
ments were used to calculate the LGRs for
24 species based on a linear regression model
(SOKAL & ROHLF, 1995):

G, =a+bxTL

where Gy is the girth (Geye, Ghead> Gmax) (cm),
TL is the total length (cm) and @ and b are the
intercept and the slope of the linear regression.
The degree of association between the variables
was measured by the determination coefficient
(r?). The standard error (SE) was determined for
the regression parameters a and b.

Whenever the necessary information was
available, a Z-test (KLEINBAUM & KUPPER, 1978)
was applied to compare the slope b of LGRs
of the present study with similar studies in the
Mediterranean Sea and the adjacent seas (Sea
of Marmara, Black Sea, Red Sea, Gulf of Cadiz,
west Portuguese coast), using the general form:

Z = bl _bz/SEbl_bz
SEviv2 =V (SEy,> +SEw?)

where b1 and b2 are the slopes and sey .y, 1S
the standard error of the difference between the

slopes. In the studies where the standard error of
b was not available, the results of other studies
were compared with the confidence intervals
of the present study. In order to investigate
any possible grouping among species, the Geye,
Ghead» Gmax Were plotted against TL for all the
species combined. General G-TL relationships
for each group were estimated for all girth types,
and the existence of statistically significant dif-
ferences of the slopes among the groups of each
girth type was examined (ANCOVA, P <0.001).

To associate the total length -girth rela-
tionships with management actions aiming to
minimize the capture of undersized and imma-
ture individuals, the estimated species-specific
LGR equations were applied to calculate G,
at MCRS (according to EU regulation and the
national legislation) as well as G,,,, at length at
maturity (L,,) that obtained from the literature.
When more than one studies were available,
the median record of L, was used. These G,
values were used to calculate indicative mesh
sizes per species (MCRS mesh size and L,
mesh size). Finally, to identify any inconsisten-
cies among the applied technical measures, the
indicative mesh sizes were associated with the
minimum legal mesh size (20 mm, stretched
mesh for gillnets and the inner sheet of trammel
nets), according to national legislation.

RESULTS

Overall, 3380 individuals representing 24
fish species from 14 families were collected and
used for the calculation of the LGRs for Ggye
(Table 1), Gpeaq (Table 2) and Gy, (Table 3).
The Geye, Gheads Gmax Were plotted against to
TL for each species separately, along with the
respective regression lines (Fig. 1). For six spe-
cies, the snake blenny Ophidion barbatum, the
sand sole Pegusa lascaris, the round sardinella
Sardinella aurita, the brown comber Serranus
hepatus, the U. scaber and the picarel Spicara
flexuosa, the TL-Ggye, TL-Gheaq and TL-Gipax
relationships are calculated for the first time in
the Mediterranean Sea and the adjacent seas.
For additional six species the spotted flounder
Citharus linguatula, the common dentex Dentex
dentex the blackspot seabream Pagellus bogara-
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Fig. 1. Total length (TL, cm)-Eye girth (G, cm), Total length (TL, cm)-Head girth (Gjeaq cm), Total length (TL, cm)-
Maximum girth (G,,,,, cm) relationships per species for the 24 species fished from April 2016 to February 2017 in

northern Aegean Sea, (eastern Mediterranean Sea)

veo, the S. notata, the T. draco and the poor cod
Trisopterus capelanus, the TL-G,y. relationship
is calculated for the first time.

A positive linear relationship between body
girth (G) and total length (TL) was detected for
all the species in all girth types (Gey.: Table 1;
Gieaq: Table 2; G, Table 3). Linear regres-
sions of TL with Geye, Ghead> Gmax Were statisti-

cally significant (P < 0.001) and most r* values
were higher than 0.7, apart from those resulted
for the length-girth regressions of the S. aurita
(in all girth positions), O. barbatum (in Gey,)
and S. hepatus (in Gey,). The highest 1* values
of Geye, Gheads Gmax to TL regressions were
estimated for the common pandora Pagellus
erythrinus (0.968), the D. dentex (0.965) and the
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Table 4. General relationships between total length and girth (G,ye, Gpeaas Guay) for the different groups identified (4, B,
C) according to body shape and results of the ANCOVA for between groups comparison. Gy, eve girth, cm; Gjeuq
head girth, cm; G,,,, maximum girth, cm; n, number of specimens investigated, 1°, coefficient of determination; TL,
total length, cm.

Goye Length-girth equation Y=a+bX I n
Group A Geye=0.7758+0.3017*TL 0.921 756
Group B Geye=-0.1803+0.4439%TL 0.840 1199
Group C Geye=-0.3657+0.6052*TL 0.890 1398
ANCOVA: P<0.0001 % 0.891 F value: 5490
Ghroud Length-girth equation Y=a+bhX r n
Group A Ghead=0. 7206+0.3600*TL 0.932 716
Group B Ghead—-0.1829+0.5170*TL 0.839 1172
Group C Giead=-0.5978+0.7097*TL 0.911 1396
ANCOVA: P<0.0001 1% 0.901 F value: 6004
G opax Length—girth equation Y=a+bX ¥ n
Group A Ginax 0.6146+0.3972*TL 0.912 634
Group B Gax=0.6014+0.5186*TL 0.807 1311
Group C Gax=0.4879+0.7116*TL 0.904 1372
ANCOVA: P<0.0001 r* 0.894 F value: 5580
151 °
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Total length (cm)
©  Boops boops o Citharus linguatula ©  Dentex dentex ©  Diplodus annularis
©  Diplodus vulgaris ©  Merluccius merluccius  ©  Mullus barbatus ©  Mullus surmuletus
©  Pagellus acarne ©  Pagellus bogaraveo ©  Pagellus erythrinus ©  Pegusa lascaris
Species Sardinella aurita ©  Scorpaena notata ©  Scorpaena porcus ©  Serranus hepatus
©  Serranus scriba ©  Spicara flexuosa ©  Spicara maena ©  Trachinus draco

[}

Trachurus mediterraneus  ©  Trisopterus capelanus ©  Uranoscopus scaber

Fig. 2. Total length (TL, cm)-Eye girth (G,,,, cm) relationship for 23 species combined fished from April 2016 to February
2017 in northern Aegean Sea, (eastern Mediterranean Sea)
Group A: Boops boops, Merluccius merluccius, Sardinella aurita, Trachinus draco, Trachurus mediterraneus, Group
B: Citharus linguatula, Dentex dentex, Mullus barbatus, Mullus surmuletus, Pagellus acarne, Pegusa lascaris, Ser-
ranus hepatus, Serranus scriba, Spicara flexuosa, Spicara maena, Trisopterus capelanus; Group C: Diplodus annula-
ris, Diplodus vulgaris, Pagellus bogaraveo, Pagellus erythrinus, Scorpaena notata, Scorpaena porcus, Uranoscopus

scaber.



ADAMIDOU et al: Length-girth relationships of 24 marine fishes in the northern Aegean Sea... 227

201

-
o

Head Girth (cm)

=
o

10 20 30 40
Total length (cm)

©  Boops boops o  Citharus linguatula ©  Dentex dentex ©  Diplodus annularis
©  Diplodus vulgaris ©  Meriuccius merluccius ~ ©  Mullus barbatus ©  Mullus surmuletus
i ©  Pagellus acarne ©  Pagellus bogaraveo ©  Pagellus erythrinus ©  Pegusa lascaris
Spemes Sardinella aurita ©  Scorpaena notata ©  Scorpaena porcus ©  Serranus hepatus
©  Serranus scriba ©  Spicara flexuosa ©  Spicara maena ©  Trachinus draco
o Trachi o Trisopi P o U pus scaber

Fig. 3. Total length (TL, cm)-Head girth (G),..q cm) relationship for 23 species combined fished from April 2016 to Febru-
ary 2017 in northern Aegean Sea, (eastern Mediterranean Sea)
Group A: Boops boops, Merluccius merluccius, Sardinella aurita, Trachinus draco, Trachurus mediterraneus; Group
B: Citharus linguatula, Dentex dentex, Mullus barbatus, Mullus surmuletus, Pagellus acarne, Pegusa lascaris, Ser-
ranus hepatus, Serranus scriba, Spicara flexuosa, Spicara maena, Trisopterus capelanus; Group C: Diplodus annula-
ris, Diplodus vulgaris, Pagellus bogaraveo, Pagellus erythrinus, Scorpaena notata, Scorpaena porcus, Uranoscopus
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Fig. 4. Total length (TL, cm)-Maximum girth (G,,,,, cm) relationship for 23 species combined fished from April 2016 to
February 2017 in northern Aegean Sea, (eastern Mediterranean Sea).
Group A: Merluccius merluccius, Sardinella aurita, Trachinus draco, Trachurus mediterraneus;, Group B: Boops
boops, Citharus linguatula, Dentex dentex, Mullus barbatus, Mullus surmuletus, Pagellus acarne, Pagellus bogara-
veo, Pagellus erythrinus, Serranus hepatus, Serranus scriba, Spicara flexuosa, Spicara maena, Trisopterus capelanus,
Group C: Diplodus annularis, Diplodus vulgaris, Pegusa lascaris, Scorpaena notata, Scorpaena porcus, Uranoscopus
scaber
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common two-banded sea bream Diplodus vul-
garis (0.976), respectively. The slope (b values)
gradually increased from the Gy to the Gy
for all the species (Fig. 1) indicating that G,
increases faster with length than the head girth
and that the Gy, increases slower than all. The
lower b values were estimated for O. barbatum
for the Geye (0.232) and the Gyeyq (0.278) and
for the Mediterranean horse mackerel Trachurus
mediterraneus for the G, (0.369). The higher
b values were estimated for the S. porcus (0.651)
for the Gy, and the annular seabream Diplodus
annularis for the Gy (0.752) and the Gy,
(0.891).

When Geye, Ghead and Gy, were plotted
against TL for all the species combined (except
of O. barbatum because of its dissimilar body
shape), three main groups of species with simi-
lar values were revealed (Geye: Fig. 25 Gpeag:
Fig. 3; G Fig. 4). The general LGRs for each
group of species and girth type are presented in
Table 4. Among the three groups, Group A and C
exhibited the highest r* (~0.9 consistently in the
three LGR relationships), while r? of LGR rela-
tionships in Group B were generally lower (~0.8
in all LGR relationships). Statistically signifi-
cant differences (ANCOVA, P < 0.001) in the
slopes of the general LGRs were found among
the three groups in each girth type (Table 4).

For 18 of the 24 species analyzed in the
present study, LGRs have been estimated previ-
ously in other areas of the Mediterranean and
adjacent seas. The range of the slopes of the
previous estimations, per species and girth type
is presented in Tables 1, 2 and 3. The com-
parison of the slope b from current analysis with
the slopes of previous studies using the Z-test,
showed significant differences for 5 species in
the Mediterranean Sea, and for 11 species in
the Gulf of Cadiz and west Portuguese coast
(Table 5). Specifically, in the Mediterranean Sea
differences detected for D. annularis in TL-G
relationship for all girth types, Mullus surmu-
letus in TL- Gy, and TL-Gy,.g, Boops boops
in TL-Ggye and TL-Gy,eo4, T mediterraneus and
Spicara maena in TL-Gy,q and TL-G,,, Also,
for Merluccius merluccius and Mullus barbatus
the slopes estimated in previous studies were

out of the confidence intervals of the slope
estimated in the present study for TL-G,,,, rela-
tionship. The comparison with the results from
studies in Portuguese waters showed differences
for M. surmuletus, B. boops, T. capelanus, M.
merluccius, D. vulgaris, Pagellus acarne, P.
erythrinus in TL-Gy.g and TL-G,,, relation-
ships; C. linguatula and T. draco in TL-Gygyq
relationship; M. barbatus and D. annularis in
TL-G,.x relationship. Comparing the L, with
the MCRS for the species examined in the pre-
sent study, revealed that for the majority of the
species the L,,, was considerably higher than the
MCRS imposed by European and national legis-
lation (Table 6). For five species (P. bogaraveo,
P acarne, S. hepatus, D. annularis, D. vulgaris)
the MCRS was very close or slightly higher than
the L. The calculated mesh sizes according to
MCRS were consistent with the minimum legal
mesh size (20mm, stretched mesh) for nine spe-
cies (B.boops, C. linguatula, S. aurita, S.scriba
S. flexuosa, S.maena, T. capelanus, T. draco)
considering a retention rate of 1.25. The cal-
culated mesh sizes according to L., were much
higher from the minimum legal mesh size for all
species (Table 6).

DISCUSSION

For all species analyzed in the present study,
the estimated LGRs were linear for all girth
types (Geye: Table 1; Gyeaq: Table 25 Gy Table
3), which is in agreement with the results of
similar studies in the Mediterranean and the
adjacent Seas (SANTOS et al, 1995, 1998, 2006;
GARCIA-RODRIGUEZ & ESTEBAN, 1998; FABI et
al., 2002; CAMPOS & FONSECA, 2003; TOSUNOGLU
et al., 2003; OZEKINCI, 2005, MENDES et al., 2006,
ILKYAZ, 2018). Log-linear relationships were
reported only for D. vulgaris, M. barbatus, P.
acarne, parrotfish Sparisoma cretense, S. maena
and Atlantic lizardfish Synodus saurus in the
Aegean Sea (STERGIOU & KARPOUZI, 2003). The
LGRs estimated in the present study should be
considered as the mean annual values, since
samples were collected on a seasonal basis.
Also, the results are relevant to a certain size
range, not including individuals smaller than 7
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cm in TL, as they depend on the size-selectivity
of the gears/meshes used.

The faster increase of the G, rather than
the Gyeag With the total length (higher values
of slope parameter b), observed for all species
(see Tables 1, 2 and 3), was also in agreement
with the results of the afore mentioned stud-
ies. This could be attributed to the non-uniform
body shape changes, in relation to the body size,
during the growth of a fish (LOY er al, 1998). In
adulthood most fish species experience greater
increase in body depth that can be associ-
ated with the development of internal organs as
well as predation and maturation. The above-
mentioned condition was not observed for D.
vulgaris, M. merluccius, John dory Zeus faber in
the Aegean Sea (STERGIOU & KARPOUZI, 2003),
and M. barbatus, Atlantic mackerel Scomber
scombrus, lesser spotted dogfish Scyliorhinus
canicula, comber Serranus cabrilla in the west
Portuguese coast (MENDES et al., 2006).

The comparison of regression slope b from
current analysis with previous ones from Medi-
terrancan Sea and the adjacent seas, showed
statistically significant differences in the Medi-
terranean Sea, and in the Gulf of Cadiz and west
Portuguese coast. The differences detected in
the Mediterranean Sea could be related with the
fishing gear used during sampling. For example,
the difference reported in D. annularis (FABI et
al., 2002; TOSUNOGLU et al., 2003; OZEKINCI, 2005)
as well as in M. barbatus and M. merluccius
(FABI et al., 2002; TOSUNOGLU et al., 2003) could be
attributed to different gears used for sampling
(bottom trawl in TOSUNOGLU et al., 2003; gillnets
and trammel nets in the present study), and to
the netting material of the gear (monofilament
in FABI et al,, 2002; OZEKINCI, 2005; multifillament
in the present study) used in each study, which
affected the length range used. The difference
reported in B. boops, T. mediterraneus and S.
maena (STERGIOU & KARPOUZI, 2003) could be
the result of the sample size and length range
that were greater than in the present study. The
comparison of LGRs slope values with the stud-
ies from Portuguese waters (SANTOS et al., 1998,
2006; MENDES et al, 2006) can be attributed to
the sample size and length range used for the

estimation of the LGR in the two areas. In the
majority of the cases greater number of indi-
viduals were used and larger specimens were
fished in Portuguese waters. However, these dif-
ferences are not necessarily related to sampling
inconsistencies, since they could be the result
of the generally smaller size, lower longevity
and higher adult mortality rates reported for fish
species in Greek seas (STERGIOU, 2000). Other
factors that may also affect girth and thus LGR
are differences in food availability, feeding rate,
gonad development and spawning period of fish
populations across areas (SANTOS et al, 2006),
elasticity of the netting material and compress-
ibility of the fish body (LUCENA e al., 2000)

Body shape seems to be a key factor that
grouped the different species, when all the girth
types were plotted against TL. The fusiform
or elongated species (B. boops, S. aurita, M.
merluccius, T. mediterraneus, T. draco) formed
a compact group (group A) with low b values
indicating that their girth increases slower with
length. The strongly spherical and the deep-bod-
ied species (S. notata, S. porcus, U. scaber, D.
annularis, D. vulgaris, P. bogaraveo, P. eryth-
rinus) formed a distinct group (group C) with
much steeper slopes (the highest b values), indi-
cating fast increase of girth with length. Group
B, mainly laterally flattened fish, had higher
variability (lower r?> values) and formatted an
intermediate group where girth increases more
proportional to length. The species composition
of each group per girth type was similar to those
reported in the southern Aegean Sea (STERGIOU
& KARPOUZI, 2003). The general regression equa-
tions determined, expressing LGRs based on
the body shape of fish, can be used as empirical
equations when girth data for certain species are
absent.

In the Mediterranean the heterogeneity of
small-scale fisheries as well as their multi
species character pose obstacles to the imple-
mentation of large-scale and across species
management measures. The main management
measures usually followed by the Mediterranean
Sea EU member states are fishing effort control,
and specific technical measures such as spatial
and temporal closures, minimum landing sizes
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(now known as MCRS), minimum legal mesh
sizes for nets and regulation of technical char-
acteristics of fishing gears. The effectiveness of
technical measures and their contribution to the
sustainable exploitation of fish stocks requires
a meaningful relationship between the technical
measure (such as the MCRS) and key population
parameters, such as the size at first maturity, L,
(FROESE et al, 2008). Based on this link, MCRS
has been determined for 21 fish species in the
Mediterranean Sea (EU Regulation 2019/1241).
However, it has been reported that in Europe and
particularly in the Mediterranean Sea the MCRS
of several commercial species are much lower
than their L., (FROESE et al, 2008; TSIKLIRAS &
STERGIOU 2014). This could be attributed to an
attempt by fisheries managers to compromise
between the technical measures, the multispe-
cies nature of fisheries and the need to ensure
the economic viability of the sector (LUCCHETTI
et al,, 2020). The total length-body girth relation-
ships could be used as a first indication of set-
ting appropriate mesh sizes that could contribute
to reducing overfishing of undersized individu-
als. Robust selectivity studies are required to
identify suitable mesh sizes per species or group
of species that will be used in accordance with
L,

CONCLUSIONS

Total length-body girth relationships can be
considered as a useful tool that links the mor-
phometric characteristics of the fish with the
technical characteristics of the fishing gear; nets
in the present case. These relationships are often
used in net selectivity studies and consequently
as indicative thresholds for technical measures
aiming to minimize the capture of undersized
and immature individuals. L., is a crucial popu-
lation parameter for the maintenance of stock
biomass; thus, it should be considered the basis
in setting the MCRS of the exploited stocks. It
has been showed that the larger the gap between
the length at first capture and the L, the more
vulnerable the stock is to overfishing (MYERS
& MERTZ, 1998). As overfishing the young and
virgin individuals has severe effects on marine
populations, MCRS should always be set to
exceed L,, (TSIKLIRAS & STERGIOU, 2014). Com-
bining these parameters together through LGRs
will reduce overfishing of undersized individu-
als and will promote the sustainable exploitation
of fish stocks.
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Odnos duzine i maksimalnog obujma za 24 riblje vrste u sjevernom
Egejskom moru (isto¢no Sredozemno more)

Angeliki ADAMIDOU", Konstantinos TOULOUMIS i
Athanassios C. TSIKLIRAS

SAZETAK

Poznavanje morfoloskih odnosa, a posebno onih koji se ticu maksimalnog obujma tijela ribe
(G) s ukupnom duzinom (TL) potrebito je za odredivanje selektivnosti alata, a posebno za tehnicke
mjere za izbjegavanje hvatanja nedoraslih jedinki. Ova studija se odnosi na 24 morske vrste koje
se iskoriStavaju u priobalnoj ribolovnoj floti u Egejskom moru (istocno Sredozemno more), za 6 od
kojih se TL-G odnosi prvi put spominju u Sredozemnom moru i susjednim morima.

Uzorci su prikupljani sezonski, od travnja 2016. do veljace 2017. Koeficijenti linearne regresije
obujma tijela u tri polozaja tijela (G ¢y, posteriorno od oka; G j¢,q na straznjem kraju operkuluma;
G« Na maksimalnoj visini tijela), s ukupnom duljinom procijenjene su za svaku vrstu i za skupine
oblikovane kada su Geye, Gheaq 1 Gmax ucrtani u odnosu na ukupnu duljinu za sve vrste zajedno.

Utvrdene su statisticki znacajne razlike izmedu tri skupine (ANCOVA, P<0,001). Usporedba
odnosa ukupne duljine i obujma tijela za 18 vrsta koje su prethodno istrazivane u razli¢itim geograf-
skim podruc¢jima Sredozemlja i susjednih mora, pokazala je razlike uglavnom s rezultatima iz portu-
galskih voda za odredene populacije vrsta. Na temelju dobivenih jednadzbi izracunat je maksimalni
obujam (G,,,4) koji odgovara minimalnoj referentnoj veli¢ini ocuvanja (MCRS) i ukupnoj duzini
pri zrelosti (Lm) za svaku vrstu. Identificirane veli¢ine oka koje odgovaraju G, vrijednostima bile
su dosta ve¢e od minimalne zakonske veli¢ine oka za mreze stajacice i unutarnju ploc¢u troslojnih
mreza, Sto ukazuje da relevantni trenutacni propisi o ribarstvu ne mogu ispuniti zahtjeve za odrzivo
iskoriStavanje ribljih resursa.

Kljuéne rijeci: morfologija ribe; upravljanje ribarstvom; mreza stajacica; duzina pri zrelosti (L,,);
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