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This study was carried out to determine the temporal and spatial distribution of

Liocarcinus depurator (Crustacea: Decapod) caught by beam trawl in the southeast Black

Sea between December 2012 and November 2013. Sampling was executed at depths from
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shoreline to deeper 30 m by using a 2 m wide beam trawl from Iyidere, Merkez and Cayeli
stations. L. depurator was determined most intensely (1000 m?) at 0-5 m depth at Cayeli
station and during the summer season. L. depurator started to migrate from shallow to
deeper in autumn and left the coast completely in winter. It approached the shore again in
the spring and spread at all depths in the summer season. In addition, while it was

distributed in three different habitats according to CPUE values, the highest CPUE value

was calculated at Cayeli station, which has a macroalgae structure.
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Introduction

Blue-leg swimcrab Liocarcinus depurator is distributed in
the North Sea, Atlantic Ocean, Mediterranean Sea and Black
Sea (Horton & Lilley, 2008). It is a wide species of bathymetry,
temperature and habitat (Zariquiey-Alvarez, 1968, Minervini et
al., 1982; Pérés & Picard, 1965; Christiansen, 1982). It is found

in a variety of substrates, although it is most commonly found
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in mud, coastal-littoral mud and both mid-shore and cullet-
filled sands (Schembri & Lanfranco, 1984). It was reported that
L. depurator is the main food source for Crustacea, Mollusca,
Polychaete, Ophiuroid and other fish (Freire, 1996). Decapod
crustaceans are important ecological components of the marine
ecosystem and play a vital role in the intermediate trophic level
(Farina et al.,1997). Studies on crab species in the Black Sea are

generally on taxonomy and records (Anosov, 2000; Bilgin &
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Celik, 2004; Ates et al., 2010; Micu et al., 2011; Bilgin, 2019;
Demirbas et al, 2021). There are also studies on the distribution
of the species (Holthuis, 1961; Zariquiey Alvarez, 1968;
Kattoulas & Koukouras, 1975; Garcia Raso, 1984; D’Udekem
d’Acoz, 1993; Manjén-Cabeza & Garcia Raso, 1998; Abello et
al., 2002; Rufino et al., 2005). However, apart from the studies
on the biology of the species in the Black Sea (Aydin et al., 2013;
Aydin, 2018), there is no study on the distribution abundance
and ecological aspects of the species in the Black Sea. The aim
of this study is to characterize the seasonal, bathymetric, and
spatial distribution sympatry of L. depurator, the benthic crab
community in the southern Black Sea. This study is the first to
determine the temporal and spatial distribution of this species

in the Black Sea.
Materials and Methods

This study was carried out monthly between December
2012 and November 2013 by using a 2 m width and 15 mm
mesh opening beam trawl, from 3 stations (Iyidere, Merkez and

Cayeli) at 4 different depth groups, on the coast of Rize, Turkey

(Figure 1).
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Figure 1. Study area

The amount of catch per unit effort (CPUE) was calculated

according to the formula below for the L. depurator species.

CPUE =7 (1)

Here, CPUE=catch per unit effort, Nj=i. number of
individuals in the tow, t;=i. tow time (hour).

CPUE and abundance analyses according to location, depth
and season groups were performed according to One-way
analysis of similarity (ANOSIM) (Clarke & Warwick, 1994). It
was made according to the similarity percentage analysis
(similarity percentages: SIMPER) of the groups that make up
the difference between the groups (depth, season, station)

(Clark, 1993). Multiple statistical analyses (multivar) were

performed using the PAST program v. 2.14 (Hammer et al,
2001).

Results

As a result of the beam trawling the bottom structure of the
stations were determined as follow: Iyidere station, the bottom
structure was generally formed as sandy, crust and small rock
debris. Sandy and rocky areas were dominant. This station
generally consists of sand, gravel and shell structure in terms of
bottom structure. Merkez station, the bottom structure was
generally consisted crust and small rock debris covered with
macroalgae (Zostera sp., Ulva sp.). Sandy areas were dominant.
Cayeli station, the bottom structure of this station was partially
covered with sandy and macroalgae (Zostera sp., Ulva sp. and
Cystoseira sp.).

During the research, a total of 146 tow were taken from
Iyidere, Merkez and Cayeli stations using a 2 m wide beam
trawler (Beam trawl). The differences in the amount of
abundance between the depth groups were found to be
statistically significant (Kruskal-wallis test, p<0.05). Number of
individuals in 1000 m? (+standard error) area was calculated as
15697.4+2260.55 the
13050.3+£5894.50 the 5-10 m depth group,
3900.7+1373.69 ind. in the 10-20 m depth group and
4362.5+£1626.79 ind. in the 20-30+ m depth group, respectively
(Figure 2).

The differences in intensity between the seasons were found

ind. in 0-5 m depth group,

ind. in

to be insignificant between the following seasons: Spring-
Winter (P=0.595) and Autumn-Summer (P=0.3195). L.
depurator individuals were found in the highest abundance
(ind./1000*m?) in Summer, Autumn, Spring and Winter
seasons, respectively. Number of individuals in 1000 m? area
was calculated as 8123.744997.92 ind. in the spring,
4259.8+1586.10 ind. in the winter, 11514.3+2569.65 ind. in the
autumn, and 12297.5£1981.91 ind. in the summer (Figure 3).
The average number of L. depurator individuals in an area of
1000 m? in the research area was calculated as 9380.4+1637.47
ind. The highest density of L. depurator was recorded in Cayeli
(Figure 4), although statistically significant differences
(Kruskal-Wallis test, P<0.05) were observed among the
The
abundance were found to be statistically significant and they
(Kruskal-wallis  test)
(P=0.002279), Spring-Summer (P=8.543E06), Winter-Autumn
(P=0.01825) and Winter-Summer (P=0.0001551).

stations. differences between seasons in terms of

were listed as: Spring-Autumn
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Figure 2. Average abundance of L. depurator by depth groups (ind./1000 m?). The values in parentheses indicate the number of towing,

middle point average and the bars indicate the standard error.
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Figure 3. Average abundance of L. depurator according to seasons (ind./1000 m?). The values in parentheses indicate the number of

tows, middle point average and the bars indicate the standard error.
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Figure 4. Average abundance of L. depurator species according to location (habitat) groups (ind./1000 m?). The values in parentheses

indicate the number of tows, middle point average and the bars indicate the standard error.
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Spatial and Temporal Distribution of CPUE Values

of L. depurator

The difference between the seasons in terms of catch
amount in unit effort (CPUE: individuals/hour) was statistically
significant and it is as follows: (Kruskal-wallis test) Spring-
Autumn  (P=0.004293), (P=1.077E-05),
Winter-Autumn (P=0.01152) and Winter-Summer (P=7.708E-
05). The difference in the catch amount of CPUE between the

Spring-Summer

seasons was insignificant between Spring and Winter
(P=0.7084) and Autumn and Summer (P=0.2101) (Figure 5). L.
depurator individuals were found in the highest abundance
(individuals/hour) in Summer, Autumn, Spring and Winter
seasons, respectively. The difference detected in terms of CPUE
was similar to the difference between seasons in terms of
intensity. L. depurator individuals were found in the highest
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abundance (individuals/hour) in Cayeli, Iyidere and Merkez
stations, respectively (Figure 6). L. depurator individuals are at
the highest abundance (individuals/hour) at the depth of 0-5 m,
5-10 m, 20-30 m, and 10-20 m, respectively (Figure 7).
One-way similarity analysis (one-way ANOSIM) was
performed to determine whether the CPUE values of L.
depurator species differ between seasons according to depth
groups or not, and according to this analysis, the difference was
found to be statistically significant (Global R=0.3225; P <
0.0001). According to the similarity percentage (SIMPER) test
results, the first distinguishing depth group is 5-10 m, and the
second distinguishing depth group is 0-5 m, between spring
and winter. Among the other seasons (Spring-Autumn, Spring-
Summer, Winter-Autumn, Winter-Summer and Autumn-
Summer), the first depth group that distinguishes in terms of
abundance of L. depurator is the 0-5 m depth group (Table 1).

N=44

Spring Winter

Autumn

Summer Mean

Season

Figure 5. Average CPUE (ind./hour) values of L. depurator species by season. The bars represent the standard error, middle point

average and the numbers represent the number of tows.
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Figure 6. Average CPUE (ind./hour) values of L. depurator species by location. The bars represent the standard error, middle point

average and the numbers represent the number of tows.
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Figure 7. Average CPUE (ind./hour) values by depth groups of L. depurator species. The bars represent the standard error, middle point

average and the numbers represent the number of tows.

Table 1. Similarity analysis of CPUE values between seasons according to depth groups (one-way ANOSIM) and similarity rates
(SIMPER). Global R = 0.3225; P<0.0001.

ANOSIM SIMPER
Groups
R P Average dissimilarity Distinctive depth group 1 Contrib% Distinctive depth group 2  Contrib%
Spring -Winter 0.1012 0.0576 84.45 5-10m 37.03 0-5m 29.22
Spring-Autumn 0.0275 0.2594 80.28 0-5m 39.25 5-10m 30.06
Spring-Summer 0.3389 0.0001 81.51 0-5m 52.53 5-10 m 19.36
Winter-Autumn 0.2652 0.0061 89.57 0-5m 40.74 5-10 m 27.76
Winter-Summer 0.7552 0.0001 96.69 0-5m 60.75 20-30* m 15.56
Autumn-Summer 0.0872 0.1511 67.89 0-5m 34.24 5-10 m 19.69

Table 2. Similarity analysis of CPUE values between locations according to depth groups (one-way ANOSIM) and similarity rates
(SIMPER). Global R=0.1142; P<0.0133.

ANOSIM SIMPER
Groups
R P Average dissimilarity Distinctive depth group 1 Contrib% Distinctive depth group 2 Contrib%
Iyidere-Merkez 0.1744 0.0033 78.93 0-5m 37.26 5-10 m 22.93
Iyidere-Cayeli 0.0945 0.0900 72.70 0-5m 36.59 5-10 m 18.95
Merkez-Cayeli 0.0313 0.2478 63.76 0-5m 37.40 5-10m 14.05

Table 3. Similarity analysis of CPUE values between seasons according to locality groups (one-way ANOSIM) and similarity rates
(SIMPER). Global R=0.1494; P<0.0002.

ANOSIM SIMPER
Groups
R P Average dissimilarity Distinctive locality group 1 Contrib% Distinctive locality group 2 Contrib%
Spring-Winter 0.0037 0.3838 73.58 Tyidere 55.53 Merkez 17.95
Spring-Autumn 0.0445 0.1336 85.11 Tyidere 41.43 Cayeli 30.23
Spring-Summer 0.2388  0.0007 90.46 Cayeli 3291 Merkez 30.63
Winter-Autumn 0.144 0.0136 82.06 Iyidere 42.09 Cayeli 32.25
Winter-Summer 0.4292  0.0001 92.61 Cayeli 35.09 Merkez 32
Autumn-Summer  -0.0037 0.3838 73.58 Iyidere 55.53 Merkez 17.95
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One-way similarity analysis (one-way ANOSIM) was
performed to determine whether the CPUE values of L.
depurator species differ between locations according to depth
groups or not, and according to this analysis, the difference was
found to be statistically significant (Global R = 0.1142;
P<0.0133). According to the percent of similarity (SIMPER)
test results, the first distinguishing depth group among the
locations is 0-5 m, and the second distinguishing depth group
is 5-10 m (Table 2). One-way similarity analysis (one-way
ANOSIM) was performed to determine whether the CPUE
values of L. depurator differ between seasons according to
location groups or not, and according to this analysis, the
difference was found to be statistically significant (Global
R=0.1494; P<0.0002). According to the percent of similarity
(SIMPER) test results, the first location group that distinguishes
between the seasons is Iyidere, and the second distinguishing
location group is the Merkez, regarding the seasons are Spring-
Winter and Autumn-Summer seasons. The first location group
that distinguishes between the seasons is Iyidere and the second
distinguishing location group is Cayeli, regarding the seasons
are Spring-Autumn and Winter-Autumn. The first location
group distinguishing between the seasons is Cayeli, and the
second distinguishing location group is the Merkez, regarding
the seasons are Spring-Summer and Winter-Summer (Table 3).

In the spring, L. depurator was found more abundant
between 0 and 10 m depth, while it was found less abundant
between 10 and 30+ m depth. In winter, L. depurator was
determined in the least abundant at 0-5 m depth. In the
summer, L. depurator was determined at all depths (Figure 8).
CPUE values of L. depurator were determined at the lowest rate
in Cayeli station in summer and winter seasons. In the other
two stations, L. depurator was encountered in all seasons
(Figure 9). L. depurator was found at all depths at three stations.
The CPUE value decreased from 0-5 m depth to 20-30"m depth
at Iyidere and Cayeli stations. At the Merkez station, the lowest
CPUE value was determined at a depth of 10-20 m (Figure 10).
It was determined that the L. depurator started to migrate from
shallow to deeper in autumn and left the coast completely in
winter. It was observed that it approached the shore again in the
spring and spread at all depths in the summer season. In
addition, while it was distributed in three different habitats
according to CPUE values, the highest CPUE value was

calculated at Cayeli station, which has a macroalgae structure.
Discussion

L. depurator is a resistant species that can tolerate

temperature changes (Christian, 1982; Peres & Picard, 1995)

and can live in various habitats at different depths (Abello &
Valladares, 1988; Minervi et al., 1982; Zariquiey-Alvarez, 1968).
In this study, L. depurator individuals were determined as a
result of shootings between 0 and 30* m. The depth in which
individuals are detected most abundance in an area of 1000 m?
is the depth group of 0-5 m, whereas the depth group with the
lowest abundance is the depth group of 20-30* m. Researchers
working at similar depths (0-40 m) reported a high number of
individuals in shallow waters which is consistent with this
study, while they determined less number of individuals in
deeper waters with increasing depth (Manjon-Cabeza & Garcia
Raso, 1998; Garcia-Raso & Majon-Cabeza, 2002; Gonzalez-
Gordillo et al., 1990; Ramsay et al., 1998; Gonzalez-Gurriardn
et al., 1990; Freire et al., 1993; Gonzélez-Gurriaran et al., 1991).
Researchers working in deeper waters (between 50 and 800 m)
reported L. depurator species more abundance compared to
increasing depth at depths between 50 and 100 m, while they
found a decrease in the number of individuals with increasing
depth (Sarda et al., 1982; Ellis et al., 2000; Farina et al., 1997).
The Black Sea, in which this study was conducted, is a semi-
enclosed inland sea. In the southwest, it has connections with
the world's seas as much as the Turkish Straits System allows.
This restricted water exchange contains oxygen only from the
surface to a depth of 150 m (15% of the total volume). In
addition, at a deeper level it leads to the formation of an almost
completely oxygen-free environment containing hydrogen
sulphide (Ross et al., 1974). This feature of the Black Sea
prevents the L. depurator, which was detected at much deeper
depths (800 m) (Rufino et al., 2005), from living much deeper
in the Black Sea. The differences in the number of individuals
at different depths in the studies may be due to the fishing
method (fishing equipment and features) used by the
researchers, and the number and duration of shooting in the
operations. Our results showed that L. depurator migrates from
shallow waters to deeper waters in winter, while it migrates
from deep waters to shallow waters during summer and spring.
This is due to the water temperature, but may be related to the
prolongation of daylight and reproductive behaviour. L.
depurator has been detected in various habitats (sand, mud and
shell) as well as having a wide distribution in depth. In this
study, the highest amount of L. depurator individuals was
detected in Cayeli, Iyidere and Merkez stations, respectively. In
studies, L. depurator was commonly detected in muddy habitats
(d’Udekem d’Acoz, 1992; Abelld, 1993; Relini et al., 1986;
Pastore et al.,, 1998; Falciai, 1997). Secondly, their common
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Figure 10. Average CPUE (ind./hour) values for L. depurator species by depth groups and locations. The numbers in parentheses
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habitat is sand, gravel and shell (Stevic, 1979). In the algae
habitat, Bilgin et al. (2007) determined the crab species living in
the Zostera marina species in their studies in Sinop coasts, in

the Black Sea. They found Liocarcinus vernalis in the first place

in terms of abundance, while L. depurator was the second most
intense and sampled along 12 months.

The detection of L. depurator in different habitats may be
due to the fact that the researchers used different depths and
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fishing methods. As a matter of fact, L. depurator is more
concentrated in shallow (mud-sand) waters and found less
frequently in deeper waters (Minervini et al., 1982). This is an
indication that the availability and abundance of L. depurator is
under the influence of depth-habitat. Our findings showed that
L. depurator density change with seasons, depth and habitat
characteristics. However, considering the reproductive biology
and fecundity characteristics of the species, it will be more

useful to understand the role of L. depurator in the ecosystem.

Conclusion

L. depurator was distributed at all depths between 0-30* m
in autumn and summer seasons. However, with the decrease in
temperature in the winter season, the L. depurator migrated
from the coast to the deeper areas, while in the spring it
migrated towards the coast with the increase in temperature.
For an ecosystem-based fisheries management, revealing other
bio-ecological characteristics of L. depurator will contribute to
the literature and fisheries management. As a result, crabs have
an important place in the benthic ecosystem as they form the
food of other demersal creatures. In the light of these data, it
shows that the place of crabs in the ecosystem is undeniably

important.
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