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1. Introduction
Overall, distribution of marine benthic communities is 
affected on a spatial scale by bottom depth, latitude, and 
longitude (Nybakken, 1982; Coleman et al., 2007) and 
temporally by the great environmental variability in littoral 
ecosystems (Rhoads and Young, 1970). Therefore, such 
combination of the factors governing benthic community 
distribution could result from variation of depth-related 
sedimentary, hydrographical, and biological characteristics 
(Gray, 1981; Karakassis and Eleftheriou, 1997). In order to 
determine the state of the benthic ecosystem (Ghertsos et 
al., 2000), the spatial and temporal distribution of marine 
soft-bottom species is important in understanding the 
interactions of organisms with each other and with the 
environment (Dauvin et al., 2004). 

Benthic crustaceans have significant importance in 
nutrition for demersal fish in different habitats, and they 
are food sources for humans. They are also reasonable 
biological indicators for water quality and can be used 
as material for bioassay experiments. In oligotrophic 
areas such as the Cilician Basin in the Levant Sea (Yılmaz 
and Tuğrul, 1998), high prevailing temperatures (13 
to 14 °C; Özsoy et al., 1993) and scarcity of food supply 
(Labropoulou and Kostikas, 1999) could be considered 

to be factors controlling community structure. Therefore, 
summer dormancy of Mediterranean benthic taxa is due 
to energetic constraints as a consequence of seasonal 
temperature and food availability (Coma et al., 2000). 

In the eastern Mediterranean Sea, previous benthic 
studies were almost exclusively limited to Greek and 
Israeli waters (Galil and Lewinsohn, 1981; Karakassis and 
Eleftheriou, 1997; Tom and Galil, 1991; Papazacharias 
et al., 1998; Conides et al., 1999; Tselepides et al., 2000). 
Many of the later Turkish studies focused on the native 
and nonnative species diversity of the crustaceans in 
the Levantine Sea (Özcan et al., 2006; Bakir et al., 2007; 
Yokes et al., 2007; Çinar et al., 2006, 2008, 2011; Ateş et 
al., 2007; Doğan et al., 2008). Nevertheless, some studies 
were concerned with the spatiotemporal distribution of 
the macrozoobenthos and its relationship with abiotic 
parameters, of which the bottom depth was found to 
be a significant explanatory variable for the benthic 
assemblages (Mutlu and Ergev, 2008; Mutlu et al., 2010; 
Mutlu and Ergev, 2012). In Turkish waters of the Levantine 
Sea, there have been no significant studies to date on the 
benthic crustaceans that related their distribution to 
depth-related ecological factors. 
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Therefore, the objective of this study was to investigate 
depth-related ecological factors governing the temporal 
and spatial distribution of crustaceans in the area and 
to present a preliminary database of the macrofaunal 
crustacean diversity in 2000.

2. Materials and methods
This study was carried out on a polygon of the Levantine 
shelf (Erdemli, Mersin Bay, Turkey) (Figure 1). The study 
area is fed by the Lamas River and a few streams, which 
are the major sources of freshwater for the nutrient inputs. 
Depth contours gradually run with increased depth 
seaward. 

In 2000, the temperature (16 to 30 °C) was homogeneous 
throughout the column of the shallow site (bottom depth 
of <25 m). The sea surface temperature was lower (<20 °C) 
in November to May than in August 2000 (approximately 
30 °C). Sea surface salinity increased from the shallow 
site to deeper waters (38.74 to 39.06 PSU). In the deeper 
waters (>25 to 200 m deep) of the study area, near-bottom 
temperature ranged between 15.5 °C (February) and 29.3 
°C (August) and near-bottom salinity ranged between 
38.08 PSU (May) and 39.95 PSU (August) (Mutlu et al., 
2010). 

Data of grain sizes, CaCO3 content, and the total 
organic carbon (TOC) of sediments were used for the 
present work from a previously published paper (Mutlu 
et al., 2010). Surface sediments composition did not show 
a significant variation among the seasons. The bottom 

of the infralittoral zone was characterized by a low 
percentage of gravel in the inner shelf. The carbonate zone 
corresponded to depths of 75–100 m and was composed 
of an aggregation (12%–20%) of the fraction gravel. The 
sand content decreased from 100% (inner shelf) to 30% 
(outer shelf) in contrast to the mud distribution. The silt 
fraction content varied between 0% and 75% from the 
coast to offshore. A high percentage of silt (>45%) started 
to be observed after 120–140 m seaward. Concentration 
of clay in the sediment was found to be low in May and 
August, while it was higher in February and November. 
Clay dominated the bottoms deeper than 100 m. The total 
carbonate percentages of the bottom sediment ranged 
from 16% to 55%, and high accumulations were developed 
in the form of bands over stratification between 80 and 
100 m. Overall, the TOC was very low (0.1%–0.40%). All 
of the above environmental variables and measurements, 
which were published in a study by Mutlu et al. (2010), 
were also used for the present study, since both studies 
were simultaneously conducted during the same sampling. 
According to Ediger et al. (1997), the gravel percentage of 
the sediment in Mersin Bay was generally less than 1.5% 
and the coarse fractions (gravel) occurred in high amounts 
on the inner shelf (<50 m). Sand and finer grains were 
regularly variable in depth, whereas carbon contents and 
gravel contents were locally variable due to the occurrence 
of a carbonate zone composed of shell fragments between 
depths of 50 and 100 m in the study area (Ergin, 1996; 
Ediger et al., 1997).
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Figure 1. Study area (framed in rectangle) and sampling stations located on soft bottoms 
(1: 10 m, 2: 25 m, 3: 50 m, 4: 75 m, 5: 100 m, 6: 150 m, and 7: 200 m) across 3 transects, 
Erdemli (E), Limonlu (L), and Kumkuyu (K), in the Cilician shelf in 2000.
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Benthic samples were collected in certain months 
(February, May, August, and November 2000) representing 
the seasons of the year (Figure 1) onboard the R/V Erdemli 
(Institute of Marine Sciences, Middle East Technical 
University [IMS-METU]) at 3 transects in Mersin Bay, i.e. 
Kumkuyu, Limonlu, and Erdemli. There were 7 different 
depths at each transect (10, 25, 50, 75, 100, 150, and 200 
m). Three replicates were taken with a Van Veen grab (0.10 
m2 sampling surface area) at each depth of each transect 
at each season. Approximately 0.25 L of sediment was 
taken from 1 of the replicates and then kept in a freezer for 
geochemical–physical analysis. Basic physical parameters 
such as temperature, salinity, and density were measured 
throughout the water column by using a SeaBird CTD 
probe. Materials taken for the benthic study were sieved 
through a set of sieves of decreasing mesh size of 2, 1, 
and 0.5 mm. The residues retained on each sieve were 
treated with 5% MgCl2 solutions to loosen the fauna, and 
then specimens were fixed with 10% formalin–seawater 
solution buffered with borax. 

Benthic crustaceans were sorted out from the residues 
in the laboratory and then were preserved in 70% alcohol. 
Crustacean specimens were identified and recognized to 
the lowest possible taxonomic level, and then the total 
number of specimens for each species was recorded and 
weighed by a digital scale to the nearest precision of 0.0001 g. 

A set of community parameters, i.e. Shannon–Wiener 
diversity (H’, log2base), Margalef ’s species richness (d), 
and Pielou’s evenness (J’) indexes, were calculated to 
compare their variation among sampling sites. In order 
to determine which ecological parameters were more 
relevant in governing crustacean distribution, Spearman 
rank correlations were done among the faunistic and 
environmental parameters. The Soyer index was used 
to determine percent dominance (D%). There were 
no significant differences in crustacean community 
composition among transects considering the abundance 
data of taxa in each replicate sample (3-way PERMANOVA, 
F = 1.04, P = 0.3342, df = 2); therefore, average data were 
pooled for the transect factor for statistical analysis. 
Accordingly, all Van Veen replicates from any given depth 
from the 3 transects were considered together for the 
analysis. Therefore, sample size (n) for any given sampling 
depth was 9 for each season. Two-way ANOVA was tested 
for differences in values of the community parameters 
among seasons and depths (P < 0.05). 

The Bray–Curtis dissimilarity matrix calculated from 
the crustacean abundance data transformed by Log10 × 
(N + 1) was tested by 2-way orthogonal nonparametric 
(permutation-based) MANOVA (PERMANOVA) 
(Anderson, 2001) to test for differences among sampling 
sites, with depth as a fixed factor and season as random 
(Jones, 2002). All statistical analyses were performed with 
MATLAB (ver.7.0, The MathWorks, Inc.).

To show any depth-related gradient in the crustacean 
distribution according to environmental variables, a 
canonical extension of principal component analysis, 
canonical correlation analysis (CCA) (ter Braak and 
Smilauer, 2002), was applied to Log10 × (N + 1) –
transformed crustacean abundances (CANOCO 4.5 
for Windows). The Monte Carlo test was used for the 
significance of the ordination axes. A nonparametric 
multidimensional scaling (nMDS) was applied to similarity 
measures of the Bray–Curtis index calculated from the 
transformed abundance data to show the ordination of the 
crustacean community according to the depth gradient in 
each season. 

3. Results
A total of 90 crustacean species belonging to 9 orders were 
identified (Figure 2; Appendix). The highest numbers of 
species corresponded to the orders Decapoda (30 species) 
and Amphipoda (38 species). The highest dominance 
index values were found for the amphipod Ampelisca 
brevicornis (Costa, 1853) (80%) and the tanaidacean 
Apseudopsis latreillii (Milne-Edwards, 1828) (60%). 
Dominance values were less than 50% for 98% of the 
species. The most abundant species were a tanaidacean 
species, A. latreillii (maximum density of 1177 ind m–2 
at 50 m in August; Figure 2), and A. brevicornis (603 ind 
m–2 at 10 m in May). The number of species was highest 
in February–November (60 and 53 species, respectively). 
The numerically dominant species were A. latreillii, A. 
brevicornis, and Harpinia pectinata Sars, 1891 in February–
May; Upogebia sp. in August; and Eriopisa elongata 
(Bruzelius, 1859) and Harpinia antennaria Meinert, 1890 
in November. The number of species (S) was significantly 
different among depths (P < 0.05; Table 1); S ranged from 
20 to 47 and peaked at depths of 10 and 75 m. Amphipod 
(10–150 m depth), decapod (10–100 m), and isopod (50–
100 m) species dominated the shelf; the number of species 
of the taxa decreased thereafter at greater depths (Figure 
2). Species diversity was more stable among seasons at 
the deeper sites (Figure 3). The number of species was 
positively correlated with temperature of the bottom water 
and sand content (Spearman rank r = 0.42 for each; n = 43, 
n = 70, respectively) and negatively correlated with bottom 
depth (r = –0.44, n = 43, P < 0.05), density of bottom water 
(r = –0.47, n = 43), and silt content (r = –0.37, n = 70, P < 
0.05). 

The highest density was found in August (148 ind m–2), 
being 3-fold higher than the density in February. However, 
average abundance showed variations among depths 
and seasons, and their interaction was significant (P < 
0.05; Table 1). Crustacean abundances presented a large 
seasonal fluctuation at sampling sites located between 
10 and 50 m when compared to deeper sites (Figure 3). 
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Crustacean abundances decreased sharply from 249 ind 
m–2 at 10 m to 59 ind m–2 at 25 m, then increased abruptly 
to 205 ind m–2 at 50 m and was about 50 ind m–2 at deeper 
sampling sites (Figure 3). Abundance increased also with 
increasing sea surface temperature (SST; r = 0.28, n = 56), 
near-bottom temperature (NBT; r = 0.48, n = 43), and sand 
content (r = 0.47, n = 70), while it was negatively correlated 
with bottom depth (r = –0.52, n = 81), near-bottom density 
(NBD; r = –0.49, n = 43), silt (r = –0.43, n = 81), and clay 
(r = –0.28, n = 81) content. 

A total of 28.76 g biomass and an average biomass value 
of 0.04 g m–2 were measured in the study area. Goneplax 

rhomboides (Linnaeus, 1758) was the dominant species in 
terms of biomass, comprising 34% of the total biomass. 
Crustacean biomass values were significantly different 
among seasons and depths (Table 1; Figure 3). The average 
biomass value increased from 1.80 g m–2 at 10 m to 3.56 g 
m–2 at 25 m, where the annual peak value occurred (Figure 
3). The deeper zone had a crustacean biomass of less than 
0.6 g m–2. Significant correlations were found between 
biomass, bottom depth (r = –0.39, n = 81), NBD (r = –0.41, 
n = 43), and NBT (r = 0.34, n = 43). 

Two-way ANOVA showed that there was a significant 
effect of depth and season on community characteristics; 
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Figure 2. Qualitative and quantitative distribution of crustacean orders at sampled depths. Each point represents the value obtained 
from averaging values of each parameter across all replicates at each depth (n = 9). Symbols show the averages and vertical bars show 
ranges of standard deviation (SD). Order Ostracoda is excluded. A) Number of species; B) abundance (ind m–2); C) biomass (g m–2).



MUTLU and ERGEV / Turk J Zool

266

this was also reflected in the diversity, evenness, and 
species richness index values (P < 0.05; Table 1). The 
species richness and diversity values had a normal 
Gaussian distribution across the depth gradient on the 
shelf. Evenness increased with depth and showed a 
seasonal fluctuation at depths of between 10 and 50 m 
(Figure 3). The diversity indexes were significantly higher 
in February (d = 14.1, J’ = 0.76, H’ = 3.12) and November 
(d = 11.4, J’ = 0.70, H’ = 2.78) than in May and August (d 

= ~8.0, J’ = ~0.60, H’ = ~2.10) at P < 0.05. Species richness 
was highly variable between 75 and 100 m depth (d = 
2.11–4.82) (Figure 3). Evenness was significantly lower 
at 10 m (J’ = 0.56) and 50 m (J’ = 0.43) than at deeper 
sites (J’ = 0.73–0.82) (Figure 3). The Shannon–Wiener 
index fluctuated in the deeper zone (50–100 m; Figure 3) 
among seasons. Overall, biotic parameters were generally 
correlated with bottom depth (d: r = –0.33, n = 80; J’: r = 
0.34, n = 79) and NBD (d: r = –0.36, n = 43; J’: r = 0.35, n 

Table 1. P-values from 2-way analysis of variance for number of species (S), abundance (N), biomass (B), and diversity indexes (species 
richness, D; evenness, J’; and Shannon–Wiener diversity index, H’). Bold numbers show P < 0.05. 

Source S N B D J’ H’

Season 0.1157 0.0003 0.0383 0.0091 0.0012 0.0005
Depth 0.0000 0.0000 0.0010 0.0002 0.0000 0.0045

Season × depth 0.0036 0.0000 0.2310 0.0919 0.0002 0.0466
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= 43), and subsequently with NBT (J’: r = –0.37, n = 43), 
sand (d: r = 0.36, n = 68; J’: r = –0.31, n = 68), and silt 
(d: r = –0.32, n = 69; J’: r = 0.30, n = 68) contents at P 
< 0.05. Two-way PERMANOVA showed that there were 
significant differences in the crustacean distribution in 
relation to depth, season, and their interaction (P < 0.05; 
Table 2). 

In general, distribution of crustacean assemblages 
along the shelf was related to bottom depth and depth-
related sediment features. Two main groups were detected, 
which comprised shallow-water (10, 25–100 m) and deep-
water (150–200 m) sampling sites (Figure 4). The shallow 
water had 2 subentities corresponding to 1) very shallow 
(10 m) and 2) deep shallow (25–100 m) sites. Seasonal 

Transform: Log(X+1)
Resemblance: S17 Bray Curtis similarity

Season
F
M
A
N

1
2 3

4
5 6

7

1
2

3

4

5

6

7

1

2

3
4

5
6

71
2

3

4

5
6

7

2D Stress: 0.2
(A)

–0.4 1.0

–0
.6

0.
8

DepthSST

NBT

SSS
NBS

SSDNBD

Gravel

Sand

Silt

Clay

Mud

CaCO3

TOC

e1
e1e1

e2
e2

e3 e3
e3

e4e4

e5e5e5

e6
e6
e6

e7

e7e7

l1l1l1

l2
l2 l2

l3 l3l4 l4l4
l5 l5

l6 l6
l6

l7

k2

k1k1

k1
k2k2

k3
k3

k3

k4
k4

k4

k5k5k5

k6 k6
k6

k7

e1 e1
e1

e2
e2
e2 e3e3e3

e4
e4

e5
e5e5

e6

e6
e6

e7

l1 l1 l1l2l2l2

l3

l3

l4
l4
l4

l5 l5 l5

l6
l6 l6

l7
l7

k1 k1k1 k2
k2k2

k34 k3k3k3 k4
k4k4

k5
k5

k6k6

k7
k7

e1
e1
e1

e2e2e2

e3
e3e3

e4e4
e4

e5e5 e5

e6
e6e6

l1l1l1

l2
l2l2

l3
l3l3

l4
l4 l4

l5 l5l5

l6

l7
l7
l7

k1k1k1

k2k2k2

k3 k3
k3

k7 k7

e1e1
e1

e2e2e2 e3 e3e4
e4

e4

e5
e5 e5

e6e6
e7

l1l1l1

l2
l2l2

l3
l3l3

l4 l4l4
l5l5l5

l6
l6 l6

l7
l7

k1
k1k1

k2k2k2

k3
k3k3

k4k4k5k5k5 k6
k6

k7
k7

(B)
Season

F
M
A
N

–1.0 1.0

–1
.0

1.
0

Depth

SST

NBT
SSS

NBS

SSD
NBD

Gravel
Sand

Silt

Clay

Mud

CaCO3 TOC

(C)

Season
F
M
A
N

Figure 4. nMDS (A; see Figure 1 for depth code) and biplot of 
CCA (axes 1–2) performed on log-transformed (log10 × [N + 
1]) density values (N) of the crustacean taxa and environmental 
variables (arrows) at each replicate (B; see Figure 1 for depth 
and transect codes around the symbols) and at 7 depths of a 
combination of 3 transects each, including 7 stations (C) in each 
season. Arrows refer to the direction and relative importance 
of environmental variables in the ordination. Symbol size is 
proportional to depth of sampling sites variable, i.e. the largest 
symbol corresponds to the maximum depth. See Table 3 for the 
abbreviations of the environmental variables.

Table 2. Nonparametric (permutation-based) MANOVA. Depth is fixed and season is random. 
Bold numbers show P < 0.05. 

Source df SS MS F P

Depth 6 6.8839 1.1473 3.1011 0.0002
Season 3 2.7819 0.9273 2.5064 0.0002

Depth × season 18 6.6594 0.3700 2.4424 0.0002
Residual 55 8.3313 0.1515

Total 82 24.6566

No. of iterations = 5000.
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differences among samples from the same depth were 
also observed in the CCA and nMDS ordination; this 
pattern was more pronounced in samples below 50 m 
(Figure 4). For each depth, samples from February–May 
and August–November were more similar to others of the 
same timespan than to those of the other period. Nine of 
the 14 environmental parameters were explained by the 
first 2 CCA axes for the benthic community variables, with 
28.5% of the total variation (Table 3; Figure 5). The first 
CCA axis had the strongest correlations with 4 of these 
environmental parameters, which were associated mostly 
with depth gradient and fine-grain sedimentary fractions 
(Table 3; Figure 5). Physical parameters of the water had 
the highest correlation with the second CCA axis (Table 
3). Samples were ordinated according to sand content 
(shallow-water sites) and muddy fractions (deep-water 
sites) (Figure 5). TOC had a moderate correlation with the 
crustacean assemblages (Table 3; Figure 5). Validity of the 
significance of both the first canonical axis (Table 3; F = 

1.325, P = 0.036) and all the axes (F = 1.360, P = 0.002) 
were proved by the Monte Carlo test. 

Abundance of species in assemblages determined 
according to axis 2 of the CCA is given in Table 4. Seasonal 
differences in assemblages were more prominent in 
deeper sampling sites. It is noteworthy to mention that 
the sedimentary parameters were significantly correlated 
with the bottom depth and all hydrographical variables 
(with the exception of NBT at P < 0.05), whereas NBD 
was not significantly correlated with the depth (Table 5). 
Depth-related sedimentary and hydrographical variables 
were most likely to be the controlling factors at a temporal 
scale of the shallow water communities (Table 5). Six 
species discriminated the crustacean assemblage structure 
effectively between February and May (F–M) and August 
and November (A–N) at 10 m, 2 species at 25–100 m, and 
4 species at 150–200 m (Table 4). Two decapods (Diogenes 
pugilator [Roux, 1829] and Upogebia sp.), 3 amphipods (A. 
brevicornis, Medicorophium sp., and Ericthonius punctatus 

Table 3. Summary of statistical measures of the characteristics of crustacean species 
abundance and environmental variables for CCA (SST: sea surface temperature; NBT: 
near-bottom temperature in °C; SSS and NBS: shallow-site salinity and near-bottom 
salinity, respectively; SSD and NBD: water density sigma-theta for shallow sites and 
near-bottom sites, respectively; grain size in %; CaCO3: total carbonate content in %; 
TOC: total organic carbon content in % of sediment).

Environmental variables Species axis 1 Species axis 2

Depth 0.8873 0.0521
SST 0.1479 –0.6591
NBT 0.1423 –0.3199
SSS 0.3476 –0.2654
NBS 0.3386 –0.2548
SSD 0.3485 –0.1871
NBD 0.3658 –0.238

Gravel –0.0904 –0.0224
Sand –0.8815 –0.1422
Silt 0.8030 0.2947

Clay 0.7351 –0.0655
Mud 0.8858 0.2018

CaCO3 –0.4571 0.0026
TOC 0.5315 –0.019

Eigenvalues 0.441 0.371
Species–environment correlations 0.976 0.957
Cumulative percentage variance

 of species data 8.6 15.9
 of species–environment relation 15.5 28.5
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Figure 5. CCA ordination of species (based on abundance data) with superimposed symbols representing bottom depth (see Figure 4), 
sedimentary parameters, and sea surface temperature of the sampling locations in February (F), May (M), August (A), and November 
(N). Symbol size is proportional to value of each variable, i.e. the largest symbol corresponds to the maximum value.



MUTLU and ERGEV / Turk J Zool

270

[Bate, 1857]), and 1 cumacean (Iphinoe douniae Ledoyer, 
1965) were the contributor species at 10 m, whereas all 
species, apart from Upogebia sp., were more dominant 
in F–M (most of them in May) than in A–N (Table 4). 
Amphipods and cumaceans were most abundant in May, 
and decapods in February and August (Table 4). The 
tanaidacean Apseudopsis latreillii and the isopod Eurydice 

pulchra, which mostly contributed in the intermediate 
zone (25–100 m; a shallow subentity), were abundant 
in August (Figure 2; Table 4). Four amphipods were 
discriminating species of the outer shelf: Cheirocratus 
sundevalli (Rathke, 1843) and H. pectinata for F–M (more 
abundant in May), and E. elongata and H. antennaria for 
A–N (more abundant in November) (Table 4). 

Table 4. Average abundances of the crustacean species according to depth and groups of seasons as determined by CCA (February–
May: F–M; August–November: A–N). Asterisk(s) indicate(s) abundant species at: *, 10 m; **, 25–100 m; *** 150–200 m. 

Seasons F–M A–N F–M A–N F–M A–N

Species/depth (m) 10 10 25–100 25–100 150–200 150–200

*Diogenes pugilator (Roux, 1829) 16.25 0.56 0.11 0.14 0.00 0.00

*Upogebia sp. 0.00 92.22 0.63 0.56 0.00 0.36

*Ampelisca brevicornis (Costa, 1853) 142.50 46.67 12.57 18.21 3.51 5.21

***Cheirocratus sundevalli (Rathke, 1843) 0.00 0.00 0.00 0.00 7.43 0.00

***Eriopisa elongata (Bruzelius, 1859) 0.00 0.00 0.14 2.27 3.65 14.50

*Medicorophium sp. 12.50 0.00 1.61 3.98 0.00 0.00

*Ericthonius punctatus (Bate, 1857) 15.83 0.00 0.93 0.78 0.00 0.00

***Harpinia antennaria Meinert, 1890 0.00 0.00 0.42 1.48 1.25 21.61

***Harpinia pectinata Sars, 1891 2.08 0.00 1.78 0.14 10.52 0.00

**Apseudopsis latreillii (Milne-Edwards, 1828) 31.67 40.00 13.54 61.79 3.37 2.48

*Iphinoe douniae Ledoyer, 1965 16.67 1.67 0.39 1.53 0.00 1.00

**Eurydice pulchra Leach, 1815 0.42 0.00 1.96 6.44 2.33 1.48

Table 5. Spearman’s rank correlation values among environmental parameters (r; bold values significant at P < 0.05). See Table 3 for 
abbreviations of the parameters. 

Depth SST NBT SSS NBS SSD NBD Gravel Sand Silt Clay Mud CaCO3 TOC

Depth 1.000 0.054 –0.877 0.180 –0.294 0.021 0.857 0.154 –0.763 0.652 0.594 0.705 –0.385 0.430
SST 1.000 0.224 0.476 0.194 –0.758 –0.214 –0.137 –0.063 0.099 0.093 0.091 –0.096 0.227
NBT 1.000 –0.018 0.471 –0.256 –0.976 –0.053 0.631 –0.445 –0.379 –0.492 0.162 –0.232
SSS 1.000 –0.040 0.070 –0.006 0.013 –0.150 0.030 0.465 0.178 –0.231 –0.045
NBS 1.000 –0.079 –0.405 –0.357 0.215 0.031 –0.171 –0.039 –0.125 –0.252
SSD 1.000 0.211 0.045 0.052 –0.143 –0.179 –0.124 0.039 –0.166
NBD 1.000 0.076 –0.610 0.424 0.368 0.476 –0.121 0.215

Gravel 1.000 0.000 –0.231 –0.019 –0.194 0.280 0.133
Sand 1.000 –0.895 –0.772 –0.932 0.563 –0.354
Silt 1.000 0.701 0.967 –0.697 0.375

Clay 1.000 0.821 –0.533 0.359
Mud 1.000 –0.694 0.363

CaCO3 1.000 –0.327
TOC 1.000
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4. Discussion
Environmental gradients could affect the biodiversity 
patterns of benthic organisms both directly and indirectly. 
Those are classified as resources (chemicals, nutrients, 
energy consumption), and direct (grain size of sediment and 
temperature) and indirect gradients as a synergetic effect 
of both depth and latitude (Meynard and Quinn, 2007). 
Here, the depth drives the direct gradients and resources’ 
effect for the pattern. The species composition and density 
distribution of the macrobenthic crustaceans in Mersin 
Bay of the Cilician shelf were primarily determined by 
bottom depth and depth-related sedimentary parameters, 
and secondarily by sea surface temperature. According to 
Gray (2002), nutrients, temperature, and sediment grain 
size play dominant roles in regional benthic richness. 
The number of crustacean species peaked at 10 m and 
75–100 m, abundance at 10 and 50 m, and biomass at 
25 m. Crustacean species richness slightly decreases 
with depth in the eastern (Karakassis and Eleftheriou, 
1997; Tselepides et al., 2000) and western (Grèmare et 
al., 1998) Mediterranean Sea. Here, species such as the 
decapods D. pugilator and Upogebia sp.; the amphipods A. 
brevicornis, Medicorophium sp., E. punctatus, C. sundevalli, 
H. pectinata, E. elongata, and H. antennaria; the cumacean 
I. douniae; the tanaidacean A. latreillii; and the isopod E. 
pulchra showed great changes in density through the year. 
The main population of D. pugilator was primarily found 
at shallow depths where the sediments were mostly fine 
sand (Mutlu and Ergev, 2010). Occasionally, this species 
appears in small numbers at greater depths (Mutlu and 
Ergev, 2008). On the other hand, A. latreillii was observed 
at a depth greater than 20 m in a western Mediterranean 
site (Tyrrhenian Sea) and occurred most abundantly 
in December (Tomassetti et al., 2009). Abundance of 
Harpinia spp. increased from 15 ind 100 m–2 in autumn 
and 47 ind 100 m–2 in winter and spring to 132 ind 100 
m–2 in summer on coastal muddy bottoms (40–80 m deep) 
of the southern Tyrrhenian Sea, whereas abundance of E. 
elongata was very low throughout the year (Fanelli et al., 
2009). In the present study, mean crustacean abundance 
doubled in summer as compared with that in winter, and 
maximum mean crustacean abundance (200 ind m–2) was 
found at depths of 10 and 50 m. 

Crustacean species, mostly amphipods and 
tanaidaceans, showed seasonal dynamics across the bottom 
depth gradient of the shelf. The temperature-dependent life 
cycle and reproductive strategies of the species determine 
seasonal changes in density fluctuations that explain the 
structure of the whole assemblage (Dauvin et al., 1994; 
Cunha et al., 1999; Moreira et al., 2008). Furthermore, 
some species show differences in swimming activity, 
mostly in spring–summer, devoted to a reproductive effort 
that is responsible for seasonal differences in abundance 

and presence (Dauvin et al., 1994). The most abundant 
crustacean species of the Cilician Basin were A. latreillii 
and A. brevicornis, similar to the findings of Bogdanos 
and Satsmadjis (1983) for the Aegean Sea. A. brevicornis 
showed increased densities in spring and A. latreillii in 
summer. E. pulchra had its maximum density within the 
period between February and November from Hendaya 
Beach, southern Bay of Biscay (San Vicente and Sorbe, 
2001). These seasonal changes were generally correlated 
with reproductive and recruitment processes, and were 
affected by the abundance of amphipods (such as A. 
brevicornis) during springtime (Occhipinti-Ambrogi et al., 
2005). The western Mediterranean Sea had high densities 
of crustaceans in summer (Harriague et al., 2006) and at 
30 m (Grèmare et al., 1998). 

Bathymetrically described crustacean communities 
were correlated with seasonal factors over the shelf. 
Subsequent to depth (Karakassis and Eleftheriou, 1997), 
grain size and organic content of the sediment are 
considered the second most significant characteristics 
(Gray, 1981; Harriague et al., 2007). Seasonal variation in 
environmental variables that change seasonally may also 
be related to depth (McArthur et al., 2009). Although the 
seasonal variation was smaller below 50 m than above 50 
m, the deep-water crustacean assemblages that could be 
dependent on seasonal biological productivity diminishing 
later in the year were more clearly distinguished by the 
seasons than those of shallow waters were. Additionally, the 
sediment, hydrographical, and biological variables that are 
depth-related are more likely to be the controlling factors 
than depth itself (Gray, 1981; Karakassis and Eleftheriou, 
1997). In the present study, certain species played an 
important role in structuring the crustacean community by 
depth and season. The tanaidacean Apseudes sp. was found 
to be restricted to inner-shelf sites of the South Atlantic 
Bight (Wenner et al., 1984). The isopod E. pulchra was one 
of the macroinvertebrates showing higher densities at the 
beach of De Panne, Belgium (Degraer et al., 1999) and 
was found within 10 m of the shelf in the Bay of Biscay 
(Martínez and Adarraga, 2001). In the present study, A. 
brevicornis and H. antennaria were observed at 40–75 
m and 75–165 m, respectively (Martínez and Adarraga, 
2001). Karakassis and Eleftheriou (1997) studied the 
4 Cretan zones (130–190 m, 130–160 m, intermediate 
zone of 70–130 m, and shallow zone) of macrofaunal 
patchiness and discussed 2 deep zones that overlapped 
due to heterogeneity of sediment characteristics among 
the deep zones. Tselepides et al. (2000) distinguished the 
macrofauna of 40 m and 100–200 m depths from other 
deeper clusters of the Cretan shelf. Martínez and Adarraga 
(2001) determined shallow zone (5–50 m), central shelf 
(75–125 m), and deep shelf (160–225 m) assemblages 
on the shelf of Bay of Biscay. A slight positive correlation 
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Appendix

Crustacean species showing dominance (D%) and maximum density values (ind m–2) for each sampling season. F: February; M: May; A: 
August; N: November. The number given after the slash represents depth (m). ND: species not detected at any depth. * is an alien species.
 

Species/Orders D% F M A N

Decapoda 

Aegaeon lacazei (Gourret, 1887) 1.23 10/90 ND ND ND

Alpheus glaber (Olivi, 1792) 16.05 20/28–65 10/21, 100–147 10/30–59 10/13–20, 145

Alpheus sp. 18.52 10/25–95 10/60 30/56 20/28

Callianassa sp. 11.11 10/25–35 10/13–21, 147 10/30–55 20/59

Callianassa subterranea (Montagu, 1808) 13.58 20/28 40/40 10/22–24 20/28

Callianassa tyrrhena (Petagna, 1792) 1.23 10/25 ND ND ND

Carcinus aestuarii Nardo, 1847 1.23 10/100 ND ND ND

Crangon crangon (Linnaeus, 1758) 14.81 40/70 30/21 ND 20/8

Crangon sp. 11.11 10/205 ND 10/13, 56–146 20/28–53

Diogenes pugilator (Roux, 1829) 12.35 60/10 30/13 10/10, 59 ND

Ebalia cranchii Leach, 1817 1.23 ND ND ND 10/102

Ebalia tuberosa (Pennant, 1777) 1.23 10/95 ND ND ND

Goneplax rhomboides (Linnaeus, 1758) 12.35 10/70 20/8–22 50/24 40/13

Jaxea nocturna Nardo, 1847 1.23 ND ND ND 10/150

Leptochela pugnax De Man, 1916 30.87 20/35 30/40 10/30–99 20/23–105

Liocarcinus depurator (Linnaeus, 1758) 2.47 10/6 ND ND 10/102

Maja crispata Risso, 1827 1.23 ND ND ND 10/75

Nephropidae indet. 1.23 ND ND 10/85–90 ND

Pagurus prideaux Leach, 1815 1.23 ND ND ND 10/85

Pandalidae indet. 1.23 ND ND ND 10/153

was found between the crustacean distribution and TOC 
in the area of study, since the study region is one of the 
most oligotrophic areas (Yılmaz and Tuğrul, 1998). The 
biodiversity pattern of the macrofauna is best explained 
with multienvironmental variables under undisturbed 
conditions (Dauer et al., 2000). The mean abundance 
and number of species showed a significant negative 
correlation with the depth, but a positive correlation with 
the TOC content of the sediment (Kroncke et al., 2003). 

In conclusion, crustacean diversity was moderately 
good (90 species) for an oligotrophic region of the 
Cilician Basin according to the findings for the western 
Mediterranean Sea: e.g., 119 crustacean species in the 
Tyrrhenian Sea (Scipione et al., 2005), 149 in Catalan 
coasts (Munilla and Vicenta, 2005), 60 decapods in Spanish 
coasts (Garcia-Munoz et. al., 2008), and 237 species in the 
English Channel (Dauvin et al., 2000). The average and 
biomass were also very low compared with those found 

in other regions of the Mediterranean Sea. The crustacean 
communities in the area varied primarily according to 
depth and depth-related sedimentary parameters, and 
secondarily according to the sea surface temperature. Two 
major crustacean assemblages occurred, the first in shallow 
water (10, 25–100 m, corresponding to the photic zone) 
and the second in deep water (150–200 m, corresponding 
to the aphotic zone).
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Appendix (continued)

Parapenaeus longirostris (Lucas, 1846) 1.23 ND 10/78 ND ND

Parthenope sp. 1.23 ND ND ND 10/85

Pasiphaea sp. 1.23 ND 10/60 ND ND

Penaeidae indet. 1.23 ND ND ND 10/8

Portunidae indet. 1.23 ND ND ND 10/55

Processa edulis (Risso, 1816) 3.7 20/66 20/30 ND ND

Processa robusta Nouvel & Holthuis, 1957 1.23 ND ND ND 40/10

Processa sp. 2.47 10/145 ND 10/59 ND

Upogebia pusilla (Petagna, 1792) 1.23 ND ND 50/9 ND

Upogebia sp. 7.41 ND 20/8, 31, 104 1290/9 10/27, 145

Amphipoda 

Ampelisca brevicornis (Costa, 1853) 80.25 90/10 650/8 90/9 220/11

Ampelisca diadema (Costa, 1853) 1.23 10/50 ND ND ND

Ampelisca sp. 8.64 20/82 20/58 20/145 10/13, 28

Aoridae indet. 7.41 ND ND ND 20/150–195

Bathyporeia sp1. 1.23 ND 20/7 ND ND

Bathyporeia sp2. 1.23 10/6 ND ND ND

Ceradocus sp. 1.23 20/145 ND ND ND

Cheirocratus sundevalli (Rathke, 1843) 3.7 10/149–153 90/185 ND ND

Ericthonius punctatus (Bate, 1857) 17.28 140/5 40/11 10/50–87 10/98

Ericthonius sp. 1.23 ND ND 10/80 ND

Eriopisa elongata (Bruzelius, 1859) 25.93 20/146–200 10/47, 150–201 50/151 60/150

Gammaropsis maculata (Johnston, 1828) 8.64 20/95 20/21–57, 201 50/10 10/150

Harpinia antennaria Meinert, 1890 23.46 ND 20/145 30/146–195 80/145

Harpinia pectinata Sars, 1891 20.99 20/97–149 50/185–195 10/48 ND

Harpinia sp. 1.23 ND ND ND 10/96

Hippomedon sp. 2.47 10/82 ND 10/26 ND

Ischyrocerus sp. 1.23 10/56 ND ND ND

Jassa falcata (Montagu, 1808) 1.23 10/82 ND ND ND

Lembos sp. 2.47 ND ND 10/145 10/75

Leucothoe lilljeborgi Boeck, 1861 13.58 ND ND 20/30–79 50/13

Leucothoe procera Bate, 1857 3.7 20/8 20/8 ND ND

Leucothoe sp. 2.47 ND ND ND 10/13, 75

Leucothoe spinicarpa (Abildgaard, 1789) 2.47 10/50 10/31 ND ND

Lysianassidae indet. 2.47 10/10 10/97 ND ND

Medicorophium sp. 24.69 10/30–100 70/8 30/48 30/86

Megaluropus agilis Hoeck, 1889 3.7 20/10 30/7 ND ND

Melita sp. 1.23 30/153 ND ND ND

Oedicerotidae indet. 1.23 ND ND 10/10 ND

Paraphoxus oculatus (Sars, 1879) 1.23 60/149–153 ND ND ND
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Appendix (continued)

Perioculodes longimanus (Bate &
 Westwood, 1868) 8.64 40/6 ND ND 60/13

Phtisica marina Slabber, 1769 9.88 10/8, 30–90 10/7–13 ND ND

Socarnes erythrophthalmus Robertson, 1892 3.7 ND ND ND 10/20, 75

Socarnes filicornis (Heller, 1866) 2.47 10/82 10/90 ND ND

Synchelidium maculatum Stebbing, 1906 8.64 10/10 20/7–13 ND 70/11

Synchelidium sp. 1.23 ND ND 10/90 ND

Tryphosella sp. 1.23 10/8 ND ND ND

Urothoe poseidonis Reibish, 1905 1.23 10/8–10 ND ND ND

Urothoe sp. 1.23 ND 10/145 ND ND

Tanaidacea 

Apseudopsis latreillii (Milne-Edwards, 1828) 60.49 210/55 210/60 1590/50 380/8

Apseudes sp. 1.23 10/149–156 ND ND ND

Leptochelia savignyi (Kroyer, 1842) 2.47 ND ND 20/10 ND

Cumacea 

Bodotria pulchella (Sars, 1878) 1.23 10/10 ND ND ND

Bodotria sp. 1.23 ND ND ND 10/177

Campylaspis glabra Sars, 1878 1.23 ND ND ND 10/102

Cumella (Cumella) pygmaea G.O. Sars, 1865 1.23 ND 10/79 ND ND

Diastylis rugosa Sars, 1865 1.23 ND 10/77 ND ND

Iphinoe douniae Ledoyer, 1965 25.93 20/10 70/8–13 20/79 10/10, 53–105, 
200

Leucon (Leucon) mediterraneus Sars, 1878 3.7 ND ND 20/80 20/10

Isopoda 

Anthura gracilis (Montagu, 1808) 4.94 ND 10/145 10/55, 195 20/55

Eurydice pulchra Leach, 1815 34.57 30/35 10/8, 77–195 100/50 20/27–90

Eurydice sp. 2.47 10/36, 180 ND ND ND

Eurydice spinigera Hansen, 1890 3.7 10/50–106 ND ND ND

Gnathia maxillaris (Montagu, 1804) 4.94 ND 10/90 ND 10/53–75

Gnathia sp. 6.17 10/100 ND 10/79–100 10/86

Joeropsis brevicornis Koehler, 1885 1.23 10/180 ND ND ND

Mysida

Gastrosaccus sanctus (van Beneden, 1861) 7.41 20/65–66 10/11, 195 ND 20/8

Nebaliacea

Nebalia sp. 1.23 ND ND 10/9 ND

Stomatopoda 

*Clorida albolitura Ahyong & Naiyanetr, 2000 1.23 ND ND 10/22 ND

Squilla mantis (Linnaeus, 1758) 1.23 ND 10/14 ND ND

Ostracoda 

Euphilomedes sp. 11.11 10/100 ND 20/104 30/102
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