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Abstract: 	 The aim of the study was to identify the species of the Malacostraca distributed in the estuarine habitats of 
the eastern part of the Black Sea of Turkey using both morphological and molecular data. Samples were 
collected from 11 stations in 2019–2020. Fifteen species were found. Eleven of them were identified based 
on sequences of COI gene region published in the GenBank and morphological differences. These were 
Echinogammarus foxi, Jassa marmorata, Dexamine cf. thea, Gammarellus angulosus, Amphithoe ramon-
di, Monocorophium insidiosum, Idotea balthica, Eriphia verrucosa, Pilumnus spinulosus, Pachygrapsus 
marmoratus and Palaemon elegans. Futher four species, i.e. Gammarus crinicornis, Lekanesphaeroma 
monodi, Pisidia bluteli and Tanais dulongi, were identified based on morphological data only. Due to the 
rapid degradation of the DNA of Malacostraca individuals and insufficient or partially incorrect informa-
tion in the Genbank, genetic comparisons of some species could not be implemented. In order to solve this 
problem, it is discussed that species-specific primers have to be developed in future studies.
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Introduction
The Eastern Black Sea coast of Turkey covers 
the region limited by the Georgian border in the 
east and the Melet River in the west (Sezgin et al. 
2017). Estuary habitats are transitional zones be-
tween rivers and the sea and have peculiar biotic 
and abiotic conditions. These areas are character-
ised by having a constantly changing mix of fresh 
and salt water and contain sediments carried by 
rivers. Factors such as salinity changes, turbidity, 
wave movements and muddy-sandy sediments are 
features allowing the physiological adaptation of 
only few animal species. However, estuarine sedi-

ment is considered a rich resource capable of feed-
ing a large number of individuals (McLusky & El-
liott 2004). Benthic invertebrates are groups of 
organisms that live in diverse habitats in the seas 
from coasts to deep bottom. They respond to eco-
system degradation as they are directly linked to 
sediment. They are considered suitable pollution 
indicators due to their abundance and species di-
versity (Mutlu et al. 2010, Drake & Arias 1997, 
Mantıkçı et al. 2010, Tellikarakoç et al. 2010, 
Başçınar & Gözler 2010). Malacostraca, which 
is the largest class of the Crustacea, is one of the 
groups commonly encountered in aquatic habitats 
such as seas, oceans, brackish and freshwaters. 
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A large part of the Malacostraca consists of rep-
resentatives of the superorder Peracarida and the 
order Decapoda (Salman 2006). 

Many studies contributed to the knowledge 
of the diversity of the Malacostraca at the Turk-
ish coasts (Holthius 1961, Ateş 1997, Gönlügür 
2003, Gönlügür-Demirci & Katağan 2004, 
Aydın et al. 2013, Sezgin et al. 2001, Kocataş & 
Katağan 1978, 1980, Christodoulou et al. 2013, 
Gönlügür-Demirci 2006, Stock 1967, Bakır 
2012, Kırkım et al. 2005, Geldiay et al. 1970, 
Aslan-Cihangir & Pancucci-Papadopoulou 
2011, Koçak et al. 1999, Demir 1952, Öztürk 1998, 
Balkıs & Albayrak 1994, Kırkım et al. 2014, Ma-
rin & d’Acoz 2019, Kocataş et al. 2004). Howev-
er, there are only few publications on the Malacos-
traca in the brackish waters of Turkey (Geldiay et 
al. 1977, Özbek & Ustaoğlu 1998, Akbulut et al. 
2009). No molecular studies on species of the Mala-
costraca from the brackish waters of Turkey have 
been carried out. 

The aim of the present study was to identify the 
species of the Malacostraca distributed in the estua-
rine habitats of the eastern Black Sea region using 
both morphological and molecular approaches.

Materials and Methods
Collection of specimens and morphological 
identification
Samples were taken from the estuaries of streams 
flowing into the Black Sea (Fig. 1). The sam-
pling was carried out seasonally between Novem-
ber 2019 and September 2020 at a depth of 0–2 
m from 11 stations (Table 1). Samples were col-
lected with the aid of quadrats using free diving 
technique. The collected samples were placed in 
plastic containers and labelled. The first fixation 
of the collected samples with 96  % alcohol was 
done in the field. Samples brought to the labora-
tory were cleared of mud under water with the 
help of sieves with a mesh size of from 4 mm to 
63 µm, sorted using a magnifying glass and made 
ready for identification. The species were identi-
fied using Leica stereomicroscope and comparing 
observations with the published descriptions and 
identification keys (Bellan-Santini et al. 1982, 
1989, 1993, Barnard & Barnard 1983, Bar-
nard & Karaman 1991, Pinkster 1993, Schultz 
1969, Fischer et al. 1987, Kırkım 1998).

Genomic DNA extraction, PCR and sequencing 
DNA was extracted using DNeasy Blood & Tissue 
Kit (Qiagen, USA) following the manufacturer’s 

protocol carried out in Qiacube Automated DNA 
purification system. The invertebrate mitochon-
drial cytochrome c oxidase subunit I gene (COI) 
was amplified using UCOIF (5’-TAWACTTCDG-
GRTGRCCRAAAAAYCA-3’) and UCOIR (5’- 
ACWAAYCAYAAAGAYATYGG-3’) primer pairs 
(Costa et al. 2009). PCR reactions were carried out 
as 50 μL total volumes containing 5 μl of 10x re-
action buffer, 5 μl MgCl2 (25 mM), 6 μl of dNTP-
mix (10 mM), 1 μl of forward primer (10 pmol), 1 
μl of revers primer (10 pmol), 0.2 μl of Taq DNA 
polymerase (1 U), 3 μl of DNA template (50 ng/ 
μl) and 28.8 μl sterilized pure water. PCR reactions 
were performed by a gradient thermal cycler Biorad 
T100TM (Bio-Rad, Hercules). The thermal cycling 
conditions was as follows: 1 cycle at 95°C for 3 
min, followed denaturation by 35 cycles at 95°C for 
30 sec, annealing at 49°C for 30 sec, extension at 
72°C for 1 min and 1 cycle at 72°C for 7 min. PCR 
products were visualised on a UV-illuminator sys-
tem after it was run for electrophoresis in 1.2 % aga-
rose gel containing ethidium bromide (0.5 mg/mL) 
in TAE buffer. PCR products were purified using the 
QIAquick PCR Purification Kit (Qiagen) according 
to the manufacturer’s instructions and bidirectional 
sequencing of PCR products was performed with 
an ABI PRISM 3730x1 Genetic Analyser (Applied 
Biosystem; www. appliedbiosystems.com) using a 
BigDye Terminator 3.1 cycle sequencing ready re-
action kit (Applied Biosystem) at Macrogen Europe 
(www. macrogen.com).

Molecular identification and genetic analyses
The raw COI sequences were aligned with the 
Clustal W method (Thompson et al. 1994) imple-
mented in Bioedit 7.2.5 (Hall 1999). Sequences 
were trimmed and converted to Fasta file. Then, with 
COI-Barcode gene sequence data using BLAST 
(Basic Local Alignment Search Tool) on GenBank 

Fig. 1. Map of sampling station
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database (NCBI website: http://www.ncbi.nih.gov) 
was made a comparison and similarity percent-
ages were calculated. The nucleotide composition 
was calculated in MEGA X software (Kumar et al. 
2018). Phylogenetic relationships were estimated 
using neighbour-joining (NJ) algorithm in MEGA 
X software. NJ tree was generated according to 
the K2P (Kimura 1980) model that was the best-
fit evolution model for nucleotide substitution. The 
NJ tree was generated using with 1000 bootstrap 
replicates.

Results
The examination of samples from 11 stations result-
ed into the identification of 15 species belonging to 
Malacostraca. They were as followed:
Order Amphipoda: Family Gammaridae – Gam-
marus crinicornis Stock, 1966 and Echinogam-
marus foxi (Schellenberg, 1928). Family Ischy-
roceridae – Jassa marmorata Holmes, 1903. Family 
Gammarellidae – Gammarellus angulosus (Rathke, 
1843). Family Corophiidae – Monocorophium in-
sidiosum (Crawford, 1937). Family Ampithoidae – 
Ampithoe ramondi Audoin, 1826. Family Dexami-
nidae – Dexamine cf. thea.

Order Isopoda: Family Idoteidae – Idotea bal-
thica (Pallas, 1772). Family Sphaeromatidae – Le-
kanesphaeroma monodi (Arcangeli, 1934).

Order Tanaidacea: Family Tanaididae – Tanais 
dulongi (Audouin, 1826).

Order Decapoda: Family Eriphiidae – Eriphia 
verrucosa (Forskål, 1775). Family Pilumnidae – 
Pilumnus spinulosus Kessler, 1861. Family Grapsi-
dae – Pachygrapsus marmoratus (Fabricius, 1787). 
Family Porcellanidae – Pisidia bluteli (Risso, 1816). 
Family Palaemonidae – Palaemon elegans Rathke, 
1837.

We present below a review of the examined species.

Echinogammarus foxi (Schellenberg, 1928)
Distribution: Black Sea, Mediterranean Sea. 

Type-locality: Egypt (brackish lagoons near Croco-
dile Lake).

Regional diagnosis: Medium-sized species. 
Maximum length of examined individuals 10 mm. 
Eyes large. Antenna 1 long, flagellum with 28–30 
segments, accessory flagellum with 4–5 segments. 
Antenna 1 with few setae; antenna 2 armed with 
many groups of setae; setae long, about twice as 
long as peduncle segment. Flagellum of antenna 2 
of 17–19 segment. Gnathopod 1 with oblique palm, 
with medial palmar spine and group of palmar an-
gle spine. Ganthopod 2 slightly more setose, with 
medial palmar spine, well-separated from group of 
palmar angle spines. Pereiopod 3 and 4 with very lit-
tle seta (especially pereiopod 4). Pereiopod 5, 6 and 
7 short; basis almost rectangular; posterior margins 
with short setae. Pereiopod 7 with more developed 
seta than pereiopod 5. Extremites have setae in in-
ner surface. Armature of 3–6 segments have spines. 
Uropod 3 with well-developed inner ramus and sec-
ond exopodal segment. Inner and outer margins of 
endo- and exopodite armed with numerous setae. 
Some setae curved. Uropod 3 with characteristics 
used in diagnosing this genus: telson lobes with a 
distal group of 2–3 spines with several longer setae. 
Metasome segments flat, dorsally unarmed, no tooth 
or nail-like structure. First urosome segment with 
slight excavation. Epimeral plates 2 and 3 almost 
rectangular.

Genetic results: A total of six specimens from 
Derepazarı (Rize), Of (Trabzon), Pelitli (Trabzon), 
Vakfıkebir (Trabzon), Kesap (Giresun) and Pazar-
suyu (Bulancak, Giresun) were studied; 616 bp se-
quences were amplified from the COI gene, with-

Table 1. Sampling stations and information on the species detected at the stations
Station Code Station Names Province/Town Coordinates

NA-1 Stream Orci Artvin/ Arhavi 41.3514 N, 41.2968 E
NA-2 Stream Fırtına Rize/Ardeşen 41.1901 N, 40.9617 E
NA-3 Stream Sabuncular Rize/Çayeli 41.0843 N, 40.7112 E
NA-4 Stream Derepazarı Rize/Derepazarı 41.0270 N, 40.4272 E
NA-5 Stream Değirmendere Trabzon/Değirmendere 41.0031 N, 39.7422 E
NA-6 Stream Çataklı Trabzon/Of 40.9462 N, 40.2646 E
NA-7 Stream Fol Trabzon/Vakfıkebir 41.0502 N, 39.2758 E
NA-8 Stream Yalakoda Giresun/Çavuşlu 41.0437 N, 39.0722 E
NA-9 Stream Pazarsuyu/Aksu Giresun/Bulancak 40.9450 N, 38.1741 E
NA-10 Stream Büyükçay Giresun/Keşap 40.9849 N, 37.9362 E
NA-11 Stream Melet Ordu 40.9848 N, 37.9340 E
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out insertion, deletion, gaps and stop codon. The 
sequences were deposited in GenBank Acc. No. 
MZ196417 – MZ196422. The average nucleotide 
frequency was calculated as 32.3 % (T), 22.6 % (C), 
26.5 % (A) and 18.5 % (G). Based on the comparison 
with the Genbank BLAST database, our specimens 
matched with similarity values between 98.05 % and 
98.86 % with Echinogammarus foxi (Genbank acc. 
no. KF478567 – Hou et al. 2011) from Slovenia. 
Derepazarı, Of, Pelitli, Vakfıkebir, Kesap and Pazar-
suyu specimens are clustered together with Echi-
nogammarus foxi published in the Genbank (Fig. 2). 
In addition, the phylogenetic tree topology indicated 
that Derepazarı, Of, Pelitli, Vakfıkebir, Kesap and 
Pazarsuyu specimens are not match from other spe-
cies of Echinogammarus (Fig. 2). For phylogenetic 
analysis, Gammarellus homari from family Gam-
marellidae was used as outgroup (Fig. 2).

Jassa marmorata Holmes, 1903
Distribution: North Atlantic Ocean, East Pa-

cific Ocean (Lowry et al. 2011), the Black Sea coast 
(Gönlügür-Demirci 2006) and the rocky ground 
of the Aegean Sea (Kırkım et al. 2005), Istanbul 
Straits system (Balkıs et al. 2002). Type-locality: 
Narraganset Bay.

Regional diagnosis: Relatively small species. 
The maximum length of the examined individuals 
is 7 mm. The eyes are round and entirely within 
lobe. Antenna 1 and antenna 2 are thick. Antenna 1 
shorter than half the body length, flagellum has 6-7 
segments. Antenna 2 longer than Antenna 1, flagel-
lum has 4 segments. Antenna 1 have many setae; 
setae long. Antenna 2 thick, densely setose but with 
very short flagellum. The most characteristic prop-
erties of this genus is the structure and size of the 
gnathopods. Gnathopod 1 propodus palm have 3 
spines, dactylus stout. Gnathopod 2 basis stout, an-
terior margin deeply excavate on outer face, propo-
dus very wide and length. Pereiopod 3 and 4 stout, 
very short. Coxal plates of pereiopod 3 and 4 are a 
wide and slightly-rectangular. Pereiopod 5, 6 and 7 
moderately stout and long. Coxal plates are smaller 
than coxal plates of pereiopod 3 and 4. Uropod 3 
peduncle stout, distal part of outer ramus has ser-
rations and basal part has a distal spine and long 
setae. Inner ramus is equal to the length of the outer 
ramus. The telson resembles a broad triangle, with 
long strong setae at the distal point. The metasome 
segments are flat, dorsally unarmed with tooth or 
nail structure.

Genetic results: Three specimens from 
Derepazarı (Rize) were studied; 640 bp sequences 
were amplified from the COI gene without inser-

tion, deletion, gaps and stop codon. The sequences 
were deposited in GenBank Acc. No. MZ196423 – 
MZ196425. The average nucleotide frequency was 
38.8 % (T), 15.9 % (C), 29.2 % (A) and 16.1 % (G). 
The comparison with the Genbank BLAST data-
base showed that our specimens matched with the 
similarity value 100 % with Jassa marmorata (Gen-
bank Acc. No. KT209459; Raupach et al. 2015). 
Derepazarı specimens clustered together with the 
published J. marmorata specimens and differed 

Fig. 2. Phylogenetic tree of Echinogammarus spp. gener-
ated according to the NJ method based on the COI bar-
code gene.

Fig. 3. Phylogenetic tree of Jassa species generated ac-
cording to the NJ method based on the COI barcode gene.
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from other Jassa spp. (Fig. 3). For the phylogenetic 
analysis, Ischyrocerus anguipes (Ischyroceridae) 
was used as outgroup (Fig. 3). 

Ampithoe ramondi Audoin, 1826
Distribution: Black Sea, Atlantic Ocean, Red 

Sea, Indian Ocean, Mediterranean Sea. Christo-
doulou et al. (2013) summarised the species distri-
bution as the Aegean Sea, Black Sea, Levantine Sea, 
Adriatic, Indo-Pacific and Atlantic Oceans. Kirkim 
et al. (2005) encountered it in a study investigating 
peracarid crustaceans of rocky communities on the 
Aegean coasts of Turkey. Type-locality: Egypt.

Regional diagnosis: Medium-sized species. 
Maximum length of examined individuals 9 mm. 
Eyes rounded, small-sized. Antenna 1 long, fla-
gellum of 43-48 segments. Antenna 2 shorter than 
antenna 1 but almost the same length as antenna 1. 
Antenna 2 flagellum of 20-25 segments. Both anten-
nae with short and few setae on both peduncle and 
flagellum. Gnathopod 1 basis large, propodus long. 
Propodus sometimes rectangular, with smooth palm. 
Gnathopod 2 very robust, its basis large; propodus 
with many groups of distal setae. Gnathopods 1 and 
2 moderately setose; setae plumose. Pereiopods 3 
and 4 quite short, undeveloped. Pereiopod 5, 6 and 
7 normally long; propodus not widened. Uropod 3 
outer ramus with 2 differing powerful spines. Inner 
ramus wide, oviform, with long and densely-situat-
ed setae. Telson is form of large triangle, with single 
protuberance on each corner; 2 long setae on distal 
surface and 4-5 setae on side edges. Metasome seg-
ments flat, dorsally unarmed. General body struc-
ture thin; setae little, usually not very long. 

Genetic results: a specimen from Derepazarı 
(Rize) was studied; 482 bp sequence was amplified 
from the COI gene without insertion, deletion, gaps 
and stop codon (GenBank Acc. No. MZ196426). 
The nucleotide frequency was 38.0 % (T), 14.7 % 
(C), 31.7 % (A) and 15.6 % (G). The comparison 
with the GenBank BLAST database showed that 
our specimen matched with the similarity value 
92.5  % with Ampithoe ramondi (GenBank Acc. 
No. KP316299; Sotka et al. 2016) from Spain. The 
Derepazarı specimen is clustered together with A. ra-
mondi published in the GenBank (Fig. 4). The phy-
logenetic tree topology indicated that the Derepazarı 
specimen does match with other Ampithoe spp. (Fig. 
4). For the phylogenetic analysis, Cymadusa compta 
(family Ampithoidae) was used as outgroup (Fig. 4). 

Monocorophium insidiosum (Crawford, 1937)
Distribution: Coasts of North America, Eu-

ropean coasts from Denmark to the Mediterranean, 

coasts of Pasific Ocean, Australia. M. insidiosum 
has been recorded from the Black Sea, the Marmara 
Sea and the Aegean Sea (Gönlügür-Demirci & 
Katağan 2004, Aslan-Cihangir & Pancucci-Pa-
padopoulou 2011, Koçak et al. 1999). Type-local-
ity: California – Oakland.

Regional diagnosis: Small-body species. 
Maximum length of the examined individuals 6 mm. 
Eyes rounded and large. A characteristic features 
is the long rostrum that can be seen between eyes. 
Antenna 1 thin, flagellum of 8 segments; antenna 2 
stout, consisting of 5 segments. Both antenna 1 and 
antenna 2 have little and long setae. Inner margin of 
1st peduncle segment of antenna 1 with 2–3 spines. 
In gnathopod 1, dactly long, extending to the end 
of 1st segment of propodus; with short and long se-
tae but setation is not dense. In gnathopod 2, dactly 
with 2 posterior marginal teeth. Bases of pereiopods 
5 and 6 not very wide; basis of pereiopod 7 wider. 
Other segments of pereiopod 5, 6 and 7 short; car-
pus moderately slender, without protuberance on 
anterior margin. Urosome segments fused. Ramus 
of uropod 3 stout, with long setae, which are usually 
located distally. Telson resembling a broad triangle, 
with 2 distal setae; setae short.

Genetic results: Two specimens from 
Değirmendere (Pelitli, Trabzon) were studied; 647 
bp sequences were amplified from the COI gene, 
without insertion, deletion, gaps and stop codon 
(GenBank Acc. No. MZ196429-MZ196430). The 
average nucleotide frequency was 34.5  % (T), 
19.6 % (C), 28.9%  (A) and 17.1 % (G). As a result of 
the comparison with the Genbank BLAST database, 
our specimens matched, with the similarity values 
between 96.50  % and 99.84  %, with Monocoro-
phium insidiosum (GenBank Acc. No. HQ966522) 
from Canada. Değirmendere specimens clustered 
together with M. insidiosum already published in 
GenBank sequences (Fig. 5). The phylogenetic tree 

Fig. 4. Phylogenetic tree of Ampithoe species generated 
according to the NJ method based on the COI barcode 
gene.
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topology indicated that Değirmendere specimens do 
not match with other Monocorophium spp. (Fig. 5). 
For phylogenetic analysis, Apocorophium lacustre 
(Corophiidae) was used as outgroup (Fig. 5). 

Gammarellus angulosus (Rathke, 1843) 
Distribution: Black Sea, Arctic Ocean, North 

Atlantic Ocean, North Sea, Mediterranean Sea. 
There are previous records from Turkey from the 
Black Sea and the Marmara Sea (Öztürk 1998, 
Balkıs & Albayrak 1994) from the Black Sea and 
the Marmara Sea. Type-locality: Norway.

Regional diagnosis: Large-body species. 
Maximum length of the examined individuals 13 
mm. Body armed with dorsal carina. Rostrum and 
eyes well-developed. Antenna 1 stout, flagellum 
with 23 segments; accessory flagellum 5–6 seg-
ment. Antenna 2 longer (than Antenna 1), with 26 
segments. Setae of both antennas quite short. Gna-
thopod 1 and gnathopod 2 similar to one another 
in size and shape, subchelate; propodus large, bear-
ing row of posteromarginal spines; dactly smooth, 
long. Pereiopods 3 and 4 stout; dactly long; other 
segments of equal length. Carpus and merus with 
two row of spines on posterior edge. Pereiopods 
5, 6 and 7 similar to each other in size and shape. 
Pereiopod 7 basis wider. Setation low and short in 
all segments. Uropod 3 long, rami subequal; outer 
margin of outer ramus with spines only; inner mar-
gin with plumose setae. Margins of inner ramus 
with plumose setae. Telson long, outer margin with 
several short spines.

Gammarus crinicornis Stock, 1966
Distribution: Black Sea, Marmara Sea, Aege-

an Sea, Levantine Sea coasts, Atlantic Ocean; coast 
of western Europe and western Africa (Gönlügür-
Demirci 2006, Stock 1967, Bakır 2012, Kocataş 
& Katağan 1978). Type-locality: Netherlands (Den 

Helder).
Regional diagnosis: Large-body species. 

Maximum length of examined individuals 11 mm. 
Eyes reniform, well-developed. Flagellum of an-
tenna 1 with 20–22 segments; accessory flagellum 
long, consisting of 5-6 segment. All segments of 
Antenna 1 with short setae; setation poor. Antenna 
2 with 10–11 segments; all segments with long se-
tae. Gnathopod 1 smaller than gnathopod 2. Gnatho-
pod 1 palm oblique; propodus with long setae and 2 
lateral spine. Gnathopod 2 slightly stout, propodus 
with long seta and 2 lateral spine. Pereiopods 3 and 
4 similar in shape but pereiopod 3 with more intense 
setation. Pereiopod 5, 6 and 7 slightly stout; basis 
almost as broad as long. Inner surface of basis with 
2–4 row of setae. Urosome segments 1–3 slightly 
elevated. Uropod 3 long, stout, inner ramus almost 
equal to outer ramus margins. Ramus with spines 
and setae on outer margin, with single seta on inner 
margin. Telson biramous, longer than wide. Both 
lobes with 3–4 distal spines and short setae; two 
groups of spines in outer margins.

Idotea balthica (Pallas, 1772)
Distribution: This species was recorded from 

the Bosphorus (Balkıs et al. 2002) and Sinop Bay 
(Kırkım et al. 2014) in Turkey; known from North 
Sea, Baltic Sea; widespread in Europe, from Nor-
way to Black Sea.

Regional diagnosis: Body slightly rectangu-
lar, oval. Head bearing 2 dorsolateral eyes. Antenna 
1 very short, with 3-4 segments. Antenna 2 slightly 
longer, with 9 segments. Coxal plates large, extend-
ing from anterior to posterior borders of pereion. 
Pleotelson dorsally protruding, with straight margin. 
Uropods uniramous. Epimeres easily distinguished 
in dorsal view. Colour generally brown, with white 
spots. 

Genetic results: Two specimens from 
Derepazarı (Rize) and Değirmendere (Pelitli, Trab-
zon) were studied; 672 bp sequences were amplified 
from the COI gene without insertion, deletion, gaps 
and stop codon (GenBank Acc. No. MZ196435–
MZ196436). The average nucleotide frequency was 
35.9 % (T), 17.4 % (C), 23.4 % (A) and 23.4 % (G). 
The comparison with sequences in the Genbank 
BLAST database, our specimens matched with the 
similarity values 100% with Idotea balthica (Gen-
Bank Acc. No. KU530460; Panova et al. 2016) 
from Turkey (Heybeliada, Istanbul). Derepazarı 
and Değirmendere specimens cluster together with 
I. balthica published in the GenBank (Fig. 6). The 
Derepazarı and Değirmendere specimens to do 
match with other Idotea spp. (Fig. 6). For phyloge-

Fig. 5. Phylogenetic tree of Monocorophium species gen-
erated according to the NJ method based on the COI bar-
code gene.



Distribution and Molecular Characterisation of Species of the Malacostraca (Crustacea) in the Eastern Black Sea...

29

netic analysis, Stenosoma acuminatum (Idoteidae) 
was used as outgroup (Fig. 6).

Lekanesphaera monodi (Arcangeli, 1934)
Distribution: British Isles, South and south-

east England, Eastern Ireland, from Belgium to 
northern Spain. This species lives among algae and 
under stones in the littoral region; it is found on 
the coasts with freshwater inflow. It is distributed 
on the southeastern coasts of England, the eastern 
coasts of Ireland, the region from the coasts of 
northern Spain to the Belgian coasts, the French 
coasts of the Mediterranean, the Black Sea and the 
Aegean Sea (Kırkım 2000, Öztürk 1998). Type-
locality: France.

Regional diagnosis: Body oval, rolling into a 
ball. Flagellum of antenna 1 has 12 segments; an-
tenna 2 flagellum has 13 segments. Sixth pleon seg-
ment fused with the telson as a pleotelson. Coxal 
plates of pereion segments 2 to 7 fused with the 
segments. Pleotelson round or only slightly acute 
at the apex, without a mid-ventral respiratory chan-
nel; posterior border not notched. Pleotelson with a 
smooth dorsal surface, extending beyond uropod in 
males. Uropods (exopod and endopod) subequal in 
length; endopod rounded at apex. 

Eriphia verrucosa (Forskål, 1775)
Distribution: Northeastern Atlantic, coast 

from Britanny to Mauritania, Black Sea, Mediter-
ranean Sea. This species is known from the Bay of 
Biscay to Mauritania and in Portugal and Spain; in 
the Mediterranean and the whole Black Sea (Aydın 
et al. 2013). Type-locality: Turkey.

Regional diagnosis: Carapace hexagonal, sur-
face of carapace is flat, tubercles arranged in two or 
three row. Frontal part with tubercles and setae. Se-
tae are behind tubercles. Anterolateral margin con-
vex, with five or six acute pigmented spines, first 
three spines may have accessory denticles. Postero-

lateral margin sharply convergent, smooth; longer 
than anterolateral margin. Third maxilliped surface 
generally smooth, pubescent; merus irregularly pen-
tagonal; entire along outer margin, surface tuber-
culated. Suborbital region denticulated. Chelipeds 
asymmetrical, outer surfaces tuberculated, pubes-
cent; tubercles with pigmented tips. Chela relatively 
long, tuberculated, tubercles in numerous longitudi-
nal rows, may extend to proximal part of dactylus. 
Tuberculation and pubescence on major chela less 
extensive; surfaces may appear reticulated. Cutting 
edge of minor chela minutely denticulated while 
that of major chela has basal molariform tooth on 
basal part of propodus and dactylus.

Genetic results: Two specimens from Pazar-
suyu (Bulancak, Giresun) were studied; 649 bp 
sequences were amplified from the COI gene with-
out insertion, deletion, gaps and stop codon (Gen-
Bank Acc. No. MZ196427, MZ196428). The aver-
age nucleotide frequency was 35.5 % (T), 20.7 % 
(C), 26.7 % (A) and 17.1 % (G). The comparison 
with the Genbank BLAST database matched with 
the similarity values 99.08  % and 99.23  % with 
E. verrucosa from Portugal (GenBank Acc. No. 
JQ306072; Matzen da Silva et al. 2011). Pazar-
suyu specimens clustered together with E. verru-
cosa sequences published in the GenBank (Fig. 
7). The phylogenetic tree topology indicated that 
Pazarsuyu specimens did not match with other 
species of Eriphia (Fig. 7). For the phylogenetic 
analysis, Eriphides hispida (Eriphiidae) was used 
as outgroup (Fig. 7).

Pilumnus spinulosus Kessler, 1861 
Distribution: Black Sea.
Regional diagnosis: Diagnostic features of the 

species were studied in detail by Baytaşoğlu et al. 
(2022).

Fig. 6. Phylogenetic tree of Idotea species generated ac-
cording to the NJ method based on the COI barcode gene.

Fig. 7. Phylogenetic tree of Eriphia species generated ac-
cording to the NJ method based on the COI barcode gene.
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Genetic results: Three specimens from 
Derepazarı (Rize) and Orci Stream (Artvin) were 
studied; 645 bp sequences were amplified from 
the COI gene without insertion, deletion, gaps 
and stop codon (GenBank Acc. No. MW411951 – 
MW411953). The average nucleotide frequency 
was 36.1 % (T), 19.0 % (C), 25.8 % (A) and 19.1 % 
(G). As a result of the comparison with the Genbank 
BLAST database, our specimens matched with the 
similarity values between 99.69% and 99.85% with 
P. spinulosus (GenBank Acc. No. HG328358; Schu-
bart & Aichinger 2014) from Bulgaria. Derepazarı 
and Orci Stream specimens clustered together with 
P. spinulosus in the philogogetic analysis (Fig. 8). 
The tree topology indicated that Derepazarı and 
Orci Stream specimens did not match with other 
Pilumnus spp. (Fig. 8). For phylogenetic analysis, 
Tanaocheles stenochilus (Tanaochelidae) was used 
as outgroup (Fig. 8).

Pachygrapsus marmoratus (Fabricius, 1787)
Distribution: Northeastern Atlantic from Nor-

teastern Britanny (France) southwards to Canary 
Island, Mediterranean and Black Sea, on rocky 
beaches, under stones and in muddy sandy lagoons. 
Type-locality: Mediterranean Sea, Tunisia.

Regional diagnosis: Relatively small body. 
Carapace almost square, width is slightly longer than 
length. Chelipeds large and slightly unequal in size. 
Male chelipeds more robust than those of females. 
Closest segment to carapace (merus) with prominent 
walking legs; the dactyl with small spines. Front 
edge between eyes particularly straight and wide, 
with three pointed teeth on each side. Frontal region 
wide; there are 4 lobes in the posterior part. Antero-
lateral edges of the carapace have 3 teeth.

Genetic results: Two specimens from Pazar-
suyu (Bulancak, Giresun) were studied; 663 bp 
sequences were amplified from the COI gene with-
out insertion, deletion, gaps and stop codon (Gen-
Bank Acc. No. MZ196437 – MZ196438). Average 
nucleotide frequency was 36.0 % (T), 20.8 % (C), 
25.0 % (A) and 18.1 % (G). The comparison with 
the Genbank BLAST database showed that our 
specimens matched with similarity values 99.70 % 
with Pachygrapsus marmoratus (GenBank Acc. No. 
NC039109; Tan et al. 2018) from Spain (Valencia). 
Pazarsuyu specimens are clustered together with P. 
marmoratus already published in the GenBank (Fig. 
9). The phylogenetic tree topology indicated that 
Pazarsuyu specimens do not match with other Pach-
ygrapsus spp. (Fig. 9). In the phylogenetic analy-
sis, Grapsus tenuicrustatus (Grapsidae) was used as 
outgroup (Fig. 9). 

Pisidia bluteli (Risso, 1816)
Distribution: Spain, Portugal, Morocco, Med-

iterranean Sea and Black Sea. Type-locality: France.
Regional diagnosis: Carapace relatively rec-

tangular, oval. Frontal margin with row of spines. 
Dorsal surface of carapace with spine; antennal 
basis – ischium and merus – with distinct spine at 
distal end of mesial margin, numerous spinules, ar-
ranged in more or less distinct longitudinal rows, 
situated on dorsal surface of carpus. 

Fig. 8. Phylogenetic tree of Pilumnus species generated ac-
cording to the NJ method based on the COI barcode gene.

Fig. 9. Phylogenetic tree of Pachygrapsus species generated 
according to the NJ method based on the COI barcode gene.
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Palaemon elegans Rathke, 1837
Distribution: Atlantic Ocean and Mediterra-

nean basin (including Black Sea), from Norway to 
South Africa (Kotta & Kuprijanov 2012).

Regional diagnosis: Body cylindrical, with 
six abdominal segments and carapace. Short straight 
rostrum in front of eyes, with distinctive dorsal 
and ventral teeth. Large compound eyes and 3-part 
antennae on both sides of head. First two pairs of 
walking legs bear claws (chela) and have yellow and 
red banding.

Genetic results: one specimen from Pazar-
suyu (Bulancak, Giresun) was studied; 658 bp se-
quence was amplified from the COI gene without 
insertion, deletion, gaps and stop codon (GenBank 
Acc. No. MZ196431). The nucleotide frequency 
was 35.6 % (T), 20.4 % (C), 24.9 % (A) and 19.1 % 
(G). The comparison with the Genbank BLAST da-
tabase showed with the similarity value 99.85  % 
with P. elegans from Poland (GenBank Acc. No. 
DQ882102; Costa et al. 2007). Pazarsuyu specimen 
are clustered together with P. elegans already pub-
lished in the GenBank (Fig. 10). Our specimen do 
not match with other species of Palaemon (Fig. 10). 
For phylogenetic analysis, Macrobrachium asperu-
lum (Alaemonidae) was used as outgroup (Fig. 10).

Tanais dulongi (Audouin, 1826)
Distribution: cosmopolitan – northern Eu-

rope, Australia, the eastern and southwestern parts 
of America (Rumbold et al. 2015); Turkish coasts 
(Kocataş et al. 2004, Gönlügür-Demirci & 
Katağan 2004, Gönlügür-Demirci 2003). Type-
locality: Mediterranean coast of Egypt.

Regional diagnosis: Body weak and long. An-
tenna 1 with 4-5 articles, antenna 2 with 7-8 articles, 
the distal 2 articles very short. Lacinia mobilis of the 
left mandible well-developed, that of right mandible 
reduced. Chelipeds of variable form in some speci-
mens, a tooth-like process seen on the inner mar-
gin of both propodus and dactylus; in others, one or 
both processes may absent. Cheliped often stronger 
in male. Pereiopods 4-6 similar; dactylus and unguis 
fused to form a claw bearing a row of comb-like se-
tae and small setose tufts on its proximal margin. 
Uropods with three-articled endopodite. 

Genetic results: Two specimens from 
Büyükçay (Çayeli, Rize) and Çatakli (Of, Trabzon) 
were studied; 411 bp sequences of the COI gene 
were amplified without insertion, deletion, gaps and 
stop codon. The sequences were deposited in Gen-
Bank, Acc. Nos. MZ196432-MZ196433. The aver-
age nucleotide frequency was 38.7 % (T), 14.1 % 
(C), 32.6 % (A) and 14.6 % (G). Compared with the 

GenBank BLAST database, our specimens matched 
with the similarity values 97.89 % with T. dulongii 
(GenBank Acc. No. HM016204; Drumm 2010). 
Büyükçay and Çatakli specimens clustered together 
with T. dulongii already published in the GenBank 
in the phylogenetic tree generated by the Neighbour 
Joining (NJ) method according to the K2P distance 
model (Fig. 11). The phylogenetic tree topology in-
dicated that Büyükçay and Çatakli specimens did 
not match with other species of the family Tanaidi-
dae. Arctotanais alascensis (family Tanaididae) was 
used as outgroup (Fig. 11). 

Dexamine cf. thea Boeck, 1861
Distribution: Arctic Ocean, NE Atlantic 

Ocean, Mediterranean Sea. In Turkey, Gönlügür-
Demirci & Katağan (2004), Demir (1952) and 
Kocataş & Katağan (1978) reported D. thea from 
Black Sea, Marmara Sea and Aegean Sea.

Regional diagnosis: Relatively small body. 
Maximum length of studied specimens 4 mm. Eyes 
oval and well-developed. Epimeral segment 3 with 
slightly-crenulated posterior margin. First peduncle 
segment of Antenna 1 without protrusion. Antenna 
1 and 2 long. Setae almost absent in Antenna 1. An-
tenna 2 weak, with setae. In 1st peduncle segment 
of antenna 2, there are very small, frequent setae. 
Telson with important characters for differentiation 
from other species: longer than wide, cleft nearly to 
base, spins lined up on both sides. Gnathopod 2 dif-
fering from those in other species by a deep sinus at 
its anterior margin.

Genetic results: One specimen from Melet 
(Ordu) was studied; 451 bp sequence was amplified 
from the COI gene without insertion, deletion, gaps 

Fig. 10. Phylogenetic tree of Palaemon species generated 
according to the NJ method based on the COI barcode gene.
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and stop codon (GenBank, Acc. No. MZ196434). 
The nucleotide frequency was 38.6% (T), 16.9% 
(C), 25.9% (A) and 18.6% (G). The specimen clus-
tered with Dexamine spp. published in the Genbank 
in the phylogenetic tree generated by the NJ meth-
od according to the K2P distance model (Fig. 12). 
The average similarity values of the specimen were 
calculated for D. spinosa (82.8 %), D. spiniventris 
(84.8 %) and D. thea (73.0 %). The phylogenetic tree 
topology indicated that the specimen did not match 
with any previously studied species of Dexamine. 

Discussion
Echinogammarus foxi was identified from differ-
ent places from the Levantine Sea and the Turkish 
Republic of Northern Cyprus. Sezgin et al. (2001) 
identified 42 amphipod species in their sampling 
on the coasts of Sinop and mentioned the presence 
of E. foxi in Turkish waters. Kocataş & Katağan 
(1978, 1980) mentioned E. foxi from the Aegean 
Sea and the Black Sea. In this study, E. foxi was 
the most common species at the Eastern Black Sea 
coast. The morphological findings of the present 
study are in agreement previous studies (Bellan-
Santini et al. 1982, Pinkster 1993). Pereiopod 7 

has been used as one of the differentiating charac-
ters (Bellan-Santini et al. 1982) but it is similar to 
that of E. olivii. Therefore, the species identification 
cannot be based on this character only. Pinkster 
(1993) has given more accurate characters for the 
species identification.

Jassa marmorata were found in the samples 
from the brackish waters of the Eastern Black Sea 
coast. The findings were similar to those identified 
by Sezgin et al. (2000) who studied the infralittoral 
zone of the Central Black Sea coast. 

Gammarellus angulosus (5 specimens) were 
identified based on their morphology and processed 
for genetic analysis. However, DNA isolation was 
not successful due to the rapid DNA degradation. 

Although Gammarus crinicornis has very 
similar characters to those of G. insensibilis and 
G. aequicauda previously identified in this genus, 
it could be distinguished by the telson and Antenna 
2 extremity. It was observed that the characteristics 
of setae on the basis of pereiopod 5 and Antenna 
2 were distinctive characters in individuals identi-
fied from this region. However, molecular analyses 
could not be performed because DNA of this could 
not be obtained from the specimens studies. 

Our studies confirmed Idotea balthica as one 
of the most frequently encountered species in sam-
ples from the Eastern Black Sea brackısh water.

Pilumnus spinulosus has been recorded the 
Russian coast of the Black Sea as well as from the 
coasts of Crimea, Sea of Azov, Dnieper and Volga 
River banks (Marin & d’Acoz 2019). The fact that 
the carapace had setae in the individuals examined 
morphologically by us suggested that the species ex-
amined by us was P. hirtellus. However, according to 
Marin & d’Acoz (2019), the carapace of P. spinu-
losus has setae in small individuals. We assumed that 
our material was not P. hirtellus but P. spinulosus due 
to its high genetic resemblance to this species. 

Morphological identifications of individuals 
indicate that we have Dexamine thea in our mate-
rial. However, comparing results of genetic analysis 
and morphological studies, it has been found that 
the analysed individuals were genetically different 
from Dexamine thea. For this reason, we report it as 
Dexamine cf. thea. 

Conclusion
In this study, the distribution of malacostracan spe-
cies occurring in the brackish waters of the eastern 
Black Sea region was assessed based on application 
of morphological and molecular techniques. It has 
been observed that some of the identification keys 

Fig. 11. Phylogenetic tree of Tanais species generated ac-
cording to the NJ method based on the COI barcode gene.

Fig. 12. Phylogenetic tree of Dexamine species generated 
according to the NJ method based on the COI barcode gene.
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used for identification are not up-to-date or detailed 
descriptions and drawings of some species are not 
available. This situation causes errors in identifica-
tions by different researchers. For this reason, it is 
important to use both morphological and molecular 
studies together during investigation of the fauna. 
Molecular studies are sensitive tool requiring high 
cost. The rapid degradation of the DNA of malacos-
tracan individuals makes it difficult to obtain genetic 
data. In addition, PCR amplification of the COI gene 
of some species could not be achieved with the uni-
versal primers. The high variation in primary bind-
ing sites makes this difficult. Therefore, species-spe-
cific primers can be developed. Also Genbank and 
other comparisons become difficult due to insuffi-
cient and, sometimes, incorrect data in databases.

Acknowledgements: We acknowledge the support of TUBI-
TAK, Project no. 119 Y 006. We thank Murat Özbek (Ege Uni-
versity) for helping in identifying some species. 

References

Aslan H. & Balkıs H. 2003. The Amphipod (Crustacea) species 
at the coast of Bozcaada Island (NE Aegean Sea). Turkish 
Journal of Marine Sciences 9: 219–229. https://dergipark.
org.tr/tr/download/article-file/103838.

Aslan-Cihangir H. & Pancucci-Papadopoulou M. A. 2011. 
Spatial and temporal variation of soft bottom Peracarid 
(Crustacea: Peracarida) in fauna in the Çanakkale Strait 
(Turkey). Mediterranean Marine Science 12: 153–182. 
https://doi.org/10.12681/mms.58.

Ateş A. S. 1997. A study on the decapod crustacean fauna of 
the coast of Gerze-Hamsaroz (Sinop). MSc thesis, OMU, 
Samsun, Türkiye.

Aydın M., Karadurmuş U. & Mutlu C. 2013. Orta ve Doğu 
Karadeniz’deki (Türkiye) yengeç türleri. Karadeniz Fen 
Bilimleri Dergisi 3: 1–16. https://dergipark.org.tr/tr/down-
load/article-file/206973.

Bakır K. 2012. Contributions to the knowledge of crusta-
ceans on soft bottoms in the Sea of Marmara, with 
a checklist. Crustaceana 85: 219–236. https://doi.
org/10.1163/156854012x626437.

Balkıs N. & Albayrak S. 1994. İstanbul Boğazının Bentik 
Amfipodları. In: XII Ulusal Biyoloji Kongresi; Edirne, 
Turkey, pp. 227–282.

Balkıs N., Albayrak S. & Balkıs H. 2002. Checklist of the 
crustacea fauna of the Bosphorus. Turkish Journal of Ma-
rine Sciences 8: 157–164. http://nek.istanbul.edu.tr:4444/
ekos/MAKALE/M4036.pdf.

Barnard J. L. & Barnard C. M. 1983. Freshwater Amphipoda 
of the World. Part I. Evolutionary Patterns 1–358. Part II. 
Handbook and Bibliography 359–830. Hayfield Associates, 
Mt. Vernon, Virginia.

Barnard J. L. & Karaman G. S. 1991. The families and gen-
era of marine gammaridean Amphipoda (except marine 
Gammaroids). Part 1. Records of the Australian Museum, 
Supplement. 13 (1): 1–417.

Başçınar N. S. & Gözler A. M. 2010. Karadeniz Yetiştiricilik 
Alanlarında Bentik Organizmalardaki Değişimler. Su 
Ürünleri Yetiştiricilik İşletmelerinin Denizel Ekosisteme 
Olan Etkilerinin Belirlenmesi Çalıştayı, 25-26 Mayıs, 
Kartepe, Kocaeli, 39 p.

Bat L., Şahin F. & Öztekin A. 2018. Acute toxicity of heavy 
metals to Hyale crassipes (Heller, 1866) in the Black Sea. 
Pakistan Journal of Marine Sciences 27(2): 1-7 https://
www.pakjmsuok.com/index.php/pjms/article/view/26/26.

Baytaşoğlu H., Aksu İ., Gözler A.M., 2022. Morphologica 
and molecular detection, distribution and environmental 
demands of Pilumnus spinulosus Kessler, 1861 in the 
Black Sea coasts of Türkiye. Thalassas: An International 
Journal of Marine Sciences, https://doi.org/10.1007/ 
s41208-022-00481-x

Bellan-Santini D., Karaman G., Krapp-Schickel G., 
Ledoyer M., Myers A. A., Ruffo S. & Schiecke U. 1982. 
Gammaridea (Acanthonotozomatidae to Gammaridae). 
In: Ruffo S. (Ed.): The Amphipoda of the Mediterranean 
Part 1. Memoires De İ’Institut Oceanographique, Monaco.

Bellan-Santini D., Diviacco G., Krapp-Schickel G., Myers 
A. A. & Ruffo S. 1989. Gammaridea (Haustoriidae to 
Lysianassidae). In: Ruffo S. (Ed.): The Amphipoda of 
the Mediterranean. Part 2. Memoires De İ’Institut Ocean-
ographique. Monaco.

Bellan-Santini D., Karaman G., Krapp-Schickel G., Ledoy-
er M. & Ruffo S. 1993. Gammaridea (Melphidippidae to 
Talitridae), Ingolfiellidea, Caprellidea. In: Ruffo S. (Ed.): 
The Amphipoda of the Mediterranean. Part 3, Memoires 
De İ’Institut Oceanographique, Monaco.

Christodoulou M., Paraskevopoulou S. & Koukouras A. 
2013. The amphipod (Crustacea: Peracarida) fauna of the 
Aegean Sea, and comparison with those of the neighbour-
ing seas. Journal of the Marine Biological Assosiation 
of the United Kingdom 93 (5): 1303–1327. https://doi.
org/10.1017/S002531541200183X

Costa F. O., De Waard J. R., Boutillier J., Ratnasingham 
S., Dooh R. T., Hajibabaei M. & Hebert P. D. N. 2007. 
Biological identifications through DNA barcodes: the case 
of the Crustacea. Canadian Journal of Fisheries and Aquatic 
Sciences. 64: 272–295. https://doi.org/10.1139/f07-008

Costa F. O., Henzler C. M., Lunt D. H., Whiteley N. M. 
& Rock J. 2009. Probing marine Gammarus (Amphi-
poda) taxonomy with DNA barcodes. Systematics and 
Biodiversity 7 (4): 365–379. https://doi.org/10.1017/
S1477200009990120

Demir M. 1952. Boğaz ve Adalar Sahillerinin Omurgasız Dip 
Hayvanları. İstanbul: Türkiye. İstanbul Üniversitesi.

Drake P. & Arias A. M. 1997. The effect of aquaculture practices 
on the benthic macroinvertebrate community of a lagoon 
system in the Bay of Cadiz (Southwestern Spain). Estuaries 
20 (4): 677–688. https://doi.org/10.2307/1352243

Drumm D. T. 2010. Phylogenetic relationships of Tanaidacea 
(Eumalacostraca: Peracarida) inferred from three molecu-
lar loci. Journal of Crustacean Biology 30 (4): 692–698. 
https://doi.org/10.1651/10-3299.1

Ferreira L. A. A. & Tavares M. 2020. Pisidia longimana (Risso, 
1816), a junior synonym of P. bluteli (Risso, 1816) (Crus-
tacea: Decapoda: Anomura: Porcellanidae) and a species 
distinct from P. longicornis (Linnaeus, 1767). Papeis 
Avulsos de Zoologia 3-6. http://doi.org/10.11606/1807-
0205/2020.60.36



34

Baytaşoğlu H. & Akdemir T.

Geldiay R., Kocataş A. & Krapp-Schickel G. 1970. Some 
littoral amphipods from the Gulf of Izmir (Aegean Sea, 
Turkey, Mediterranean). Memorie del Museo Civico di 
Storia Naturale di Verona 18: 369–387.

Gönlügür G. 2003. The qualitative and quantitative investiga-
tions on some facies of the upperinfralittoral zone of the 
western Black Sea (Sinop) shores. PhD thesis, EU, İzmir, 
Turkey

Gönlügür-Demirci G. 2006. Crustacea fauna of the Turkısh 
Black Sea coast: a check list. Crustaceana 79 (9): 1129–
1139. https://doi.org/10.1163/156854006778859641

Gönlügür-Demirci G. & Katagan T. 2004. Qualitative and 
quantitative investigations on Ulva rigida facies from the 
upper infralittoral zone along Sinop coast, Middle Black 
Sea. International Workshop on the Black Sea Benthos, 
18-23 April 2004, Istanbul.

Gönlügür-Demirci G. & Katağan T. 2004. Qualitative and 
quantitative investigations on Ulva rigida facies from the 
upper infralittoral zone along Sinop coast, middle Black 
Sea. In: Öztürk B., Mokievsky V. O. & Topaloğlu B. 
(Eds.): International Workshop on Black Sea Benthos, No: 
20 TÜDAV, Turkey, pp. 164–173.

Hall T. A. 1999. Bioedit: A user-friendly biological sequence 
alignment editor and analysis program for windows 
95/98/NT. Nucleic Acids Symposium Series 41: 95–98. 
https://doi.org/10.14601/PHYTOPATHOL_MEDITERR-
14998U1.29

Holthuis L. B. 1961. Report on a collection of Crustacea De-
capoda and Stomatopoda from Turkey and the Balkans. 
Zoologische Verhandelingen 47: 1–67. https://repository.
naturalis.nl/pub/317627

Hou Z., Sket B., Fiser C. & Li S. 2011. Eocene habitat shift 
from saline to freshwater promoted Tethyan amphipod 
diversification. Proceedings of the National Academy of 
Sciences of the United States of America 30, 108 (35): 
14533–14538. https://doi.org/10.1073/pnas.1104636108

Kırkım F. 1998. Ege Denizi Isopoda (Crustacea) Faunasının 
Sistematiği ve Ekolojisi Üzerine Araştırmalar. Doktora 
Tezi, Dokuz Eylül Üniversitesi, İzmir, Türkiye

Kırkım F., Özcan T., Sezgin M., Çulha M. & Katağan T. 
2014. Marine isopods (Crustacea) of Sinop Bay (Black 
Sea, Turkey). Journal of the Black Sea / Mediterranean 
Environment. 20 (3): 264–269. https://blackmeditjournal.
org/wp-content/uploads/7-SON20.3.Tuncer-Katagan.pdf

Kırkım F., Sezgin M., Katağan T. & Kocataş A. 2005. Türkiyenin 
Ege Denizi Kıyılarındaki Kayalık Komunitelerin Peracarid 
Crustacea Faunası. E.U. Su Ürünleri Dergisi 22 (1–2): 101–
107. http://www.egejfas.org/tr/download/article-file/57792

Kimura M. 1980. A simple method for estimating evolutionary 
rates of base substitutions through comparative studies 
of nucleotide sequences. Journal of Molecular Evolu-
tion 16 (2): 111–120. https://link.springer.com/content/
pdf/10.1007/BF01731581.pdf

Kocataş A. & Katağan T. 1978. Türkiye Denizleri Littoral 
Bentik Amfipodları ve Yayılışları. Ankara, Turkey: 
TÜBİTAK, Proje No: TBAG 223.

Kocataş A. & Katağan T. 1980. Türkiye Karadeniz Sahillerinin 
Bentik Amphipodları. In: VII. Bilim Kongresi Tebliği; 
6-10 October 1980, Kuşadası, Aydın, Turkey, pp. 285–296.

Kocataş A., Katağan T., Sezgin M., Kırkım F. & Koçak C. 
2004. Crustacean diversity among the Cystoseira facies 
of the Aegean Sea of Turkey. Turkish Journal of Zoology 

28: 309–316. https://journals.tubitak.gov.tr/zoology/issues/
zoo-04-28-4/zoo-28-4-5-0312-1.pdf

Koçak F., Ergan Z. & Çınar M. E. 1999. Fouling organisms and 
their developments in a polluted and an unpolluted marina 
in the Aegean Sea (Turkey). Ophelia 50: 1–20. https://doi.
org/10.1080/00785326.1999.10409385

Kotta J. & Kuprijanov I. 2012. The first finding of the palae-
monid shrimp Palaemon elegans Rathke in the Estonian 
coastal sea. Estonian Journal of Ecology 61 (2): 148–153 
DOI: 10.3176/eco.2012.2.06

Kumar S., Stecher G., Li M., Knya C. & Tamura K. 2018. 
MEGA X: Molecular evolutionary genetics analysis across 
computing platforms. Molecular Biology and Evolution 35 
(6): 1547–1549. https://doi.org/10.1093/molbev/msy096

Lowry J., Costello M. & Bellan-Santini D. 2011. Jassa 
marmorata Holmes, 1905. In: Lowry J. World Amphipoda 
Database. World Register of Marine Species. Retrieved 
February 6th, 2012.

Mantıkçı A. M., Başçınar N. S., Gözler A. M., İşmen P., 
Yüksek A., Tolun L. & Atabay H. 2010. Balık Çift-
liklerinin Makrozoobentos Üzerine Etkileri, Su Ürünleri 
Yetiştiricilik İşletmelerinin Denizel Ekosisteme Olan 
Etkilerinin Belirlenmesi Çalıştayı, 25-26 Mayıs, Kartepe, 
Kocaeli, pp. 40–41.

Marin I. N. & d’Udekem d’Acoz C. 2019. Resurrection and 
Neotype Designation of Pilumnus spinulosus Kessler, 
1861 (Crustacea: Decapoda). Arthropoda Selecta 28 (4): 
545–548. DOI: 10.15298/arthsel. 28.4.06

Matzen Da Silva J., Creer S., Dos Santos A., Costa A. C., 
Cunha M. R. & Costa F. O. 2011. Systematic and evolu-
tionary insights derived from mtDNA COI barcode diver-
sity in the Decapoda (Crustacea: Malacostraca). Plos ONE 
6(5): E19449. doi.org/10.1371/Journal.Pone.0019449.

McLusky D. S. & Elliott M. 2004. The estuarine ecosystem: 
ecology, threats and management. Third Edition. Oxford 
Unıversity Press, 209 p.

Mutlu E., Çinar M. E. & Ergev B. 2010. Distribution of soft bot-
tom polychaetes of the Levantine coast of Turkey, Eastern 
Mediterranean Sea. Journal of Marine System 79: 23–35. 
https://doi.org/10.1016/j.jmarsys.2009.06.003.

Öztürk B. 1998. Black Sea Biological Diversity – Turkey, Black 
Sea. New York, USA: United Nations Publications.

Panova M., Nygren A., Jonsson P. R. & Leidenberger S. 
2016. A molecular phylogeny of the north-east Atlantic 
species of the genus Idotea (Isopoda) with focus on the 
Baltic Sea. Zoologica Scripta 46: 188–199. https://doi.
org/10.1111/zsc.12200.

Pinkster S. 1993. A revision of the genus Echinogammarus Steb-
bing, 1899 with some notes on related genera (Crustacea, 
Amphipoda). Memorie del Museo Civico di Storia Natu-
rale. 10: 1–185. https://hdl.handle.net/11245/1.102360.

Quigley D. T. G. & Hill R. 2015. A further record of the marine 
isopod Idotea metallıca Bosc, 1802 in Irısh waters and a 
review of the species habitats, trophic assosiations and 
ecology in NW European waters. Bulletin of the Irısh 
Biogeographical Society 39: 222–238.

Raupach M. J., Barco A., Steinke D., Beermann J., Laakmann 
S., Mohrbeck I., Neumann H., Kihara T. C., Pointner 
K., Radulovici A., Segelken-Voigt A., Wesse C. Kneb-
elsberger T. 2015. The application of DNA barcodes for 
the identification of marine crustaceans from the North 
Sea and adjacent regions. Plos One 10 (9): 29. https://doi.



Distribution and Molecular Characterisation of Species of the Malacostraca (Crustacea) in the Eastern Black Sea...

35

org/10.1371/journal.pone.0139421.
Rumbold C. E., Obenat S. M. & Spivak E. D. 2012. Life 

history of Tanais dulongii (Tanaidacea: Tanaidae) in 
an intertidal flat in the Southwestern Atlantic. Jour-
nal of Crustacean Biology 32: 891–898. https://doi.
org/10.1163/1937240X-00002094.

Schubart C. D. & Aichinger B. E. 2014. Determination of 
evolutionary units in European representatives of the crab 
genus Pilumnus. Central European Journal of Biology 9: 
104–113. https://doi.org/10.2478/s11535-013-0242-5.

Schultz G. A. 1969. The Marine isopod crustaceans. How to 
know. WM. C. Brown Company Publishers, Iowa, 359 p. 

Sezgin M., Kocataş A. & Katağan T. 2001. Amphipoda fauna of 
the Turkısh Black Sea region. Turkish Journal of Zoology 
25: 57–61. https://journals.tubitak.gov.tr/zoology/issues/
zoo-01-25-1/zoo-25-1-9-0002-1.pdf.

Sezgin M., Bat L., Ürkmez D., Arici E. & Öztürk B. (Eds.) 2017. 
Black Sea marine environment: the Turkısh shelf. Turkısh 
Marıne Research Foundation (TUDAV), Publication No. 
46, Istanbul, Turkey.

Sotka E. E., Bell T., Hughes L. E., Lowry J. K. & Poore A. 
G. B. 2017. A molecular phylogeny of marine amphipods 
in the herbivorous family Ampithoidae. Zoologica Scripta 
46: 85–95. https://doi.org/10.1111/zsc.12190

Stock J. H. 1967. A revision of the European species of the 

Gammarus Locusta-group (Crustacea, Amphipoda). 
Zoologische Verhandelingen 90: 1–56. https://www.
semanticscholar.org/paper/A-revision-of-the-European-
species-of-the-Gammarus-Stock/48af0120bb324de570ce
5af39ad110f748ac0e9a

Tellikarakoç F., İşmen A., Özdemir A. & Akhan S. 2010. Su 
Ürünleri Yetiştiricilik İşletmelerinin Denizel Ekosisteme 
Olan Etkilerinin Belirlenmesi. Poje Sonuç raporu, (KP-
SR-01) Proje No: 105G038 TÜBİTAK.

Thompson J. D., Higgins D. G. & Gibson T. J. 1994. CLUSTAL 
W: improving the sensitivity of progressive multiple se-
quence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic 
Acids Research. 22 (22): 4673–4680, DOI: 10.1093/
nar/22.22.4673.

Tuğrul S., Baştürk Ö., Saydam C. & Yılmaz A. 1992. Changes 
in the hydrochemistry of the Black Sea inferred from 
water density profiles. Nature 359: 137–139. https://doi.
org/10.1038/359137a0

Zaitsev Y. P. & Aleksandrov B. G. 1997. Recent man-made 
changes in the Black Sea ecosystem. In: Ozsoy E. & 
Mikaelyan A. (Eds.): Sensitivity to change: Black Sea, 
Baltic Sea and North Sea. Kluwer Acad. Publ.

Received: 21.03.2022 
Accepted: 13.12.2022




