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Abstract:

The euryhaline crab Eurypanopeus depressus, native to the western Atlantic, has been found in 2009—

2018 along the Romanian and Bulgarian Black Sea coast (from Constanta to Sozopol). During recent
investigations (2021-2022), this alien crab species was also found at the southernmost Bulgarian Black
Sea coast, just off the maritime border between Bulgaria and the Republic of Turkey. This new records
suggest that the ecologically plastic flatback mud crab could have already arrived in the adjacent Turkish
territorial waters, where it could find suitable habitats. Some morphological observations on the species

are presented.
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Introduction

Eurypanopeus depressus (Smith, 1869) is native
to the Atlantic Coast of North and South America
(PETRESCU et al. 2016, Mitov 2019). Recently,
PETRESCU et al. (2016) and Mitov (2019) recorded
this species also from European waters along the
Romanian and Bulgarian Black Sea coast: from
Constanta (found in 2009 and 2013) to Sozopol
(found in 2018). Following the initial discovery of
E. depressus along the Bulgarian Black Sea coast
(Varna Bay) in 2013, this crab species has been
found extending its distribution southwards during
2018 thus reaching the shores of Sozopol (MiTov
2019). In order to evaluate the tendency and the
speed of invasion of E. depressus southwards along
the Bulgarian coastline, | carried out additional in-
vestigations in 2021-2022 in areas south of the city
of Burgas. As a result, several new specimens of the

invasive panopeid were found at two new localities
for the species. One of these locations is just adja-
cent to the border between the Republic of Bulgaria
and the Republic of Turkey (Fig. 1).

Materials and Methods

During the course of the present study, a total of 14
sampling areas along the Southern Bulgarian Black
Sea coast (mainly ports, fishing piers, rocky coastal
areas, areas in front of river mouths exposed to silt-
ing), all of them located south of Burgas, were vis-
ited. These included both unexplored sites as well
as localities where E. depressus had not been pre-
viously found (Mrtov 2019) but contained habitats
potentially favouring the occurrence of the target
species. The following sites have been surveyed by
snorkelling for the presence of the target species (E.
depressus) in 2021-2022 at a depth of 0.4—4 m in
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the coastal zone at the following sites (arranged by
decreasing latitude):

1. Town of Chernomorets (Sozopol Municipal-
ity, Burgas Province): 1.1. Port Chernomorets, be-
tween pier 4 and 5, 42°26°56.5”N 27°38°25.2”E, 22
August 2022, surface waters pH 6.79, conductivity
18.02 mS/cm and salinity 10.7%o; bottom: stones
with silt, on sand-muddy ground. 1.2. Cape Akra,
42°27°26.5°N 27°37°42.1”E, surface waters pH
8.12, conductivity 17.94 mS/cm and salinity 10.6
%o; bottom: rocks, stones, fine sand and algae (Cys-
toseira sp.).

2. Town of Primorsko (Burgas Province): Port
Primorsko, 42°15°50.8”N 27°45°30.7”E, 27 August
2022, surface waters pH 7.85, conductivity 17.65
mS/cm and salinity 10.5%o; bottom: mud-sand and
stones (covered with algal crusts and sludge).

3. Town of Kiten (Primorsko Municipality,
Burgas Province): 3.1. Atliman Bay, 42°14°36.8”N
27°46°17.4”E, 27 August 2022, surface waters pH
8.20, conductivity 18.21 mS/cm and salinity 10.7
%o; bottom: shell sand with rocks, gravel and stones
overgrown with green algae. 3.2. Port of Kiten:
42°14°05.1”N  27°46°51.8”E, 28 August 2021,
surface waters pH 7.55, conductivity 17.50-17.63
mS/cm and salinity 10.4-10.5%0; 42°14°03.5"N
27°46°55.7”E, 26 August 2022, surface waters pH
7.96, conductivity 17.89 mS/cm and salinity 10.5%o;
bottom: sand, stones and mud with a thick layer of
black clam shells, seagrasses. 3.3. Karaagach Beach:
in front of Karaagach River Mouth, 42°13°34.3”N
27°46°45.3”E, surface waters pH 8.30, conductivity
17.98 mS/cm and salinity 10.6%o; bottom: shell sand
with fine mud, stones overgrown with green algae
(Cladophora sp., Ulva spp.) and black clam shells
clumps.

4. Town of Tsarevo (Burgas Province): Port of
Tsarevo, 42°10°15.5”N 27°51°26.5”E, 26 August
2022, surface waters pH 7.10, conductivity 18.20
mS/cm and salinity 10.8%o; bottom: mud-sand and
stones covered with algal crusts and sludge.

5. Town of Ahtopol (Tsarevo Municipality,
Burgas Province): Ahtopol Beach, 42°06°11.8”N
27°56°07.47E; 42°06°14.8”N 27°56’10.2”E, 29
August 2021, surface waters pH 7.67, conductivity
17.82 mS/cm and salinity 10.6%o; bottom: shell sand
with stones overgrown with algae.

6. Village of Sinemorets (Tsarevo Municipal-
ity, Burgas Province): 6.1. Veleka Beach, in front
of the mouth of the river Veleka, 42°04°14.6”N
27°58°08.1”E, 21 August 2022, surface waters pH
6.64, conductivity 17.75 mS/cm and salinity 10.5%o,
bottom: shell sand with stones overgrown with
green algae. 6.2. Fisherman’s Bay, 42°03°45.5”N
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27°58°59.2”E, 30 August 2021, surface waters pH
7.40, conductivity 17.47-17.79 mS/cm and salin-
ity 10.3-10.6%0, bottom: shell sand with stones
overgrown with algae. 6.3. Korabite (The Stone
Ships) locality, 42°03’50.2”N 27°59°07.4”E, 17
August 2022, surface waters pH 8.63, conductiv-
ity 17.82 mS/cm and salinity 10.6%o, hard bottom:
rocks, stones (with algal crusts and clusters of black
clam), gravel with broken black clam shells, sea-
weeds. 6.4. locality Butamyata: Butamyata Beach,
42°03°13.7°N 27°59°16.5”E, 19 August 2022, sur-
face waters pH 7.85, conductivity 17.90 mS/cm
and salinity 10.6%o, bottom: fine sand and stones
overgrown with green algae. 6.5. Locality Silistar:
Silistar Beach, 42°01°27.5”N 28°00°42.2”E, 20
August 2022, surface waters pH 8.52, conductivity
18.50 mS/cm and salinity 11.0%o, bottom: fine sand,
rocks and stones overgrown with green algae.

7. Village of Rezovo (Tsarevo Municipal-
ity, Burgas Province): Rezovo Bay, at the mouth
of Rezovo (Rezovska/Mutludere) River (Fig. 1):
41°58°59.0”N 28°01°50.7”E, 27 August 2021, sur-
face waters pH 7.29, conductivity 14.91-15.20
mS/cm and salinity 8.7-8.9%o; 41°58°59.0”N
28°01°50.77E, 41°58°58.4”N 28°01°47.0”E and
41°58°58.1”N 28°01°46.8”E, 16 August 2022, sur-
face waters pH 7.20-8.28, conductivity 11.67-17.53
mS/cm and salinity 6.7—10.4%o; hard bottom: stones
(with algal crusts, sludge), gravel and mud-sand
with broken black clam shells; seaweeds (Figs. 2—06).

The collected specimens of E. depressus were
fixed in 4% formaldehyde. One ovigerous female
and two male specimens (from Rezovo) were con-
served in 95% ethanol. One male and one female
crab were deposited at the Collection of the Faculty
of Biology, University of Sofia (BFUS); the remain-
ing specimens are currently kept in the personal col-
lection of the author. The crabs were identified as
E. depressus in accordance with MARTIN & ABELE
(1986: 188, fig. 1C), CHESAPEAKE BAY MULTISPECIES
MONITORING AND ASSESSMENT PROGRAM (2013:
35), RODRIGUES et al. (2014), PETRESCU et al. (2016)
and Mitov (2019). Water acidity at the collecting
sites was measured with a pH-meter (HI-98129,
Hanna Instruments). Conductivity and salinity were
measured with a conductometer (Cond-330i, WTW,
Germany). The female mud crab specimen and the
marine habitat were photographed with a Canon
PowerShot SX510 HS camera, while the maxilli-
peds were photographed under an Olympus BX41
SZ61 stereomicroscope with a mounted Euromex
CMEX 5 DC.5000c digital camera. The underwater
photographs were made with a GoPro HEROS Black
camera. The eggs were measured at their maximum
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length. All measurements are in millimetres and
were made under a MBS-9 stereomicroscope (JSC
Lytkarino Optical Glass Factory, Russia) equipped
with an ocular-micrometer.

Symbols and abbreviations used: CL = cara-
pace length; CLX = average carapace length; CV =
coefficient of variation; CW = maximum carapace
width, including anterolateral spines; CWX =
average carapace width; ELx = average egg length;
N = number of individuals; n = number of measured
eggs; SD = Standard deviation; X = mean; + =
Standard error of the mean.

Results

Eurypanopeus depressus was found only in two
of the 14 visited sampling areas — i.e., the port of
Chernomorets and coastal habitats near Rezovo,
both being newly-recorded localities for this inva-
sive decapod species along the Bulgarian Black Sea
coast. The record of E. depressus at Rezovo is also
its southernmost occurrence along the Bulgarian
coast and is just off the border with the Republic of
Turkey (Fig. 1).

Altogether, 19 newly-collected specimens (11
males and 8 females) of E. depressus were found — 7
specimens (5 males, 2 females) from Chernomorets
and 12 specimens (6 males and 6 females) from
Rezovo (Figs. 7-11). However, the species was not
found at Primorsko, Kiten and Tsarevo, i.e. locali-
ties included in the survey in 2018 and then also
registered as negative for the presence of the species
(Mitov 2019). The mud crab was also not found at
the following newly-surveyed areas: Chernomorets
(Cape Akra), Kiten (Atliman Bay, Karaagach
Beach), Ahtopol (Ahtopol Beach) and Sinemorets
(Veleka Beach, Fisherman’s Bay, Korabite locality,
Butamyata Beach, Silistar Beach). The new collect-
ing efforts extended the range of E. depressus along
the Bulgarian coastline, making this species so far
known from 18 localities along the Bulgarian Black
Sea coast (Mrtov 2019, present study).

Morphological observations

The collected E. depressus specimens meas-
ured as follow: males (N=11): CLx=15.96+0.52
(CL range 12.5-18.0), SD=1.72; CV=0.11; CWx
=22.95+0.77 (CW range 18.0-26.7), SD=2.55;
CV=0.11; females (N=8): CLx=11.78+0.37 (CL
range 10.54-13.6), SD=1.04; CV=0.09; CWx
=17.25+0.44 (CW range 15.47-19.2); SD=1.24;
CV=0.07. Six of the 11 males were right-handed and
five were left-handed; four of the eigth females were
right-handed and four were left-handed (Fig. 8).

It is noteworthy that in two of the male speci-

mens (one from Chernomorets and one from Rezo-
v0), in addition to the characteristic large oblong red
spots, measuring 2.92-3.0 long and 1.30-1.36 wide,
situated on the inner face of ischium of endopod
of maxilliped 3 (Figs. 9-10; see also Mitov 2019:
fig. 4b and literature therein), two small oblong red
spots (0.56-0.66/0.42—0.45 long and 0.24—0.29/0.22
wide) were present on the basal endite of the first
maxilliped (Fig. 11). The red pigment probably con-
sisting of carotenoids such as astaxanthin (NOEL &
CoUTURIER-BHAUD 1981).

Among the six females found in August 2021
at Rezovo, four were ovigerous, carrying green eggs
(Figs. 7-8); in one of them, the eggs contained de-
veloped embryos with pigmented eyes (ELx=0.33,
n=12). The eggs of the other ovigerous females
did not contain distinct embryos (ELx=0.30, n=24,
N=2). The two females found in August 2022 at
Chernomorets were without eggs.

Ecological observations

Eurypanopeus depressus is an euryhaline crab, com-
monly found in estuaries at the eastern coast of North
America where it typically inhabits subtidal or inter-
tidal oyster shoals (SULKIN et al. 1983 and literature
therein). The habitats and microhabitats (preferen-
tial substrates) where the Bulgarian specimens have
been found, were muddy and stony shores with bi-
valve clumps (Mitov 2019). In the port of Cherno-
morets, E. depressus was found also mainly among
a cluster of stones with silt, on sand-muddy ground;
at depths 0.4-0.5 m. In the port, seaweeds (Cal-
lithamnion corymbosum (Smith) Lyngbye, Polysi-
phonia subulata (Ducluzeau) Kiitzing, Cladophora
coelothrix Kiitzing, Cladophora cf. albida (Nees)
Kiitzing, Cystoseira sp.) and some seagrasses (Zos-
tera marina Linnaeus, Zostera noltei Hornemann)
were present.

In the region of Rezovo village, the flatback
mud crab also inhabited the littoral zone (Figs. 1-6)
that was exposed to silting, at a depth of 1.0-2.5
m, and was found also on sand-muddy grounds
(sometimes littered with broken shells) with scat-
tered stones and algal mats (Figs. 3—6); seaweeds,
such as Ulva rigida C.Agardh, Cladophora sericea
(Hudson) Kiitzing, Palisada cf. paniculata (Kiitz-
ing) J.N.Norris, Apoglossum ruscifolium (Turner)
J.Agardh, Callithamnion corymbosum (Smith)
Lyngbye, Corallina officinalis Linnaeus, Gelidium
crinale (Hare ex Turner) Gaillon, Laurencia obtusa
(Hudson) J.V.Lamouroux, Phyllophora crispa (Hud-
son) P.S.Dixon, Carradoriella denudata (Dillwyn)
Savoie & G.W.Saunders, Cladostephus spongiosus
(Hudson) C.Agardh, Treptacantha barbata (Stack-
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Figs. 1-6. 1. The border area between the Republic of Bulgaria and the Republic of Turkey, near the village of Rezovo
(Black Sea coast): The paddles point the new collecting points (near the mouth of Rezovo River) for Eurypanopeus
depressus (Smith, 1869). These locations are between 2 m (o) and 100 m (m) off Turkish territorial waters. (Google
Earth satellite image). 2. A view of the new flatback mud crab habitat along the Rezovo Black Sea coast (27 August
2021). 3-6. Underwater microhabitats/substrates inhabited by the flatback mud crab. In Figs. 3-4, some of the typical
fish species occurring in the littoral waters (Red mullet Mullus barbatus ponticus Essipov, 1927; East Atlantic peacock
wrasse Symphodus tinca (Linnaeus, 1758), and Atlantic stargazer Uranoscopus scaber Linnaeus, 1758) can be seen
(m, 27 August 2021). 6. Stony bottom at the mouth of Rezovo River (e,%; 16 August 2022). Photographs by P. Mitov.
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Figs. 7-11. Eurypanopeus depressus (Smith, 1869) from Rezovo Black Sea coast: 7-8. Ovigerous female: dorsal and
ventral view; Scale bar = 10 mm. 9-10. Male specimen: red spot on maxilliped 3, internal view; Scale bar = 1 mm. 11.
Male specimen: atypical small oblong red spots on the basal endite of first maxilliped (observed in one of the speci-
mens), frontal view. Scale bar = 1 mm. Photographs by P. Mitov.
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house) Orellana & Sanson were present. Due to the
inflow of Rezovska river, the measured salinity was
relatively low (varying from 6.7 to 10.4%o), the con-
ductivity was measured at 11.67—17.53 mS/cm, and
the water pH ranged from 7.20 to 8.28. In the Port of
Chernomorets the corresponding parameters of the
water were as follows: pH: 6.79, conductivity: 18.02
mS/cm, and the salinity — 10.7%o.

At these new localities, the decapods Xan-
tho poressa (Olivi, 1792), Pachygrapsus marmo-
ratus (Fabricius, 1787), Clibanarius erythropus
(Latreille, 1818), Brachynotus gemmellari (Rizza,
1839), Pilumnus hirtellus (Linnaeus, 1761), Car-
cinus aestuarii Nardo, 1847, Gilvossius candidus
(Olivi, 1792), and Palaemon elegans Rathke, 1836
shared the same habitat with the alien Eurypanopeus
depressus. It is noteworthy that most often Xantho
poressa and E. depressus shared a common micro-
habitat — piled up stones with siltation.

Discussion

Finding the flatback mud crab along the shoreline
of Rezovo (at the border area with the Republic of
Turkey) could be considered a proof of its relatively
fast range expansion southwards of Sozopol (where
it had been detected in 2018, see MiTtov 2019), dem-
onstrating a clear tendency towards a broader inva-
sion into the Black Sea basin (as suggested by Mi-
Tov 2019). The presence of ovigerous females (Figs.
7-8) adjacent to the border between Bulgaria and
the Republic of Turkey could suggest that this eco-
logically plastic decapod species might also occur in
Turkish waters (where the flatback mud crab could
find suitable habitats/microhabitats). The nearest
Turkish ports (Begendik and Igneada) with suitable
habitats for invasion by E. depressus are between
1.5 and 15.5 nautical miles (2.78 km and 28.71 km)
away — well within the reach of the species’ plank-
tonic larvae that could either follow the regional
streams (see the Black Sea circulation patterns in
VaLKANOV et al. 1978: 73—74, PEYCHEV & DIMITROV
2012: 235, fig. 11.13, TravaNOV 2014: 64, AYDIN et
al. 2021: 840, fig. 1) or be transported in the ballast
waters of cargo vessels or other ships.
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