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This paper reviews the changes in the marine planktonic copepods of the Black Sea species' list from the begin-
ning of taxonomic research to the present day. The study was based on the SESAME biological database, unpub-
lished data, literature and data obtained during the course of the SESAME project. Comparisons were made with
the Guidebook for Marine Fauna of the Black Sea and the Sea of Azov, which revealed changes both in the taxo-
nomic status of some species and in the structure of the copepod community. The taxonomic status of two spe-
cies (Acartia clausi small form and Centropages kroyeri pontica) and the nomenclature of two species (Oihona

Ié%zv;;zi minuta and Calanus helgolandicus) have been changed. Three native species (Acartia margalefi, Oithona nana,
Species composition and Paracartia latisetosa) have disappeared. Two non-indigenous copepods (Acartia tonsa and Oithona davisae)
Alien species became established in the Black Sea ecosystem in the 1970s and 2000s, respectively. The success of their estab-
Plankton lishment was determined by biological features of the species and vulnerability of the native copepod community
Black Sea

to invasions. It is highly probable that both species were introduced to the Black Sea by vessel ballast water. The
hypothesis of “mediterranization” of the Black Sea fauna does not appear to hold true for zooplankton. Numerous
claims of alien copepod species in the Black Sea remain largely unverified due to insufficient information. Data on
newly discovered species of the Acartia genus are not authenticated. An updated list of marine planktonic cope-

pods of the Black Sea is hereby presented.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The detailed taxonomic analysis of species composition is crucial for
any ecological study, including community dynamics and variability,
the influence of external factors, extinctions and invasions, as well as
for biogeography and comparison with similar communities through-
out the world.

Studies of the Black Sea zooplankton started in the mid-nineteenth
century. The first researchers focused their efforts on the species com-
position of zooplankton, specifically pelagic copepods. A number of
publications resulting from these studies were produced at the end of
the nineteenth and beginning of the twentieth centuries by renowned
scientists of the age (e.g. Chichkoff, 1912; Dolgopolskaya, 1940;
Galadzhiev, 1948; Karavaev, 1894; Klyucharev, 1952; Krichagin, 1873;
Potemkina, 1940; Ulomskiy, 1940). By the late 1950s investigations
into the species composition of Black Sea fauna were considered to be
complete. The results were summarized in the “Guidebook for Marine
Fauna of the Black Sea and the Sea of Azov” (Dolgopolskaya et al.,
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1969), which listed all copepod species of the Black Sea and the Sea of
Azov known at that time. Further detailed studies of Copepoda taxono-
my resulted in species name modifications and clarification of the taxo-
nomic status of some native species (Belmonte and Mazzocchi, 1997;
Hulsemann, 1991; Sazhina and Kovalev, 1971).

During the 1960s, about fifteen Mediterranean species were record-
ed in the Black Sea, mostly near the Bosphorus (Kovalev et al., 1976;
Pavlova, 1965). These findings were one of the outcomes of intensive in-
vestigation of the water exchange between the Sea of Marmara and the
Black Sea through the Bosphorus. The Mediterranean species which
were occasionally found in the Bosphorus were included in several
lists of the Black Sea copepod species (Shmeleva et al., 2009).

During the second half of the twentieth century, research revealed
serious changes in the copepod community caused by intensive
human activities in the Black Sea (Belmonte et al., 1994; Gubanova
et al,, 2002). The occasional introduction of alien species into the Black
Sea can be deemed as the most serious anthropogenic impact. The inva-
sion of the predatory ctenophore Mnemiopsis leidyi in the Black Sea is
consequently considered one of the most catastrophic invasions
known to date (Boxshall, 2007; Oguz and Oztiirk, 2011). It has led to
dramatic changes in plankton biodiversity, both in general as well as
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in the copepod community (Altukhov and Gubanova, 2006; Kamburska
et al,, 2003).

Recent reports on new findings of alien copepod species have ap-
peared rather frequently (Selifonova et al.,, 2008; Shmeleva et al.,
2008, 2009). Finally, eight species of Acartia new for science were
found in the Black Sea: A. eremeevi, A. hasanii, A. ioannae, A. janetae
A. lamasii, A. mollicula, A. vivesei and A. zaitsevi (Pavlova and Shmeleva,
2010).

For the above reasons the list of copepod species presented in the
“Guidebook for Marine Fauna of the Black Sea and the Sea of Azov”
(Dolgopolskaya et al., 1969) does not correspond to the present day
species composition of copepods.

In this paper we (i) discuss changes in the species composition of co-
pepods from the 1970s to the present; (ii) review the list of native cope-
pod species; and (iii) finally present the updated list of the Black Sea
marine planktonic copepods.

2. Materials and methods

The present study is based on historical data, data obtained during
the SESAME scientific cruises and current literature.

The historical data include detailed taxonomic analysis of zooplank-
ton samples carried out by scientists from Bulgaria, Romania, Russia,
Turkey and the Ukraine within the framework of national monitoring
and research programs and a number of international research projects
(such as the NATO Hydroblack program, GEF projects, the NATO TU-
Black Sea project and TUBITAK). The historical data were mainly obtain-
ed from the SESAME biological database (http://isramar.ocean.org.il/
sesamemeta/).

Data gathered during the SESAME cruises (spring and autumn of
2008) were issued from the detailed taxonomic analysis of 211 samples
collected in the Bulgarian, Romanian and Russian regions of the Black
Sea.

In total, data obtained from over 3500 samples acquired at 942 geo-
graphical locations and which cover the entire Black Sea for the period
from1954 to 2009 are used in this study (Fig. 1).

Samples were collected by vertical hauls using plankton nets of dif-
ferent types (mesh sizes 100-180 pm). A Nansen net (mesh size
300 pm) was used by the Institute of Marine Sciences (Turkey). All
nets allowed the capture of adult individuals of all copepod species in
the Black Sea. Samples were fixed with a 4% formaldehyde solution
and zooplankton counts were made under stereomicroscopes. The co-
pepods were identified up to species level.

Only the marine pelagic Black Sea copepod species are considered in
the study. Freshwater species recorded in the river estuaries and coastal
lagoons have not been taken into account.

3. Results and discussion
3.1. Inventory of the Black Sea copepods list. Native species

Despite the fact that the Black Sea fauna is mainly of Mediterranean
origin, it is much less diverse. It has been found that the overall species
biodiversity of the Black Sea is 3.5-4 fold less than in the Mediterranean
(Mordukhay-Boltovskoy, 1972; Zaika, 2000), which can be explained by
specific features of the Black Sea basin. This is because the low salinity
(17-18 versus 37-39 in the Mediterranean Sea), low winter water tem-
perature and hydrogen sulfide below 200 m depth form ecological bar-
riers for the penetration of zooplanktonic Mediterranean species. In the
mid-twentieth century, 13 species and 1 form of copepods were includ-
ed in the Guidebook for Marine Fauna of the Black Sea and the Sea of
Azov (Dolgopolskaya et al., 1969) (Table 1).

The names and status of some species in the taxonomic classification
system have been revised. It is important to note these changes to avoid
confusion in taxonomy and to routinely monitor ongoing changes with-
in the copepod community.

3.1.1. Species whose names have been changed

Centropages kroyeri was first described as being from the Mediterra-
nean Sea (Giesbrecht, 1892). Karavaev (1895) found differences in the
morphology of the fifth pair of legs in specimens from the Black Sea
and designated these to be the variety C. kroyeri var. pontica (Sazhina
and Kovalev, 1971). He supposed that these differences were distinctive
for the Black Sea community of C. kroyeri. Gurney (1927) found speci-
mens similar to C. kroyeri var. pontica in the Suez Canal and deduced
that this was not the Black Sea variety but a separate species. Later
Kovalev (1967), based on materials collected from different seas of the
Mediterranean basin (including the Black Sea), proved C. ponticus
Karavaev, 1895 to be a species separate from C. kroyeri.

Oithona minuta was firstly found in the Black Sea by Krichagin
(1873). Giesbrecht (1892), having no knowledge of Krichagin's paper,
described the same species from the Mediterranean Sea as O. nana.
The latter name was used in copepod publications throughout the
world. Nevertheless, this species continues to be cited as O. minuta in
several publications on the Black Sea zooplankton (Koval, 1984).
Sazhina and Kovalev (1971) noted that such nomenclature inconsisten-
cy has led to some confusion in taxonomic publications. Moreover, in
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Fig. 1. Map of mesozooplankton stations sampled in the Black Sea during 1954-2009.



46 A. Gubanova et al. / Journal of Marine Systems 135 (2014) 44-52

Table 1
Marine planktonic copepod species recorded in the Black Sea until 1969.

Valid species name

Species name according to the Guidebook
(Dolgopolskaya et al., 1969)

Acartia (Acartiura) margalefi Alcaraz, 1976
Acartia (Acartiura) clausi Giesbrecht, 1889
Anomalocera patersoni Templeton, 1837
Calanus euxinus Hulsemann, 1991
Centropages ponticus Karavaev, 1894
Labidocera brunescens (Czerniavsky, 1868)
Oithona nana Giesbrecht, 1892

Oithona similis Claus, 1866

Paracartia latisetosa (Krichagin, 1873)
Paracalanus parvus (Claus, 1863)

Pontella mediterranea (Claus, 1863)
Pseudocalanus elongatus (Boeck, 1865)
Acartia (Acanthacartia) italica Steuer, 1910

Centropages spinosus (Krichagin, 1873)

Acartia clausi (small form) Potemkina, 1940
Acartia (Acartiura) clausi Giesbrecht, 1889
Anomalocera patersoni Templeton, 1837
Calanus helgolandicus Claus, 1863
Centropages kroyeri pontica, Karavajev, 1894
Labidocera brunescens Czernjavsky, 1868
Oithona minuta (Kriczagin, 1873)

Oithona similis Claus, 1866

Paracartia latisetosa (Kriczagin, 1873)
Paracalanus parvus (Claus, 1863)

Pontella mediterranea Claus, 1863
Pseudocalanus elongatus (Boeck, 1865)
Acartia (Acanthacartia) italica Steuer, 1910

Centropages spinosus (Kriczagin, 1873)

1894 the name Oithona (Dioithona) minuta was given by Scott (1894b)
to a species with a different morphology and natural habitat than that of
0. nana (Shuvalov, 1980). Thus, despite Krichagin (1873) discovered
this species, the valid common name for this Black Sea copepod species
0. nana (Giesbrecht, 1892) should be accepted and used.

Specimens morphologically identical to Acartia clausi but 1.5 fold
smaller were firstly reported in the Black Sea by Potemkina (1940).
This species was classified as a small form of A. clausi until Belmonte
and Mazzocchi (1997) revealed morphological differences with A. clausi
and identified it as Acartia margalefi (Alcaraz, 1976). Apparently, this
smaller species existed in the Black Sea prior to 1940 but had not been
identified as a separate species due to its morphological similarities
with A. clausi (Fig. 2).

There is only one species of the genus Calanus in the Black Sea. A de-
tailed history of its study is presented by Unal et al. (2006). Until recent-
ly it was known in the Black Sea as Calanus helgolandicus, whose

geographical range extended from the temperate North Atlantic
Ocean to the Mediterranean Sea. Based on some morphometric charac-
teristics (the prosome:urosome ratio) and the different distribution of
supernumerary pores overlying the integumental glands of the female
urosome, Fleminger and Hulsemann (1987) recognized the Black Sea
population as a distinct species —Calanus ponticus. In 1991 a new
name —Calanus euxinus —was given to this species by Hulsemann
(1991). According to these authors, C. euxinus is an endemic Black Sea
species. Papadopoulos et al. (2005) and Unal et al. (2006) further
highlighted the problem following genetic analysis of C. euxinus (from
the Black Sea) and C. helgolandicus (from the NE Atlantic and Adriatic
Sea). They showed both species to be closely related, with genetic devi-
ation between 0.22% and 0.57%, typical for conspecific communities. For
this reason, the morphological and genetic similarities between
C. euxinus and C. helgolandicus raised new questions about the status
of C. euxinus as a different species. Therefore, Isinibilir et al., 2009 have

Paracartia latisetosa

Oithona nana

Acartia margalefi — — — — — — — — — — —

Acartia clausi

Calanus euxinus
Centropages ponticus
Oithona similis
Paracalanus parvus
Pseudocalanus elongatus

[X native disappeared
I native
[ alien established

Acartia tonsa [
Oithona davisae [

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Fig. 2. Changes in the species composition of common species of the Black Sea from the beginning of the twentieth century to the present day.



Table 2

Questionable alien species recorded in Sevastopol Bay (1); Chernaya river estuary,
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Sevastopol Bay (2); Western Black Sea (3); and Novorossiysk Bay (4).

Name of species according ~ Area
to cited source

Source

Acartia danae

Acartia negligens
Acrocalanus gibber
Acrocalanus monachus
Calocalanus sp.
Calocalanus gracilis
Calocalanus grezei
Calocalanus pavo
Calocalanus pavoninus

NN WW—=WwWwhw

S

Calocalanus sp. (small form)
Calocalanus tenuis

Candacia sp.

Canthocalanus pauper
Centropages bradyi
Centropages furcatus
Centropages kroyeri

NWwwwNhw

S

Centropages ponticus
Centropages sp.
Centropages violaceus

www
S

Clausocalanus parapergens
Clausocalanus furcatus
Clausocalanus sp.
Copilia sp.

Corycaeus sp. (small form)
Corycaeus speciosus
Corycaeus furcifer
Corycella rostrata®
Corycella sp.2
Ctenocalanus sp.
Cyclopina gracilis
Cyclopoida

Delius nudus®
Euchirella sp.
Euterpina acutifrons
Heterorhabdus sp.
Lucicutia sp.
Mecynocera clausi
Metridia sp.
Microsetella rosea
Microsetella sp.
Oithona brevicornis

N2, BRWN L, WAWWWNW= B BAWWwWw = BN

Oithona decipiens
Oithona nana
Oithona plumifera
Oithona similis
Oithona simplex

}):’W-hwl\)

S

Oncaea clevei
Oncaea conifera*

N oA
S

Oncaea dentipes® 1;4

Oncaea ivlevi® 3
Oncaea mediterranea 1;4

Oncaea media 4
Oncaea minuta’ 4
Oncaea sp. 3
Oncaea subtilis® 1

Oncaea venella 23,4

Oncaea venusta 4
Oncaea venusta var. venella 1
Oncaea vodjanitskii 4
Oncaea zernovi 2

Oncaea zernovi 3;4

»
S

Selifonova et al., 2008
Selifonova and Shmeleva, 2007
Selifonova et al., 2008
Selifonova et al., 2008

Murina et al., 2002

Selifonova et al., 2008
Selifonova et al., 2008
Shmeleva et al., 2008
Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Selifonova et al., 2008
Shmeleva et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Selifonova et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008; Selifonova and
Shmeleva, 2007

Shmeleva et al., 2008
Selifonova and Shmeleva, 2007
Murina et al., 2002

Selifonova et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Selifonova and Shmeleva, 2007
Selifonova and Shmeleva, 2007
Murina et al., 2002

Selifonova et al., 2008
Shmeleva et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Selifonova et al., 2008
Selifonova and Shmeleva, 2007
Selifonova et al., 2008

Murina et al., 2002

Shmeleva et al., 2008
Selifonova et al., 2008
Selifonova and Shmeleva, 2007
Murina et al., 2002

Shmeleva et al., 2008; Selifonova et al., 2008;

Selifonova and Shmeleva, 2007
Shmeleva et al., 2008

Selifonova et al., 2008

Selifonova and Shmeleva, 2007
Selifonova et al., 2008

Selifonova et al., 2008; Selifonova and
Shmeleva, 2007

Selifonova and Shmeleva, 2007
Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Murina et al., 2002; Selifonova and
Shmeleva, 2007

Selifonova et al., 2008

Murina et al., 2002; Selifonova and
Shmeleva, 2007

Selifonova and Shmeleva, 2007
Selifonova and Shmeleva, 2007
Selifonova et al., 2008

Murina et al., 2002; Selifonova and
Shmeleva, 2007

Shmeleva et al., 2008; Selifonova et al., 2008;

Selifonova and Shmeleva, 2007
Selifonova and Shmeleva, 2007
Murina et al., 2002

Selifonova and Shmeleva, 2007
Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Selifonova et al., 2008; Selifonova and
Shmeleva, 2007

Table 2 (continued)

Name of species according ~ Area Source
to cited source

Paracalanus aculeatus 2;4 Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Paracalanus dendatus 4 Selifonova and Shmeleva, 2007

Paracalanus indicus 2;4 Shmeleva et al., 2008; Selifonova and
Shmeleva, 2007

Paracalanus indicus 3 Selifonova et al., 2008

Paracalanus nanus 3;4 Selifonova et al., 2008; Selifonova and
Shmeleva, 2007

Paracalanus pygmaeus 2;4 Shmeleva et al., 2008; Selifonova and

Shmeleva, 2007

Paracalanus quasimodo 2 Shmeleva et al., 2008
Paracalanus sp. (small form) 3 Selifonova et al.,, 2008
Paracartia grani 3 Selifonova et al., 2008
Parvocalanus crassirostris 3;4 Selifonova et al., 2008; Selifonova and
Shmeleva, 2007

Pleuromamma gracilis 4 Selifonova and Shmeleva, 2007
Pleuromamma indica 3 Selifonova et al., 2008
Pontellina sp. 3 Selifonova et al., 2008
Sapphirella sp. 3 Selifonova et al.,, 2008
Scolecithricella sp. 3 Selifonova et al., 2008
Scolecithrix bradyi 3 Selifonova et al., 2008

Temora discaudata 3 Selifonova et al.,, 2008

Temora turbinata 3 Selifonova et al., 2008

Temora stylifera 4 Selifonova and Shmeleva, 2007

Current valid names of species as follows: 1 — Farranula rostrata; 2 — Farranula sp.; 3 —
Delibus nudus; 4 — Triconia conifera; 5 — Triconia dentipes; 6 — Spinoncaea ivlevi;, 7 —
Triconia minuta; 8 — Monothula subtilis.

suggested that var. euxinus be added to the species name of
C. helgolandicus from the Black Sea population. Thus the issue of the
Black Sea Calanus population remains open (Yebra et al., 2011).

3.1.2. Species from the Guidebook for Marine Fauna of the Black Sea and the
Sea of Azov (1969) with insufficient information

Acartia italica has only once been reported in the Black Sea. A few
adult specimens were found in samples collected near the Crimean
coast in 1940 (Potemkina, 1940). This species has neither been reported
before or since 1940. Probably, it was an alien species with occasional
occurrence.

Centropages spinosus was described by Krichagin (1873) for the
Kerchenskiy Strait of the Black Sea as a scientifically new species. The
basic features of the species coincide with those of C. kroyeri. Some dif-
ferences in the prosome length:width ratio of the male were considered
a specific indication by Krichagin but later these differences were attrib-
uted to allometric changes (Sazhina and Kovalev, 1971). Krichagin did
not again mention C. spinosus in any subsequent publications and for
130 years no other author has reported this species. Nevertheless, a fe-
male specimen of C. spinosus was recently described and male speci-
mens redescribed (Shmeleva, 2005), both found in Sevastopol Bay.
The author claimed that the species was recorded in all areas of the
Black Sea according to her own unpublished data. However, no other re-
searchers have yet confirmed these findings —C. spinosus has not been
reported in Sevastopol Bay in a number of papers (e.g. Greze et al.,
1971; Gubanova, 2003b; Gubanova et al., 2002; Hubareva et al., 2004;
Kovalev, 1980; Pavlova et al., 1999; Prusova and Shadrin, 1983). The
species is also notably absent from the SESAME database on biological
data (http://isramar.ocean.org.il/sesamemeta/). There is therefore in-
sufficient information to confirm the existence of C. spinosus communi-
ties in the Black Sea.

3.1.3. Species which have disappeared

Changes in the composition of copepod assemblages from the begin-
ning of the twentieth century until the present are illustrated in Fig. 2.
Three species disappeared in the1980s and 1990s.

Paracartia latisetosa was a thermophilic species which inhabited
coastal areas of the Black Sea. It was an abundant species occurring in
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bays from the months of July to October (Petipa, 1959). P. latisetosa
produced resting eggs in response to low temperatures during the
cold seasons of the year which resulted in a state of dormancy through-
out the P. latisetosa community. The changes in the copepod community
of the Black Sea have been recorded since the 1970s when strong eutro-
phication and pollution in the coastal areas were firstly observed
(Gubanov et al.,, 1996). At this period the abundance of P. latisetosa de-
creased sharply. Later on this species disappeared completely from the
Black Sea (Gubanova, 2003a).

Acartia margalefi was a eurythermic species. This species mainly
inhabited bays, where it was dominant during summer and was one
of the most abundant copepods until the late 1980s (Gubanova et al.,
2002; Prusova and Shadrin, 1983).

Oithona nana was also a eurythermic species, mostly abundant in the
neritic areas of the Black Sea and revealed high abundance values in
September (Greze et al., 1971; Gubanova et al., 2001). The unforeseen
and highly destructive mass invasion of M. leidyi into the Black Sea in
the early 1980s severely increased the grazing pressure on plankton in
the late 1980s and early 1990s, especially during the summer and autumn
months (Gubanova et al., 2002; Konsulov and Kamburska, 1997). As a re-
sult, the number of copepods, including the former dominant species
0. nana and A. margalefi, fell drastically. These species later disappeared
completely from the copepod community (Gubanova et al., 2001).

3.2. Alien species

Numerous information on alien species in the Black Sea has been accu-
mulated over the past 20 years. The role and status of alien copepods in
the Black Sea ecosystem vary: species established in the entire Black
Sea, species found in the area surrounding the Bosphorus but not repro-
ducing in the Black Sea, species recorded only once, and species with in-
accurate information. At present we have yet to determine which of the
alien species have become naturalized in the Black Sea and therefore inte-
grated into the copepod community. Consequently such species may be
included in an updated list of the Black Sea marine planktonic copepods.

3.2.1. Established species

Acartia tonsa appeared in the Black Sea in the early 1970s
(Gubanova, 2000). It can be supposed that A. tonsa replaced the native
P. latisetosa (see 3.1.3), because these species occupied the same ecolog-
ical niche, but the alien A. tonsa was apparently more resistant to pollu-
tion and eutrophication than P. latisetosa (Gubanova, 2003a).

Some specimens of a cyclopoid copepod new to the Black Sea were
first found in Sevastopol Bay in December 2001. The species was identi-
fied as Oithona brevicornis (Zagorodnyaya, 2002). The species also regis-
tered as O. brevicornis has been routinely observed in samples taken
since the mid 2000s (Altukhov and Gubanova, 2006; Mihneva and
Stefanova, 2011; Selifonova, 2009). Recently, the species was re-
identified as Oithona davisae (Temnykh and Nishida, 2012). Consequent-
ly, O. brevicornis and O. davisae are two different names for the same
Black Sea species, but O. davisae is accepted as the correct name.

After the first appearance of O. davisae in Sevastopol Bay, specimens
were found again in 2005. In the period from 2006 to 2009, the average
annual abundance of O. davisae increased considerably (Altukhov and
Gubanova, unpublished data). The invader has been expanding along
the Black Sea coast since 2009 (Altukhov, 2010; Mihneva and Stefanova,
2011; Selifonova, 2011).

One of the results of the destructive invasion of M. leidyi in the 1990s
was the complete disappearance of O. nana (see Section 3.1.3). In the
early 2000s, Beroe ovata reduced the grazing pressure of M. leidyi on zoo-
plankton especially in the summer and autumn months (Gubanova,
2003b; Hubareva et al., 2004; Kideys, 2002). The absence of O. nana
coupled with the reduced grazing pressure of M. leidyi played a signifi-
cant role in the successful development of O. davisae in the Black Sea.
0. nana and O. davisae are closely related species; they are of similar
size and share, the same seasonal dynamics and habitat in the Black

Sea (Gubanova and Altukhov, 2007). We can therefore conclude that
these species are ecologically very similar within the planktonic com-
munity. O. davisae has most likely occupied the empty ecological niche.

Acartia tonsa and O. davisae have survived in their new Black Sea en-
vironment, reproduced there and established self-sustaining popula-
tions. Thus, they fit the term “established species”: introduced or feral
community of species established in the wild with free-living, self-
maintaining and self-perpetuating communities unsupported by and
independent of humans (European commission, 2004).

To become established, these species have had to adapt to relatively
low salinities and low winter temperatures. Both A. tonsa and O. davisae
inhabit the upper layer and are distributed along the coastal areas of
their native basins (Paffenhofer and Stearns, 1988; Temnykh and
Nishida, 2012; Uye and Sano, 1995). O. davisae are abundant all year
round being more plentiful in autumn. A. tonsa is a thermophilic species
and produces resting eggs. Therefore, the community of A. tonsa is in a
dormant state during the cold season in the Black Sea. The hatching of
the resting eggs is triggered by an increase in temperature in the spring
and summer (Gubanova, 2000; Lee and McAlice, 1979). Both species are
tolerant to changes in salinity, and A. tonsa is tolerant to a wide salinity
range of 2-33 psu (Calliari et al., 2006). According to an experimental
study, the salinity tolerance of O. davisae ranges within 3-40 psu
(Svetlichny and Hubareva, unpublished data).

The successful introduction and later establishment of a species de-
pend not only on the biology of the alien species but also on the recipient
community conditions. Usually, the invasion of a new species follows a
number of changes to the ecosystem (Alimov et al., 2004).The low resil-
ience of the native zooplankton community to invasions of new copepods
in the Black Sea has been preconditioned by changes in the ecosystem
caused by eutrophication, pollution, overfishing (1970s-1980s) and inva-
sions of the predatory ctenophores (1990s; 2000s).

3.2.2. Non-established species

Comprehensive research of the dynamics and water exchange be-
tween the Sea of Marmara and the Black Sea via the Bosphorus was
launched in the 1960s. The adjacent regions of the Black Sea and the
Sea of Marmara are of particular interest since these areas could be con-
sidered as natural laboratories for the survival of organisms inhabiting
water bodies with sharp gradients in the physical and chemical charac-
teristics (Svetlichny et al., 2006).

Approximately fifteen Mediterranean copepod species were re-
corded in the Black Sea in the 1960s near the Bosphorus (Pavlova,
1965). The salinity at the depths where these species were recorded
was higher than typical for the Black Sea and the number of the
Mediterranean copepods in this area depended on the intensity of
the water inflow from the Mediterranean into the Black Sea. There-
fore, the occurrence of Mediterranean species may be considered a
bio-indication of Mediterranean water inflow to the Black Sea
through the lower Bosphorus current (Kovalev et al., 1976).

At the same time a number of species of Mediterranean mollusks,
fish and amphipods were found in the Black Sea. These findings trig-
gered the hypothesis termed the mediterranization of Black Sea fauna
(Puzanov, 1967). Mediterranization currently means the enrichment
of Black Sea fauna with Mediterranean species via the Bosphorus. I.
Puzanov (1967) did not rule out that findings of new species might be
a result of an intensification of research. However two scenarios of fu-
ture mediterranization were supposed: a) an increase in the salinity of
the Black Sea because of a reduction in river discharges will permit
Mediterranean stenohaline species to spread into the Black Sea; b) the
acclimatization and adaptation of Mediterranean species to the lower
salinity and temperature in the Bosphorus area and the ensuing expan-
sion into other areas of the Black Sea.

An attempt was made to consider the hypothesis of mediterranization
also for the zooplankton species (Bogdanova and Shmeleva, 1967;
Porumb, 1980; Selifonova et al., 2008). Kovalev et al. (1998) summarized
data for all copepod species found in the Bosphorus area from the 1960s
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Table 3

Species of Acartia genus new to science, which appeared in sources published in 2002-2010.

Format of the

Area of the species source, in which

N° Species, author(s) .. .
origin the species is
first described

1 Acartia eremeevi Shmeleva, 2008 No data No data *

2 A. eremeevi Pavlova & Shmeleva 2010 Black Sea Article

3 A. hasanii Unal, Shmeleva & Kideys, 2002 Mediterranean Sea Article

4 A. hasanii Shmeleva & Selifonova, 2005 Black Sea Pre-symposium
abstract

5 A. ioannae Unal, Shmeleva & Kideys,2002 Mediterranean Sea Article

6 A. ioannaei Shmeleva, 2008 No data No data *

7 A. janetae Unal, Shmeleva & Kideys,2002 Mediterranean Sea Article

8 A. jannetei Shmeleva & Selifonova, 2005 Black Sea Pre-symposium
abstract

9 A. lamasii Shmeleva & Selifonova, 2005 Black Sea Pre-symposium
abstract

10 A. mollicula Shmeleva, 2007 No data No data **

11 A. mollicula Shmeleva, 2008 No data No data *

12 A. mollicula Pavlova & Shmeleva 2010 Black Sea Article

13 A. vivesei Shmeleva, 2008 No data No data *

14 A. zaitsevi Shmeleva, 2008 No data No data*

* Names of the species were indicated in the list of the Black Sea copepods (Shmeleva et al., 2009).
“Names of the species were indicated in the list of the Black Sea copepods (Shmeleva et al., 2008).

until 1996. About 60 copepod species were included in the list, but until
now, this number remains unconfirmed. Species of copepods discovered
in the area around the Bosphorus have not become established in the
Black Sea. On the contrary, all established zooplankton species such as
the copepods A. tonsa, O. davisae and the ctenophores M. leidyi and
B. ovata are the euryhaline species of the epiplanktonic assemblage.
They have been introduced to the Black Sea in ships' ballast waters, not
via the lower Bosphorus current (Konsulov et al., 1998; Shiganova et al.,
2008; Stefanova et al., 2010).

An example of successful invasion was the establishment of the pe-
lagic copepod species A. tonsa in the Black Sea. This species was docu-
mented as an example of successful mediterranization (Kovalev et al.,
1998; Oguz and Oztiirk, 2011). However detailed study has revealed
that A. tonsa occurred in the Black Sea earlier than in the Mediterranean
(Gubanova, 2000). Most probably A. tonsa was transferred to the Black
Sea with ballast water from another oceanic region of the world.

Contrary to the hypothesis of mediterranization of the Black Sea zoo-
plankton, it has recently been shown that the Bosphorus plays the role
of a natural ecological barrier (Oguz and Oztiirk, 2011). Zooplankton
penetrates into the Black Sea via the Bosphorus through the bottom
Mediterranean outflow and descends to the Black Sea cold intermediate
layer where the temperature is 6-8 °C. In this layer, thermophilic and
halophilic Mediterranean species experience low salinity and a temper-
ature shock that results in extremely high mortality (Isinibilir et al.,
2011). According to Zenetos et al. (2005, 2010) those species which
have only periodically been found in the Bosphorus area are classified
as casual (such species are determined as those having been recorded
only once in scientific literature and are therefore presumed to be
non-established in the Black Sea basin).

3.2.3. Alien species with insufficient information
A number of papers presenting the lists of species foreign to the
Black Sea appeared in the 2000s (Murina et al., 2002; Selifonova et al.,

2008; Shmeleva et al., 2008) with an unusually high number of alien
species recorded (Table 2). Unfortunately, neither photos nor drawings
of alien species were provided in these papers and any information on
the species' frequency of occurrence and the number of examined sam-
ples was unavailable. Generally, no vectors of introduction were
discussed and the proposed ideas were questionable. It was assumed
(Selifonova et al., 2008) that these invaders had most likely been intro-
duced by the lower Bosphorus flow. However, according to geographic
distribution maps by Razouls et al. (2005-2012) only six species from
the presented lists were found in the Aegean Sea, which is connected
to the Sea of Marmara and the Black Sea by the Dardanelles and the

Table 4
Native and established species of the Black Sea copepod community.

Species name Comments

Acartia (Acartiura) clausi Giesbrecht, 1889 Common in neritic areas and offshore all

year round

Alien species. Established in early 1970s.

Common in neritic areas and bays in

warm season

Anomalocera patersoni Templeton, 1837 Rare

Calanus euxinus Hulsemann, 1991 Common offshore in all seasons; in
neritic areas in cold season

Centropages ponticus Karavaev, 1894 Common in neritic areas in warm season

Labidocera brunescens (Czerniavsky, 1868) Rare

Oithona davisae Ferrari F.D. & Orsi, 1984  Alien species. Established in early

2005-2006. Common in neritic areas all

year round

Commson offshore in all seasons; in

neritic areas in cold season

Common in neritic areas and offshore all

year round

Pontella mediterranea (Claus, 1863) Rare

Pseudocalanus elongatus (Boeck, 1865) Common offshore in all seasons; in
neritic areas in cold season

Acartia (Acanthacartia) tonsa Dana, 1849

Oithona similis Claus, 1866

Paracalanus parvus (Claus, 1863)
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Bosphorus. The remaining species are found in different regions —Temora
discaudata is common in the Levantine Sea (Eastern Mediterranean),
whereas Calocalanus gracilis, Paracalanus indicus, Acrocalanus gibber in-
habit the Alboran Sea (Western Mediterranean). Canthocalanus pauper,
Pleuromamma indica and Temora turbinata are absent in the Mediterra-
nean but present in the Red Sea as well as in different areas of the Atlantic,
Indian and Pacific Oceans and in regions of the sub-Antarctic. Therefore,
the high number of cited alien species in the Black Sea cannot be ex-
plained solely as a result of natural migration processes. It is also note-
worthy that none of these species (Table 2) were found in more than
3500 samples examined in the present study (Fig. 1). According to
Zenetos et al. (2005, 2010) categories of such species are questionable
(species registered with insufficient background information are
doubtful).

3.3. New species

Recently, the list of Black Sea copepods included some Acartia spe-
cies new to science (Shmeleva et al., 2008, 2009) (Table 3). It is obvious
that some of the names listed in Table 3 differ only slightly in spelling
(no. 5-6 and no. 7-8), and can therefore be regarded as synonymous.
Apparently, species cited in different sources (no. 1-2, no. 3-4 and no.
10-12) should be the same. As a result, the referred list can in fact be re-
duced to eight “correct original spellings” (Article 32 of the International
Code of Zoological Nomenclature, hereinafter —ICZN) (Anonymous,
1999), namely, A. eremeevi, A. hasanii, A. ioannae, A. janetae A. lamasii,
A. mollicula, A. vivesei, and A. zaitsevi. Two of the eight names (A. vivesei
Shmeleva et al., 2008 and A. zaitsevi Shmeleva et al., 2008) have not
been confirmed for the purposes of zoological nomenclature due to
the complete lack of description. The references to the original descrip-
tions of these species were, unfortunately, not given by Shmeleva et al.
(2008, 2009) and it has not been possible to locate these papers in the
body of world literature available. The description of A. lamasii, firstly re-
ported in pre-symposium abstracts (Shmeleva and Selifonova, 2005), is
also absent. Therefore, these three names do not satisfy the provisions of
Art. 13 of the ICZN and they are not available for the purposes of zoolog-
ical nomenclature, and thus should be classified as Nomina nuda.

The species A. hasanii Unal et al., 2002, A. ioannae Unal et al., 2002,
A. janetae Unal et al., 2002, A. eremeevi Pavlova and Shmeleva, 2010,
and A. mollicula Pavlova and Shmeleva, 2010 were reported in the arti-
cles (Pavlova and Shmeleva, 2010; Unal et al., 2002) corresponding to
the publication criteria for the purposes of zoological nomenclature.
However, the descriptions and drawings depicted in these articles
were made without paying attention to details; the text in the species
descriptions and their corresponding images include a number of
contradictions, which rules out a positive identification. Differential di-
agnoses for A. eremeevi and A. mollicula are absent. In addition, fifth legs
of A. eremeevi, A. mollicula (Pavlova and Shmeleva, 2010: Figs. 2-8; 5-5),
A. hasanii, A. ioannae and A. janetae (Unal et al., 2002: Figs. 1F, 2D, 3E)
correspond to fifth legs of immature specimens of Acartiidae. For this rea-
son, the independent categorization of these five species is questionable.

As a consequence, it is not currently possible to add new species of
the genus Acartia to the list of the Black Sea species.

3.4. Present state of copepod species composition

Despite the dramatic changes which have occurred in the Black Sea
ecosystem during recent decades, the number of marine planktonic co-
pepod species in the Black Sea remains almost the same as at the begin-
ning of the twentieth century (Table 4). The native species C. euxinus,
Paracalanus parvus, Pseudocalanus elongatus, Centropages ponticus,
A. clausi, and Oithona similis are the most common in both offshore
and onshore areas. The recently established copepods A. tonsa and
0. davisae have enriched the assemblage of abundant copepod species
of neritic zones. All species found in significant numbers were reported
by experts from various areas of the Black Sea. The features of

geographical and ecological distribution of copepods are shown in
Table 4. The representatives of the copepods family Pontellidae are
rare. In general only single individuals of pontellids (Anomalocera
patersoni, Labidocera brunescens, and Pontella mediterranea) were
found. It should be noted that these hyponeustonic copepods were
found in high numbers in the uppermost 5 cm (Zaitsev Yu, 1962) and
special nets and methods must be used in order to obtain significant
numbers. Apparently, Pontellidae abundance is underestimated when
sampling by vertical hauls of a Juday net is performed.

4. Conclusion

Species composition of marine planktonic copepods in the Black Sea
is rather poor. The community structure changes considerably by the
appearance/disappearance of species. Time-series studies at all areas
of the Black Sea are necessary for monitoring these changes. Coordina-
tion of efforts of plankton experts from the Black Sea countries is very
important and the SESAME Project is a good example of such
coordination.

Thus, based on the analysis of a large amount of data (historical, ob-
tained during the SESAME cruises and unpublished) as well as on the
available literature, the following conclusions can be drawn:

Compared to the list from the Guidebook for Marine Fauna of the Black
Sea and the Sea of Azov (Dolgopolskaya et al., 1969), the presence of
two species (A. italica and C. spinosus) has not been confirmed, the tax-
onomic status of two species (A. clausi small form and C. kroyeri pontica)
and the nomenclature of two species (0. minuta and C. helgolandicus)
have been changed.

Additionally, significant changes have occurred in the composition
of the copepod community: three species have disappeared
(A. margalefi, 0. nana and P. latisetosa) and two species have be-
come naturalized (A. tonsa and O. davisae).

The hypothesis on the mediterranization of the Black Sea zoo-
plankton has not been confirmed. Mediterranean species found
occasionally in the Bosphorus area of the Black Sea do not form
self-maintaining and self-perpetuating populations and do not ex-
pand into the Black Sea itself.

New copepod species established in the Black Sea have in all like-
lihood been introduced from the ballast water of shipping vessels.
A large number of alien species are reported in the Black Sea. How-
ever, the information in these reports is insufficient. Until now,
none of these species were established and should therefore be re-
moved in the checklists of the Black Sea copepods.

The widespread application of genetic analysis for accurate taxo-
nomic identification of copepods is still developing; thus the cou-
pling of traditional taxonomic and genetic methods is essential
for reliable clarification of copepod diversity in the Black Sea re-
gion.

The updated list of the Black Sea marine planktonic copepods is
composed of 11 species.

The Black Sea is very sensitive to change and should be monitored
in the long-term.
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