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MEDITERRANEANIZATION OF THE BLACK SEA ZOOPLANKTON IS
CONTINUING
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Abstract. The introduction of Mediterranean pelagic copepod species into the Black Sea
was reviewed with special reference to Acartia tonsa. About 60 zooplankton species and
40 phytoplankton species which are not typical for the Black Sea were discovered to
have been transported from the Mediterranean Sea. Most copepod species were found
only in the Bosphorus area of the Black Sea. A few species were observed in other
regions as far as Crimea and Caucasus, but they were seldom. Some species can now be
included in the list of the constant inhabitants of the Black Sea as had happened with
their predecessors. In the present study, five copepod species, Microcalanus pusillus,
Aetideus armatus, Euchaceta marina, Metridia lucens, and Oncaea obscura, were also
recorded for the first time. All these species were found in the Bosphorus region. New
data about occurence, distribution and abundance of the copepod Acartia tonsa which
was recently discovered in the Black Sea are also given. The present study confirms that
this species has now been naturalized in the Black Sea.

1. State of the problem

It is known that the marine flora and fauna of the Black Sea in general was formed by
invaders from the Mediterranean Sea [1] after these reservoirs became permanently
connected about 9000 years ago [2]. Judging by the abundance of Mediterranean species
in the Black Sea, the process of invasion and acclimatisation was intensive during the
period of fast increasing salinity. However, nowadays, in conditions of stable salinity,
occasions of invading species spreading to the extent of becoming mass species in the
Black Sea are marked [3; 4 and others].

The Bosphorus region of the Black Sea accepts invaders carried from the
Marmara Sea by the Lower-Bosphorus Flow. It is from here that these species, if they
survive and adapt to the new conditions will spread to other regions. All sorts of
organisms, whether benthic or planktonic, carried via the Lower-Bosphorus flow are
potential invaders for the Black Sea. Data about benthic animals in the Bosphorus region
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of the Black Sea not peculiar to the reservoir as a whole appeared long ago [5]. In
following years the list of these species was significantly replenished [6; 7; 8 and
others]. First occasions of the appearance of the Mediterranean planktonic algae in the
Black Sea are described in the articles by Demir [9], Skolka [10; 11], Skolka and
Bodeanu [12]. Nowadays about 40 Mediterranean phytoplankton species, originally not
native to the Black Sea are known [13]. Some other Mediterranean phytoplankton
species, not formerly registered were found at the Southern Crimean Coast [14; 15].

The first information about invasion of Mediterranean planktonic animals is
reported by Zernov [16] who supposed that Penilia avirostris Dana penetrated and
naturalised in the Black Sea at the beginning of this century. In 1960, six
Mediterranean copepod species and siphonophora Eudoxoides spiralis Bigelow were
found in the northwestern Black Sea [17; 18]. Undoubtedly, they came to this region
from the Bosphorus where they had been transferred by the Lower-Bosphorus Flow
from the Marmara Sea. In May and October 1962 [18; 19] in the Bosphorus region 11
species of the Mediterranean planktonic animals were found (2 in May and 9 in
October). Later, in March 1970 in the Bosphorus region in the Mediterranean water
layer, a few individuals of three Mediterranean copepod species were found [20]. In
October 1972, besides some species of planktonic algae, 178 planktonic animals of 28
Mediterranean species were found at the same location [21]. Of 28 species, 19 were
found there for the first time. A comparison of the appearance of Mediterranean animals
in the Bosphorus region of the Black Sea with data about the intensity of water
exchange through the Bosphorus [22] shows, that these organisms are mostly abundant
during the periods of increasing Mediterranean water flow, in particular in March and
October.

It is necessary to note that on repeated occasions, about 10 species of Mediterranean
planktonic animals were recorded far from the Bosphorus, in particular near the
Crimean coast including Sevastopol Bay [23; 21] . Mediterranean organisms were also
found in the Danube region [24; 25]. Their appearance near the Crimean coast where
they could be carried by the currents in no less than two months [23] indicates their
ability  for long survival and possibly for reproduction in the Black Sea (judging on the
presence of juveniles and egg sacs of copepods). This forms a basis for the suggestion
that in conditions of probable increasing of salinity, some Mediterranean species may be
fully acclimatised and become permanent inhabitants of the Black Sea as has previously
the case with now numerous members of the Black Sea fauna. Experiments have
shown [26] that the present permanent fauna inhabitants of the Black Sea along with
species only registered there in recent years are characterised by their high tolerance to
decreasing salinity which they acquire through evolution. The recent construction of
dams across important European rivers that flow into the Black Sea may have
favoured the colonisation of new species from the Mediterranean Sea [27].

The marked appearance of about 60 species of zooplankton and 40 species of
phyoplankton would seem to confirm conclusions by Puzanov [3] about the possible
strengthening of the Mediterranization process, i.e. enrichment of the Black Sea flora
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and fauna by invaders from the Mediterranean Sea during a period of increasing salinity
in the Black Sea.

1.1. ACARTIA TONSA IN THE BLACK SEA

Acartia tonsa was discovered recently (September 1?90) in the Black Sea [2_8]‘hIt is ;n
fact a relatively new species for the Mediterranean bemg first reported there in the garly
1980°s [29]. After being reported in the western Mediterranean, 4. tonsa successively
spread eastward in this basin. According to Paffeqhofer & Stearqs [30], 114 lims:sa is
adapted to high food concentrations and therefore its appearance in the B ac eat t:s
interesting though not surprising when the gradual increase in eutrophication over the
last few decades is considered.

2. Materials and Methods

Zooplankton samples were collected during thre‘e differgnt R/V "Bilim" cruises. In
September 1995 and April 1996 sampling was carried ogt in the Bosphorus area.u51}r:g a
Nansen net (d = 70 cm, mesh size = 112 pm). All Mediterranean zooplanktgn 1; t kIC?SE
samples were isolated and identified. Other samples were taken from thf: entire urh s
Exclusive Economic Zone (TEEZ) in Septembgr-October 1'996 (Fig.1). .In th t?sz
samples, all adult individuals and copepodites belonging to Acartia genus were identifie
and counted. Size measurements of some copepods were also taken. .

We also used the samples collected at three stations near Sevastopol (the Crlrpfla)
during February - August 1996 and February 1997. Th'ese samples were collegtid Wlltkri
Juday net (d = 38 cm, mesh size = 140 um). The stations were located 0.100 km,

and 3 km offshore respectively.

3. Results and Discussion

The list of Mediterranean copepod species in the Black Sf:a is given in Table 1.. \:.e
found five new copepod species for the Black Sea whlch are also mcludeq 11;1t :LS,
Table. These five species were Microcalanus pusillus, Aetrdgus armatus, Euc: aeh

marina, Metridia lucens, and Oncaea obscura, all of which were found i1n bt e
Bosphorus region. In this region as well as in all stations. sampled during September-
October 1996, we also found Acartia fonsa which was previously reported on}y once in
the Black Sea: near the Crimean coast [28]. However in that report authc?rs did not give
any information on the abundance and distribution of this species..Acarlla fonsa 1s ne(;v
even for the Mediterranean as it was absent in the list of Mediterranean cOpepo s
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TABLE 1. The list of Mediterranean copepods, which were found in the Black Sea.
* only copepodites, except in the western region where one adult C. typicus was found in 1995, N =
New species.
Reference: 1- Pavlova [17; 18], Pavlova and Baldina [19]. 2- Kovalev et al. [21]. 3- Kovaley [20]. 4-
Kovalev et al. [25]. 5- Porumb [24]. 6- The present study.

Reference j
Species 1 2 g 4
Calanus tenuicornis Dana
Calanus gracilis Dana +
Calanus minor Claus +
Eucalanus sp.
Mecynocera clausiJ.C.Thompson i
Paracalanus nanus Sars i
Paracalanus aculiatus Giebr.,
Clausocalanus arcuicornis (Dana) on
Clausocalanus paululus Farr.
Calocalanus furcatus (Brady)
Clausocalanus pergens Farr.
Clausocalanus parapergens Frost,Flem
Clausocalanus mastigophorus (Cla us) =+
Calocalanus pavo Dana +
Calocalanus plumulosus Claus +
Calocalanus pavoninus Farr. b F
Calocalanus plumatus Shmel. + +
Calocalanus (tenuis?) Farr. +
Microcalanus pusillus .O.Sars
Ctenocalanus vanus Giesbr +
Aetideus armatus Boeck
Euchaeta marina Prestandrea
Phaenna spinifera Claus +
Scolecithriy danae Lubb -+
Temora stylifera Dana +
Metridia lucens Boeck
Pleuromamma abdominalis Lubb +
Pleuromanima gracilis Claus + ol
Pleuromanima sp. +
Centropages typicus Kroveri 4 +*
Lucicutia Aavicornis +
Claus
Lucicutia gemina Farr. +
Euterpina acutifrons + + + +
Claus
Candacia aethiopica +
Dana
Acartia tonsa Dana +
Microsetella rosea Dana + + + + +
Macrosetella gracilis +
Dana
Paroithona parvula Farr. +
Oithona sp. + +
Oncaca obscura Farr.
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TABLE 1. Continued.
OQucaea minuta Giesbr. + + + + +
Oncaea dentipes Giesbr. o + + e TS
Ouncaea similis Sars & & i
Oncaea media Giesbr. + 3
Oncaea subtilis Gicsbr. +
Qncaca curta Sars g +
Qncaea conifera Giesbr. +
Oncaea mediterranea Claus + e g T
Oncacea subtilis Giesbr. i
Oncaea venusta Philippi +
Corycaceus furcifer Claus i + + Ep
Corycaeus latus Dana + +
Corycaeus typicus Kroger + + £
Corycaeus faccus Giesbr. + -+
Corycaeus clausi F.Dahl + +
Corycaeus limbatus Brady +
Corycaeus sp. + i T
Corycella gracilis Dana +
Corycella rostrata Claus +
Corycella sp. + +

compiled for the early 1980's [31]. Its first appearance in the Mediterranean Sea was in
the mid-eighties [29]. Our data, collected in the TEEZ, show that the abundance of 4.
fonsa adults exceeded 1000 ind. m™? in some stations during the autumn of 1996 (Fig.
1). The A. fonsa abundance at two stations was even more than the abundance of the
native species A. clausi. In those samples A. fonsa was represented by all development
stages. Maximum abundance occurred at a station nearest to the Bosphorus area. 4.
fonsa abundance decreased in the middle region of the Black Sea, increasing again in the
south-east. Similar distribution patterns of some Atlantic forms are also known in the
Mediterranean Sea [32], where abundances in eastern regions are higher than in
western and central areas.

We also found 4. fonsa in the coastal waters of Crimea in 1996. Abundances of A.
clausi and A. fonsa in 1996 and 1997 at two stations near Sevastopol are presented in
Fig. 2. At the most inshore station (st.1 near Sevastopol) the abundance of 4. fonsa
adults increased to 512 ind m™ in the surface layer (0-10 m) in July 1996. The total
number of A. fonsa adults was higher than that of 4. clausi at St. 1 in summer. Only at
the end of winter was the abundance of A. fomsa less than A. clausi at this station.
Moving to the open sea (St. 3) the abundance of A. clausi adults became greater than 4.
fonsa both in summer and winter (Fig. 2). In spring 4. fonsa was absent at Station 3.

From the literature [33] it is known that A. fonsa is more tolerant of salinity
changes, but its development is limited by low temperature. On the contrary the native
species, A. clausi is more stenohaline and begins breeding at lower temperatures than
4. fonsa. Due to its high salinity tolerance 4. fonsa numbers may be expected to increase
in bays especially in the summer. In such environments, this species may replace the small
form of 4. clausi of which numbers are already reduced now. The more stenohaline
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species 4. clausi may maintain its abundance in the open sea. In winter, the abundance
of 4. fonsa may be limited by the low temperature and the abundance of A. clausi is then
expected to increase in coastal regions.
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Figure 1. Abundance (ind. m™) of genus Acartia during September 1996 in the Black Sea. E 150 |
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Some investigations have shown that A.fomsa inhabits the areas in the g
. . . . <
Mediterranean Sea named the Sub-Atlantic which include the French coasts and the 50 4
North Adriatic lagoons [34]. In October 1996, A.fonsa was also abundant in the Sea of )
Marmara (unpublished data of A. Kovalev and Yu. Zagorodnyaya), from where it may og £ % % % % % % % % B & &
enter the Black Sea via the Lower-Bosphorus Flow. 5 2.5 B = &8 2 = 5 3 - 2 B
Body length measurements of adult 4. fonsa showed that individuals from the = 5 2 S % 4 5 % 2 3 s & &

Black Sea were smaller than those from the Marmara Sea. In the Black Sea the average
lenght of A.fonsa females and males was 0.879+0.032 mm and 0.812+0.021 mm,
respectively. While in the Sea of Marmara, respective values were 1.01140.027 mm and
0.924+0.032 mm. This finding together with the distribution pattern obviously indicates
the existence of the 4. fonsa population indigenous to the Black Sea to be different from
the Sea of Marmara population. It is known that some species of copepods, following
their invasion and acclimatisation have reduced their size in the Black Sea [35]. The
reduction in size is also observed for some warmwater forms and eurythermal copepoda.
It is well known from Jeffries [33] that 4. tonsa inhabiting New England and Middle
Atlantic estuaries is a summer-fall form. 4. fonsa being a warmwater form should reduce
its size in the Black sea. As it is known, temperature and salinity are among the major
factors affecting the size of animals. The reduction in the size of 4. fonsa in the Black
Sea confirms what is already known that environmental factors determine changes in
animal sizes.

Figure 2. Temporal changes in the abundance of Acartia tonsa and Acartia clausi at two stations of
Crimea.

4. Conclusions

The data submitted in the present article testify the intensive transport of planktonic
organisms from the Mediterranean Sea to the Bosphorus region of the Black Sea.
Natural and anthropogenic changes in the environment may favour invasion processes.
Thus enrichment of the Black Sea biota will not only be due to species transportation

from the Mediterranean Sea but also from oceanic invaders as it happened with Acartia
tonsa.
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