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Abstract:

Invertebrate Animals (Metazoa: Invertebrata)
of the Atanasovsko Lake, Bulgaria

Zdravko HuBENOV, Lyubomir KENDEROV, Ivan PANDOURSKI

The role of the Atanasovsko Lake for storage and protection of the specific faunistic diversity, characteristic of the
hyper-saline lakes of the Bulgarian seaside is presented. The fauna of the lake and surrounding waters is reviewed,
the taxonomic diversity and some zoogeographical and ecological features of the invertebrates are analyzed. The lake
system includes from freshwater to hyper-saline basins with fast changing environment. A total of 6 types, 10 classes,
35 orders, 82 families and 157 species are known from the Atanasovsko Lake and the surrounding basins. They include
56 species (35.7%) marine and marine-brackish forms and 101 species (64.3%) brackish-freshwater, freshwater and
terrestrial forms, connected with water. For the first time, 23 species in this study are established (12 marine, 1 brackish
and 10 freshwater). The marine and marine- brackish species have 4 types of ranges - Cosmopolitan, Atlantic-Indian,
Atlantic-Pacific and Atlantic. The Atlantic (66.1%) and Cosmopolitan (23.2%) ranges that include 80% of the species,
predominate. Most of the fauna (over 60%) has an Atlantic-Mediterranean origin and represents an impoverished
Atlantic-Mediterranean fauna. The freshwater-brackish, freshwater and terrestrial forms, connected with water, that
have been established from the Atanasovsko Lake, have 2 main types of ranges — species, distributed in the Palaearctic
and beyond it and species, distributed only in the Palaearctic. The representatives of the first type (52.4%) predomi-
nate. They are related to the typical marine coastal habitats, optimal for the development of certain species. The second
type combines Palaearctic (20.0%), Eurosiberian (9.5%) and Mediterranean (15.2%) taxa. Caspian relicts lack in the
Atanasovsko Lake. That is probably related to the specific hydrological regime, technological processes of the salt
producing and the highly variable hyper-saline nature of the lake. Of the Pontic species Chironomus valkanovi is estab-
lished. Of the benthic forms Cerastoderma glaucum (to 134376 ind/m?), Ecrobia ventrosa (to 19800 ind/m?), Abra seg-
mentum and Cyprideis torosa (to 77440 ind/m?*) dominate. Corophium volutator is a mass species in all seasons and is
one of the most adapted inhabitants of the saltpans. The Cosmopolitan Acartia clausi reaches high numbers (to 130000
ind/m’) as well. Typical for the Atanasovsko Lake are the halobionts Artemia parthenogenetica and Artemia salina that
reach densities up to 3400 ind/l water. The presence of 6 types of foreign immigrants (Ficopomatus enigmaticus, Am-
phibalanus eburneus, Rapana venosa, Physella acuta, Anadara kagoshimensis and Mya arenaria) is established. Of the
invertebrate animals of the Atanasovsko Lake 3 species are included in the Black Sea Red Data Book and 8 species - in
the European and IUCN Red Lists.
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Introduction

The Atanasovsko Lake has an essential role in
the preservation and protection of the specific fau-
nistic diversity, distinctive of the hyper-saline lakes
of the Bulgarian seaside. The communities of inver-
tebrates in these basins are undergoing major chang-
es related to environmental factors. The fauna of the
lake and surrounding basins, taxonomic diversity
and some zoogeographical and ecological features
of the invertebrate animals are analyzed. Attention is
paid to the species that define the functioning of the

ecosystems in the protected area. The invasive spe-
cies and those of conservation interest, established
in the lake and its surroundings, are considered. The
investigations are focused on the marine, marine-
brackish, brackish-freshwater, freshwater and ter-
restrial forms, connected with water. Representatives
of the terrestrial fauna that inhabit the surrounding
areas, fall in the area of wetland accidentally and are
not related to the typical for the lake system natural
habitats, are not scrutinized.
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The technological processes of salt producing
make an impact on the hydrological regime of the
lake and its faunistic diversity. The lake system in-
cludes basins with varying salinity (from freshwater
to hyper-saline) and fast changing environment. In
the spring the salinity is about 5-25 %o and during
the summer months reaches 150-340 %o in some
basins. The annual evaporation is about 10 lake vol-
umes (IvaNov et al., 1964). The lake is filled with
fresh water from the rivers Azmaka, Vetrenska and
some dried up gullies. In some years the salinity of
the lake is strongly influenced by the rainfalls and
can be significantly reduced. Its lagoon nature, the
imported organics and the technological processes of
salt producing put the communities to environmen-
tal stress.

Literature data

The Bulgarian Black Sea invertebrates had
been studied for more than 100 years (CHICHKOFF,
1907, 1908, 1912). During the last 60 years, the coast
is under a drastic anthropogenic impact and large
landscape changes. Changes in the cenoses are caused
by some invasive species (CVETKOV & MARINOV,
1986; KonsuLov, 1998; Gomoiu et al., 2002). The
published catalogues of the Bulgarian Black Sea
fauna have not a systematic character (VALKANOV,
1957; VALKANOV, MARINOV, 1964; MARINOV,
GOLEMANSKY, 1989; MARINOV, 1990; KonsuLov &
KonsuLova,1993). The published generalized studies
by KonsuLov (1998) and KonsuLov & KoNsuLova
(1998) are similar to the works of MARINOV (1990)
and KonsuLov & KonsuLova (1993). A part of the
names used is out-of-date and needs to be updated.
There is a contemporary systematic view for some
taxonomic groups, included in the monograph se-
ries Fauna of Bulgaria (Polychaeta - MARINOV, 1977;
Harpacticoida - AposToLov, MARINOV, 1988), in
survey papers (Mollusca - WILKE, 1996; HUBENOV,
2005, 2007a, 2007b) or in dissertations (Nematoda
- Stovykov, 1980; Malacostraca - UzuNova, 2006).
There is a lack of areographical characteristic of the
fauna except some taxa of Polychaeta, Harpacticoida,
Malacostraca and Mollusca.

The first data on the invertebrates of the
Atanasovsko Lake and the surrounding basins are
published by CHicHkOFF (1909) and VALKANOV
(1934, 1935, 1936). Later halophilic species of the
family Chironomidae are recorded by CveTkoV
(1955, 1958) and a research on the meiobenthos
was done. In the generalization of the known data
until then VODENICHAROV (1964) indicated 15
species of invertebrate animals. NAIDENOW (1967)

reported 3 species of Cladocera and Copepoda
each, found in the canal around the lake. Some
invertebrate animal species have been established
by IaNkoOV (1993). In the study related to the first
management plan of the protected area, 69 inver-
tebrate species have been established by ANDREEV
(1997, 2003) and KovacHEV (1993). In connection
with the elaboration of a monitoring plan of the
Atanasovsko Lake, VARADINOVA (2013) reported
46 taxa for the benthos fauna, of which 27 are de-
termined to species.

Weaknesses in the literature data which limit
the obtaining of an equivalent information include:
different levels of study of the individual taxa; insuf-
ficient research of many groups in the corresponding
areas; a lack of exact localities for the part of the re-
corded species; existence of rich synonymy; outdated
data; a lack of generalized investigations for most of
the groups; significant differences in the number of
taxa in the separate areas; unexplored territories;
prolonged periods of data accumulation for most
regions; predominance in recent years of the eco-
logical studies versus those of the fauna; independ-
ent review of the benthos and plankton forms. These
weaknesses lead to 5 problems.

« Continuous supplementation of an existing
historical list of the fauna. As a result, species diver-
sity in a given area is higher than in reality.

« Incomparability of data in terms of time peri-
ods. Data comparisons between two areas very often
cover different periods as it is not possible to study
all taxonomic groups and territories simultaneously.

o Incomparability of benthos - plankton data.
Many studies are look at either benthos only or
plankton only, despite the fact that most taxa have
both a benthic and planktonic stages.

o Incomplete reporting of anthropogenic influ-
ences, successional and landscape changes on the
composition of the communities. A number of well-
studied brackish basins in the past no longer exist or
have changed.

« Prioritization of research in areas under mon-
itoring or environmental protection legislation.

The references present the first record of
the taxon and its inclusion in the catalogues and
some new or important literature data. Under up-
dating of the names and specifying of the spe-
cies distribution, some electronic issues are used:
Antarctic Invertebrates, CLEMAM (Check List of
European Marine Mollusca), DAISIE (Delivering
Alien Invasive Species Inventories for Europe), EOL
(Encyclopedia of Life), ERMS (European Register
of Marine Species), EUNIS biodiversity database,
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Fauna Europaea, Global Invasive Species Database,
Global Names Index, ITIS (Integrated Taxonomic
Information System), Marine Planktonic Copepods,
Marine Species Identification Portal, MarLIN (The
Marine Life Information Network), NARMS (North
Atlantic Register for Marine Species), NeMys,
NEOBANIS (European Network on Invasive Alien
Species), PESI (A Pan-European Species directories
Infrastructure), PlanktonNet Image, OBIS (Ocean
Biogeographic Information System), The World of
Copepods, World Polychaeta Database, WoRMS
(World Register of Marine Species).

Approach, material and methods

The aim of this work is to present the inver-
tebrate fauna of the Atanasovsko Lake as well as to
analyze the taxonomic diversity and some zoogeo-
graphical and ecological features of the invertebrates
of the lake.

The investigations of the Atanasovsko Lake ter-
ritory for the last 2 centuries are generalized in this
work. The works of Caspers (1951), VALKANOV
(1957), VALKANOV, MARINOV (1964), MARINOV,
GOLEMANSKY (1989), MARINOV (1990), KONSULOV
& Konsurova (1993, 1998), KonsuLov (1998) and
Uzunov et al. (1998) have been analysed. Data from
new publications, from the previous management
plan of the lake (ANDREEYV, 1997, 2003; KOVACHEYV,
1997) and the last monitoring data (GECHEVA et al.,
2013) are included. All free living water (marine,
brackish and freshwater) and the terrestrial inverte-
brate animals, connected with water, are scrutinized
(Table 1). The endoparasitic forms of Plathelminthes,
Nematoda and Acanthocephala have not been in-
cluded. Many authors traditionally regard Protozoa
as a part of Animalia. In the catalogues of VALKANOV
(1957) and MARINOV, GOLEMANSKY (1989) 7
Protozoa species from the Atanasovsko Lake have
been recorded (Dunaliella salina, Monadodendron
latypes, Rebecca salina, Hymenomonas coccolitho-
phora, Salpingoeca aggregata, Aubignyna perlucida
and Raphidiophrysopsis sessilis). Now the protists
are accepted as a separate kingdom (Protozoa),
equivalent to the animal kingdom (Animalia) and
are not considered in this review. Attention is paid
to the invasive species and taxa of great conservation
significance. The investigations on the plankton
and benthos, carried out by I. Pandourski and L.
Kenderov, are also included. Additional data were
obtained from the exploration of the protected area
in September 2014.

The numbers of the stations (Figure 1, Table
1) is the same as in the previous management plan

(MINCHEY, 2003) and the investigations under the
monitoring (1-4 in brackets - GECHEVva et al., 2013).
The habitats in the study territory are under Natura
2000. Two types of natural habitats of the Natura
2000 site Atanasovsko Lake (BG0000270) are not
included because they are not represented in the
protected area of the managed reserve Atanasovsko
Lake.

The areographical categorization of the spe-
cies is done on the basis of data of their distribution,
taken from the literature and the newest electronic
issues. The presented ecological data are taken from
the Bulgarian literature. Only if there are no data
from Bulgaria, foreign data are included for the cor-
responding species. The conservation value of taxa
is determined regarding to their populations inhab-
iting Bulgaria. For local endemics, 100 % of their
populations are localized in Bulgaria, therefore they
are given the highest conservation category (world
importance). This category also includes regional
endemics because of their restricted distribution and
species from the IUCN Red List. Taxa of European
importance include Black Sea endemics as well as
the species from the Bern Convention and Habitats
Directive. The relicts and rare taxa (if not listed under
other category) form the group of national impor-
tance. The species, included in Black Sea Red Data
Book (DuMONT et al., 1999), European and IUCN
Red List are marked.

Abbreviations used

Stations (localities) [numeration according to
the previous plan (Figure 1) and the project LIFE11/
NAT/BG/000362 in brackets]: 1 — freshwater slow-
ly flowing tributary and pollution; 2 - very slowly
flowing freshwater tributary (roundabout canal); 3
- eutrophic marsh, collecting waters from 1 and 2;
4 - canal in the eastern part of the lake, freshwater
or saltwater periodically (connection of the salt-pro-
ducing basins with the sea); 5-11 - salt-producing
(most often hyper-saline) basins; 13 - canal in the
western part (mainly freshwater); 12, 12a, 14, 15 and
16 - salt-producing basins with a varying degrees of
salinity; 17 and 18 - points per canal 4; (1) and (2)
— basin Tolbuhin (about 1000 m distance between
the two points); (3) - South salt-pan, against the
hiding of the Regional Inspectorate of Environment
and Water; (4) - South salt-pan, to the floodgate of
Azmashka River to Rudnik Village

Habitats, classified according to Natura 2000:
I - Coastal lagoons (1150); II - Salicornia and other
annuals colonizing mud and sand (1310); III -
Mediterranean salt meadows (1410); IV - Pannonic
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Fig. 1. Stations (localities) from which samples for exploration are taken, as in the previous management plan (MINCHEYV; 2003): 1
- freshwater slowly flowing tributary and pollution; 2 - very slowly flowing freshwater tributary (roundabout canal);
3 - eutrophic marsh, collecting waters from 1 and 2; 4 - canal in the eastern part of the lake, freshwater or saltwater periodically
(connection of the salt-producing basins with the sea); 5-11 - salt-producing basins; 13 - canal in the western part (mainly
freshwater); 12, 12a, 14, 15 and 16 - salt-producing basins with a varying degrees of salinity; 17 and 18 - points per canal 4
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salt steppes and salt marshes (1530); V - Embryonic
shifting dunes (2110).

Zoogeographical categories (the abbreviations
in brackets refer to the freshwater and terrestrial
species): aamip - Arctic-Atlantic-Mediterranean-
Indo-Pacific, ace - Arctic-Circumeuropean, aminp
- Atlantic-Mediterranean-Indo-North Pacific, am-
inz - Atlantic-Mediterranean-Indo-New Zealand,
amip -  Atlantic-Mediterranean-Indo-Pacific,
amiwp - Atlantic-Mediterranean-Indo-West Pacific,
amnp - Atlantic-Mediterranean-North Pacific,
amnz - Atlantic-Mediterranean-New Zealand, am-
swp - Atlantic-Mediterranean-Southwest Pacific,
anam - Arctic-North Atlantic-Mediterranean,
anamnep - Arctic-North Atlantic-Mediterranean-
Northeast Pacific, amamnp -  Arctic-North
Atlantic-Mediterranean-North Pacific, (atm) -
Afrotropical-Mediterranean, bam — Boreal Atlantic-
Mediterranean, cbm - Circumboreal-Mediterranean,
ce — Circumeuropean, clm - Celtic-Lusitanian-
Mediterranean, <cmm -  Celtic-Lusitanian-
Mediterranean-Mauritanian, cpc — Celtic-Pontian-
Caspian, (cseeit) — Central and Southeast European-
Iran-Turanian, (dp) - Disjunct Palaearctic, (e)
- European, eam - East Atlantic-Mediterranean,
eamp - eamrs — East Atlantic-Mediterranean-Red
Sea, (ean) — European-Anatolian, (eca) - European-
Central Asian, em (em) — East Mediterranean, (Ep)
- Pontian endemic, ep - Aegean-Pontian, (ewca)
— European-West Central Asian, (h) - Holarctic,
ham - Holatlantic-Mediterranean, (hn) — Holarctic-
Neotropical, (hna) -  Holarctic-Neotropical-
Australian, (hno) - Holarctic-Neotropical-Oriental,
(ho) -Holarctic-Oriental, (hoa) - Holarctic-Oriental-
Australian, (hoes) — Holoeurosiberian, hom (hom)
- Holomediterranean, (hop) - Holopalaearctic, i —
introduced species (immigrants), j — Japanese, K (k)
- Cosmopolitan, Im - Lusitanian-Mediterranean,
m - Mediterranean, (mca) - Mediterranean-
Central Asian, miwp - Mediterranean-Indo-West
Pacific, mrs - Mediterranean-Red Sea, (mwca) —
Mediterranean-West Central Asian, (na) — North
American, nam - North Atlantic-Mediterranean,
namj - North Atlantic-Mediterranean-Japonic, nam-
nz - North Atlantic-Mediterranean-New Zealand,
namswp — North Atlantic-Mediterranean-Southwest
Pacific, neamj — Northeast Atlantic-Mediterranean-
Japonic, (nem) - Northeast Mediterranean, (ne-
mit) — Northeast Mediterranean-Iran-Turanian, nm
(nm) - North Mediterranean, (omca) - Oriental-
Mediterranean-Central Asian, (omcaa) - Oriental-
Mediterranean-Central Asian-Australian, (pat) -
Palearctic- Afrotropical, (pm) — Pontomediterranean

(po)-Palearctic-Oriental,(poa)-Palearctic-Oriental -
Australian, (ptm) - Paleotropical-Mediterranean,
(ptmca) - Paleotropical-Mediterranean-Central
Asian, (ptsp) - Paleotropical-South Palearctic, SK
(sk) - Subcosmopolitan, (sp) — South Palaearctic,
(tp) - Transpalaearctic, (tpo) — Transpalaearctic-
Oriental, (wces) — West and Central Eurosiberian,
(wep) — West and Central Palaearctic, (wcpo) —
West and Central Palaearctic-Oriental, (wes) — West
Eurosiberian, (wesa) — West Eurosiberian-Anatolian,
(wp) — West Palearctic, (wpo) — West Palaearctic-
Oriental, (wppt) - West Palearctic-Paleotropical, ?
— probable category.

Ecological data: a - a-mesosaprobic, a-f -
a-B-mesosaprobic, p — f-mesosaprobic, B - brackish,
bt - benthos, cr — crenobiont, DD - data deficient,
eb - eurybathic, eh - euryhaline, EN - endangered,
ep - epibathic, epp - epipelagic, et — eurythermal,
eu - eurybiont, gw — ground-water, ha - halophilous
or halobiont, is - invasive species, L - freshwater, 1 -
littoral zone, LC - least concern, It — rocks or lithophi-
lous, M - marine, mb - mesobathic, mc - Mytilus
cenosis, p — plankton, pe — pelophilous, ph - algae
overgrowth or phytophilous, po - potamophilous,
pp - pelagic, ps - sand or psammophilous, r - rare,
ro — rocky, s - silt, sep — stenoepibathic, sg - shells
and sand with shells, sl - sublittoral zone (infra- and
circalittoral, subtidal), slc - Cystoseira sublittoral, sp
- supralittoral zone (supratidal), sw - stagnant water,
T - terrestrial, TL - terrestrial forms connected with
water, tx - trogloxene, VU - vulnerable, zc - Zostera
cenosis, %o — limiting freshwater level for marine and
salinity level for the freshwater forms, = — Black Sea
Red Data Book, ¢ - European and IUCN Red List,
+++ — species established for the first time, %o — lim-
iting freshwater level for marine and salinity level for
the freshwater forms.

Results and Discussion

A total of 6 types, 10 classes, 35 orders, 82
families and 157 species have been known from
the Atanasovsko Lake and the surrounding basins
(Table 1). These taxa include 56 species (35.7%)
marine and marine-brackish forms and 101 species
(64.3%) brackish-freshwater, freshwater and terres-
trial forms, connected with water. A small number of
supercosmopolitan forms (6-7 species), inhabitants
of the freshwater, saline and brackish waters and wet
terrestrial habitats are scrutinized to both two cat-
egories. For the first time 23 species (12 marine, 1
brackish and 10 freshwater) are established in this
study. The types Rotifera, Annelida and Arthropoda
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and the classes Eurotatoria, Crustacea and Insecta
have a high species composition (over 20 species).
These groups comprise the main part of the known
taxa. It is supposed that about half of the known spe-
cies of the protected area are established. There are
significant gaps in knowledge of the terrestrial and
parasitic groups. In the south part of the Atanasovsko
Lake the species and quantitative composition of the
communities are poor. Typical for the coastal lakes
fauna is the presence of brackish elements. The ma-
rine brackish species endure water down to 1 %o
salinity and the freshwater forms withstand water
salinization from 1.5 %o to 8 %o. Many euryhaline
sea species also take part in the formation of the
coastal basinss fauna, which could vary from ma-
rine to freshwater, depending on the water salinity
(VaLkAaNOV, 1935, 1936; DRENSKY, 1947; PETRBOK,
1947; KANEVA-ABADJIEVA, 1957, 1976; ZASCHEV
& ANGELOV, 1959; MIHAILOVA-NEIKOVA, 1961;
KANEVA-ABADJIEVA & MARINOV, 1967; STOYKOV,
1979, 1980; Maputos, 1990).

FORMATION OF THE COASTAL LAKES FAU-
NA is connected with the origin of the Black Sea
basin itself.! Before the last glaciation, a connec-
tion with the Caspian basin arose and Caspian
interglacial immigrants invaded the Black Sea
(MORDUKHAY-BoOLTOVSKOY, 1960; NEVESSKAYA,
1965; STAROBOGATOV, 1970; SHOPOV, 1996). Most
authors accept these species as Caspian relicts. They
are concentrated mainly in the coastal lakes-firths
and the mouths of the Black Sea rivers, inhabit the
freshwater and brackish basins and usually have
Pontian-Caspian or Pontian ranges. According to
MORDUKHAY-BoLToVvskoY (1960) the evolution of
the Caspian fauna gave rise to the origin of eurybi-
ontic oligohaline and freshwater forms, which began
to acquire new habitats with their pervasion in Black
Sea. Recent data for the distribution of many relict
taxa contradict their relict nature — especially their
widespread distribution outside the Pontian-Caspian
region. The lack of relict forms (leastways those

which strongly considered relicts) in the Atanasovsko
Lake is probably related to the specific hydrological
regime, the technological processes of salt producing
and its highly variable hyper lagoon character.

Of Pontian species (Black Sea endemics),
Chironomus valkanovi is established - halophilous
Black Sea species and Bulgarian subendemic, known
from the Pomorie Lake and some hyper-saline lakes
in Ukraine.

The marine and marine-brackish species have 4
types of ranges (Table 2) - Cosmopolitan, Atlantic-
Indian, Atlantic-Pacific and Atlantic. The Atlantic
(66.1%) [East- and Northeast Atlantic (23.2%),
Holatlantic and North Atlantic (14.3%) and Tropical
and Subtropical Atlantic (16.1%)] and Cosmopolitan
(23.2%) [mpepumuo Atlantic-Indian-Pacific (16.1%)]
areas that comprise 80% of the species, prevail.
The main portion of the fauna (over 60 %) has an
Atlantic-Mediterranean origin and represents the
impoverished Atlantic-Mediterranean fauna. As this
fauna was becoming impoverished, many stenobi-
otic Lusitanian-Mediterranean species were elimi-
nated, so this category is defined by the eurybiontic
forms, often distributed along the European coast
up to Scotland, North Sea and Scandinavia. Thus an
impression is created of the atlantization of this fau-
na, manifested differently in the various taxonomic
groups, benthic and planktonic forms. Usually the
atlantization is poorly presented in the planktonic
forms. The fauna is composed mainly of widely
distributed eurybiontic taxa, some of them with
cosmopolitan areas, inhabitants of saline, brackish
and fresh waters.

The freshwater-brackish, freshwater and ter-
restrial forms, connected with water, recorded from
the Atanasovsko Lake, are divided into 2 main
groups (Table 3) - species, distributed in Palaearctic
and beyond it and species distributed in Palaearctic
only. The representatives of the first type (52.4%),
which are determinant for the zoogeographical
categorization of the coastal fauna due to the great

! The Upper Miocene Sarmatian Sea (18-30%o, a descendant of Tethys) gave rise to the Pontian Sea-Lake, from which two separate
basins were formed later, the Black Sea and the Caspian Sea. Initially, the Black Sea basin had been inhabited by fauna similar to
the Caspian one [Chaudian Sea (12-14%o) and Paleoeuxinian Sea (6-8%o)]. Then, it had been connected with the Mediterranean
Sea and became saline, so the Mediterranean fauna penetrated into it, whereas the Caspian fauna retreated to the brackish coastal
parts [time of Uzunlar Sea (16%o) and Karangat Sea (22-30%o)]. Later, the connection with the Mediterranean Sea had been
severed, and the brackish basin [the New Euxinian Sea (7%o)] originated, where the Mediterranean fauna disappeared. Recently,
7000-8000 years ago, this basin had been again connected with the Mediterranean Sea and its level increased. The marine fauna
invaded it and the current Black Sea had been formed (MiscHEV & Porov, 1978; SHOPOV, 1993; DIMITROV et al., 1998; EVLOGIEV,
2009; STUDENCKA & JAstoNOwWsKI, 2011). There is no unanimity about the zoogeographical status of the Black Sea, which is either
considered as independent subregion or is unified with the Mediterranean Sea (and Lusitanean Atlantic subregion): GURYANOVA
(1964), DE LATTIN (1967), GOLIKOV & STAROBOGATOV (1968, 1972), STAROBOGATOV (1970), MORDUKHAY-BOLTOVSKOGO (1972),
GoLikov (1982), NEsis (1982), RiepL (1983), BANARESCU (1990), ABBOTT & DANCE (1991), ELDER & PERNETTA (1991), BRUYNE
(2003), Hooxk (2008), EARLE & GLOVER (2009).
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Table 1. Continued

References

+++

+++

5,31, 38,91, 105, 131, 154, 156,
158

31, 38, 105, 156

5,31,58,91,105,154,156’153:::

-+

Ecological data

M, bt, sep, ps, ps-s

M, bt, sep, ro, m-EN, VU

M, bt, eh-3.9%., eb, ps, ps-s, pe

M, bt, sep, ps, ps-s

M, bt, eh-6-60%o, ep, et, pe, ps-s

“‘M, bt, ep, ps, ps-s, is

Distribution

Im

anamnep, i

clm

clm

Im

cbm, i

Habitats

LI

LI

LI

LI

LI

L1I

Localities (stations)

17

17

12, 12a, 16

(1),(2)(3),5,6,7,8,9,10, 11,

(3),7,8,9, 10, 11, 12, 12a, 15, 16

517

Taxa

Pectinidae

Flexopecten glaber (Linnaeus, 1758)

Ostreidae

Ostrea edulis Linnaeus, 1758

'VENEROIDA

Cardiidae

Cerastoderma glaucum (Poiret, 1789)

Tellinidae

Tellina tenuis da Costa, 1778

Semelidae

Abra segmentum (Récluz, 1843)

MyoipAa

Myidae

Mya arenaria Linnaeus, 1758

species diversity, prevail. They are connected with
the typical for the sea coasts natural habitats, op-
timum for the development of their representa-
tives and are poorly presented in the interior. The
Cosmopolitan (18.1%), Subcosmopolitan (8.6%)
and Holarctic (7.6%) species are the most numer-
ous. The second type (44.8%) combine Palaearctic
(20.0%), Eurosiberian (9.5%) and Mediterranean
(15.2%) taxa. The Transpalaearctic (6.7%) and
Holomediterranean (7.6%) forms are the most
numerous. The Mediterranean group is better
presented in terrestrial forms and poorly presented
in freshwater species. Endemic species have not
been found. The specific conditions along the coast
do not favor the formation of endemic taxa which
often are newly described forms or rare species with
unclear distribution.

Of the benthic forms, Cerastoderma glau-
cum [density of 3234 ind/m* (maximum - 134376
ind/m?) and biomass of 338.7 g/m? (CVETKOV,
1958)], Ecrobia ventrosa [from 6924-10000 ind/m?
(GECHEVA et al., 2013) to 19800 ind/m? (CVETKOV,
1958)], Abra segmentum and Cyprideis torosa
[77440 ind/m? and biomass 13.9 g/m? (CVETKOV,
1958)] are permanent dominants. Along the coast
of most basins the shells of Cerastoderma glaucum
(Celtic-Lusitanian-Mediterranean species) form
large aggregations (Fig. 2, 3). There is a lack of
the Mediterranean species Gammarus subtypicus
[698-1863 ind/m? (GECHEVA et al, 2013)] and G.
aequicauda [1600 ind/m? (ANDREEV, 1997, 2003;
KovacHEY, 1993)] in the basins with salinity over
90%o. The species Corophium volutator (Atlantic-
Pacific) is a mass species in all seasons (lacking in
the basins with high salinity) and is one of the most
adapted inhabitants of the saltpans. The marine iso-
pods Idotea balthica (Atlantic-Mediterranean) and
Sphaeroma serratum (Atlantic-Indian-Pacific) are
persistent species but with limited amounts. High
numbers reaches the cosmopolitan Acartia clausi
[130000 ind/m?® (VASSILEV, 1994)].

The shrimps found in the Atanasovsko Lake —
Crangon crangon (established in station 4), Palaemon
elegans and the rare species Palaemon serratus (col-
lected in station 17) are not accepted as permanent
inhabitants. They are related to the coastal marine
communities, rich in macrophytes and probably have
entered the lake with the invading marine waters.
Shells of several marine molluscs species (Bittium
reticulatum, Rissoa splendida, Mpytilaster lineatus,
Mytilus galloprovincialis, Flexopecten glaber, Ostrea
edulis and Mya arenaria) are often found in the canal
(station 17) through which the water enters from the
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Table 2. Zoogeographical characteristic of the marine and marine-brackish fauna of the Atanasovsko Lake
Zoogeographical scheme of the used categories and main taxa Total Benthos | Plankton Marine Brackish
COSMOPOLITANTYPE 13(232) | 8(19.5) 4(174) 11.(224) 3(15.8)
Arctic-Antarctic-Atlantic-Indian-Pacific 4(7.1) 249 2(8.7) 4(82) 1(5.3)
Cosmopolitan 3 2 1 3 1
Arctic-Atlantic-Mediterranean-Indo-Pacific o ] 1
Atlantic-Indian-Pacific 9 16.1) 7017.1) 2(8.7) 8(16.3) 2 (10.5)
Hot- AND EAsT ATLANTIC-IND&{-PACIFIC 8(14.3) 6 (146) 2(8.7) 8(163) 2 (10.5)

Atlantic-Mediterranean-Indo-Pacific 4 3 1 4

Atlantic-Mediterranean-Indo-West Pacific o 1 1 1

Atlantic-Mediterranean-Indo-Southwest Pacific 1 1 1

Atlantic-Mediterranean-Indo-New Zealand 1 o 1 1

Atlantic-Mediterranean-Indo-North Pacific 1 1 1

TROP[(%;[;: AND SUBTROPICAL Ail;&NTIC-INDIAN-PACIFIC:::: 1(1.8) 1(24)

Mediterranean-Indo-West Pacific 1 o 1
ATLANTIC-INDIAN TYPE 2(3.6) 1(24) 14.3) 24.1)
Attantc-Indian - 26 | ies ey | za

TROPICAL AND SUBTROPICAL ATLANTIC-INDIAN 118 | 14.3) 12.0)

Mediterranean-Red Sea P 1 1

EAST AND NORTHEAST ATLANTIC-INDIAN 1(1.8) 1(24) 12.0)

East Atlantic-Mediterranean-Red Sea 1 1 1
ATLANTIC-PACIFICTYPE 11 (19.6) | 5(12.2) 7(30.4) 8(16.3) 6 (31.6)
Arctic-Antarctic-Atlantic-Pacific 2 (3.6) 1(24) 14.3) 12.0) 1(5.3)

Arctic-North Atlantic-Mediterranean-North Pacific P P 1
Arctic-North Atlantic-Mediterranean-Northeast Pacific 1 1 1
Atlantic-Pacific 9 (16.1) 4(9.7) 6(26.1) 7(12.3) 5(26.3)
Hov- aNp NoRTH ATLANTIC-PACIFIC 1.8 | 143 | 1(5.3)
Atlantic-Mediterranean-North Pacific P | 1
North ATtLaNTIC-PACIFIC 2(3.6) 1(24) 14.3) 12.0) 1(5.3)
Northeast Atlantic-Mediterranean-Japonic P P 1
Circumboreal-Mediterranean 1 1 1
NorTH AND SOUTH ATLANTIC-PACIFIC 2 (3.6) 1(24) 14.3) 24.0) 1(5.3)
North Atlantic—Mediterrgp@an—Southwest Pacific 1 1 1
North Atlantic-Mediterranean-New Zealand P 1 1 1
Hov- anp Soutn AtLanTiC-PACIFIC 354 1(24) 3(13.0 3(6.1) 2 (10.5)
Atlantic-Mediterranean-New Zealand 2 1 2 2 1
Atlantic-Mediterranean-Southwest Pacific P 1 1 1
East aND WEST ATLANTIC-PACIFIC 1(1.8) 1(24) 1(23)
East Atlantic-Mediterranean-Pacific 1 1 1
ATLANTICTYPE 37(66.1) | 26(63.4) 11 (47.8) 27(55.1) 10 (52.6)
Arctic-Antarctic-Atlantic 4(7.1) 24.9) 2(8.7) 3(6.1) 1(5.3)
Arctic-North Atlantic-Mediterranean 2 1 1 2 1
Arctic-Circumeuropean | |
Circumeuropean 1 1 1

Atlantic 7(5?9)7”” | 24(385) 9(39.1) 4(489) | 90474
HoLr- aNp NORTH ATLANTIC 8 (14.3) 3(73) 5@21.7) 3(6.1) 1(5.3)

Holatlantic-Mediterranean 5 1 4 1

North Atlantic-Mediterranean 2 2 2 1

Boreal Atlantic-Mediterranean 1 1

TROPI(é;[;: AND SUBTROPICAL Ai];;;\:NTIC 9(16.1) 7(171) 2(8.7) 7(143) 3(15.8)

Lusitanian-Mediterranean 9 7 2 7 3

East AND NORTHEAST ATLANTF 777777777 7 (2?2) 77777 11 (26.8) 2(8.7) 11 (22.4) 5(26.3)

East Atlantic-Mediterranean 1 1

Celtic-Lusitanian-Mediterranean-Mauritanian 1

Celtic-Lusitanian-Mediterranean o 1 9 | 3

Celtic-Pontian-Caspian 1 1 1 1

A TERRANEA-PONTIAN-CASFAN B BT T T 36

Mediterranean 2 2 2

Pontian 1 1 1

Total 56 (35.7) | 41(26.1) 23 (15.1) 49 (31.2) 19 (12.1)
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Table 3. Zoogeographical characteristic of the freshwater-brackish, freshwater and terrestrial fauna

Zoogeographical scheme of the used categories and main taxa

Total

Brackish

Freshwater

Terrestrial

Species distributed in Palaearctic and out of it

55 (52.4)

16 (72.7)

49 (53.8)

18(35.3)

NORTHERN TYPE

49 (46.7)

15 (68.2)

45 (49.5)

13 (255)

Cosmopglitan

19

8

17

Subcosmopolitan

6

Holarctic-Neotropical-Oriental

Holarctic-Oriental-Australian

Holarctic-Neotropical

Holarctic-Oriental

Palearctic-Oriental-Australian

Palearctic-Afrotropical

Palearctic-Oriental

West Palearctic-Paleotropical

Transpalaearctic-Oriental

West Palearctic-Oriental

Holarctic

SOUTH TYPE

=)
—~

1(4.5)

S
~_~

]
~

Paleotroi):ical-South Palearctic

Paleotropical-Mediterranean-Central Asian

Paleotropical-Mediterranean

0 i = 00 e b e N e e L e e e (O

| ORI U A\ i U I UGS Y NGO SO GRS UGS U I U o)

Wim —m G im0t

Oriental-Mediterranean-Central Asian-Australian

1

1

Species with Palaez}:rctic distribution

47(44.8)

5(22.7)

41 (45.1)

33(64.7)

PALAEARCTIC TYPE

21 (20.0)

19 (20.9)

17(33.3)

Holopalég:arctic

1

1

1

Transpalaearctic

West and Central Palaearctic

West Palaearctic

Disjunct Palaearctic

Rk R e

Europeqp-Central Asian

7
4
3
2
1

European-West Central Asian

1

EUROSIBERIAN TYPE

.5)

1(4.5)

11 (12.1)

Holoeurosiberian

1

West and Central Eurosiberian

West Eurosiberian-Anatolian

West Eurosiberian

European-Anatolian

o
=)
—lwim il igimimlwialinia

1

—_ W= N

European

3

1

3

1

MEDITERRANEAN TYPE

16 (15.2)

4(18.2)

11 (12.1)

12(235)

Mediterranean-Central Asian

1

1

1

Mediterranean-West Central Asian

Northeast Mediterranean-Iran-Turanian

Central and Southeast European-Iran-Turanian

Holomediterranean

Atlantomediterranean

North Mf:diterranean

[ N e N S e

East Mediterranean

Northeast Mediterranean

Pontomediterranean

1
1
1
8
1
1
1
1
1

Pontian endemic

1

Total

105 (66.9)

22 (14.0)

91 (57.9)

51 (32.3)
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Fig. 2. Heaps of shells of Cerastoderma glaucum along the
shores of the basins

sea. The actinia Actinothoe clavata is also established
in this canal.

Typical for the hyper-saline lakes [such as
Atanasovsko Lake - from 30-60%o to 100-250%o
(IvaNov et al., 1964)] are the halobionts of the genus
Artemia — A. parthenogenetica (South Palaearctic-
Oriental) and Artemia salina (Subcosmopolitan).
In recent years the both species are reported
from the Atanasovsko Lake and Pomorie Lake
(TRIANTAPHYLLIDIS et al., 1998; GEORGIEV &
NikoLov, 2010). Artemia is a problematic genus
with an unclear taxonomic status of the part of
the species. Some authors impugn the existence of
A. parthenogenetica (ABATZOPOULOS et al., 2002;
AsEm et al, 2010). They accept that these are
parthenogenetic populations of different species of
the genus Artemia. These populations (known as
A. parthenogenetica) have been established in other
continents as well. After DNA analysis MuNoz et al.
(2010) bring closer the parthenogenetic Artemia from
the Atanasovsko Lake to Artemia urmiana Glnther,
1899 (endemic from the Urmia Lake in Iran). Usually
A. salina develops in the spring and in early summer
is displaced from A. parthenogenetica. In spring with
the increasing of the water’s temperature (20-22°C)
and salinity (24-26%o), the quantity of Artemia in-
creases (to 300-350 ind/l adults and 800-1000 ind/l
juveniles) and reaches to 1800 ind/l adults and to
3000 ind/1 juvenile forms in summer. It reaches to a
high density — 3400 ind/l water (17 g/l) (ANDREEY,
1997, 2003) which is caused by the abundant phyto-
plankton blooming. Under the salinity of 250-260%o
Artemia maintain life processes (over 170-180%o

Fig. 3. Heaps of shells of Cerastoderma glaucum and Abra
segmntum

they are not propagated) and die under salinity of
340%o (CASPERS, 1952). Artemia is important for the
salt producing due to the control of the phytoplank-
ton’s quantity (obviates the unfavourable effects of
the algae Dunaliella salina Teodoresco, 1905) and
purify the waters in the precrystallizers (Davis, 2000;
GEORGIEV & NIikoLoV, 2010).

ALIEN IMMIGRANTS. Lists of species,
introduced in the Black Sea, have been published
by several authors (CvETkov & MARINOV, 1986;
Gomoru & ScorLka, 1996; KonsurLov, 1998;
SHADRIN, 2000; ZAITSEV & OZTURK, 2001; GOoMOIU
et al, 2002; MoNCHEvA & KAMBURSKa, 2002;
KAMBURSKA & MONCHEVA, 2003; ZAITSEV et al.,
2004; KoNsSULOVA & STEFANOVA, 2007; TODOROVA
& MONCHEVA, 2013). Thirty-one invertebrate
species are known from the Bulgarian Black Sea
coast, occurring at different times. The presence of
Ficopomatus enigmaticus, Amphibalanus eburneus,
Rapana venosa, Physella acuta, Anadara kagoshi-
mensis and Mya arenaria has been established in the
Atanasovsko Lake (Table 4, Figure 4). The invasive
species Rapana venosa®, Anadara kagoshimensis® and
Mya arenaria* have caused significant changes in the
Black Sea communities (CVETKOV & MARINOV, 1986;
MARINOV, 1990; KoNsuLovAa & STEFANOVA, 2007;
Toporova & MONCHEVA, 2013). Their populations
have a high density in the Burgas Bay in front of the
Atanasovsko Lake. According to some experts alive
specimens of Rapana venosa are not found in the
lake. The large number of shells in the northeastern
half of the southern part (beside the road) is because
of the birds that carry them (to break the shells).

2 The first specimen of Rapana venosa in the Bulgarian aquatory was found in 1956 in Varna Bay, near Cape Galata (KANEVA-
ABADJIEVA, 1958). Development of this snail in the rocky sublittoral has a substantial impact on Mytilus and Ostrea, and in the sand
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Table 4. Invasive invertebrate animals, established in the Atanasovsko Lake

Taxa Findinggzltghaeris: et DR

"""""" Polychaeta

,,}i,c:o,,l,mmams enigmazicu;(fauvel, 1923 | 1935 Indian Ocean
""""""" Crustacea
Amphibalanus eburneus Gould, 1841 | 1933 North America
""""""" Vollusea
Rapana venosa (Valenciennes, 1846) | 195 Seaoflapan_
Physella acuta (Draparnaiﬁ&, 180y | 1927 North America
”;;Iﬁy;zrzéam kagoshimensis (fékunaga, 196 | 982 Indian Ocean and Paciﬁ;Ocean
”Mj;;arenaria Linnaeus, 1758 777777777777 o713 Circumboreal

In the same part of the southern lake a relatively
high density of Anadara kagoshimensis, which has a
planktonic larval stage and enters with the inflow of
seawater, is observed. This mussel is a eurythermal
and euryhaline species that endures very low oxygen
concentrations in the water due to the presence of
hemoglobin in the haemolimph. Specimens with
maximum dimensions are established. The mussel’s
shells were not found in the reserve but its presence
in this part of the lake can be expected. The shells of
Mya arenaria are established in the reserve (station
5), where the canal ends inside the lake. Probably the

planktonic larvae of this mussel also penetrate with
the invading seawater.

CONSERVATION SIGNIFICANSE. Of the in-
vertebrate species from the Atanasovsko Lake,
Centropages ponticus, Anax imperator and Ostrea
edulis are included in the Black Sea Red Data Book
(Table 5) and belong to the categories endangered
(EN) and vulnerable (VU). There are differences
in the levels of threat of the species in the separate
Black Sea countries (DUMONT et al., 1999). Lestes
viridis, Anax imperator, Sympetrum vulgatum,
Acroloxus lacustris, Planorbis carinatus, Planorbis

sublittoral - on Chamelea gallina. The great eurybiontness, high fecundity and lack of competitors allowed this predator to reach
mass development in the Black Sea and aroused discussion for eventual measures for a struggle with it. In a single trawling, up to
1500 specimens have been caught, and in some regions between Balchik and Kavarna the entire bottom was covered with Rapa
whelks. Very high numbers was observed in Byala, in the region of Cape Cherni Nos (KLissurov, 2008). During the last 20 years,
the snail was gathering for food with all possible means. After conquest of the Black Sea the species penetrated the Aegean, Adriatic
and Mediterranean Seas, Atlantic coast of France, North Sea, East coast of USA, the mouth of the Rio de la Plata River between
Uruguay and Argentina and around New Zealand. The way how the species was transported in the Black Sea is unclear. R. venosa is
an eurythermal and euryhaline species that develops in the coastal zone on solid substrate and sandy and silty bottom at a depth to
30-40 m. The snail withstands temperature changes (from 0 to 30°C), water pollution and reduced oxygen content. There is a huge
fertility (a snail delayed approximately 220000 eggs) which compensates its exploitation by man. It lives about 10 years. There are no
precise data on the population of Rapa on the Bulgarian coast (KoNsuLov & KONsULOVA, 1993, 1998; KoNsuLoOVv, 1998).

3 The first specimens of Anadara kagoshimensis for the Bulgarian coast were found in 1982 in Varna Bay (MARINOV et al., 1983;
KANEVA-ABADJIEVA & MARINOV, 1984). Much later, a high density of the species has been found in Burgas Bay (up to 400 specimens/
m? and biomass 4280 g/m?). This mussel is a eurythermal and euryhaline species that endures very low oxygen concentrations in the
water due to the presence of hemoglobin in the haemolimph. It has a long life cycle and low coefficient of mortality. In a short time,
A. kagoshimensis became a significant element of psammo- and pelophilous zoocenoses, and started to displace some local species.
Thus the ,,Chamelea gallina” group in front of Balchik, Varna and Burgas transforms into ,,A. kagoshimensis” group. The distribution
of this species in the Bulgarian part of the Black Sea is restricted from Balchik to the south part of Burgas Bay (CVETKOV & MARINOV,
1986; MARINOV, 1990; KONSULOV, 1998).

* Mya arenaria has been first reported for the Bulgarian coast in the Bay of Burgas in 1973 (KANEVA-ABADJIEVA, 1974). The mussel
inhabits the sandy sublittoral and reaches the wash zone. It has a high ecological plasticity and easy endures variations of the salinity
and temperature and oxygen deficiency. It reaches a high density (over 300-400 to 4862 specimens/m?) in the bays in front of
the river mouths. M. arenaria is found along the beaches all over the Bulgarian coast but the greatest number of it occurs in front
of Durankulak and Albena, in the Varna Bay, Varna Lake, at the influx of the Kamchiya River and Burgas Bay (Stoykov, 1983;
CVETKOV & MARINOV, 1986; MARINOV, 1990). Spawning by eggs thrown straight into the water during the summer months (rarely
re-spawning in autumn). From fertilized eggs planktonic larvae develop which 5-6 days after egg hatching convert to mussels. In the
1970s, this mussel is a dominant species in the Romanian coastal zone as 4-5 years after its appearance reaches biomass 16 kg/m? and
numbers more than 8000 ind/m? (Gomo1u & PoruMB, 1969). In many areas of the Black Sea shelf M. arenaria is a dominant species
in new zoocenosis, called her name.
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Table 5. Conservation status of the invertebrate animals of the Atanasovsko Lake

Black Sea Ecological data,
Taxa Red Data European and IUCN Distribution
Book Red List
Centropages ponticus Karavaev, 1895 EN M, p Mediterranean-Red Sea
Lestes viridis (Vander Linden, 1825) L-TL, 1, LC West Palearctic
Anax imperator Leach, 1815 NE, DD, VU L-TL,LC West Palearctic-Paleotropical
Sympetrum vulgatum (Linnaeus, 1758) L-TL, LC European-West Central Asian
Acroloxus lacustris (Linnaeus, 1758) L, bt, ph, sw, LC West Eurosiberian
Planorbis carinatus O. F. Miiller, 1774 L, bt, sw, ph, pe, r, LC West Eurosiberian, ? Holarctic
Planorbis planorbis (Linnaeus, 1758) L, bt, 2%o, sw, ph, pe, LC Holarctic
Planorbarius corneus (Linnaeus, 1758) L, 5%o, sw, po, a-p, LC West and Central Eurosiberian
Physella acuta (Draparnaud, 1805) L, bt, pe, tx, a-p, is, LC Subcosmopolitan, introduced species
Ostrea edulis Linnaeus, 1758 EN, VU M, bt, sep, ro North Atlantic-Mediterranean

planorbis, Planorbarius corneus and Physella acuta
belong to the European and IUCN Red Data Lists,
from the categories endangered (EN), vulnerable
(VU) and least concern (LC). The last category in-
cludes the North American invasive species Physella
acuta, which until recently was considered South
European taxon. A total of 8 rare species have been
established (Palaemon serratus, Lestes viridis, Anax
parthenope, Hemianax ephippiger, Libellula fulva,
Ephydra bivittata, Glenanthe nigripes and Planorbis
carinatus). One Black Sea endemic (Chironomus
valkanovi) has been recorded and relict forms are
not known. The two protected areas (maintained re-
serve and natural monument) are important for the
conservation of these species populations along the
Bulgarian Black Sea coast.
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besrpboHaunuTe )kxuBoTHNU (Metazoa: Invertebrata)
Ha ATaHaCOBCKOTO e3epo, bpiarapus

3ppaBko XYBEHOB, J/Iro6omup KEHIEPOB, VIBan [IAHIYPCKU

(PesomMme)

IIpencraBeHa e porsitTa Ha ATaHACOBCKOTO €3epo 3a ChbXpaHsBaHe I Olla3BaHe Ha CHelupuIHoTO day-
HICTMYHO Pa3HOO0Opasie, XapaKTePHO 3a XUIIepXa/TMHHNATE e3epa OT ObIrapckoTo yepHoMopue. Pasrinegana
e ayHaTa Ha e3epOTO 1 OKO/IHNTE BOROEMM, aHAMM3UPAHY Ca TAKCOHOMIYHOTO pasHOOOpasue U HAKOU
300reorpadCK ¥ €KOJIOTMYHU 0COOEHOCTM Ha 0e3rpbOHAYHMTE >KMBOTHMU. TeXHOJIOTMYHUTE HPOLECH
Ha COMORO6ONMBA BIVSIAT Ha XUAPOTOTUYHISA PEXMM Ha €3epOTO U Ha PayHUCTUIHOTO MY pasHoobpasne.
EsepHata cyucremMa BKIIOYBA OT C/IAJKOBOIHU JIO XMUIEpPXaTMHHM OaceilHy ¢ 6bp3a cMsAHA Ha cpenata. OT
ATaHacOBCKOTO e3epo U IpUIeXall[iTe My BOJOEMI ca U3BeCTHHU 6 Tuma, 10 kmaca, 35 pa3pena, 82 cemeii-
crBa n 157 Bupa. Tean Takconn BmouBat 56 Bupa (35.7%) Mopcku n MOpcko-6pakiaay ¢popmu n 101 Bupaa
(64.3%) 6paKMYHO-C/IAKOBOIHY, CTTAJIKOBOJIHM 1 CYX03eMHU (GOPMU, CBBP3aHM € BOfIaTa. 3a IP'bB I'bT IIPU
HACTOAIIOTO M3CTIefiBaHe ca ycTaHoBeHM 23 Bupa (12 mopckuy, 1 6paknden u 10 cnagkoBogHy). Mopckute
Y MOPCKO-OpakMYHNTE BUJOBE MMAT 4 TUIA apeajy — KOCMOIIONNTEH, aT/IaHTO-MHAMIICKH, aT/IaHTO-IIa-
nuduyeH u ammanTndecku. [Ipeobnamasar armantudeckute (66.1%) n kocmononutante (23.2%) apeanu,
konto BKMouBaT 80% ot Buposere. [To-romsamara 9act ot ¢payHara (Hag 60%) MMa aT/IaHTO-MeAUTEPAHCKI
IPOM3XOJ U NIPeACTaB/IABa 00eHEHA aTIaHTO-MeiuTepaHcKa dayHa. C1aflkoBOTHO-OpaKIYHNTe, C/Ia/IKO-
BOJIHUTE VI CYXO3eMHMITe BUIOBE, CBbP3aHM C BOJJATa, yCTAHOBEHY B ATAHACOBCKOTO €3€epO0, IMAT 2 OCHOBHI
TUIIA apeas — BUJIOBE, pasnpocTpaHeny B [TajeapKTyKa 1 M3BBH Hes ¥ BUJIOBE, Pa3lPOCTPAHEHN CaMo B
[Taneapxruka. [IpeobnagaBaT npencraButenute Ha IbpBus Tua (52.4%). Te ca cBbp3aHy ¢ TUNIMYHNTE 32
MOPCKUTE KpaitOpexxiist MeCTOOOMTaHMsI, OTYMAJTHM 32 Pa3BUTUETO Ha OIpefie/ieHN BUJOBE I Ca 3aCThIIEH
c1abo BbB BBTPELIHOCTTA Ha CTpaHaTa. BropuaT tun obemunsasa naneapkrudnu (20.0%), eBpocnbupckn
(9.5%) n menutepancku (15.2%) takcoHu. B ATaHacOBCKOTO e€3epo JUIICBAT KACIIUIICKU PETUKTHU, KOETO
BEPOATHO € CBBbP3aHO C'bC CIeLVM(PUYHIA XUAPOTOIMYEH PEXXUM, TEXHOTIOTMYHIATE IPOLIECH IIPY TPOU3BOJ-
CTBOTO Ha COJI Vi HETOBYS CY/THO IIPOMEH/INB XMIIepXa/IiHeH XxapakTep. OT MOHTUIICKITE BU/OBE € YCTaHO-
BeH Chironomus valkanovi. Ot 6enTocHnTe popmu fomuuantu ca Cerastoderma glaucum (o 134376 exs./
m?), Ecrobia ventrosa (no 19800 ex3./m?), Abra segmentum u Cyprideis torosa (5o 77440 ex3./m?). ITokpait
Operosere Ha 6aceitnute yepynkure Ha C. glaucum obpasysat crpynsanus. Bugsr Corophium volutator e
MacoOB IIpe3 BCMYKY Ce30HU 1 € eVH OT Hall-afjaTupaHnTe obutaTeny Ha comuuuute. [loctosunu BujoBe,
HO C IO-OTPaHMYeHN KOJINYeCTBa, ca Mopckute usonopu Idotea balthica w Sphaeroma serratum. Bucoka
yycnenoct (mo 130000 exs./m?) mocTura u KOCMONOMUTHT Acartia clausi. Tunmmysu 3a ATaHACOBCKOTO €3e-
po ca xanobuonTtute Artemia parthenogenetica u Artemia salina, KouTo FocTUraT INTBTHOCT OT 3400 ex3./1
Bofia. Te MMar 3Ha4YeHMe 3a COOAOOMBA TBIT KaTO MPEYNCTBAT BOAUTE OT PUTOIVIAHKTOH B NPENKPUCTa-
NM3aTopuTe. YCTAaHOBEHO € NPUCBHCTBYUE Ha 6 BUAA dyXAecTpaHHM umurpantu (Ficopomatus enigmaticus,
Amphibalanus eburneus, Rapana venosa, Physella acuta, Anadara kagoshimensis w Mya arenaria). OT 6e3-
rpbOHAYHNTE )KUBOTHY Ha ATaHACOBCKOTO e€3epo 3 BUja ca BKIIOUeH B YepBeHaTa KHIUTa Ha YepHO MOpe
u 8 Bupa — B eBponericku u [IUCN yepBeHU perucTpu.





