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ABSTRACT

Changes in biological diversity of the Neva Estuary (eastern Gulf of Finland), which is one of the largest Baltic
estuaries, were assessed by means of BSRP SGEH priority indicators. They include macrophytobenthos,
macrozoobenthos, alien species, ichthyofauna, avifauna, mammals and a portion of the territory covered by the
protected areas. The most prominent biodiversity changes were observed in the upper freshwater Neva Bay, and
moderate changes, in the lower brackish part of the estuary. Eutrophication, alien species and dredging activities
are the major threats to biodiversity of the estuary. At present, alien species contribute about 8 per cent of species
richness, however, 60-90 per cent of the biomass of bottom animals. Filamentous algae blooms affect biodiversity
of zoobenthos in the shallow coastal zone. The climate-mediated fluctuations in near-bottom oxygen conditions are
responsible for deterioration of zoobenthos in the open waters of the estuary. The decline of the benthic aboriginal
crustaceans led to impairment of food conditions for fish and to a sharp reduction of their populations, which, in
turn, was partly responsible for the population decline of ringed seals. Milder winters have also contributed to the
decline in the numbers of this species. Dredging activities related to construction of new lands and ports are the
main factor affecting fish, submerged macrophytes and waterfowl in Neva Bay. A considerable part of fish spawning
grounds and waterfowl habitats in Neva Bay has been lost during the last decades. The long-term measures for
conservation and improving of biodiversity should take into account periodicity of climatic changes and planned
development of the region.
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PE3IOME

C 1OMOIIBIO MH/IMKATOPOB, MPE/IOKEHHBIX MEK/YHAPOHON IPYIIION dKCIEPTOB, IIPOBE/ICHA OlleHKA N3MEHEHUS
6UOJIOTIYECKOT0 pa3Hoobpasust actyapust peku Hepbl (Bocroutast yacts MUHCKOTO 3aj1MBa), KPYIHEIIIIEro acTya-
pust Bantuiickoro Mopst. THAMKATOPaMK CYUTAIICH U3MEHEHHSI B COCTOSTHUE CO00IIecTB MakpoduTobeHToca, Ma-
KPO3006EHTOCA, UyKEPOJHBIX BH/IOB, PbIO, BOAOIIABAIONINX IITHII, BOAHBIX MJIEKOMUTAIOIIUX U J[0JIs] OXPAHSIEMBIX
TeppuTOpuil oT 06IIei omaau akBaropun. Hanbosiee 3HaunTebHble H3MEHEHMSI B COCTOSIHIM WHIMKATOPHBIX
co00I1ecTB HAOIIONAICH B BEPXHEIl MPECHOBOAHOI YacTu sctyapust, HeBckoii rybe, ymepeHHble U3MEHEHUs] — B
€ro HUKHEN COIOHOBATOBOIHON YacTu. HanbosibInyio yrposy 61nopasnoobpasuio actyapusi HecyT 3BTpodrpoBaHe
BOJI, YY’KEPOJIHBIE BU/IbI, TPYHTOHAMbIBHBIE 1 [THOYTJIyOUTEIbHBIE PAaOOThI. B HacTOsiIIee BPEMsI YUCIIO YyKePOI-
HBIX BUJIOB B 3000€HTOCE PUMEPHO PaBHO 8% OOIEro Ync/ia BUIOB, OJHAKO, uX Ouomacca cocrasisier 60-90%
ot 0011eii GUOMAcChl JOHHBIX JKUBOTHBIX. MaccoBOe pa3BUTHE HUTYATBIX BOLOPOCJEN OTPHUIATENHHO BIIUSIET HA
6uoJIoTIYeCKOe PazHOOGpasue 3000eHTOCa B MEJKOBOAHOI TPUOPEKHOIT 30He. BhI3BaHHOE H3MEHEHEM KJINMATa
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YMEHBIIEHHE CO/IEPIKAHNsT KUCIOPO/IA Y [THA OTBETCTBEHHO 32 PaspylleHue COOOMECTB JOHHBIX KUBOTHBIX B TJIy-
GOKOBOHOI YacTH aCTyapusi. YNaJ0K MOIYJISIIUI HATUBHBIX BUIOB JIOHHBIX PAKOOOPA3HBIX MPUBEJ K YXY/IIICHUIO
YCIIOBUIT IUTAHKST U CIIOCOOCTBOBAJ COKPAIIEHIIO YUCJIEHHOCTH MTPOMBICJIOBBIX BUIOB PBIO, KOTOPOE, B CBOIO OYe-
penb, OTPUIATEIBHO MOBIUAIO HA YNCICHHOCTH MOMYJSINN KOJIbUaTOH Heprbl. JpyruM BaskHBIM (aKTOPOM, OT-
pHUIATEeTBHO BANUSIONINM Ha 3TOT BU/L — yJaleHIe MATKIX 3UM C OTCYTCTBUEM JIe[IOBOTO TIOKPOBA B 3aMTaHON YaCTH
scryapust. PaboThl, CBSI3aHHBIE ¢ HAMBIBOM HOBBIX TEPPUTOPUI U CTPOUTENBCTBOM HOPTOB SIBJISIIOTCS OCHOBHBIM
(hakTOpOM, OTPUIATENHHO BIAUSIONINM HaA PBHIO, TIOTPYKEHHBIE MAKPOGMUTHI ¥ BOAOILIABAIONNX TITHIT B HeBcKoi
ry6e. 3HauKMTENbHAS YACTh HEPECTUIIUII PbIO M MECT OOUTAHMS BOJAOILIABAIOIIUX NITHI[ OBLIN IIOTEPSIHBI B TEUEHUE
MOCTIEIHNX AeCATHICTHIL. J[0JTOCPOYHbIEe TPOTPAMMBI [0 COXPAHEHUIO ¥ BOCCTAHOBJIEHHIO GHOJIOTHYECKOTO Pa3-
HOOOPa3Ust OJIKHBI YIUTHIBATH KaK [EPUOAMYHOCTh U3MEHEH M KJIMMATa, TaK ¥ IJIAHUPYEMOe Pa3BUTUE PETHOHA.

Kirouesble ciioBa: aHTPONOreHHOe Bos/aelcTBre, baatuiickoe Mope, 6eHTOC, NHBA3WMBHbIE BU/BI, KOJbYaTas HEPIIa,

OXpaHsieMble TePPUTOPUN

INTRODUCTION

Achieving a favourable conservation status for the
biodiversity of the Baltic Sea is the most important
segment of the Baltic Sea Action Plan (BSAP) devel-
oped by the Helsinki Commission (HELCOM: Baltic
Sea Marine Environment Protection Commission),
which is “an ambitious programme aiming to restore
the good ecological status of the Baltic marine envi-
ronment by 2021” (http://www.helcom.fi/BSAP/
en_GB/intro/). Implementation of the BSAP needs
coordinated efforts of all Baltic countries and instru-
ments for comparison of modern status of biodiversity
in different Baltic regions. As a basis for this compari-
son a limited number of biodiversity indicators were
proposed by the Study Group on Baltic Ecosystem
Health (SGEH) of the International Council for the
Exploration of the Sea (ICES) during the imple-
mentation of the international Baltic Sea Regional
Project (BSRP) as priority indicators (ICES 2006;
ICES 2007).

The indicators are dealing with long-living or-
ganisms whose populations respond to long-term an-
thropogenic impacts and have low ability to restore
after cessation of the impacts: macrophytobenthos,
macrozoobenthos, alien species, ichthyofauna, marine
avifauna and mammals. They include area covered
by submerged vascular plants and macroalgae and
percentage of endangered species, changes in mac-
rozoobenthos including (extinct) threatened and/
or declining species, rate of new invasions of alien
species and their impact on aquatic communities, fish
community structure including (extinct) threatened
and/or declining species and status of commercial
fish species, changes in abundance and distribution

of coastal marine birds and seal numbers. Percentage
of the water area covered by marine protected areas
(MPA) was considered as a special indicator related to
implementation of biodiversity protection measures
in the area. Long-term target level of protected areas
for the eastern Gulf of Finland, which was proposed
by the SGEH, is 20% of the whole water area.

The eastern Gulf of Finland has been selected by
the BSRP (ICES 2006; ICES 2007) as one of the
demonstration areas for the assessments of biological
diversity in the Baltic Sea on the basis of priority in-
dicators. The reasons for this selection are concerned
with long-term research of different biodiversity
patterns in the region and importance of their goods
and services that have been seriously affected by
anthropogenic impacts. These impacts have resulted
mainly from the largest Baltic megalopolis: Saint
Petersburg City. The aim of this paper is to describe
the main changes in the biodiversity in the Russian
part of the eastern Gulf of Finland on the basis of the
priority indicators, to identify the main natural and
anthropogenic factors affecting biodiversity patterns
and to propose some remedial measures to improve
its status in the region.

DESCRIPTION OF THE RUSSIAN PART
OF THE EASTERN GULF OF FINLAND

The Russian part of the eastern Gulf of Finland
practically coincides with the boundaries of the Neva
Estuary: the largest Baltic estuary (surface area is
3600 km?). The Neva Estuary receives water from the
Neva River, a major contributor of fresh water to the
Baltic Sea. The catchment area of the Neva River ex-
ceeds 280 000 km?, and its water discharge averages
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Fig 1. The Neva Estuary in the eastern Gulf of Finland.

2500 m®s! (78.6 km?® yr~» The Neva Estuary consists
of two parts: the upper freshwater Neva Bay and the
lower brackish-water part of the estuary (Fig. 1).

Surface area of Neva Bay is about 400 km?, salin-
ity, 0.07-0.2%o, with the exception of short-term
intrusions of brackish water from the lower part of
the Neva Estuary during surge events when brack-
ish waters from the lower part of the estuary come to
Neva Bay and mix there with fresh water; the depth
of the bay is 3.5—5 m. In the middle 1980s, Neva Bay
was separated from the lower part of the estuary by
a storm-surge barrier (Dam). The Dam has several
water gates in its northern part and a broad ship gate
in the southern part.

Salinity in the lower brackish part of the Neva Es-
tuary (Fig. 1) ranges from 1.5-3%. in its eastern part
to 3—8%e. in the western part, depth — from 12—14 m
in the east to 40—50 m in the west. Several large bays
are located in the western part of the estuary, e.g.,
Luga Bay in the south and the Gulf of Vyborg in the
north. There are numerous islands in different parts
of the estuary. The largest ones are the Kotlin Island,

which is located at the boundary between Neva Bay
and the lower brackish part of the Neva Estuary, the
Beryozovyye Islands in the north, the Moschniy Ts-
land and Gogland Tsland in the middle-western part
of the estuary.

The Neva River is among the most important
sources of pollution for the Gulf of Finland (HELCOM
2004). A considerable part of pollution comes from
Saint Petersburg, which is one of the largest mega-
lopolises in the world with a population of 4.5 million
citizens and well developed industry. The coastal zone
of the estuary has been intensively used for recreation
(especially in the Resort District of Saint Petersburg
situated along the northern coast of the gulf), sport
and commercial fishery, different industries, including
the nuclear power station, and shipping.

Oil transportation in the eastern Gulf of Finland
has increased almost five times since 1987. Two large
oil terminals were constructed in its north-western
part and cargo port in Luga Bay in the early 2000s
(Fig. 1). As a result, there is a considerable increase
in ship traffic during the last decades.
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High anthropogenic impact comes also from in-
tensive dredging activity related to creation of the
new building lots and passenger terminal in the delta
of the Neva River. Considerable amounts of bottom
sediments and sand are dragged from the bottom in
the eastern part of Neva Bay, a part of them are sus-
pended in the water decreasing its transparency and
pass to the western part of the bay and even in the
lower brackish part of the Neva Estuary.

CHANGES IN BIOLOGICAL COMMUNITIES

Macrophytobenthos. The first evaluations of
composition and distribution of macrophytobenthos
in the Neva Estuary were conducted at the end of the
19th century and in the first half of the 20th century
(Gobi 1874, 1877; Rozanova and Golubeva 1921;
Derjugin 1947). The investigations were continued in
the second half of the 20th century mostly in relation
to eutrophication process in the estuary (Belavskaya
1987; Korelyjkova 1997; Golubkov et al. 2003b),
because macrophytobenthos is considered a good
indicator of negative environmental changes and an-
thropogenic impacts in the Baltic Sea (Kautsky et al.
1986; Dahlgren and Kautsky 2004). A hundred and
six species of aquatic vascular plants are recorded in
Neva Bay nowadays (Zhakova 2008).

At the beginning of the 20th century, submerged
macrophyte meadows were widely distributed in
the coastal zone of Neva Bay. Reeds were mostly re-
corded along the southern and north-eastern coasts
(Rozanova and Golubeva 1921; Derjugin 1947). In
the 1980s, most of submerged macrophyte meadows
(probably 80—-90%) were lost. More than 20 species
of submerged macrophytes, e.g., Isoetes lacustris, L.
echinospora, Zannichelia palustris, disappeared (Zha-
kova 2008). Submerged macrophyte meadows were
replaced by reed beds, which widely expanded along
the northern coast of the bay (Belavskaya 1987,
Korelyjkova 1997). The reason for deterioration of
submerged vegetation was intensive dredging activ-
ity in summer time related to creation of the new
building lots in Saint Petersburg along the eastern
cost of Neva Bay and to construction of the storm-
surge protection barrier (the Dam) in the middle
1980s. This activity decreased water transparency to
0.1-0.3 m in summer time (Golubkov et al. 1987).
After cessation of dredging in the 1990s and early
2000s and increase of transparency to 1.0-1.5 m,
which was only a little less than at the beginning
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of the 20th century (Zalesskiy and Volf 1913), the
sparse meadows of submerged vegetation reestab-
lished in the littoral zone of Neva Bay, but their area
was smaller as compared with that of reeds, which
considerably increased during the last three decades.
Some species, e.g., macroalgae Nitella gracilis, N. syn-
carpa, N. mucronata, that disappeared in the 1980s,
appeared anew in the coastal zone of the bay, two
new species Chara braunii and Ch. fragilis were also
found (Zhakova 2008). Since summer 2006 inten-
sive dredging activities in Neva Bay renewed, which
has negatively affected the submerged vegetation in
Neva Bay and adjacent brackish part of the estuary.

In contrast to Neva Bay, where reeds are a domi-
nant type of water vegetation nowadays, submerged
vascular plants and macroalgae are widely distrib-
uted in the coastal zone of the lower brackish part
of the Neva Estuary. Dominant species of submerged
vascular plants in this part as well as in Neva Bay are
Potamogeton perfoliatus, Stuckenia (Potamogeton)
pectinatus, Potamogeton gramineus (Zhakova 2008).
Perennial macroalgae are widely distributed in the
western brackish part of the Neva Estuary where
salinity is more favorable for marine species. Fifteen
species of Phaeophyta and 6 species of Rhodophyta
have been found there (Kovalchuk 2008). Unfor-
tunately, progressive eutrophication is observed in
the coastal and open waters of the eastern Gulf of
Finland for the last decade (Golubkov et al. 2003a).
As a result, depth distribution of macroalgae is re-
stricted only to 3—6 m (Kovalchuk 2008). Six spe-
cies of Phaeophyta and one species of Rhodophyta
(Hildenbrandtia rubra) were listed in the Red Data
Book of Nature of the Leningrad Region (2000) as
endangered. Among them is Fucus vesiculosus, which
was common at the end of the 19th century (Gobi
1874). The role of brown and red algae in littoral veg-
etation of the islands in the western part of the Neva
Estuary decreased during the last four decades. They
were succeeded by green filamentous algae (Kukk
1988; Kovalchuk 2008).

Macrozoobenthos. Composition and community
structure of zoobenthos in the eastern Gulf of Finland
is closely related to natural and anthropogenic fac-
tors. A hundred and eighty-eight species and higher
taxonomic groups of macrozoobenthos were recorded
in the Neva Estuary in 1994-2005 (Balushkina et al.
2008). The first investigation of zoobenthos in Neva
Bay showed the dominance of glacial relict crustacean
Pallasea quadrispinosa and small mollusks, Sphaerium
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cormeum and S. solidum (Pisidiidae); another relict
crustacean Mysis relicta was also common (Skorikov
1910). Later, in 1920—1930, their dominance was
succeeded by large freshwater mollusks, Unionidae
(Derjugin 1947). Oligochaeta worms were rare in the
1910s, but common in the 1920-1930s. The further
succession of zoobenthos was related to a progres-
sive decline of glacial relicts (today P. quadrispinosa
occurs only occasionally) and the increase of the
dominance of Oligochaeta worms, which probably
resulted from eutrophication processes in this part of
the Neva Estuary. The influence of natural climate-
mediated factors evinces in periodic high increase in
zoobenthic biomass with a dominance of Pisidiidae in
the eastern part of the bay near the delta of the Neva
River for the periods of a high river run-off (Maxi-
mov 2004) and periodic dominance of large mollusks,
Unionidae, in the other parts of the Neva Bay for the
periods of a low river run-off (Golubkov 2008).

Similar changes have happened in the most
eastern brackish part of the Neva Estuary where the
dominance of relict crustaceans was succeeded by
the dominance of oligochaetes and chironomids due
to a progressive eutrophication of the eastern Gulf of
Finland (Golubkov et al. 2003a). Nowadays two spe-
cies of Oligochaeta, Potamothrix hammoniensis and
Limnodrillus hoffmeisteri, and larvae of Chironomus
plumosus (Insecta) dominate in bottom animal com-
munities there (Balushkina et al. 2008).

A more complicated situation is observed in the
deep-water western part of the estuary. Glacial relict
crustaceans Monoporeia affinis, Saduria entomon
and Pontoporeia femorata sharply dominated in the
bottom animal communities until the early1990s.
Since the middle 1990s these communities were
deteriorated several times by periodic intrusions of
near bottom oxygen-poor waters from the western
part of the Gulf of Finland (Maximov 2003). As a
result, vast areas in the western part of the estuary
became free from the native benthic fauna and were
populated in the 2000s by alien species: oligochaetes
Tubificoides pseudogaster and polychaetes Marenzel-
leria neglecta (Maximov 2007). Negative changes in
benthic animal communities are observed also in the
coastal zone of the eastern Gulf of Finland, where
several alien amphipods and non-indigenous mollusk
Dreissena polymoprha sharply dominated since the
late 1990s (Orlova et al. 2006). One of the reasons
for establishment of alien species in the shallow lit-
toral zone is the deterioration of the native animal
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communities as a result of filamentous algae blooms
which are observed there nowadays (Berezina et al.
2007). At present, alien species contribute 60—99% of
the total benthic biomass of the brackish part of the
Neva Estuary (Orlova et al. 2006).

Alien species: non-indigenous species. The
problem of invasions of non-indigenous species is one
of the most urgent environmental problems of the
eastern Gulf of Finland (Panov et al. 2002) due to its
location at the termination of the Volga-Baltic inva-
sion corridor and high intensity of cargo and oil ship
transportation in the region. Dominant freshwater
and brackish-water non-indigenous species (NIS)
have originated from the Ponto-Caspian region,
from the coastal waters of North America and from
the inland waters of eastern Asia. A very high rate of
new invasions was observed from 1998 to 2004 and
now about 8% of all animal species inhabiting the
eastern Gulf of Finland are invasive (Orlova et al.
2006). One of the key alien species from the Ponto-
Caspian region is zebra mussel Dreissena polymorpha
occupying deep littoral zone in the brackish part of
the Neva Estuary. Now D. polymorpha contribute
up to 96% of total biomass at stony and stony-sandy
bottoms (Orlova et al. 2006). Apart from the dam-
age for hydraulic structures, its main negative impact
on environment is facilitation of filamentous algae
blooms in the coastal zone of the brackish part of the
Neva Estuary by means of clearance of the water and
recycling of nutrients (Golubkov et al. 2003b).

Two key benthic alien species in the deep western
part of the Neva Estuary are worms Marenzelleria
neglecta (Polychaeta) from North America and Tubi-
ficoides pseudogaster (Oligochaeta) from the North
Sea, that established in the eastern Gulf of Finland
during the last decade and contribute up to 70-99%
of the total benthic biomass in the western part of
the estuary (Orlova et al. 2006). They replaced the
native glacial relict crustaceans Saduria entomon
and Monoporeia affinis that were widely distributed
there until the middle 1990s (Maximov 2007). Re-
placement of the native nectobenthic crustaceans
by alien worms negatively affects the population of
Baltic herring, the most important commercial fish
in the lower part of the Neva Estuary, decreasing
availability of food for this species. Establishment of
dense population of M. neglecta also contributes to
eutrophication of this part of the Gulf of Finland due
to its ability to enhance nutrient fluxes from bottom
sediments (Golubkov et al. 2004).
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Two alien amphipods, Gmelinoides fasciatus and
Pontogammarus robustoides, together contribute
up to 45% of the total biomass of zoobenthos in the
shallow littoral of Neva Bay and the lower brackish
part of the Neva Estuary (Orlova et al. 2006). They
are omnivores and affect strongly other species of
zoobenthos. In the 1990s, they replaced the native
amphipod, Gummarus lacustris (Berezina and Panov
2003). Establishment of another important alien
species, a fish, Perccotus glenii, in the littoral zone of
Neva Bay directly (by predation) and indirectly (by
competition) affects the native fishes such as roach
and juveniles of other species in this part of the Neva
Estuary. The feeding range of P. glenii is very wide
and adults effectively prey on the juveniles of other
fish. This species is also more resistant to hypoxia,
high temperatures, and other abiotic stressors com-
pared to native fishes. Predation and higher tolerance
may explain the dominance of P. glenii in the fish
community of the coastal Neva Bay and a decline of
abundance of native fishes (Orlova et al. 2006).

Predatory cladoceran Cercopagis pengoi should
be mentioned among the planktonic NIS. Nowadays,
this species contributes up to 33% of the total zoo-
plankton biomass in the second half of summer and
considerably affects planktonic community in the
brackish part of the estuary (Telesh 2004). Calcula-
tion showed that the size structure of zooplankton
community and trophic webs in the ecosystem have
been modified as a result of the elimination of small
planktonic filtrators and sedimentators by C. pengoi
(Litvinchuk and Telesh 2006). It also negatively af-
fects Eurytemora affinis, a dominant native species in
zooplankton of the eastern Gulf of Finland (Lehtini-
emi and Gorokhova 2008).

All the above-mentioned species that established
in the eastern Gulf of Finland during the last two
decades nowadays affect different aspects of biodi-
versity and function of its ecosystem. Most of them
arrived with ship ballast waters, but some, such as
crustacean G. fasciatus, came as a result of secondary
invasions from continental water-bodies where they
were deliberately introduced by humans.

The reasons for considerable increase in the
rate of NIS introduction are deterioration of native
communities as a result of high eutrophication, a
many-fold increase of ship traffic in the region and
climate-mediated changes in hydrological regime in
this part of the Baltic Sea. The last factor is related
to the frequency of the intrusions of oxygen-poor
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salt water into the Neva Estuary from the western
part of the Gulf of Finland, depending on salt wa-
ter inflows into the Baltic Sea from the North Sea
(major Baltic inflows). These inflows are related to
the weather conditions in the Baltic Region (Mat-
théus and Schinke 1999; Meier 2007). The decline
of the frequency of intrusions of salt water into the
Baltic Sea since the middle 1970s up to the middle
1990s and their nearly total absence from 1983 to
1993 were related to the climatic phase of intensive
cyclonic activity and increase of river run-off (Mat-
thius, Schinke, 1999). In the last 10 years a decline of
intensity of zonal circulation is observed. As a conse-
quence, heavy intrusions of salt water into the Baltic
Sea were observed in relatively dry years: in 1996 and
2003 (Matthaus, Schinke, 1999, Meier 2007). They
were followed by the intrusions of the oxygen-poor
salt water into the Neva Estuary from the western
part of the Gulf of Finland (Averkiyev et al 2004). As
a result, vast areas in the western part of the estuary
became free from the native benthic fauna and were
populated in the 2000s by alien species: T. pseudo-
gaster and M. neglecta.

Fish. Fifty-three species of cyclostomes and fishes
have been recorded for the eastern Gulf of Finland
including the most valuable but rare species, like
sea sturgeon Acipenser sturio and alien species like
Perccotus glenii, which is now widely distributed in
the coastal zone of Neva Bay (Kudersky 1997). Fish
populations include three ecological groups: marine,
freshwater and anadromous species, but only some of
them are of commercial importance. Important ma-
rine Baltic species, sprat and cod, periodically come
to the Neva Estuary and considerably contribute to
fish catch, but do not spawn there.

Coastal areas especially in Neva Bay and also
in the large Gulf of Vyborg and Luga Bay provide
spawning and feeding habitats for many marine,
diadromous and freshwater fishes. The most com-
mercially important marine species, Baltic herring
Clupea harengus membras, come to the coastal zone of
the eastern Gulf of Finland for a short time to spawn.
Also many diadromous species including the most
numerous and commercially valuable smelt Osmerus
eperlanus occur in near-shore areas and in inflowing
waters during a short time of spawning. But some
species, e.g. commercially valuable Salmo solar, Salmo
trutta and river lamprey Lampetra fluviatilis, stay in
rivers for several years until they reach the migration
stage (Kudersky 1997).



412

The total catch of marine species increased since
1929-1950 until the middle 1970s when it exceeded
25,000 ton yr !, and was high until the early 1990s
(Kudersky 1997). Since that time it decreased rap-
idly and now is less than 5,000 ton yr~' (Kudersky
et al. 2008). The reasons for this great decrease are
probably related to progressive eutrophication of the
coastal and open waters and deterioration of foraging
conditions as a result of elimination of native benthic
crustaceans in the western part of the estuary (Alimov
and Golubkov 2008, Kudersky et al. 2008). The dy-
namics of herring catch in the eastern Gulf of Finland
is similar to general dynamics of commercial catch of
this species in the Baltic Sea, but in the Baltic Sea as
a whole it decreased by only about 1.5 times during
the last two decades (Kudersky and Alekseev 2005).

A dramatic decline in the populations of diadro-
mous and freshwater fishes was also observed. But
in contrast to marine species a substantial factor for
these groups is the loss of spawning and feeding areas
due to intensive dredging activities in the region
owing to the construction of several new ports and
lands in the coastal zone of the estuary (Kudersky et
al. 2008). A very intensive public fishery is also partly
responsible for the population decline of diadromous
and freshwater fish during the last decade (Popov
2006). In contrast to some other Baltic coastal re-
gions, where a tendency for increase of perch and
roach catches was observed during the last decade
(Adjers et al. 2006), in the eastern Gulf of Finland
populations of all species (except alien Perccotus
glenii) declined in the last two decades. Twenty per
cent of all species are endangered. Several species,
e.g. sea lamprey Petromyzon marinus and trout Salmo
trutta, are included in the Red Data Book of Nature
of the Leningrad Region (2002) as endangered. The
total catch of fish spawning in the Neva Bay has
decreased about 4 times as compared to 1972—1984
(Kudersky et al. 2007).

Avifauna. The avifauna of the eastern Gulf of
Finland is relatively well documented in scientific
literature. Before the Second World War it was in-
vestigated by Finnish ornithologists (e.g. Putkonen
1936, 1942), then the investigations were continued
by Russian scientists (e.g. Malchevskiy and Pukinskiy
1983; Khrabriy 1991; Noskov et al. 1993; Bublichenko
2000; Afanasyeva et al. 2001). Nowadays, the coastal
zone of the eastern Gulf of Finland is used by 234 bird
species for nesting, foraging and rest during seasonal
migrations (Khrabriy 2008), which makes this part
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the Baltic Sea one of the most important regions for
the conservation and protection of bird fauna.

There is a great difference in long-term dynam-
ics of avifauna in different parts of the eastern Gulf
of Finland. The western part of the Neva Estuary
was restricted for public access and for most kinds of
economic activities for a long time due to the prox-
imity of the state border. Therefore, the changes in
avifauna observed in this part of the Neva Estuary
are probably mostly related to natural dynamics.
The abundance of some species has decreased. For
instance, the large merganser Mergus merganser and
the middle merganser Mergus serrator were numerous
in the north-western part of the area until the late
1970s, but their numbers decreased greatly during
the last two decades and now they have become
rare nesting species (Khrabriy 2008). On the other
hand, the population of the large cormorant Phala-
crocorax carbo considerably increased in number
in the western part of the Neva Estuary during the
last decades (Gaginskaya 1995), and this species has
become as common as another cormorant Phalacro-
corax aristotilis. Grebes Pociceps auritus and Podiceps
cristatus are common species in this area, but loons
Gavia arctica and Gavia stellata are endangered.
Tufted duck Aythia fuligula is common, but greater
scaup Aythia marila is rare (Khrabriy 2008). Auks
Alca torda and Cepphus grille are relatively rare. In
general, the present status of coastal bird populations
of the lower brackish part of the Neva Estuary may
be considered as good. However, their future is
uncertain due to a great increase in oil transporta-
tion, which increases the risk of oil spills in the
region. This is especially alarming because shallow
coastal zone near the Kurgalskiy Peninsula in the
south-western part of the Neva Estuary and near
the islands in its central and northern parts is one
of the most important resting places of waterfowl
during its seasonal migrations in the eastern Baltic
(Noskov 2002; Khrabriy 2008). A gradual increase
in public and industrial companies” access to the
region affects negatively its avifauna nowadays.
This situation may be improved by establishment
of national reserves, especially on the islands in
the western part the estuary.

An entirely different biodiversity dynamics is
observed in Neva Bay where it is greatly affected by
anthropogenic factors. In former times the eastern
part of the bay together with the delta of the Neva
River was one of the most important habitats and
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resting places along the migration routes in the east-
ern Baltic for numerous species of waterfowl (Mal-
chevskiy and Pukinskiy 1983; Khrabriy 2008).
Unfortunately, these important habitats have been
practically lost as a result of expansion of Saint
Petersburg and its suburbs since the early 1980s.
The number of coastal birds has decreased dozens
of times. This loss is partly compensated through
the expansion of reeds in the northern and south-
ern parts of Neva Bay as a consequence of the Dam
construction, as abundant bird colonies appeared
near the Kotlin Island and in the reeds along the
southern and northern coasts of Neva Bay.

Mammals. Two seal species, the Baltic subspecies
of Gray Seal Halichoerus grupus and the Baltic ringed
seal Phoca hispida botnica, were very abundant in the
Baltic Sea at the beginning of the 20th century, when
their numbers were estimated to be about 200,000
(Tormosov and Esipenko 1990). A progressive decline
in the numbers of seals was observed throughout the
last century.

The first data on the numbers of seals in the Gulf
of Finland and in the Gulf of Riga, about 12,500 seals,
were obtained in 1970 (Tormosov and Esipenko
1990). The most numerous species was the ringed
seal. In 1982-1985, its numbers decreased to 4,000
(Tormosov and Esipenko 1990). At present, the pop-
ulation has dramatically declined and recent surveys
documented only about 300 ringed seals (Verevkin
and Sagitov 2004). This species lives in the eastern
Gulf of Finland throughout the year: in winter it is
most abundant in the northern part of the gulf: to the
south and south-west from the Bolshoy Beriozoviy
Island, but in summer it migrates to the southern
part of the gulf. Therefore, the numbers of the main
resident species of seals in the eastern Gulf of Finland
decreased tenfold during the last decades.

In contrast to the ringed seal, the gray seal oc-
curs in the eastern Gulf of Finland in summertime
(Verevkin and Sagitov 2004). It is mostly abundant
in the south-western part of the estuary. About 100
gray seals were recorded in the 1970s; 200—300 seals
in the 1980s (Red Data Book of the Russian Federa-
tion 2001). Four hundred to five hundred gray seals
occur in the Neva Estuary nowadays (Verevkin and
Sagitov 2004). Therefore, the numbers of this species
tend to increase, but are still very low in comparison
with its numbers at the beginning of the last century.

Status of the Protected Areas. There are no
special MPA in the eastern Gulf of Finland, but some
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protected natural land territories (PT) that have
been already established at its coast include a part
of the adjacent marine area. Eleven of them operate
and four are at a planning stage. The largest and most
important operating protected territories are the re-
gional complex sanctuaries, Beryozovyye Islands and
Kurgalskiy. The former is located in the north-west-
ern part of the Neva Estuary and includes 45,320 ha
of marine area; the latter is located in the southern
part of the gulf and covers 38,400 ha of water surface
(Red Data Book of the Leningrad Region 1999).
Both of them are very important for protection of
marine bird populations, bird migration areas, Baltic
seals and other components of marine biodiversity.
Vyborgsky Sanctuary in the Gulf of Vyborg includes
about 5,000 ha of water area. The large Ramsar Site,
Lebyazhye, is situated along the south-eastern coast
of the brackish part of the Neva Estuary. Its area is
6,400 ha. This site along with the Vyborgsky Sanctu-
ary preserves the coastal landscape and stop-overs of
migratory birds and nesting places of waterfowl and
coastal birds. Very important PT, Ingermanlandsky
State Natural Reserve, is to be established at several
islands scattered in the western part of the Neva Es-
tuary in 2009. It will also cover a considerable marine
area (16,980 ha) near the coast of the islands and to-
gether with the sanctuaries Beryozovyye Islands and
Kurgalskiy is supposed to be very effective in conser-
vation of marine and island wild-life. Therefore, the
status of marine protected areas in the lower brackish
part of the Neva Estuary may be considered as good.

Much worse situation with protection of marine
environment is in Neva Bay, although this part of
the eastern Gulf of Finland is also very important for
wild-life conservation, e.g. coastal bird populations.
Only two very small areas along the southern coast of
the bay have the status of natural monuments, where
economic activities are restricted. Two large PT are
proposed to be established in the north-western part
of the bay to preserve coastal bird populations and
stop-overs of migratory birds. But at the moment the
situation with the Baltic Sea Protected Areas in Neva
Bay is very bad.

The main losses and threats to biodiversity in
the Neva Estuary. The main losses of biodiversity in
Neva Bay include disappearance of considerable part
of submerged macrophyte meadows and disappear-
ance of the main spawning areas of fish in the eastern
part of the bay. Alien species contribute up to 45%
of the total biomass of zoobenthos in the shallow lit-
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toral zone. At present, protected areas, which could
promote biodiversity conservation in this part of the
estuary, are nearly absent.

The main losses of biodiversity in the brackish
part of the Neva Estuary include disappearance of
more than 90% of ringed seal population, fivefold de-
crease of commercial fish catch, replacement of native
dominant zoobenthic species by aliens in coastal and
open waters. Only marine birds may be considered to
have good status due to a relatively good situation
with the protected areas in this part of the gulf.

DISCUSSION

The role of climatic and anthropogenic factors
in biodiversity dynamics. Habitat and community
modification, eutrophication and alien species are the
main threats to the ecosystem integrity and biodiver-
sity in the Baltic Sea, and in the Gulf of Finland in
particular (Schernewski and Schiewer 2002; UNEP
2005, Alimov and Golubkov 2008). At present, phos-
phorus load from natural sources accounts for ap-
proximately 40% and from anthropogenic sources for
60% of the whole load (Frumin and Leonova 2004).
Therefore, the most part of primary production in
the Neva Estuary, which exceeds 2.0 g C m2d ! in its
eastern brackish part in the 2000s and corresponds
to highly eutrophic water (Golubkov et al. 2007), is
related to anthropogenic impact. The high level of
eutrophication results in intensive development of
algae and cyanobacteria, decrease of water transpar-
ency and in filamentous algae (mostly Cladophora
glomerata) blooms in the coastal part of the estuary
(Golubkov et al. 2003b). Transparency of the water
considerably decreased during the last hundred years
in all basins of the Baltic Sea (Sandén and Hakans-
son 1996), which negatively affects biodiversity of
submerged macrophytes and depth of their distribu-
tion, by decreasing light penetration into the water
column (Berger et al. 2004). In the Gulf of Finland,
the Secchi depth decreased from 7—11 to 3—6 m over
the past 100 years due to eutrophication (Savchuk et
al. 2008). The last values coincide with the contem-
porary lower limits of depth distribution of perennial
algae in the eastern Gulf of Finland. Negative effect
of eutrophication on the macrophyte distribution is
observed in many parts of the Baltic Sea (e.g. Kautsky
et al. 1986; Kruk-Dowgiallo 1991) and in estuaries of
the other seas (Valiela et al. 1997).
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Cyanobacteria and filamentous algae blooms
cause negative community dynamics of macrozoo-
benthos and fish in the shallow coastal zone due to
the release of harmful substances and deterioration
of oxygen conditions resulting from decomposition of
great amount of organic matter during and after the
blooms (Berezina and Golubkov 2008). In its turn,
impoverishment of native benthic communities con-
tributes to prosperity of alien species in the coastal
zone of the gulf. The exceptional increase of ship
traffic in the region also accelerates the rate of new
invasions. Alien species are one of the most important
threats to biodiversity in the brackish part the Neva
Estuary nowadays.

The large-scale digging and dumping of bottom
sediments related to construction of new lands, ports
and oil terminals also negatively affect biodiversity of
macrophytes, macrozoobenthos and fish, especially in
Neva Bay. These activities are responsible for direct
loss of the fish spawning grounds and bird nesting,
foraging and migratory resting places in the eastern
part of the bay. A considerable part of fish spawn-
ing grounds in the shallow Neva Bay was destroyed
during the last decades. Great amounts of suspended
matter resulting from dredging activities have also
greatly decreased the water transparency and re-
duced the distribution and biodiversity of submerged
vascular plants and perennial macroalgae.

Climatic changes have also contributed to nega-
tive community dynamics as in some other European
estuaries (Widdows et al. 2007). They were related
to the termination of climatic phase of intensive cy-
clonic activity and renewal of the major Baltic inflows
since the middle 1990s (Matthius and Schinke 1999;
Meier 2007). These inflows have led to intrusions of
oxygen-poor salt water into the Neva Estuary from
the western part of the Gulf of Finland (Averkiyev
et al 2004), which is the main natural factor respon-
sible for deterioration of the zoobenthic communities
in the western part of the estuary (Maximov 2003).
Deterioration of environments leads to decline of na-
tive species and prosperity of invasive species. Alien
species contribute about 8 per cent of species richness
and 60—90 per cent of biomass to the bottom animal
communities. The decline of bottom natural com-
munities mostly dominated by crustaceans have led
to impairment of food conditions for fish and contrib-
uted greatly to a decline of their populations, which,
in turn, may be partly responsible for the population
decline of ringed seals. The main food item in the diet
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of this species in the eastern Gulf of Finland is Baltic
herring (Rezvov 1977). Therefore, the great decrease
in the abundance of herring in the eastern Gulf of Fin-
land during the last decades should result in a decline
of the ringed seal population. Another reason is re-
lated to the warming of the regional climate (Filatov
et al., 2007). This has resulted in milder winters that
reduce the period and the area of ice cover in the re-
gion (Jaagus, 2006), which decreases breeding success
of the ringed seal (Verevkin et al., 2008), because this
species needs permanent ice cover to breed (Rezvov
1975). In recent years the situation has become worse
due to ice-breakers that clear the ways for tankers
coming to the new oil terminals in the northern part
of the eastern Gulf of Finland, which is a breeding
place of the local population of ringed seals. There-
fore, climate-mediated factors should be taken into
account for long-term forecasts and measures for the
conservation and improving of biological diversity
and planned development of the region.

Summary/Recommendations: advices and re-
commendations to decision-makers for conserva-
tion and improvement of biological diversity. The
Eastern Gulf of Finland is a complicated natural
system, whose biodiversity suffers from diverse an-
thropogenic impacts: high nutrient and contaminant
loads, intensive fisheries, dredging and creation of
new lands, intensive ship traffic. To improve biologi-
cal diversity of the Eastern Gulf of Finland intensity
of anthropogenic impacts, such as nutrient and con-
taminant loads, dredging and creation of new lands,
construction of new ports should be reduced. Tough-
ening of the legislation to control ballast waters and
deliberate acclimations of new species in the region
are highly important. There is a sufficient number
of protected areas in the lower brackish part of the
Neva Estuary, but they are mostly aimed at protect-
ing birds and land habitats. The status of true marine
protected areas (MPA) should be extended to marine
parts of the existing and planned protected areas. In
Neva Bay, remedial measures should include: restric-
tion of dredging activity in the eastern part of the
bay, restoring of fish spawning grounds, further re-
duction of nutrient load from sewage plants of Saint
Petersburg and from point sources at the watershed
of the Neva River, establishment of MPA along the
northern and southern coasts of the bay.

In the brackish part of the Neva Estuary remedial
measures should include: further reduction of nutri-
ent load from different sources, further development
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of the measures for security of the oil transportation,
restriction of construction of new port facilities in
the vicinity of protected areas; improvement of the
regulation of commercial fisheries in the region;
development of preventive measures against overex-
ploitation of the coastal zone by tourists, e.g. prohibi-
tion of unregulated pitching of tents and camp-fires,
organization of scavenging, etc.

ACKNOWLEDGEMENTS

I thank Dr. Eugeniusz Andrulewicz and two anony-
mous reviewers for their helpful comments and amend-
ments of the manuscript. The work was supported by the
Baltic Sea Regional Project, the BEAST and HYPER
projects of the BONUS programme (RFBR grants nos.
08-04-92421-BONUS _a and 08-04-92423-BONUS_a)
and the grant of the Russian Foundation for Basic Research
(08-04-00101-a).

REFERENCES

Adjers K., Appelberg M., Eschbaum R., Lappalainen A.
and Minde A. 2006. Trends in coastal fish stock of the
Baltic Sea. Boreal Environmental Research, 11: 13-25.

Afanasyeva G.A., Noskov G.A., Rymkevich T.A. and
Smirnov Y.N. 2001. Bird migration in the north of the
Neva Bay of the Gulf of Finland in the spring of 1999.
In: Proceedings of the Programme “Study of the Status
and Trends of Migratory Bird Populations in Russia”
(Third Issue). Saint Petersburg: 92—102.

Alimov A.F. and Golubkov S.M. 2008. Changes in the eco-
systems of the eastern Gulf of Finland. Herald of Russian
Academy of Sciences, 78: 223—230. [In Russian]|

Averkiyev A.S., Eremina T.R. and Isayev A.V. 2004. The
impact of intrusion of North Sea waters on the ecosys-
tem of the Gulf of Finland. Materials of VII Interna-
tional Conference “Aquaterra-2004” (15-17 June 2004,
Saint Petersburg, Russia). RGGMY Publishers, Saint
Petersburg: 141—-145. [In Russian]

Baluskina E.V., Maximov A.A., Golubkov S.M. and
Tsiplenkina I.G. 2008. Zoobenthos of open waters of
the Neva Estuary. In: A.E. Alimov and S.M. Golubkov
(Eds.). Biodiversity and ecological problems of the
Neva Estuary. KMK Scientific Press Ltd., Moscow —
Saint Petersburg: 156—183. [In Russian]|

Belavskaya A.P. 1987. Characteristic of coastal vegeta-
tion. In: G.G. Winberg and B.L. Gutelmakher (Eds.).
Neva Bay. Hydrobiological researches. Proceedings
of the Zoological Institute, Academy of Sciences of the
USSR, 151: 66—69. [In Russian]

Berezina N.A. and Golubkov S.M. 2008. Effect of drifting
macroalgae Cladophora glomerata on benthic commu-



416

nity dynamics in the easternmost Baltic Sea. Journal of
Marine Systems, Supplement, 74: 80—85.

Berezina N.A. and Panov V.E. 2003. Establishment of
new gammarid species in the eastern Gulf of Finland
(Baltic Sea) and their effects on littoral communities.
Proceedings of the Estonian Academy of Sciences: Biol-
ogy, Ecology, 52: 284—-304.

Berezina N.A., Tsiplenkina I.G., Pankova E.S. and
Gubelit J.I. 2007. Dynamics of invertebrate communi-
ties in stony littoral of the Neva Estuary (Baltic Sea)
under macroalgal blooms and bioinvasions. Transitional
Waters Bulletin, 1: 49—60.

Berger R., Bergstrom L., Granéli E. and Kautsky L. 2004.
How does eutrophication affect different life stages of
Fucus vesiculosus? — a conceptual model. Hydrobiologia,
514: 243-248.

Bublichenko U.N. 2000. To ornithofauna of the southern
coast of the Gulf of Finland. Russian Ornithological
Journal. Express issue, 107: 6-20. [ In Russian]

Dahlgren S. and Kautsky L. 2004. Can different vegeta-
tive states in shallow coastal bays of the Baltic Sea be
linked to different levels and external nutrient load?
Hydrobiologia, 514: 249—258.

Derjugin K.M. 1947. Hydrological studies of Neva Bay.
Proceedings of State Oceanographic Institute, 1: 63—84.
[In Russian]

Filatov N.N., Nazarova L.E. and Salo Yu.A. 2007. Regi-
nal climate: possible scenarios of climate change in Kar-
elia. Cold spell or warming? Proceedings of the Russian
Geographic Society, 139: 72—79. [In Russian |

Frumin G.T. and Leonova M.V. 2004. Natural and an-
thropogenic components of total phosphorus load into
the Neva Bay from the Neva River run-off. Ecological
Chemistry, 13: 29—34. [In Russian]

Gaginskaya A.R. 1995. Large cormorant Phalacrocorax
carbo — nesting species of Leningrad Region. Russian
Ornithological Journal, 4: 93—96. [In Russian]

Gobi H.Y. 1874. Dark colored algae (Phaeosporaceae u
Fucacea) of the Gulf of Finland. Proceedings of St. Pe-
tersburg Society of Naturalists, 5: 70-90. [In Russian]|

Gobi H.Y. 1877. Whelks and red algae of the Gulf of Fin-
land. Proceedings of St. Petersburg Society of Naturalists,
8:1-32. [In Russian]|

Golubkov S.M. 2008. Factors affecting the role of mac-
robenthos in pelagic-benthic coupling in the Neva Bay
(eastern Gulf of Finland). Electronic Proceedings of
International Symposium US/EU-Baltic 2008. May
27-29 2008. Tallinn, Estonia. IEEE Catalog Number:
CFPOSAME-CDR ISBN: 978-1-4244-2268-5. Library
of the Congress of the USA: 2008902075.

Golubkov S.M., Umnova L.P., Umnova L.P. and Panov
V.E. 1987. Processes of production and decomposi-
tion of organic matter in reeds. In: G.G.Winberg and
B.L.Gutelmakher (Eds.). Neva Bay. Hydrobiological
researches. Proceedings of the Zoological Institute, Acad-
emy of Sciences of the USSR, 151: 70—75. [In Russian]

S.M. Golubkov

Golubkov S.M., Alimov A.F., Telesh I.V., Anokhina L.E.,
Maximov A.A., Nikulina V.N., Pavel’eva E.B. and
Panov V.E. 2003a. Functional response of midsummer
planktonic and benthic communities in the Neva Estu-
ary (eastern Gulf of Finland) to anthropogenic stress.
Oceanologia, 45: 53—66.

Golubkov S.M., Back S., Nikulina V.N., Orlova M.I.,
Anokhina L.E. and Umnova L.P. 2003b. Effects of
eutrophication and invasion of Dreissena polymorpha in
coastal zone of the eastern Gulf of Finland. Proceedings
of the Estonian Academy of Sciences: Biology, Ecology,
52:218-235.

Golubkov S.M., Maximov A.A. and Shilin M.B. 2004.
Investigations of eutrophication in the Eastern Gulf
of Finland. In: G.G. Matishov (Ed.). Complex inves-
tigations of processes, characteristics and resources of
Russians seas of North European Basin. Issue 1. Kola
Scientific Centre RAS, Apatiti: 250—265. [In Russian]|

Golubkov S.M., Golubkov M.S. and Umnova L.P.
2007. Eutrophication processes in the eastern part of
the Gulf of Finland. In: G.G. Matishov (Ed.). Com-
plex investigations of processes, characteristics and
resources of Russians seas of North European Basin.
Issue 2. Kola Scientific Centre RAS, Apatiti: 580—-591.
[In Russian]

Haeyren E. 1940. Ueber die Meeresalgen der Insel Hog-
land im Finnischen Meerbusen. Acta Phytogeographica
Suecica, 13: 50—62.

HELCOM 2004. The Fourth Baltic Sea Pollution Load
Compilation (PLC-4). Baltic Sea Environment Pro-
ceeding, 93. Helsinki Commission, Helsinki, 188 p.

ICES 2006. Report of the Study Group on Baltic Eco-
system Health in Support of BSRP (SGEH). 9—-11
November 2005, Kaliningrad, Russia, ICES CM 2006/
BCC:01, 72 p.

ICES 2007. Report of the Study Group on Ecosystem
Health (SGEH). 16—18 November 2006, Tallin, Esto-
nia. Computer Management, 117 p.

Jaagus J. 2006. Trends in sea ice conditions in the Bal-
tic Sea near the Estonian coast during the period
1949/1950—-2003 /2004 and their relationships to large
scale atmospheric circulation. Boreal Environment Re-
search, 11: 169—183.

Kautsky N., Kautsky H., Kautsky U. and Wz#rn M.
1986. Decreased depth penetration of Fucus vesiculosus
L. since 1940s indicate eutrophication of the Baltic Sea.
Marine Ecology Progress Series, 28: 1-8.

Khrabriy V.M. 1991. Birds of St.Petersburg. Fauna, dis-
tribution and protection. Proceedings of Zoological
Institute RAS, 236: 1-275. [In Russian|

Khrabriy V.M. 2008. Birds of the Gulf of Finland and Neva
Bay. In: A.F. Alimov and S.M. Golubkov (Eds.). Bio-
diversity and ecological problems of the Neva Estuary.
KMK Scientific Press Ltd., Moscow — Saint Peters-
burg: 241-267. [In Russian]|



Long-term dynamics of biodiversity in the Gulf of Finland

Korelyjkova I.L. 1997. Higher water vegetation in the
eastern Gulf of Finland. GOSNIORH Press, St. Peters-
burg, 158 p. [In Russian]|

Kovalchuk N.A. 2008. Biodiversity and modern state of
green, brown and red algae in the Russian part of the
Gulf of Finland. In: A.F. Alimov and S.M. Golubkov
(Eds.). Biodiversity and ecological problems of the
Neva Estuary. KMK Scientific Press Ltd., Moscow —
Saint Petersburg: 126—136. [In Russian]

Kruk-Dowgiallo L. 1991. Long-term changes in the struc-
ture of underwater meadows of the Puck lagoon. Acta
Ichtyologica et Piscatoria, Supplement, 21: 77—84.

Kudersky L.A. 1997. Changes of the fish crop in the east-
ern part of the Gulf of Finland as a result of natural
and man-induced factors” impact. In: J. Sarkkula (Ed.).
Proceedings of the Final Seminar of the Gulf of Finland
Jear 1996. SUOMEN YMPARISTOKESKUS, Hel-
sinki: 261-277.

Kudersky L.A. and Alekseev A.P. 2005. Fish catch in
the Baltic Sea on the boundary of the second and third
millennium. Materials of VIII International Confer-
ence and Exebition AQUATERRA-2005" (14—15 June
2003, St. Petersburg, Russia): 324—332. [In Russian]

Kudersky L.A., Churukhin A.S., Popov A.P., Bogdanov
D.V. and Yakovlev A.S. 2007. Fish population in Neva
Bay. In: G.P. Rudenko (Ed.). The problems of ichtiology
and fish economy. Proceedings of FGNU GOSNIORH,
336: 9-35. [In Russian]

Kudersky L.A., Shurukhin A.S., Popov A.P., Bogda-
nov D.V. and Yakovlev A.S. 2008. Fish population of
the Neva Estuary. In: A.F. Alimov and S.M. Golubkov
(Eds.). Biodiversity and ecological problems of the
Neva Estuary. KMK Scientific Press Ltd., Moscow —
Saint Petersburg: 223—-240. [In Russian]

Kukk H. 1988. Long-term changes in the bottom vegeta-
tion of Hogland (Suursaari) Island coastal waters. Pro-
ceedings of the Estonian Academy of Sciences: Biology,
Ecology, 37: 242-244.

Lehtiniemi M. and Gorokhova E. 2008. Predation of the
introduced cladoceran Cercopagis pengoi on the native
copepod Eurytemora affinis in the northern Baltic Sea.
Marine Ecology Progress Series, 362: 193—200.

Leppnen J.-M., Pitkdnen H., Savchuk O., Basova S.,
Drabkova V., Gran V., Heiskanen A.-S., Koponen
J., Shpaer I. and Silina N. 1997. Eutrophication and
its effects on the Gulf of Finland. In: J. Sarkkula (Ed.).
Proceedings of the Final Seminar of the Gulf of Finland
Jear 1996. SUOMEN YMPARISTOKESKUS, Hel-
sinki: 31-49.

Litvinchuk L.F. and Telesh I.V. 2006. Distribution, popu-
lation structure, and ecosystem effects of the invider
Cercopagis pengoi (Polyphemoidea, Cladocera) in the
Gulf of Finland and the open Baltic Sea. Oceanologia,
Supplement, 48: 243—257.

Malchevskiy A.S. and Pukinskiy U.B. 1983. Birds of
Leningrad Region and adjacent territories: history,

417

biology and protection. Volumes 1-2. Leningrad State
University, Leningrad, 984 p. [In Russian]

Matthiaus W. and Schinke H. 1999. The influence of river
runoff on deep water conditions of the Baltic Sea. Hyd-
robiologia, 393: 1-10.

Maximov A.A. 2003. Changes of bottom macrofauna in
the eastern Gulf of Finland in 1985-2002. Proceedings
of the Estonian Academy of Sciences: Biology, Ecology,
52: 378-393.

Maximov A.A. 2004. Long-term changes in macrozooben-
thos of Neva Bay. Biology of inland waters, 3: 84—89. [In
Russian]

Maximov A.A. 2007. Changes of macrozoobenthos in the
eastern Gulf of Finland associated with deterioration
of oxygen conditions. Baltic Sea Science Congress
2007 (March 19-22 2007, Rostock, Germany). Ab-
stracts: 111.

Meier H.E.M. 2007. Modeling the pathways and ages of
inflowing salt- and freshwater in the Baltic Sea. Estua-
rine, Coastal and Shelf Science T4: 610—627.

Noskov G.A. 2002. The main results of bird migration stud-
ies in the North-West Region of Russia. In: Proceedings
of the Programmer “Study of the Status and Trends of
Migratory Bird Populations in Russia” (Fourth Issue).
Saint Petersburg: 62—78.

Noskov G.A., Fedorov V.A., Gaginskaya A.R., Sagitov
R.A. and Buzun V.A. 1993. About ornithofauna of
islands in the eastern Gulf of Finland. Russian Ornitho-
logical Journal, 2: 163—173. [In Russian|

Orlova M.I., Telesh 1.V., Berezina N.A., Antsulevich
A.E., Maximov A.A. and Litvinchuk L.F. 2006. Effects
of nonindigenous species on diversity and community
functioning in the eastern Gulf of Finland (Baltic Sea).
Helgoland Marine Research, 2: 98—105.

Panov V.E., Alimov A.F., Golubkov S.M., Orlova M.I.
and Telesh I.V. 2002. Environmental problems and
challenges for coastal zone management in the Neva
Estuary (eastern Gulf of Finland). In: G. Schernewski
and U. Schiewer (Eds.). Baltic Coastal Ecosystems:
Structure, Function and Coastal Zone Management.
Springer-Verlag, Berlin, Heidelberg: 171—184.

Popov A.P. 2006. Biology and reproduction of smelt (Os-
merus eperlanus 1..) in the eastern Gulf of Finland. In:
G.M. Lavrentieva and O.N. Susloparova (Eds.). Eco-
logical aspects of impact of hydroconstruction upon
biota of the eastern Gulf of Finland. Proceedings of
FGNU GOSNIORH, 331: 92—118. [In Russian|

Pitkanen H., Kondratyev S., Laine A., Gran V., Kaup-
pila P., Loigu E., Markovets I., Pachel K. and
Rumyantsev V. 1997. Pollution load on the Gulf of
Finland from Estonia, Finland and Russia in 1985-
1995. In: J. Sarkkula (Ed.). Proceedings of the Final
Seminar of the Gulf of Finland Jear 1996. SUOMEN
YMPARISTOKESKUS, Helsinki: 9-18.

Putkonen T.A. 1936. Havaintoja lintujen kevat-muutosta
kyrapaanjarvella. Omis Fennica, 13: 70-79.



418

Putkonen T.A. 1942. Kevatmuutosta Viipurin-lahdella.
Omis Fennica, 19: 33—44.

Red Data Book of the Russian Federation. Animals.
2001. AST Asterel, Moscow, 863 p. [In Russian]

Red Data Book of Nature of the Leningrad Region. 1999.
V. 1. Protected Areas. Biological Research Institute of
the Saint Petersburg State University, St. Petersburg,
348 p. [In Russian]

Red Data Book of Nature of the Leningrad Region.
2000. V. 2. Plants and Fungi. Biological Research In-
stitute of the Saint Petersburg State University, Saint
Petersburg, 671 p. [In Russian]

Red Data Book of Nature of the Leningrad Region.
2002. V. 3. Animals. Biological Research Institute of
the Saint Petersburg State University. World & Family,
Saint Petersburg, 479 p. [In Russian]

Rezvov G.V. 1975. Distribution of pup breeding sites of
Baltic ringed seal (Pusa hispida botnica Gmelin, 1788)
in the Gulf of Finland depending on winter severity. In:
G.B. Agarkov (Ed.). Marine mammals. Part 2. Naukova
Dumka, Kiev: 73-74. [In Russian]

Rezvov G.V. 1977. Feeding of ringed and gray seals in the
Baltic Sea. Fish Economy, 7: 24—26. [In Russian]|

Rozanova M.A. and Golubeva M.M. 1921. Materials to
investigations of higher vegetation of coast near Peter-
shoph. Proceedings of Petrograd Society of Naturalists,
52: 101-125. [In Russian]

Sandén P. and Hakansson B. 1996. Long-term trends in
Secchi depth in the Baltic Sea. Limnology and Ocean-
ography, 41: 346-351.

Savchuk O.P., Wulff E,, Hille S., Humborg C. and Polleh-
ne F. 2008. The Baltic Sea a century ago — a reconstrac-
tion from model simulations, verified by observations.
Journal of Marine Systems, T4: 485—494.

Schernewski G. and Schiewer U. 2002. Baltic Coastal Eco-
systems: Structure, Function and Coastal Zone Manage-
ment. Springer, Berlin, Heidelberg, New York, 215 p.

Skorikov A.S. 1910. To the fauna of the Neva Bay and sur-
rounding waters of Kotlin Island. Annuaire du Musée
Zoologique de I'’Académie Impériale des Sciences de St.-
Pétersbourg, 15: 474—489. [In Russian|

Telesh I1.V. 2004. Plankton of the Baltic estuarine eco-
systems with emphasis on Neva Estuary: a review of

S.M. Golubkov

present knowledge and research perspectives. Marine
Pollution Bulletin, 49: 206—219.

Tormosov D.D. and Esipenko A.G. 1990. Baltic ringed
seal. In: V.E. Sokolov (Ed.). Rare and threatened spe-
cies of mammals of the USSR. Nauka, Moscow: 50—57.
[In Russian]

Valiela 1., McClelland J., Hauxwell J., Behr P. J., Hersh
D. and Foreman K. 1997. Macroalgal blooms in shal-
low estuaries: Controls and ecophysiological and eco-
system consequences. Limnology and Oceanography,
42:1105-1118.

Verevkin M.V. and Sagitov R.A. 2004. Number and dis-
tribution of seals in the Gulf of Finland. In: I.V. Ilinskiy
(Ed.). Birds and mammals of the North-West of Russia.
Proceedings of Biological Research Institute of the Saint
Petersburg State University, 48: 35—39. [In Russian]

Verevkin M. V., Vysotsky V.G., Dmitrieva L.N. and Sagi-
tov R.A. 2008. The distribution of gray seal and ringed
seal in the Gulf of Finland during the warm winters of
2007-2008. Marine Mammals of the Holarctic. Collec-
tion of Scientific Papers after the Fifth International
Conference (14-18 October, 2008, Odessa, Ukraine).
Odessa: 275-278.

UNEP 2005. Laane A., Kraav E. and Titova G. Baltic Sea,
Giwa Regional assessment 17. University of Kalmar,
Kalmar, 69 p.

Widdows J., Bale A.J., Brinsley M.D., Somerfied P.
and Uncles R.J. 2007. An assessment of the potential
impact of dredring activity on the Tamar Estuary over
the last century: II. Ecological changes and potential
drivers. Hydrobiologia, 588: 97—108.

Zalesskiy I.A. and Volf G.F. 1913. Results of physic and
chemical investigation of the Neva Bay. In: Khloponin
G.V. (ed.). Materials of water investigation in the Neva
Bay in sanitary aspects. Saint Petersburg: 1-15. [In
Russian|

Zhakova L.V. 2008. Macrophytes: vascular plants and
macroalgae. In: A.F. Alimov and S.M. Golubkov (Eds.).
Biodiversity and ecological problems of the Neva
Estuary. KMK Scientific Press Ltd., Moscow — Saint
Petersburg: 105-125. [In Russian]

Submitted October 27, 2008; accepted July 10, 2009.



