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Abstract. Data on benthic macroinvertebrates of the northern Caspian Seain 1980-1991 were
collected by the Caspian Fishery Research Institute. During the initial period of the water-level
rise, the main trends in benthic macroinvertebrates were increases in the biomass of the main
groups and decreases in the relative abundance of species of Mediterranean origin. There was
no significant alteration in species composition. The increased abundance was due to improved
trophic conditions and a decrease in the numbers of benthos-feeding fish. Some decrease in
the relative abundance of species of marine origin was related to a decrease in water salinity.
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Introduction

The Caspian Sea, like many lakes in arid regions, has undergone marked
changes in the water-level. In the first half of the 20th century, the water-level
fell and by 1977 had reached 28.9 m below ocean level. In 1978, however,
the water-level began to rise and by 1991 had risen 1.8 m. At present (1998),
the level of the Caspian Sea has risen 2.2 m. This level was attained in 1997
and has been more or less stable since then.

The unique biological resources of the Caspian Sea, as well as its signif-
icant social and economic values, have attracted close public and scientific
attention in recent years. Explorations of its benthic communities have
revealed large numbers of endemic species, and spatial irregularity and sig-
nificant long-term fluctuations in the abundance of benthic invertebrates
(Birstein, 1945; Vinogradov, 1955, 1959; Saenkova, 1959; Osadchikh, 1963,
1968; Romanova, 1960, 1963; Yablonskaja, 1975). Many studies identified a
significant correlation between the abundance of benthic taxa and elements of
the hydrological regime, particularly salinity, river outflow volume, and flood
periodicity etc. (Yablonskaja et al., 1974; Osadchikh, 1980; Yablonskaya and
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Osadchikh, 1996). Changes in key environmental factors followed the fall
in water-level in the period 1930-1970s and significantly influenced benthic
communities (Osadchikh, 1988; Yablonskaya and Osadchikh, 1996). Like-
wise, recent rises in water-level have apparently caused significant ecosystem
changes. Unfortunately, these recent changes are less well known because of
difficulties in the support of scientific research.

The main objective of the present paper is to evaluate the state and dynam-
ics of benthic macroinvertebrates in the northern Caspian Sea during the
initial period of recent rises in water-level (between 1980 and 1991).

Materials and methods

Data were obtained in the northern Caspian Sea in 1980-1991 during the
course of standard June hydrobiological observations by the Caspian Fishery
Research Institute (KaspNIRH) (Figure 1). Benthos at depths of 2 to 10 m
was investigated. Bottom samples were collected using an “okean” bottom
sampler of 0.1 rhgape size. Sample collection and treatment was made using
standard methods (Anon., 1983). A total of 1400 quantitative benthic samples
was collected and analysed.

Results

Northern Caspian as a whole

In the period 1980-1991, benthic communities of the northern Caspian com-
prised 110 species of aquatic invertebrates (Table 1). The largest number
of species (50) recorded were amphipod species. Polychaetes comprised
6 species, leeches 3, bivalves 22, gastropods 2, ostracods 10, Cumacea
14, Mysidacea 8, Isopoda, Cirripedia and Decapoda, 1 species. Species of
Turbellaria, Nematoda, Oligochaeta, Chironomidae and Trichoptera were not
identified.

A number of the species recorded (70 taxa) was found during the whole
period of the investigation. Other species were represented only occasionally
and without any noticeable trends.

Bivalve molluscs formed the greatest part (75 per cent) of benthic
macroinvertebrate biomass in the northern Caspian (Table 2). The abundance
of Annelida, crustaceans and chironomids was much lower (12, 12, and 1
per cent, respectivelyMytilaster lineatusand Abra ovatawere the dom-
inant bivalves. Oligochaetes dominated the Annelida. Among crustaceans,
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Figure 1. Areas in the Caspian Sea investigated. 1, western part of the northern Caspian Sea;
2, eastern part of the northern Caspian Sea.



Table 1. Species composition of benthic macroinvertebrates in the northern Caspian Sea in 1980-1991

Species

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

Turbellaria indet.

Nematodes indet.
PolychaetaHypania invalida(Grube)
Hypaniola kowalewski{Grimm)
Manayunkia caspicAnnenkova
Nereis diversicoloO.F.Muller
Fabricea sabellgEhrenberg)
Parnypania brevispinigGrube)
Oligochaeta indet.

Hirudinea

Caspiobdella tuberculat&pstein
Archaeobdella esmon&rimm
Piscicola caspica&alensky
Bivalvia

Abra ovata(Phil.)
Cerastoderma lamarckReeve)
Dreissena polymorpha polymorplBall.)
D.p.andrusoviAndr.)
D.rostriformis(Desh.)

Didacna trigonoidegPall.)
D.profundicolaLogv.et Star.
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Table 1. Continued

Species 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

D.barbotdemarny{Grimrn)  +
D.longipegGrimm) +
D.parallella Bog. +
D.protracta(Eichw.)
Hypanis vitrea(Eicnw.)
H.laeviusculaEichw.)
H.plicataEichw.
H.angusticostatgBorcea)
H.caspia(Eichwald)
H.minima(Ostr.)
H.albidaLogv.et Star.
Mytilaster lineatugGmel.)
Pisidiumsp.

Unio sp.

Anodontasp.

Gastropoda
Pyrgulidaegen sp. + + + + + + + + + + + +
Theodoxus palladidh. + + + + + + + + + + + +
Cirripedia

Balanus improvisuarwin ~ + + + + + + + + + + + +
Amphipoda
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Table 1. Continued

9T¢

Species

1980

1981

1982

1983

1984

1985

1986

1987

1988 1989

1990 1991

Axelboeckia spinosgs.0.Sars)
Amathillina cristataGrimm
A.spinosgGrimm)
Am.PusillaG.O.Sars
Cardiophilus baeriG.0.Sars
Dikerogammarus caspiy®allas)
D.haemobaphetEichwald)
Gammarus pauxillu&rimm
G.warpachowsky.O.Sars
G.ischnusStebbing
G.placidusGrimm
Gammaracantus loricatus caspi@imm
Gmellina costataGrimm (G.O.Sars)
G.pusillaG.O.Sars
G.branchiuraDerzh. et Pjat.
G.laeviusculaG.0.Sars
Gmelinopsis tuberculat&.O.Sars
Iphigenella andrussoyG.O.Sars)
Niphargoides caspiugGrimm)
N.corpulentuss.O.Sars
N.compactus.0.Sars

+ + + + + +

+




Table 1. Continued

Species 1980 1981 1982 1983 1984 1985 1986 1987 1988

1989

1990

N.spinicaudatugar.
N.quadrimanuss.0.Sars

+ +
+ +
N.aequimanuss.0.Sars + +
+
+

+
+
+
+

+ + + F
+ + + t

N.derzhaviniPjatakova
N.robustoidegGrimm)
N.deminutugStebbing) - - - - - - - + -
N.obesugG.0O.Sars) + + + + + + + + +
N.motasiCar. - - - - - - - - -
N.paradoxugDerzhavin) - - -
N.abbreviatugG.O.Sars) +
N.macrurus(Sars) +
N.compressufs.0.Sars) +
N.similis(G.O.Sars) +
N.maeoticugSowinsky) - - -
Derzhavinella macrochelatBirstein - - - - - + - - - -
Pontoporeia affinis microphtalm@rimm  — - - - - -
Pseudalibrotus caspiugsrimm) G.O.Sars = + + +
P.platyceragGrimm) G.O.Sars - - + + + -
Pandorites platycheifG.O.Sars) + + + + +
P.podoceroide¢Grimm) + + + + + + + + -
Gammaridegen. sp. + + - + + + + + +
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Table 1. Continued

Species 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Zemovia volgensiBeahavin - - - - - - + + +
Corophium nobilez.0.Sars + + + + + + + + + + + +
C.chelicorneG.0O.Sars + + + + + + + + + + + +
C.curvispinumG.O.Sars + + + + + + + + + + + +
C.robustunG.0O.Sars + + + + — + + + + + + +
C.mucronatunt.O.Sars + + + + + + + + + + + +
C.sipinulosun.0.Sars + + + + + + + + + + + +
C.monodorG.0O.Sars + + + + + + + + + + + +
Cumacea

Caspiocuma campylaspoidés.0.Sais) + + + + + + + + + + + +
Pseudocuma cercaroidé€s.0.Sars + + + + + + + + + + + +
Pterocuma pectinatéG.O.Sars) + + + + + + + + + + + +
P.sowinsky{(G.O.Sars) + + + + + + + + + + + +
P.rostrata(G.O.Sars) + + + + + + + + + + + +
Stenocuma gracili§G.O.Sars) + + + + + + + + + + + +
S.graciloidegG.O.Sars) + + + + + + + + + + + +
S.tenuicauddG.O.Sars) + + + + + + + + + + + +
Schizorhynchus bilamellat{&.0.Sars)  + + + + + + + + + + + +
Sch.Eudorelloide$G.O.Sars) + + + + + + + + + + + +
Sch.Scabriusculus.O.Sars + + + + + + + + + + + +
Sch.Knipowitch{Derzhavin) + + + + + + + + + + + +
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Table 1. Continued

Species 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
Volgocuma telmatophorBerzhavin =~ + + + + + + + + + +
Carinocuma birsteini + + + + - — + + -
Mysidacea

Paramysis baerzemiavsky + + + + + + + + + +
P.ullskyiCzerniavsky + + + + + + + + + +
P.lacustrisCzern. + + + + + + + + + + +
P.intermedigCzem.) + + + + + + + + - -
P.loxolepisG.O.Sars - - - - - - - - - - - _
P.kessleriG.O.Sars — + — - - — + _ + _ + +
Limnomysis benedefizerniavsky - + + - - - - — + +
Caspiomysis knipowitscl8.0.Sars  — + — - + + + + — _ _
Isopoda

Jaera sarsi caspic&esselyak + + + + + + + + + + +
Decapoda

Rhithropanopeus harris{iGould)

Chironomidae indet. + + + + + + +

Trichoptera indet.
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Table 2. Biomass of main benthic macroinvertebrate components in the northern Caspian in 19801991, gm
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Species Year Average Average
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979

Nereis 260 280 230 460 390 360 320 280 480 470 490 220 3.53 2.90
Ampharetidae 080 100 160 120 070 120 120 170 110 100 110 190 1.21 0.50
Oligochaeta 470 460 6.10 430 520 700 570 970 6.70 940 790 6.60 6.49 3.20
Other 0.00 0.00 0.04 0.06 0.03 004 002 002 002 0.03 0.03 0.04 0.03 0.02
Annelida 8.10 8.40 10.04 10.16 9.83 11.84 10.12 14.22 12.62 15.13 13.93 10.74 11.26 6.62
D.p.polymorpha 530 190 240 170 070 0.06 010 — 0.70 — 0.50 — 1.11 —
D.p.andrusovi 1.00 100 080 070 070 210 140 810 270 3.00 160 390 225 2.60
H.vitrea 090 3.60 260 320 230 4.00 220 150 400 4.80 340 4.00 3.04 1.70
H.angusticostata 2.90 6.00 6.10 9.80 7.90 9.00 1050 9.10 14.10 12.00 8.80 11.00 8.93 3.20
D.trigonoides 450 9.60 7.10 870 1150 19.30 1290 590 550 8.10 350 450 8.43 9.20
D.barbotdemarnyi 1.10 8.10 0.80 0.70 400 590 250 990 060 230 310 280 348 —
C.lamarcki 110 130 340 190 0.10 050 040 070 050 040 030 0.60 0.93 2.10
M.lineatus 7.70 1400 6.50 39.50 12,50 21.30 39.50 3580 3350 4190 27.70 290 23.57 12.70
A.ovata 10.00 990 9.70 930 440 970 960 6.30 750 21.10 29.70 9.30 11.38 12.60
Other 320 300 160 490 260 270 1520 13.00 160 1190 6.20 6.40 6.03 1.30
Mollusca 37.70 58.40 41.00 80.40 46.70 74.56 94.30 90.30 70.70 105.50 84.80 45.40 69.15 45.40




Table 2. Continued

Species

Year Average

1980 1981 1982 1983 1984

Average

1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979

Gammaridae 290 350 140 250 280 3.00 360 240 260 210 190 220 258

Corophiidae 6.00 280 140 3.80 1.90

Cumacea 100 140 260 160 1.30
R.harrisii 150 0.70 030 0.70 0.40
B.improvisus 120 1.10 1.60 3.30 1.20
Other 0.05 0.01 0.05 0.06 0.10

380 280 490 310 270 200 210 311
210 120 170 220 250 180 190 1.78
060 090 040 060 040 030 0.10 058
210 350 470 710 3,60 6.30 0.90 3.05

0.04 005 004 008 002 0.10 0.05 0.05

2.10
2.00
1.00

0.00

0.00

0.04

Crustacea 1265 951 735 1196 7.70

11.64 12.05 14.14 1568 11.32 1240 7.25 11.14

5.14

Chironomidae 0.80 0.60 2.20 0.80 0.50

020 040 270 110 0.20 0.10 0.60 0.85

0.20

Total 50.25 76.91 60.59 103.32 64.73

98.24 116.87 121.36 100.10 132.15 111.23 63.99 92.40

57.36

| X44
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Figure 2. Sea-level and salinity in the northern Caspian Sea in the period 1980-1991. After
Katunin (1992) and Latypov et al. (1991).

Corophiidae and Gammaridae dominated in the first half of the 1980s,
Cirripedia in the second half.

The total biomass of bivalves fluctuated widely during the period of inves-
tigation: from 38 g 2 in 1980 to 106 g m? in 1989 (Table 2). Changes were
generally determined by changes in the biomass of the dominant spdcies,
lineatus which underwent significant but irregular fluctuations in abundance.
The biomass oAbra ovata Hypanis vitreaandH. angusticostatancreased
slightly near the end of 1980, whiBreissena polymorpha polymorplzad
Cerastoderma lamarckdecreased in abundance. Overall, the quantity of
bivalves has increased significantly during the period of investigation.

Total Annelida biomass varied from 8.1 gfin 1980 to 15.2 g m? in
1989. At the end of the period of investigation, the abundance of Oligochaetes
rose considerably while the biomassNdreis diversicoloincreased slightly.
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Figure 3. Biomass of benthic invertebrates of different origin in the western part of the north-
ern Caspian. 1, freshwater species; 2, brackish-water species; 3, marine-derived Mediterranean
species.
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Figure 4. Biomass of benthic invertebrates of different origin in the eastern part of the
northern Caspian. Explanations as in Figure 3.
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Figure 5. Biomass of benthic invertebrates of different origin in the northern Caspian.
Explanations as in Figure 3.

As a result, total Annelida biomass increased markedly between 1980 and
1991.

Crustacean biomass varied from 5.4 g’nn 1982 to 9.9 g m? in 1980,
the biomass of Chironomidae from 0.1 gfrin 1990 to 2.7 g m? in 1987.

No trend was discerned in the abundance of these groups in 1980-1991, but
maximum biomass values were noted in the second half of the period of
investigation.

The total biomass of benthic macroinvertebrates of the northern Caspian
varied from 56.5 g m? in 1980 to 128.1 g ¥ in 1989, mostly reflecting
changes in bivalve abundance. Overall, some increase in total biomass was
observed in the 1980s, an increase more obvious in the western part of the
northern Caspian.

Comparison of our data with those for 1960-1979 (Table 2) revealed that
almost all major groups of benthic invertebrates had a higher biomass in the
1980s than in the period 1960-1979. Even minimum values for worm and
crustacean biomass in the 1980s were higher than average values for the
period 1960-1979 (6.6 and 5.1 g respectively). Nevertheless, the aver-
age biomass of some mollusc species remained at former levels in the 1980s
(Dreissena polymorpha andruspwidacna trigonoidesA. ovatg or even
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lower (C. lamarck). Average total biomass of benthic macroinvertebrates in
1980-1991 appear to be 1.6 times higher than in 1960-1979.

Differences in the structure of benthic macroinvertebrate communities in
different parts of the northern Caspian

The western and eastern parts of the northern Caspian differed significantly
in terms of the abundance of benthic invertebrates, the relative biomass of
different species, and long-term fluctuations in these.

The western part was characterised by the high productivity of benthic
communities. Average benthic biomass in 1980-1991 was 121.8%Qg m
(Table 3). In the 1980s, an increased biomass of molluscs and Annelida
was recorded in this region while no obvious trends were revealed in the
abundance of crustaceans and Chironomidae.

The eastern part of the Sea, on the other hand, was characterised by a
lower productivity of benthic communities. Average biomass in 1980-1991
was only 36.6 g m? (Table 4). The only obvious trend in benthic com-
munities was an increase in Annelida abundance. The biomass of molluscs,
crustaceans and Chironomidae changed irregularly between years.

In both the western and eastern parts, the largest fraction of benthic
macroinvertebrate biomass comprised bivalve molluscs. In the Wesin-
eatusdominated except in 1991 whén ovatadominated. The abundance of
A. ovataandH. vitrea increased during the 1980s and peaked at the end of
the period of investigationDreissenia polymorpha polymorphaas found
in considerable numbers at the beginning of the 1980s, but then gradually
disappeared from the benthos. Simultaneously, the numBempaiymorpha
andrusaviincreased.

In the east, the dominant mollusc wBsdacna trigonoides Occasion-
ally, Hypanis angusticostata angusticostaad Abra ovataalso had high
biomasses. During the period of investigatibn trigonoidesand A. ovata
decreased slightly in abundance, whilepolymorpha andrusoyH. angus-
ticostataandH. vitreaincreased in abundance.

The abundance of the Annelida grew in both parts of the northern Caspian
in the 1980s. In the western part, this was mainly due to Oligochaeta. In the
east,Nereis diversicolorformed the largest part of annelidan biomass. Its
abundance continued to increase markedly during the early 1990s.

Among crustaceans, Gammaridae dominated the west in the first half of
the 1980s. In the second half of the 1980s, Cirripedia dominated. Overall,
crustacean abundance was higher in the second half of the period under study
than in the first half. In the east, Corophiidae dominated, but its biomass
varied irregularly. The abundance of the Gammaridae and Cumacea increased
slightly during the study period.
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Table 3. Biomass of main benthic macroinvertebrate components in the western part of the northern Caspian in 1980-1991, gm

Species Year Average Average
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979

Nereis 240 270 1.60 4.70 3.80 280 280 250 440 470 430 120 3.20 3.10
Ampharetidae 1.10 1.30 2.50 1.80 1.00 1.30 1.60 2.30 1.40 1.30 1.50 2.70 1.70 0.60
Oligochaeta 6.40 6.00 8.70 5.60 6.80 9.00 7.30 12.70 870 1290 11.10 8.00 8.60 3.80
Other 0.05 0.03 0.07 0.09 0.04 0.06 0.04 0.02 0.03 0.05 0.05 0.06 0.05 0.03
Annelida 9.95 10.03 12.87 12.19 11.64 13.16 11.74 1752 1453 1895 16.95 11.96 13.55 7.53
D.p.polymorpha 8.10 3.00 3.80 2.70 1.00 0.10 0.20 — 1.10 — — — 1.70 —
D.p.andrusovi 1.00 0.80 0.40 0.80 0.70 2.10 1.60 11.50 3.80 3.90 2.30 3.20 2.70 2.50
H.vitrea 140 530 4.00 4.80 4.00 580 290 190 560 650 470 470 4.30 2.20
H.angusticostata 3.20 6.90 8.10 11.80 10.80 9.10 13.00 1290 19.90 15.90 9.80 9.60 10.90 6.60
D.trigonoides 180 6.10 200 7.30 13.30 15.10 14.70 7.20 560 7.00 200 240 7.00 6.00
D.barbotdemarnyi 1.60 12.60 1.30 1.10 6.10 9.00 370 1430 090 360 480 420 5.30 4.70
C.lamarcki 160 160 500 260 0.20 0.70 050 1.00 0.80 0.60 0.30 0.60 1.30 3.00
M.lineatus 11.80 21.90 10.10 60.80 19.00 32.40 58.10 51.80 51.40 65.70 43.20 4.40 35.90 19.40
A.ovata 9.80 9.80 6.90 10.00 5.70 12.60 13.20 890 11.10 30.50 41.40 13.60 14.50 13.30
Other 480 4.10 2.50 7.30 7.20 3.80 16.50 31.20 240 18.70 11.30 10.50 10.00 2.90

Mollusca 4510 72.10 44.10 109.20 68.00 90.70 124.40 140.70 102.60 152.40 119.80 53.20 93.60 60.60




Table 3. Continued

Species Year Average Average
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979
Gammaridae 420 5.10 190 3.70 410 400 470 330 370 250 230 240 350 2.90
Corophiidae 690 180 120 390 180 340 250 500 340 170 140 090 280 1.70
Cumacea 130 160 390 240 170 280 150 210 290 320 220 250 230 1.20
R.harrisii 1.00 040 020 050 050 060 120 050 080 030 020 0.10 0.53 —
B.improvisus 180 140 070 410 160 260 480 680 1060 490 9.70 130 4.19 —
Other 0.06 0.03 008 010 020 0.06 006 006 010 0.03 0.02 010 0.08 0.05
Crustacea 15.26 10.33 7.98 14.70 990 13.46 14.76 17.76 2150 12.63 15.82 7.30 13.45 5.85
Chironomidae 1.30 090 340 130 070 030 060 400 170 030 130 090 1.39 0.30
Total 71.61 93.36 68.35 137.39 90.24 117.62 151.50 179.98 140.33 184.28 153.87 73.36 121.82 74.28
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Table 4. Biomass of main benthic macroinvertebrate components in the eastern part of the northern Caspian in 1980=1991, gm

Species Year Average Average
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979

Nereis 320 280 350 440 4.00 510 410 3.70 560 4.70 590 4.00 4.25 2.40
Ampharetidae 0.20 0.40 0.10 0.20 0.20 0.90 0.20 0.40 0.50 0.40 0.20 0.30 0.33 0.20
Oligochaeta 130 200 140 190 190 290 220 280 3.00 310 230 3.80 238 2.00
Other 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.02 0.00

Annelida 470 520 5.00 650 6.10 890 6.50 6.90 9.10 8.20 8.40 8.10 6.97 4.60
D.p.polymorpha — — — — — — — — — — — — 0.00 —
D.p.andrusovi 100 140 150 040 050 210 090 0.60 0.80 140 0.40 550 1.38 1.90
H.vitrea 0.10 0.60 0.10 040 040 0.70 0.80 0.80 100 180 0.80 3.00 0.88 0.90
H.angusticostata 2.30 4.30 2.70 5.90 270 890 5.20 1.00 350 5.10 4.80 1140 4.82 2.70
D.trigonoides 9.00 15.70 16.10 11.20 8.00 27.40 9.30 3.20 5.40 10.10 6.30 8.70 10.87 7.80
D.barbotdemarnyi — — — — — — — — — — — — 0.00 —
C.lamarcki 0.30 0.80 060 0.70 0.00 0.01 — 000 001 — — — 0.20 0.60
M.lineatus 0.00 0.02 0.00 0.01 — 0.01 — 000 — — — 0.00 —

A.ovata 10.40 10.10 1450 8.00 1.80 4.10 2.00 050 1.00 470 870 0.60 5.53 11.30
Other 090 0.70 050 040 090 030 1.10 0.10 0.30 0.02 0.09 0.05 0.45 0.10

Mollusca 24.00 33.62 36.00 27.01 14.30 43.52 19.30 6.20 12.01 23.12 21.09 29.25 24.12 25.30
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Table 4. Continued

Species Year

Average

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1980-1991 1960-1979

Average

Gammaridae 050 0.70 0.30 0.30 0.40 1.10
Corophiidae 420 4.60 180 3.70 2.20 3.00

1.10 0.50 0.60
3.50 450 2.30
0.60 0.70 1.00
0.20 0.09 0.20
0.80 0.04 0.50

0.01 0.02 0.03

120 110 190 0.1
450 3.20 450 3.50
1.30 1.10 0.80 0.75
0.80 0.70 0.01 0.67
120 0.10 0.20 0.81

0.01 0.04 0.02 0.02

0.80
2.60
0.80

0.02

Cumacea 0.60 0.90 0.40 0.30 0.50 0.80
R.harrisii 230 120 050 100 0.40 0.60
B.improvisus 0.20 0.60 3.00 1.80 0.30 1.00
Other 0.00 0.00 0.00 0.01 0.02 0.02
Crustacea 7.80 800 6.00 7.11 3.82 6.52

6.21 585 4.63

9.01 6.24 752 6.56

4.22

Chironomidae 0.00 0.00 0.00 0.00 0.00 0.02

0.00 0.01 o0.01

0.03 0.00 0.03 0.01

0.20

Total 36.50 46.83 47.00 40.62 24.22 58.96

32.01 18.96 25.75

40.36 35.73 44.90 37.65

34.14

62¢
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In both the western and eastern parts, fluctuations of total biomass in the
1980s were closely related to changes in bivalve biomass. In the west, total
biomass grew from 69 g n? in 1980 to 179 g m? in 1989. In the east, total
biomass did not change significantly and bivalve abundance showed no clear
trends.

Compared to 1960-1979, the average biomass of all major groups of
benthic macroinvertebrates in the west increased considerably (Table 3). The
average value for total biomass was 1.5 times higher for 1980-1991 than for
1960-1979. Changes in the abundance of groups in the east were insignifi-
cant. However, a smaller biomass of bivalves and a slightly greater biomass
of crustaceans and Annelida occurred. The relative abundance of different
macroinvertebrate groups did not change compared to the previous period in
both parts of the northern Caspian.

Discussion

The investigation indicated that no benthic macroinvertebrate species dis-
appeared or appeared for the first time in the northern Caspian during the
period of study. Thus species composition remained constant despite marked
changes in environmental factors in 1980-1991 (Figure 2). Even so, the abun-
dance of certain species fluctuated considerably during the initial stages in the
rise in water-level. Moreover, total biomass increased gradually in the 1980s,
as it did earlier when the water-level fell in the 1950s—1970s (Yablonskaya
and Osadchikh, 1996). However, the increase in biomass before and during
the present rise can be attributed to different factors. Thus in the 1950-1970s,
the increase in benthic productivity was due mainly to an increase in the
biomass of alien species from the Mediterranean. Their increase followed
an increase in salinity as water-levels fell. At the same time, a decrease in
the amounts of nutrients and suspended organic matter in the River Volga
outflow occurred in the 1950s-1980s (Yablonskaya et al., 1974), and this led
to a decrease in primary production and zooplankton biomass in the northern
Caspian. The absence of a corresponding decrease in benthic biomass indi-
cates that the changes in trophic conditions did not seem to influence benthic
communities in that period.

In 1989, total phosphorus inflow from rivers was 2.6 times and nitrogen
1.5 times greater than in the 1960s. Simultaneously, there was a consider-
able increase in organic matter inflow, from 1.6 to 2.9 millions ton per flood
(Katunin et al., 1994), and this led to increased productivity of the ecosystem
and improved trophic conditions for the benthos. As a result, in the 1960s
biomass of all groups of benthic invertebrates increased. Characteristically,
this increase occurred mostly in the western part of the northern Caspian, i.e.
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in the region directly influenced by the outflow from the River Volga. Notably,
the stock of benthic-feeding fish (particularly sturgeon) greatly decreased
in the 1980s; from 1980 to 1995, catches decreased from 25,000 to 2,500
ton (lvanov, 1996). This decrease in predator pressure clearly favoured the
development of benthic communities.

The increased average biomass for 1980-1991 compared to 1960-1979
was higher for freshwater and brackish species than for marine-derived
species (Figures 3-5). This apparently reflected the effect of decreased
salinity on benthic communities in the 1980s.

The decreased biomass Dfeissenia polymopha polymorplend the
replacement of this subpecies By polymopha andrusodeems paradoxical
given the lower salinity in the 1980s, since the latter is more halotolerant.
Changes in the biomass of other bivalves are more easily interpreted and are
probably related to reduced oxygen levels in near-bottom waBreasto-
derma lamarckis not tolerant of low oxygen concentrations, and this is not
favoured by the significantly lowered oxygen content of near-bottom waters
following falls in water-level (Katunin et al., 1994). It competes whhra
ovataand relative biomasses have changed markedly from year to year in
response to environmental changes, particularly those in dissolved oxygen
concentration (Romanova, 1979). When water-levels sepvatahas a
competitive advantage as it is less demanding with regard to oxygen content.

Data for 1991 clearly differ from those for other years when benthic
biomass had decreased to values typicla of those for the period prior to
water-level rise (62.6 g nf). This was mainly due to the marked fall in the
abundance oA. ovataandM. lineatusin the deep-water zone. At the same
time, an extensive development of these bivalves took place in the central
Caspian. Perhaps this was because the unusually high velocity of currents
from floods in 1991 carried bivalve larvae from the northern Caspian to cen-
tral regions where they settled down and developed (the velocity of the flood
wave fall in 1991 was 6 cm day as opposed to 2.8 cm dayin 1990).

The abundance of Oligochaeta in the northern Caspian is closely related to
the silt concentration in sediments. As noted, there was a significant increase
in the inflow of organic matter into the lake the the 1990’s — from 1.6 to
2.9 x 10 ton per flood (Katunin, 1992), and this probably led to increased
organic matter in sediments. Characteristically, in the 1980's, the increased
N. diversicolarbiomass occurred in the eastern part only, where the impact
of low salinity was less, whereas Oligochaeta abundance grew in both eastern
and western parts of the northern Caspian.

Overall, the main trends in the biomass of benthic macroinvertebrates in
the northern Caspian during the initial rise in water-level rise grew for the
main benthic group and but there was a relative decrease in the abundance
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of marine-derived Mediterranean species. However, no noticeable change in
species composition took place. The rise in the abundance of the benthic
fauna followed improved trophic conditions and a fall in predator pres-
sure. Some decrease in the relative abundance of marine-derived species was
related to lower salinity.

Acknowledgments

The research was partly supported by the Russian Foundation for Basic
Research (project N 96-04-48114).

References

Anon 1983. Methods for Benthos Exploration of the Southern Seas of the USSR. VNIRO,
Moscow (in Russian).

Birstein, Ja. A. 1945. Long-term changes in the benthos of the Northern Caspian. Russian
Journal of Zoology 24(3): 133-148 (in Russian).

Ivanov, V.P. 1996. Problem of reproduction, protection and use of biological resources of
Volga and Caspian Sea. In: Yu. S. Chuikov (Ed) Caspian at Present and in the Future.
Interpress, Astrakhan: 70-80 (in Russian).

Katunin, D.N. 1992. Water salinity in the Northern Caspian. In: F. S. Terziev (Ed) Hydrom-
eteorology and Hydrochemistry of the Seas. 6. The Caspian Sea. 2. Hydrometeorological
conditions. Hydrometeoizdat, St. Petersburg: 94—-106 (in Russian).

Katunin, D.N., Khripunov, I.A. and Besportochnyi, N.F. 1994. Oxygen content in water layers
of the Caspian Sea in conditions of Sea level increase and anthropogenic press. In: A.P.
Alexeev (Ed) Ecosystems of the Seas of Russia in Conditions of Anthropogenic Press.
Abstract. VNIRO, Astrakhan: 102—-104 (in Russian).

Latypov, Yu. Ya., Gulbin, V.V. and Yakovlev, Yu. M., 1991. The change of Caspian Sea level
and its influence on nearshore ecosystem. Bioljgiya morya 21(4): 281-285 (in Russian).

Osadchikh, V.F. 1963. Benthos of Northern Caspian after the regulation of Volga outflow.
Russian Journal of Zoology 42 (2): 184-197 (in Russian).

Osadchikh, V.F. 1968. Changes of benthos biomass in the Northern Caspian during the
last five years. Trudy Kaspiyskogo Nauchno-Issledovatelskogo Inst. Hors kogo Rybnogo
Khoziaistva i Okeonographii (KaspNIRH) 24: 20-30 (in Russian).

Osadchikh, V.F. 1980. Influence of spring flood regime on benthos development in the
Northern Caspian. Russian Journal of Hydrobiology 16(6): 17—-25 (in Russian).

Osadchikh, V.F. 1988. Long-term abundance dynamicm&fissena polymorphan the
Northern Caspian Sea. In: M.G. Karpinsky (Ed) Quantitative and Species Distribution
of Benthos. VNIRO Moscow: 22—41 (in Russian).

Romanova, N.N. 1960. Spatial distribution of benthos in the Central and Southern Caspian.
Russian Journal of Zoology 39(6): 811-825 (in Russian).

Romanova, N.N. 1963. Feeding behaviour and associations of benthic invertebrates in the
Northern Caspian. Proceedings of Russian Hydrobiol. Society 13: 146-177 (in Russian).



233

Romanova, N.N. 1979. About the relationship betw&srastoderma lamarckand Abra
ovataalong the westen coast of Northern Caspian. In: I.M. Likharev (Ed) Molluscs, the
Main Results of Their Exploration. 6, Publisher. St. Petersburg: 109-110 (in Russian).

Saenkova, A.K. 1959. Seasonal changes in the Northern Caspian zoobenthos. Trudy
Kaspiyskogo Nauchno-Issledovatelskogo Inst. Morskogo Rybnogo Khoziaistva i Okeono-
graphii (KaspNIRH) 15: 56-104 (in Russian).

Vinogradov, L.G. 1955. The role dfereis succine@ benthos of the Caspian Sea. Bulleten
Moskovskogo obschestva ispytatelei prirody 60(6): 61-77 (in Russian).

Vinogradov, L.G. 1959. Long-term changes in Benthos of the Northern Caspian Sea.
Trudy Vsesoyuznogo Nauchno-Issledovatelskogo Inst. Morskogo Rybnogo Khoziaistva
i okeonographii (VNIRO) 38: 241-277 (in Russian).

Yablonskaja, E.A. 1975. Long-term changes in biomass of different trophic groups of
the Caspian Sea zoobenthos. Trudy Vsesoyuznogo Nauchno-lssledovatelskogo Inst.
Morskogo Rybnogo Khoziaistva i Okecnographii (VNIRO) 108: 50—64 (in Russian).

Yablonskaya, E.A., Kurashova, E.K., Levshakova, E.D. and Osadchikh, V.F. 1974. Effect of
changes in the nutrient flow on plankton and benthos. In: Yu. Yu. Marti (Ed) Biological
Productivity of the Caspian Sea. Nauka Moscow 71-92 (in Russian).

Yablonskaya, E.A. and Osadchikh, V.F. 1996. Effect of the oceanographic conditions on ben-
thos development. In: W. S. Terziev (Ed) Hydrometheorology and Hydrochemistry of the
Seas. 6. The Caspian Sea. 2. Hydrochemical Conditions and Oceanographic Fundamentals
of Biological Productivity Development. Hydrometeoizdat, St. Petersburg, 263-278 (in
Russian).






