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Abstract—The productivity of the Aral Sea benthic assemblagesin 1990 and the dynamics from 1950 to 1990
were estimated. In 1990, the marine macrobenthos was characterized by ahigh abundance of benthic organisms
and high productivity of the benthic assemblages. In the coastal zone of the Small Aral Sea, the average biomass
was found to be 2.4 times those in the Large Aral Sea and the destruction, production, and ration were 3 times
greater than those in the Large Aral Sea. Over the last 40 years, the average values of abundance, biomass, and
production of the benthic organisms of the Aral Sea have increased 4-9 times and, despite amore than twofold
reduction in the area, the overall stock of zoobenthos grew almost fivefold. The total macrozoobenthos produc-
tion increased approximately 2.3 times. The Small Aral Sea, which in 1990 was characterized by a high pro-
ductivity of benthic communities and relatively stabile hydrological regime, has good prospects for fishery

development.

INTRODUCTION

The decreasein size of theAral Seaand theincrease
in salinity observed since the 1960s have caused a rad-
ical reconstruction of the whole ecosystem of the sea.
By the beginning of the 1980s, the initial aguatic bio-
coenoses consisting mainly of fresh- and brackish-
water species, had completely degraded. The majority
of the autochthonous species are no longer encountered
in the sea, whereas the acclimatized euryhaline inverte-
brates of marine origin have taken the leading positions
in the benthic assemblages[1, 6, 18, 22, 23, 31]. Along
with the invertebrates, the abundance of the acclima-
tized fishes, in particular, flounder (Z. Ermakhanov,
personal communication) began growing. The stabili-
zation of thewater level and salinity in the northern part
of the Aral Sea (Small Aral Sea) in the 1990s created
conditions for the formation of high-production
communities and commercial fishing recommence-
ment.

In the 1990s, a program for the conservation and
rehabilitation of the Aral Seanatural resourcesand fish-
ery recommencement was developed by national and
international organizations [29, 31]. For these conser-
vation measures, an assessment of the current state and
main tendencies in the sea ecosystem evolution (esti-
mation of the commercial fish potential forage reserve,
in particular) is required. The objective of this paper is
to study the production characteristics of the Aral Sea
benthic communities and to assess their dynamics
within the period of the salinity decrease and water
level fall.

MATERIALS AND METHODS

In the 1990s, benthic assemblages at eight locations
of the Aral Sea northern area were studied (Fig. 1). As
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therewere no vessels ableto operate in the open sea, the
studieswere carried out mainly within the coastal zone.
For sampling at depths over 3 m, asmall Petersen grab
was used; in shallower areas, arod pneumatic sampler
was mainly applied for sampling. In every areastudied,
3-12 stations were selected; in each of them, 5 bottom
samples were usually collected (Table 1). A total of
585 quantitative samples of the macrozoobenthos was
taken. The material collected was processed using stan-
dard methods.

The values of the invertebrate biomass and abun-
dance were averaged over each of the areas studied; the
datawere used for the calculation of the elements of the
biotic balance. The values of the daily metabolic
expenses, production, and the mass species ration were
calculated by the physiological method [26] consider-
ing the parameters presented in the literature (Table 2).
The food assimilation index was taken as 0.6 for non-
predatory species and 0.8 for predators [4]. The total
production of acommunity was cal culated according to
the following equation:

P=P,+P,—A,

where P, is the total production of a macrozoobenthos
community; Py, is the production of nonpredatory spe-
cies, P, isthe production of predators; and A, is assim-
ilation in the predatory zoobenthos [4]. The efficiency
of the food utilization in the macrozoobenthos produc-
tion was estimated with the coefficient K, calculated
by the following formula:

Kl = P/C,

where P is the production of the macrozoobenthos
community and Cisthetotal ration of the bottom inver-
tebrates [12]. It was considered in the calculations that
50% of the ration of crabs and chironomid larvae from
the Procladius and Cryptochironomus genera were
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Fig. 1. Areas of theAra Seastudiesin the 1990s; 1—Buta-
kov bay; 2—area of the Tastyubek Peninsula; 3—
Shevchenko Bay; 4—area of Bugun' village; 5—Bol’shoi
Sarycheganak Bay; 6—Berg Strait; 7—area of Bar-
sakel’'mes Idand; 8—Tshche-Bas Bay. Dotted line—the
coastline in 1960.

covered by predation within the macrozoobenthic com-
munity. Polychaetes were considered to be detritofages,
as no invertebrate species able to be a food source for
their predatoriness had been preserved in the mac-
robenthic communities by the moment of the expansion
of polychaetes over the sea.

RESULTS

Within the benthic assemblages of all the sites stud-
ied, the same groups of invertebrates were encountered:
bivalves Abra ovata and Cerastoder ma isthmicum, gas-
tropods Caspiohydrobia spp., and polychaetes Nereis
diversicolor. In addition to them, inthe Large Aral Sea,
benthic crabs Rhithropanopeus harrisi tridentatus
were indicated. These were found in the grab samples
only in the Bay of Tshche-Bas, though visualy they
were noted within the coastal waters of Barsakel’ mes
Island.

The sites studied were characterized by high abun-
dances of the bottom invertebrates (Table 3). The values
of the benthos abundance and biomassin the Small Aral
Sea, as arule, were higher than those in the Large Aral

Sea. Both the species composition and the ratio of main
taxain the macrozoobenthos were very similar at most
of the sites studied. Practically everywhere, the
bivalves A. ovata and C. isthmicum were dominantsin
the biomass; while the snails Caspiohydrobia spp. pre-
vailed mostly in the abundance.

The high values of the abundance and biomass of
bottom invertebrates determined the high intensity of
the production and destruction processes in the bottom
biocoenoses (Table 4). As aresult of the monotony in
the community structure, the distributions of the func-
tional characteristics were found to be similar to the
abundance distributions. The maximum values of the
destruction rate, production, and rations of the benthic
organisms per unit area were found in the Small Aral
Sea, in which they were approximately three times
greater than in the Large Aral Sea (Table 4).

Among the sites studied, the regions of the Berg
Strait and Bol’shoi Sarycheganak Bay were the most
distinguished with regard to the bottom community
structure. In thefirst region, the bivalves, which usually
dominate in the macrobenthic communities, were
extremely small in number. The biomass was mainly
formed by polychaetes, and the total abundance of the
organismswas very low. In the shallow part of the strait
directly adjoining the Syr-Daria River mouth, the
bivalves were entirely absent and the benthos was
exclusively represented by polychaetes. The bottom
community of Bol’shoi Sarycheganak Bay wasin many
respects similar: the total density and biomass of the
benthos was low, while the abundance of polychaetes
was comparably high and the bivalve settlements were
poorly developed (Table 3, Fig. 2).

According to the distribution of the relative abun-
dance values, the bivalves (mainly A. ovata) made the
biggest contribution to the processes of the organic
matter transformation in the macrozoobenthic commu-
nities over the entire water areastudied. Dueto the high
gastropod production and the absence of the carnivo-
rous crab R. harrisii in the Small Ara Sea, the differ-
ence in the functional indexes between the Large and
Small Ara seas was found to be even more consider-
able than that in the average abundance values.

Unlike most of the other areas of the sea, in Bol’ shoi
Sarycheganak Bay and the former Berg Strait, the main
part of the production was formed by polychaetes
(Fig. 3). Inthese aress, the cal culated values of the pro-
duction of benthic assemblages were the smallest for
the entire sea (Table 4).

DISCUSSION

The data obtained were mainly characteristic of the
Aral Seacoastal zone. Apparently, they differ consider-
ably from the sea average values of the macrobenthos
abundance and production. Thus, the results of the
occasiona studies in the open parts of the sea at the
beginning of the 1990s [5] showed that the Large and
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Table 1. Characteristics of the sampling locations
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Area Month, year Depth, m Salinity, %o Number of samples

Small Aral Sea
Butakov Bay September 1990 1.0-3.2 3841 40
- September 1997 1.0-35 36 45
Tastyubek Peninsula area September 1991 1.0-6.0 26 45
- September 1993 1585 18-20 60
Shevchenko Bay September 1992 1.5-8.0 23-25 90
Bugun'’ village area May 1993 1580 19-25 65
Bol’shoi Sarycheganak Bay June 1994 0.5-1.7 21-26 30

Berg Strait

Syr-Daria River mouth area May 1992 0.84.0 13-25 40
- May 1993 1540 15-25 10

LargeAral Sea
Barsakel’mes |dland area May 1990 0545 30 35
- May 1991 1.0-5.0 35 60
Tshche-Bas Bay October 1992 1.0-6.0 41 20
- June 1993 1.6-6.0 41 45

Table 2. Indexes of dependence of the metabolic rate on the body weight (R = aWP, where Risthe respiration, ml O h™%, and
W is the average weight of animals, g) and the coefficients of efficiency of food assimilation for the body growth (K5), used

for calculations of the biotic balance

Indexes
Taxa Source Ky Source
a b
Crustaceans 0.125 0.759 [19] 0.20 [19]
Oligochaeta 0.105 0.750 [13] 0.30 [13]
Polychaeta 0.186 0.810 [13] 0.26 [21]
Chironomidae 0.091 0.747 [20] 0.50 [7]
Trichoptera 0.368 0.818 [17] 0.56 [11]
Bivalvia 0.079 0.750 [3] 0.26 [21]
Gastropoda 0.126 0.750 [9] 0.26 [21]

Small Aral Seas had no essential differences in mean
guantitative characteristics of the macrozoobenthos. As
was stated, the considerable distinction between the
Large and Small Aral Seasin the coastal zone bottom
invertebrate abundances could result from the features
of the vertical distribution of the macrozoobenthos in
these parts of the Aral Sea. As we showed earlier [22],
the highest biomass of the benthos was formed in the
deeper parts of the Large Aral Sea compared to the
Small Aral Sea. Thus, in the Small Aral Sea, the depth
range studied covered the zone of the highest biomass,
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whilein the Large Aral Seait did not. Evidently, thisis
the main explanation for the essential differencesin the
macrozoobenthos density and production in the parts of
the Aral Sea mentioned.

The depression of the bottom community registered
in the area of the Syr-Daria delta (the former Berg
Strait) was observed before the beginning of the salinity
growthintheAral Sea[14]. Obvioudly, it wasrelated to
the instability if the environmental characteristics and
frequent appearance of conditions unfavorable to mol-
lusks. Thus, during our observationsin the area studied,
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Table 3. Average density (N, ind. m~) and biomass (B, g m™) of the main groups of bottom invertebrates in the Aral Sea

areas studied in 1990-1997

A. ovata C. isthmicum Caspiohydrobia N. diversicolor [R. harrisii Totd
Area (year) P
N B N B N B N B N| B N B
Small Aral Sea
Butakov Bay (1990) 14310|338.75|304 | 105.69 | 8507 | 30.89 | 1328 | 26.11 | — | — |24449|501.45
Butakov Bay (1997) 17294|410.16|172| 159.98 | 22608 | 61.17 | 2218 | 1531 | — | — |42292|646.62
Tastyubek Peninsulaarea (1991)| 7145|268.30|602| 270.42 | 18302 | 40.12 | 779 | 356 | —| — [26828]|582.41
Tastyubek Peninsula area (1993)| 12547|365.11| 478| 109.49 | 7539 | 17.08 | 2053 | 10.16 | — | — |22616|501.84
Shevchenko Bay 0353(284.27|952| 149.59 | 27803 | 43.40 | 1065 | 6.05 | —| — |39173|483.30
Bugun’ village area 5604|192.15|273| 66.72 | 10774 | 1553 | 785 | 401 | - | — |17435|27841
Bol’shoi Sarycheganak Bay 3264| 51.48|994| 14.17| 2704 | 11.24 | 3195 | 2852 | — | — |10157|105.41
Average 9031|272.89|539| 125.15 | 14034 | 31.35 | 1632 | 13.39 | — | — |26136|442.78
Berg Strait
Syr-Daria mouth area (1992) 1383| 27.03| 19 6.35| 1896 | 6.16 | 2489 | 2146 | — | - 5787| 61.01
Syr-Dariamouth area (1993) 800 5520/ 0O| 0.00| 1916 | 824 | 770 | 2340 | —| — | 3486| 86.84
Average 1092| 41.12| 10 318| 1906 | 7.20 | 1630 | 2243 | — | - 4637| 73.93
LargeAra Sea
BarsakelmesIsland area (1990) | 1798| 65.93| 28| 14.75 389 | 135 452 | 1031 | 0| 0.00| 2667| 92.34
BarsakelmesIsland area (1991) | 1079(102.47| 24| 19.32 286 | 0.88| 258 | 326 | 0| 0.00| 1647|125.93
Tshche-Bas Bay (1992) 4237| 99.28| 87| 102.12 874 | 173 | 1870 | 11.93 (42| 6.86 | 7111|221.92
Tshche-Bas Bay (1993) 4420]1156.09| 79| 146.76 729 | 222 | 1379 | 19.20 |63| 1.55| 6670|325.82
Average 2884|105.94| 55| 70.74 570 | 155 | 990 | 11.18 (26| 2.10 | 4524|191.50

an essential desalination (Table 1) and elevated con-
tents of suspended matter in the water (up to 19 g/m3
[17]) was observed. Earlier, it has dso been shown that
this region was characterized by a considerable seasona
and annuad variability of the hydrological regime [8].

Theinstability of the environmental conditions also
was the most probable reason for the formation of the
specific structural and functional features of the
Bol'shoi Sarycheganak Bay biocoenoses. Due to the
fall of the Aral Sealevel, from 1987 to 1992, the bay
was separated from the sea and its salinity was consid-
erably increased. Asaresult, theinitial aquatic commu-
nities of the bay completely degraded [24]. Our studies
inthisareawere carried out two years after the reestab-
lishment of the connection with the Small Aral Seaand
the basin of the bay had been refilled with water again.
Apparently, within the period of observation, the bay
biocoenoses continued to develope.This explains the

essential distinctions of the macrozoobenthos commu-
nity structure from those in the other parts of the sea.

It isinteresting to note that the benthic communities
of the Berg Strait and Bol’shoi Sarycheganak Bay are
very similar to the Caspian biocoenoses in the newly
flooded land areasunder arisein the sealevel [15]. Evi-
dently, the above-mentioned structural features,
expressed in the mass development of the nereis and
comparatively low share of the bivalves in the total
macrozoobenthos biomass, are characteristic of the
Ara and Caspian biocoenoses under unfavorable con-
ditions or at the early stage of succession.

The analysis of the data on the dynamics of the Aral
Sea benthic assemblages in the second half of the 20th
century [5, 6, 22] showed that, despite an almost ten-
fold decrease in the macrozoobenthos fauna, its pro-
ductivity over the last 40 years has essentially
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Table 4. Mean values of the oxygen consumption rate (R), production (P), and ration (C) of macrozoobenthosin theAral Sea
areas studied in 1990-1997 (kcal m=2 day 1)

A. ovata C. isthmicum Caspiohydrobia N. diversicolor| R. harrisii Totd
Area (year) sp-
RIP|C|R|P|C|R|P|C|R|P|C|IR|P|C|R]|P|]C
Small Aral Sea

Butakov Bay (1990) 7.96(2.80(17.92|1.27|0.45|2.86| 1.85|0.65|4.17|1.20|0.42|2.69| — | — | — |12.27|4.31|27.64
Butakov Bay (1997) 9.63/3.38|21.69|1.50(0.53|3.38|3.94|1.38|8.88|0.85(0.30|1.93| — | — | — |15.93|5.60(35.87
Tastyubek Peninsula  |5.62(1.97(12.65|3.04|1.07|6.86|2.72|0.96|6.14|0.21|0.08|0.48| — | — | — |11.60(4.08(26.13
area (1991)

Tastyubek Peninsula  |8.15(2.86(18.35|1.46|0.51(3.28| 1.15|0.40| 2.59|0.60(0.21|1.36| — | — | — |11.36(3.99(25.58
area (1993)

Shevchenko Bay 6.27(2.20(14.13|2.19(0.77|4.93|3.21|1.13| 7.23|0.35(0.12|0.79| — | — | — |12.02|4.22(27.08
Bugun’ village area 4.11|1.45| 9.27|0.87|0.31{1.97|1.17|0.41|2.64|0.24/0.08|0.53| — | — | — | 6.40(2.25(14.41
Bol’shoi Sarycheganak [1.34|0.47| 3.01/0.38|0.13|0.85/0.65|0.23|1.47|1.52|0.53(3.42| — | — | — | 3.88|1.36| 8.75
Bay

Average 6.15(2.16/13.86|1.53/0.54(3.45|2.10|0.74| 4.73|0.71|0.25|1.60| — | — | — |10.49|3.69|23.64

Berg Strait

Syr-Daria River mouth |0.67|0.23| 1.50|0.08/0.03|0.17{0.38|0.13|0.85(1.15|0.40|2.59| — | — | — | 2.27|0.80| 5.11
area (1992)

Syr-Daria River mouth {0.99/0.35| 2.24(0.00(0.00|0.00{0.47(0.17|1.07|0.99|0.35|2.22| — | — | — | 2.45|0.86| 5.52
area (1993)

Average 0.83]0.29| 1.87|0.04/0.01|0.09|0.43|0.15|0.96|1.07|0.38|2.40| — | — | — | 2.36|0.83| 5.32

LargeAra Sea

Barsakel’'mes Island 1.39/0.49| 3.13|0.16/0.06|0.36|0.08|0.03|0.18{0.46|0.16|1.03|0.00|0.00(0.00| 2.09|0.73| 4.70
area (1990)

Barsakel'mes Island 1.70/0.60| 3.83|0.19/0.07|0.42|0.05|0.02|0.12|0.16|0.06|0.37|0.00|0.00({0.00| 2.11|0.74| 4.74
area (1991)

Tshche-Bas Bay (1992) |2.34{0.82| 5.27|0.90(0.32(2.04|0.12|0.04|0.27|0.68|0.24|1.52|0.15|0.04/0.32| 4.19(1.36| 9.26
Tshche-Bas Bay (1993) |3.32|1.17| 7.47|1.16|0.41|2.61|0.14|0.05|0.31|0.94|0.33|2.11|0.06/0.01/0.11| 5.61(1.93|12.57
Average 2.19(0.77| 4.92|0.60(0.21(1.36|0.10{0.03|0.22|0.56(0.20|1.26|0.05|0.01|0.11| 3.50({1.19| 7.82

Table5. Tota stocks of the invertebrates and intensity of the organic matter transformation in the Aral Sea macrozoobentos
community

Per 1 m? For al the sea
Area
B Rav Pa Ca |Alltheseal By Reot Prot Cot
1954-1957 1954-1957
All the sea 2216 | 057 | 0.32 1.48 64110 | 1421 | 36.25 | 20.75 | 94.94
1992 1992
All the sea 203.92 | 3.94 1.38 8.86 34330 7000 135.12 47.47 304.31
LargeAral Sea | 200.80 | 3.90 1.37 8.78 31500 6325 122.76 43.13 276.49
Small Aral Sea | 23860 | 4.36 1.53 9.83 2830 675 12.35 4.34 27.82

Note: The seaareais calculated from [28], km?; B, —average biomass, g m2 Ry, Pa» and C4—average values of the respiration rate,
production, and ration, respectively, kcal 10° day™; Bo—total stock, kt; Ry, Pior, ad Cyo; are the respective total values.
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Fig. 2. Relative biomass of the main groups of macrozoob-
enthos in the Aral Sea areas studied in the period 1990—
1997. () Small Ara Sea; (b) Berg Strait; (c) LargeAral Sea;
x-axis—area studied (see Fig. 1 for legend); y-axis—per-
centage of the total macrozoobenthos biomass; vertical
bars—errors in mean values.

increased. In comparison to the years 1954-1957, the
average biomass of the benthic organisms increased
more than ninefold (Table 5). According to our calcula
tion of the biotic balance, the intensity of the organic
matter destruction and bottom invertebrate rations grew
approximately 6-7 times. Over the period of the obser-
vations, the production of the benthic assemblages per
unit areaincreased by afactor of 4.2. The lower growth
in the production as compared to the destruction and
ration values was rel ated to the drop in the efficiency of
the food usage for the increase of the biocoenosis bio-
mass (Fig. 4) because of the changes in the zoobenthos
species composition. Thus, while before the salination
the major part of the biomass was formed by chirono-
mids, in the modern Aral Sea benthic assemblagestheir
niche is occupied by polychaetes. Polychaetes are not
as effective as chironomids in using the assimilated
food for biomass accumulation (Table 2). In addition,
the bivalves, which are not characterized by a high
growth rate and high K, values, clearly increased their
rolein the total benthos biomass (from 60 to 97%).

When comparing the rates of the organic matter
transformation in the Aral Seain the 1950s and 1990s,
it should be considered that all the estimations of the
biotic balance indexes were carried out for a standard
temperature of 20°C. Meanwhile, the decrease in the

80
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Fig. 3. Relative production of the main groups of macrozo-
obenthos in the Aral Sea areas studied in the period 1990—
1997; y-axis—percentage of the total macrozoobenthos
production; see Fig. 2 for other symbols.

average depth of the seaand reduction of itsareaduring
the modern regression have led to afast heating of the
near-bottom water layersin the spring and growth in the
maximal water temperature in the summer [8]. Taking
into account the dependence of physiological processes
on temperature, we can suggest that the actual produc-
tivity of the benthic assemblages was even higher than
that suggested by our estimations.

However, the reason for the growth of the bottom
biota abundance and production under the conditions of
the radical reduction of the riverine runoff and the
respective decrease in the amount of nutrients supplied
with theriverine waters still seems unclear. Usually, the
absence of grazing by fishesand the presence of salinity
conditions favorable for the every haline species are
offered as the explanation of this situation [1, 2, 6]. We
may also assume that the enhancement of the trophic
status of the reservoir provided the basis for the growth
in the productivity of the benthic assemblages. The
instrumental measurements of the primary production
of the Aral Sea waters carried out in the 1990s [16]
brought evidence of the essential growth of the primary
production rate in comparison to the 1960s. Moreover,
the hydrochemical data[8, 25] indicated a considerable
increasein the nutrient content in the Aral waters. From
our point of view, there are several reasons for such a
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Fig. 4. Dynamics of the bottom invertebrate destruction (R),
production (P), and ration (C) and efficiency of food utiliza-
tion for biomass accumulation (K4) in the Aral Sea macro-
zoobenthos communities in the years1954-1992. Calcu-
lated from [5, 6].

situation. It might result from the washing out of the
nutrients buried in the sediments due to the sealevel fall
and theincrease in the nutrient (and other salts) concen-
trations in the water column induced by evaporation of
the major part of the water. Among other explanations,
there are also cessation of the regular nutrient removal
by commercial fishery, acceleration of the nutrient turn-
over because of the macrophyte degradation, and the
decrease in the water depths, which resulted in therise
in the summer temperatures and intensification of the
wave stirring of the near-bottom water layers.

Due to the considerable contraction of the sea area
from the 1950s to the 1990s, an analysis of the long-
term dynamics of the total stock and production of the
benthic organismsin the reservoir is a matter of special
interest. According to our estimations (Table 5), despite
the twofold decrease in the sea area over the above-
mentioned period, the total stock of the benthic organ-
isms became amost 5 times as great. Meanwhile, a 3-
to 4-fold growth in the total organic matter destruction
and an amost identical increase in the bottom inverte-
brate rations was observed. The overall rate of the sec-
ondary production also increased by afactor of 2.3.

Thus, in the 1980s-1990s, the Aral Sea has turned
into a highly productive reservoir. This was supported
by the formation of the hydrological and hydrochemi-
cal conditions favorable for the present-day inhabitants
of the Aral Sea. Despite the contraction of the sea area,
the food stock for benthopfageous fishes considerably
increased. The high productivity of the Aral Seabenthic
assemblages makes this reservoir a perspective object
for commercial fishing. Above al, this refers to the
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Small Aral Sea, in which the stabilization of the hydro-
logical regime and the water level creates favorable
conditions for the functioning of the biocoenoses.
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