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SEASONAL DYNAMICS AND RESOURCES OF AQUATIC
INVERTEBRATES OF SIVASH AS A FORAGE BASE AND KEY
AREA FOR TUNDRA WADERS, MIGRATING ALONG THE AFRO-
EURASIAN FLYWAYS

Results of nine years of the research (1994-2002) dedicated to the role of aquatic
invertebrates in the distribution of long-distance migrating species of tundra waders.
The stocks of forage resources and their seasonal dynamics were assessed for the
first time. Forage resources of Sivash exceeded the tundra waders intake as follows:
in Eastern Sivash during the spring migration — 21.5-28.7 times, during the autumn
migration — 6.2-10.9 times; in Central Sivash — 2.4 times in spring, and 5.7 times in
autumn, respectively. A total of 22 species of aquatic invertebrates were recorded in
the diet. They included 2 species of Polychaeta, 7 species of Crustacea (Anostraca —
1, Isopoda — 3, Amphipoda — 3 species), 11 species of Gastropoda and insect
larvae — 2 species. Among the taxonomic groups, the greatest number of species
was represented by mollusks and crustaceans. Research shows that Sivash can be
referred to the most valuable wetland in Eastern Europe for long-distance migrants
due to the consistently high indices of forage macrozoobenthos and extensive
shallows suitable for bird feeding during their migratory stopovers.
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A general assessment of the macrozoobenthos resources, determining feeding ca-
pacity of the Black Sea wetlands for tundra species of waders, deserves special atten-
tion due to the role of coastal water areas for the conservation of Western Palearctic
migrants. A majority of publications on macrozoobenthos are dedicated to detailed
analysis of species composition, its seasonal variations, and local productivity of
macrozoobenthos communities in the areas of limans and lagoons not accessible for
the studied group of birds [1, 3, 4]. In this regard, the assessment of resources in a
narrow intertidal zone, accessible for waders and ultimately determining the value of
the territory and its total feeding capacity, remains to be an urgent task. Sivash is well
studied in terms of estimating migrations for this group of long-distance migrants
[5, 8-11, 13, 14, 17-19, 23], and results of these studies show that the territory is
one of the most important places for the waders using the Mediterranean continental
flyway. Tundra waders were selected as an object for the research due to the features
of their migration, ability to long non-stop flights between the stopover areas most
convenient for their feeding and fatting along the flyway and the location of a major
part of their breeding range in the Arctic tundra zone. This peculiarity of their mi-
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gration strategy determines a special demand of waders for the quality of stopovers
since this determines the success of their further reproduction and the general state
of the populations.

Several of our publications are devoted to the study of species composition and
abundance of the most valuable objects of forage macrozoobenthos [12, 20-22] us-
ing by tundra species of waders, but the general forage resources and their dynamics
have not yet been evaluated.

The aim of investigation was determine of tundra waders food stock in Sivash
area and their seasonal dynamics.

Material and methods

The survey of feeding areas and seasonal distribution of 13 species of tundra
waders at stopovers in the Sivash lagoons was carried out from 1994 to 2002.

The studied group of waders belongs to two families (Charadriidae and Scolopa-
cidae) suborder Charadrii, order Charadriiformes:

Order Charadriiformes

Suborder Charadrii

Family Charadriidae

Grey Plover — Pluvialis squatarola (Linnaeus, 1758)

Ringed Plover — Charadrius hiaticula (Linnaeus, 1758)

Turnstone — Arenaria interpres (Linnaeus, 1758)

Family Scolopacidae

Red-necked Phalarope — Phalaropus lobatus (Linnaeus, 1758)

Ruff — Philomachus pugnax (Linnaeus, 1758)

Little Stint — Calidris minuta (Leisler, 1812)

Temminck’s Stint — Calidris temminckii (Leisler, 1812)

Curlew Sandpiper— Calidris ferruginea (Pontoppidan, 1763)

Dunlin — Calidris alpina (Linnaeus, 1758)

Red Knot — Calidris canutus (Linnaeus, 1758)

Sanderling — Calidris alba (Pallas, 1764)

Broad-billed Sandpiper — Limicola falcinellus (Pontoppidan, 1763)

Bar-tailed Godwi t— Limosa lapponica (Linnaeus, 1758)

The taxonomic order of wader species and their Latin names are given according
to L. S. Stepanyan [26].

A total of 375 hydrobiological samples were selected to assess resources of
aquatic invertebrates, including 70 samples at 18 stations on Central Sivash, and 305
samples at 33 stations in Eastern Sivash. Benthic samples were taken according to a
standard method [29], using a benthic sample bucket with a capture area of 0.015 m?
at depths up to 10 cm, available for the feeding of waders. The sample material was
washed through a set of soil sieves with a minimum mesh size of 1.0 mm. Preserva-
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tion and laboratory processing of the collected material was conducted according to
a standard procedure [27].

Species composition of hydrobionts was determined according to the identifica-
tion guide of Black and Azov Seas fauna [6, 7, 16, 24, 25, 24], also using the refer-
ence collection of hydrobionts collected by the author at Sivash and identified by
I. A. Sinegub, an expert from the Institute of Marine Biology (Odessa). The weight
of hydrobionts was determined in the laboratory by weighting on a torsion balance
with an accuracy of 0.001 mg, using design equations of B. G. Aleksandrov [3].

Biomass energy equivalent (kJ/m?) was calculated basing on the mean biomass (g/m?)
of each species of water invertebrates [3].

To analyze the long-term biomass dynamics of the forage macrozoobenthos, the data
obtained earlier at Sivash in 1992—1993 [28], expressed as ash free dry weight (g AFDW/
m?), were transformed into the biomass energy equivalent (kJ/m?) [2].

The daily energy intake of waders (DEB — Daily Energy Budget, kJ/day) was calcu-
lated by the formula:

DEB = 12.06-m"%

where m is the average bird weight [15]:

The total energy intake of waders in different seasons of the year was calculated
basing on the daily energy intake of waders [15], their number and duration of mi-
gratory stopovers.

The forage resources were calculated basing on the total values of available and
required biomass of prey species and the size of feeding areas.

Results

Over the period from 1994 to 2002 were recorded 62 species of aquatic inverte-
brates in Sivash [21]. 40 macrozoobenthos species were found in coastal shallows
(feeding areas of waders), 22 species of them could be prey items of waders. They
included polychaete worms (Polychaeta) — 2 species, crustaceans (Crustacea) — 7
species (Anostraca — 1, Isopoda — 3, Amphipoda — 3 species), gastropods (Gastrop-
oda) — 11 species and insect larvae (Insecta) — 2 species. Among the taxonomic
groups, the greatest number of species was represented by mollusks and crustaceans.

The number of forage macrozoobenthos in Eastern Sivash was more stable show-
ing an increasing trend by the period of wader autumn migration (Fig. 1).

The major part of biomass of forage macrozoobenthos in shallow waters of East-
ern Sivash was composed of polychaete worms, being a valuable food for waders.
Their percentage in autumn biomass was usually higher than that in spring. The
percentage of polychaetes in spring biomass ranged from 28.4 to 88.7% (57.0% on
average), and in autumn — 48.8 to 92.0 (72.0% on average). The greatest contribu-
tion in the formation of energy value of forage macrozoobenthos of Eastern Sivash
in spring were made by gastropods, and in autumn — by polychaete worms.
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Fig. 1. Long-term dynamics of the average seasonal abundance of forage macrozoobenthos
of Eastern (4) and Central (B) Sivash in 1994-2002.

Note: white columns indicate spring; black bars — autumn; omissions of the columns in some seasons
mean the absence of research

The average seasonal biomass of forage macrozoobenthos of Eastern Sivash
was higher than that in Central Sivash. In Eastern Sivash, in the spring seasons of
1994-2002 it was equal to 12.14 + 1.7 g/m? (n = 92), ranging from 0.17 to 15.99 g/m?
[21]. In autumn, it was higher and amounted to 14.57 + 1.07 g/m? (n = 179), ranging
from 5.30 to 22.82 g/m? (Fig. 2).

The long-term average seasonal biomass of forage macrozoobenthos of Central
Sivash in the spring seasons of 2000 and 2002 amounted to 6.03 = 1.07 (n = 18),
ranging from 1.25 to 18.22 g/m?, and in autumn of 1994-2002 it constituted 5.30 +
1.47 (n = 179), respectively, ranging from 0.79 to 21.53 g/m? (Fig. 2).
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Fig. 2. Dynamics of the average seasonal biomass of forage macrozoobenthos
of Eastern (A) and Central (B) Sivash in 1994-2002.

Note: white columns indicate spring; black bars — autumn; omissions of the columns in some seasons
mean the absence of research.

Retrospective studies [28] have shown that the energy equivalent of benthos bio-
mass in Eastern Sivash over the period from 1995 to 2002 was significantly lower
than in the spring seasons of 1992—-1993 (Table 1).
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Table 1
Seasonal dynamics of biomass of forage macrozoobenthos
and energy equivalent of biomass (EEB) at Sivash
Parts of Sivash Date Biomass, g/ m’ EEB, ki/m’
spring autumn spring autumn
Eastern Sivash! 8-15.04.1992 12.6 - 290.3 -
16-30.04.1992 5.6 - 129.9 -
1-15.05.1992 9.1 - 209.5 -
16-25.05.1992 6.7 - 155.1 -
21-22.05.1993 11.6 - 147.7 -
3-4.06.1993 21.4 - 295.1 -
Eastern Sivash? 1994 - 22.842.32 - 52.4+6.02
1995 3.9+0.69 - 26.9+£5.21 -
1996 6.9+0.63 - 32.6+6.43 -
1997 16.0£5.8 20.3£3.28 34.0+£11.62 | 50.2+10.77
1998 10.7+£3.36 12.1£1.51 32.0£9.54 | 41.0£6.39
1999 - 6.7x1.14 - 19.5+3.0
2000 14.7+£3.43 6.4+1.49 54.54£9.6 20.94+4.1
2001 15.2+4.22 5.3+1.86 48.9+12.37 | 21.7£3.32
2002 0.2+0 9.6+1.52 0.5+0 26.6+4.1
Central Sivash 1994 - 0.8+0.13 - 2.3+0.39
1997 - 21.5+£7.36 - 62.4+21.38
1998 - 3.1+0.83 - 17.4+4.52
1999 - 6.1+0.44 - 17.5£1.3
2000 4.2+0.37 7.0+1.34 10.5+0.8 20.3+£3.9
2001 - 2.4+0.53 - 7.0+1.54
2002 7.9+£1.96 1.4+0.12 13.3+£2.94 4.0+£0.36

Note: ' — data from [28]; > — our data; biomass is expressed in units of raw weight (g/m?); EEB — en-
ergy equivalent of biomass (kJ/m?).
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During the period of research in Eastern Sivash, a decreasing trend in the propor-
tion of polychaetes in biomass and in the calorific value of the forage macrozoo-
benthos was recorded along with the increasing proportion of chironomid larvae
(Fig. 3).

The results of studies of the average seasonal biomass of forage macrozooben-
thos showed that in spring, among the most used by waders feeding areas of East-
ern Sivash, biomass ranged from 0.17 to 22.12 g/m?, and in autumn — from 3.19 to
41.76 g/m?* [21].

The energy equivalent of long-term values of average annual biomass of for-
age macrozoobenthos in spring in Eastern Sivash was equal to 41.48 + 4.63 kJ/m?
(n = 92), in autumn — 36.66 + 2.58 kJ/m? (n = 179); at Central Sivash — 11.88 +
1.52 kJ/m? (n = 18) in spring, and 16.97 + 4.30 kJ/m? (n = 47) in autumn. Fluctua-
tions in the energy equivalent of biomass at Eastern Sivash in spring ranged from
0.45 to 54.47 kJ /m2, and in autumn — from 19.49 to 52.38 kJ/m>.
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Fig. 3. The percentage of different taxonomic groups in the formation of biomass of forage
macrozoobenthos in shallows of Eastern Sivash.

Note: white columns indicate spring; black bars — autumn; omissions of the columns in some seasons
mean the absence of research.

At Central Sivash, long-term values of biomass and its energy equivalent were
lower (except for 1997), but more stable than those at Eastern Sivash.
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Between seasons, biomass and its energy equivalent also significantly varied. The
average seasonal values of the energy equivalent correlated with the macrozoobenthos
biomass, and at Eastern Sivash ranged in spring from 0.45 to 67.09 kJ/m?, and
in autumn — from 8.84 to 148.27 kJ/m?. At Central Sivash, the average seasonal
biomass varied from 0.79 to 24.26 g/m?, and its energy equivalent ranged from 2.30
to 70.36 kJ/m?.

Discussion

As for the resources of aquatic invertebrates, available for feeding of tundra
species of waders, it is necessary to clarify which resources are studied and the
procedure of their evaluation. We estimate the forage resources of the narrowest
littoral strip with a water depth ranging from 0 to 10 cm. Resources of this part of
shallows are unstable, since they are affected by two key factors — dynamics of the
wind regime, and vertical and horizontal migration of benthos dwellers.

These calculations were based on the assessment of the size of coastal shallows
(with a depth up to 10 cm), within which waders can feed on aquatic invertebrates.
This is one of the variables used in the calculations, because, depending on the
wind-driven effects, the size and configuration of the feeding areas, as well as the
water depth within them, may change. The second variable in the calculations was
determined by the average value of biomass (its energy equivalent) in different
seasons of the year. Finally, the third variable was based on the concept of waders
provision with food that formed from the total energy requirements of all individuals
of all species of waders making a stopover on feeding areas and consuming
macrozoobenthos during seasonal migrations. The waders provision with food we
understand as the relationship between the hydrobiont resources, which the birds are
able to harvest within the potential feeding area on the temporarily exposed bottom
areas and shallows up to 10 cm deep, and the total requirements of the birds in these
resources.

The uniqueness of the Sivash shallows is determined by the fact that, even
with lower average values of the aquatic invertebrates biomass than in the Black
Sea limans [22], extensive feeding areas of Sivash contribute to the formation of
significant forage resources. The total area of wader feeding area in the studied parts
of Central and Eastern Sivash in spring reached 2.1-91.6 km? at the maximum water
level and 28.7-145.7 km? at the minimum water level, thus comprising 0.09-5.95%
of the total area of Sivash. In autumn, due to the shallowing of the lagoon, the size
of feeding areas in the studied territory increased and ranged from 1.2 to 87.4 km? at
the maximum water level and from 50.6 to 151.3 km? at the minimum water level, or
0.05 to 6.17% of the total area of Central and Eastern Sivash [21].

The average annual resources of aquatic invertebrates (available forage resource)
calculated for these Sivash areas were as follows: at the maximum water level —
460.5 tons of wet weight (1590.6 GJ) in spring, and up to 408.2 tons (1343.3 GJ) in
autumn; at the minimum water level — from 756.5 tons (2409 GJ) in spring to 949.8

58



ISSN 2077-1746. Bicuuk OHY. Biomoris. 2017. T. 22, Bum. 2(41)

tons (2846 GJ) in autumn (Table 2). The forage resources of the Azov and Black Sea
limans, expressed in terms of the wet weight of benthos (in tons), were significantly
lower than the resources of the Sivash lagoons, despite the higher values of biomass
and its energy equivalent [22].

Table 2
Average long-term resources of forage macrozoobenthos,
used by waders at various water levels in Sivash
max Min
Area Season
tons GJ tons GJ
sprin 6.2+1.9 12.2£1.4 146.2+45.6 288.5+34.1
Central pring n=3 n=3 n=3 n=3
Sivash 7.8+5.9 24.0+16.9 172.7+137.5 530.8+397.2
autumn . _ _ _
n=7 n=7 n=7 n=7
. 454.3+£208.2 1578.4£719.9 610.3+£273.3 2120.3+£947.8
spring _ _ _ —
Eastern n=7 n=7 n=7 n=7
Sivash 400.4+123.50 1319.3+383.1 777.1+86.8 2315.20+377.9
autumn _ _ _ _
n=7 n=7 n=7 n=7

Note. Max — at the maximum water level; min — at the minimum water level

The largest resources were in the lagoons of the Eastern Sivash (Table 2). The
largest feeding areas were also found there: on average, in Eastern Sivash they reached
45.2 km? during the spring migration and 78.9 km? during the autumn migration.

Conclusions

Due to the exceptional shallowness and the large area of these shallows, the
available for tundra waders resources of forage macrozoobenthos make it possible to
classify Sivash as the most valuable wetland in Eastern Europe for the long-distance
migrants using the Mediterranean continental flyway, owing to consistently high
resource indices and areas suitable for bird stopovers.

In Eastern Sivash, during the spring migration forage resources 21.5-28.7 times
exceed the waders intake, during the autumn migration — by 6.2-10.9 times; in
Central Sivash — by 2.4 times in spring and 5.7 times in autumn, correspondingly.
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T. A. Kupukosa
ABOBO-qepHOMOPCKaﬂ OPHHUTOJIOTHYCCKAA CTaHIIUA

yi. [eremanckast, 20, MenuTonons, 3anopoxckas 061., 72312, Ykpanna

CE30HHASA JUHAMUMKA U 3AITACBI BOJHBIX
BECIIO3BOHOYHBIX CUBAIIIA, KAK KOPMOBOM BA3bI
U KJIIOYEBOM TEPPUTOPHM JIJISI TYHJIPOBBIX BUJIOB
KYJUKOB, MUT PUPYIOIIINX A®PO-EBPASUVICKUMHA
IMPOJIETHBIMMU ITYTAMU

Pe3rome

W3noxeHsl pe3ynnbTarhl IeBATH JIeT uccnenoBanmii (1994-2002 IT.), mOCBSIMICHHBIX
M3YUYCHHUIO POJIM BOJHBIX OCCIIO3BOHOYHBIX B Pa3MCINCHUH TYHJPOBBIX BHJIIOB KY-
JINKOB, MUTPUPYIOLIMX Ha JaldbHHUE pacCcTOsIHUS. BriepBbie gaHa OIEHKA 3aracam
KOPMOBBIX PECYpPCOB, a TaK)Ke UX Ce30HHOH nuHamuku. Kopmosblie 3anmacel CuBaiia
MePEeKPBIBAIH MMOTPEOHOCTH TYHIPOBBIX BHIOB KyNHKOB: Ha Boctounom CuBamie B
nepuoa BeceHHel murpauuu — B 21,5-28,7 pasa, B epuoJ OCEHHEH MUrpauuu — B
6,2—10,9 pa3a; na LlentpansHom CuBaiie — BecHOM — B 2,4 pa3a, oceHbto — B 5,7 pas.
B xopMoBOM parmoHe ObUTM OTMEYEHBI 22 BHIA BOJHBIX OeCro3BOHOYHBIX. Cpe-
i Hux — Polychaeta — 2 Buna, Crustacea — 7 BumoB (Anostraca — 1, Isopoda — 3,
Amphipoda — 3 Buja), Gastropoda — 11 BUIOB ¥ JMYMHKH HACEKOMBIX — 2 BH/JA.
Cpeay TaKCOHOMHYECKUX TPYHI HAWOONBIINM YUCIOM BHIOB OBLIH TIpEICTaBIIe-
HBI MOJUTIOCKH M pakooOpasHeie. MccnenoBaHus Mo3BOISIIOT oTHeCTH CHBAII K Hau-
OoJiee TICHHBIM BOTHO-0OJIOTHBIM yrofbsiM BocTtouHol EBpombl it TanbHUX MU-
IPAHTOB 3a CYET CTA0MIILHO BBICOKUX IMOKa3aTejieii KOpMOBOTO MaKpO3000CHTOCA U
3HAYUTEIILHBIX TUIOMIAICH MEJIKOBOIUH, YIOOHBIX JIJIsl KOPMIICHUS MITHII BO BPEMsI X
MUTPAIMOHHBIX OCTaHOBOK.

KiaroueBble cjioBa: KYJIMKH, BOJTHBIC 66CH03BOHO‘{HBIC, MaKp03006eHTOC, Cusar.

T. O. KipikxoBa
A30B0-HOopHOMOpPCHKA OPHITOIOTIYHA CTAHIIIS
ByJ1. ['eTbManchKa, 20, Memnitomonb, 3amopi3bka o0i., 72312. Ykpaina

CE30HHA JJUHAMIKA I 3AITACH BOJJTHUX BE3XPEBETHHX
CHUBAILLY, IK KOPMOBOI BA3HU TA KJIFOUOBOI TEPUTOPIi
JIUIS TYHAPOBUX KYJIMKIB, MITPYIOUNX A®PO-EBPA-
3IMCBKUMMU MTPOJITHUMMU LIJISIXAMUA

Pesrome
Buxnazneni pesymeraté AeB’STH pokiB gociimkeHs (1994-2002 pp.), mpucssde-
HUX BUBYCHHIO POJi BOXHUX 0€3XpeOeTHHX y pO3MIMIeHHI TYHIPOBUX KYIHUKIB, IO
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12.
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MITpYIOTh Ha Jaiieki BijicTaHi. Briepmre maHa omiHka 3amaciB KOPMOBHX peCypCiB,
a TakoXK iX ce30HHOi auHamiku. Kopmosi 3amacu CuBamry nepeKpuBalid IOTpe-
O0u TyHIpoBHX KyaukiB: Ha CximHomy CuBamii B repiof BecHsHOI Mirpauii — B
21,5-28,7 pas3iB, B mepioa ociHHbOI Mirparii — B 6,2—10,9 pasis; Ha LleHTpanbHo-
my CuBamni — HaBecHi — B 2,4 pa3u, BoceHH — B 5,7 pa3iB. Y KOPMOBOMY pailioHi
Oynu Big3HaveHi 22 Buau BonHuX O6e3xpedetHux. Cepen Hux — Polychaeta — 2 Bujm,
Crustacea— 7 Bunis (Anostraca— 1, Isopoda —3, Amphipoda — 3 Bunu), Gastropoda —
11 BuxiB Ta JnyuHKA KoMax — 2 Buau. Cepell TAKCOHOMIYHHMX TPYH HAWOUIBIINM
YHCJIOM BUIIB OyJIH MPEICTABICHI MOJIOCKH Ta pakonomioHi. J[ocmipKeHHs 103B0-
Js10Th BigHecTd CHBAII 10 YKC/Ia HAWIIHHINIMX BOXHO-O00JIOTHUX yrims CXimHOT
€Bpomu I JaJeKuX MITPAaHTIB 32 paXyHOK CTabiTbHO BHCOKHX 3aIlaciB BOJHHUX
6e3XpeOeTHNX Ta 3HAYHUX IIIOMNI MITKOBOIb, 3PYYHHUX JUIA TOXYyBAHHS MTaxXiB ITif
yac iX MirpariifHux 3ynmHoOK.

KurouoBi c1oBa: kymiku, BomHi 0e3xpedeTHi, Makpo3oobeHnToc, Cusar.
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