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ABSTRACT: Paradoxically, attention of experts
on cladoceran biogeography is focused in Russia on
the Arctic zone, Far East and Siberia, while Caucasus
and Ciscaucasia are studied inadequately. The aim of
this communication is to analyse the cladoceran fauna
of lowlands of the Ciscaucasian Region to determine
general regularities of their distribution, i.e. to reveal
local biodiversity hotspots of the region. In total, 171
qualitative samples from 155 water bodies are analy-
sed where 57 species of Cladocera are recorded. All
taxa are assigned to the following geographic faunistic
complexes: (1) widely distributed Eurasian (WE), (2)
southern tropical (ST), (3) Mediterrancan-Ponto-Cas-
pian endemic (EN), (4) arid (AR) complex; and two
artificial groups: (5) widely distributed non-revised taxa
(WS) and (6) eastern (possibly, anthropogenic) invad-
ers (IS). Distribution of faunistic complexes between
two main biotopes in Taman and Other Ciscaucasia is
significantly different: it is relatively similar for benth-
ic + littoral (BP) species, but very different among the
planktonic species (PL). Among PL species in the
Taman sub-region, the portion of EN, IS and AR spe-
cies is significantly higher and rate of WE and WS is
significantly lower as compared to the Other Ciscauca-
sia. To date we have no explanation for such specifici-
ty of the Taman region. Also we cannot discuss the
endemism hotspots of the Ciscaucasia and even Cauca-
sus concerning the Cladocera, moreover, no one cla-
doceran taxon is regarded as an endemic of the Cauca-
sus. The cladoceran studies need to be continued in this
region.
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PE3IOME: [NapanokcanbHbEIM 00pa3oM BHUMAaHUE
CTETIHANTHUCTOB 10 Omoreorpaduun kiamonep B Poccnn
cocpenoToueHo Ha ApKTHIeckoif 3oue, JJamsnem Boc-
Toke n Cubupu, a KaBka3z u [IpenkaBkasbe H3ydeHbI
HEAO0CTaTOYHO. L{enblo MaHHOrO HCCIIEOBAHUS SIBIIS-
eTcst aHann3 (ayHbl BETBUCTOYCBIX PaKo0OpasHBIX
(Cladocera) musmenHoctei [IpemkaBkasbst IS ycTa-
HOBIICHUSI OOIMX 3aKOHOMEPHOCTEH MX pacmpocTpa-
HEHWS, T.€. BBIBICHUS JOKAJIBHBIX 09aroB OHOpa3HO-
o0paszus pernona. Beero npoananusupoBana 171 ka-
4yecTBEeHHas mpoda u3 155 Boj0eMOB, B KOTOPBIX 3ape-
ructpuposaHo 57 BunoB Cladocera. Bee TakcoHs! o1-
HECCHBI K CIEAYIOMNM TreorpapuuecKkuM (HayHUCTH-
YecKHM KoMIutekcaM: (1) mmpoxo pacmpocTpaHeHHBIN
espasuiickuii (WE), (2) roxusrit Tpormueckuii (ST),
(3) cpennzeMHOMOPCKO-TIOHTO-KACTIMICKUI dHAEMUY-
Helii (EN), (4) apunnsiit (AR); 1 AByM HCKYCCTBEH-
HBIM rpynmnam: (5) MHUPOKO pacpoCTpaHEHHbIE HEpe-
BU3MOHHBIE TakcOHBI (WS) 1 (6) BocToUHBIE (BO3MOXK-
HO, aHTpornorennsie) BeceneHnsl (IS). Pacnpenenenne
(ayHHCTHYECKUX KOMIUICKCOB MEXIY IBYMSI OCHOB-
HbIMH OuoTonamu B Tamanu u B octasnibHOM [Ipenkas-
Ka3be CYIIECTBEHHO pPa3IM4aeTcs: OHO OTHOCUTEIHHO
CXOJIHO JUIs OEHTOCHBIX + JuTopanbHbIX (BP) BHIOB,
HO CHJIBHO Pa3IUYaeTCs TS INTAaHKTOHHBIX BUI0B (PL).
Cpemu BumoB PL B TamaHCKoO# mom00IacTH MO BH-
noB EN, IS u AR 3nauurtensHo Boimre, a gois1 WE u
WS 3HaunTeNBbHO HIKE, YeM B ocTaibHOM [IpenkaBka-
3pe. Ha cerogusimHuii jeHb y Hac HEeT OOBSICHEHUS
nojo6HoM criennguke Tamanckoro cyopernona. Tak-
K€ MBI HE MOKeM 00CyKIaTh oyard suaemMm3ma [lpen-
KkaBKka3bsg u naxke Kaskasa B ornomenun Cladocera,
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TeM 0ojee, YTO HH OJUH TaKCOH BETBUCTOYCHIX HE
cunTtaeTcd ’HIeMukoM Kapkaza. McciaenoBanus kia-
JIOLIEp B 3TOM PETHOHE HEOOXOANMO TIPOIOIKATE.

Introduction

Biodiversity of continental waters apparently is stud-
ied irregularly among different invertebrate taxa, even
in “well-studied” Eurasia. If we have adequate knowl-
edge of the species composition of fishes, amphibia,
mollusks and some insects in many regions of Russia
[Kantor, Sysoev, 2005; Bogutskaya et al., 2008; No-
voselov, 2020; Bolotov et al., 2020; Vinarski et al.,
2021; Simonov et al., 2022], micro-crustaceans attract
less attention by hydrobiologists. Water fleas (Crusta-
cea: Cladocera) represent a dominant group of micro-
scopic animals in continental water bodies of different
types [Dumont, Negrea, 2002], and many publications
on their ecology appear each year [Lampert, 2011;
Lares et al., 2022], but publications on their fauna and
taxonomy are much more rare. Moreover, strong chang-
es in the taxonomy of many macrotaxa [Van Damme,
Dumont, 2008; Korovchinsky, 2018; Sinev, 2020] com-
promise use of previously obtained data for subsequent
ecological and biogeographical analyses.

Paradoxically, attention of experts on cladoceran
biogeography is concentrated in Russia on the Arctic
zone [Novichkova, Chertoprud, 2015; Chertoprud, Nov-
ichkova, 2021], Siberia [Burmistrova, Ermolaeva, 2013;
Afonina et al., 2019; Chertoprud et al., 2022] and Far
East [Kotov et al., 2011a,b; Kotov, Sinev, 2011; Gari-
bian et al., 2019; Kotov et al., 2021]. In contrast, the
European part of Russia is not studying intensively,
except for revealing non-indigenous cladocerans, which
are tasks of many special publications (see review by
Kotov et al. [2022]). All available taxonomic informa-
tion on the cladocerans of the whole of North Eurasia
was summarized by Korovchinsky et al. [2021] but
still some regions are studied inadequately.

It is well-known that Caucasus is an important
hotspot of biodiversity and endemism of the terrestrial
[Griffin, 1999; Myers et al., 2000; Krever et al., 2001,
CEPF, 2018] and freshwater [Katouzian ef al., 2016;
Parvizi et al., 2019; Marin et al., 2021] animals, but we
have no idea if it is true for Cladocera? Again, recent
information on the Cladocera of Georgia and Azer-
baijan is scarce [Alekhperov, Taptiqova, 2021; Tap-
diqova, 2022]; studies of the water fleas of Armenia
are more numerous [Krylov ef al., 2016; Malin et al.,
2021] but lacking any taxonomic revisions. Ciscauca-
sia (covering several Russian Federation regions) is
among inadequately studied territories, although stud-
ies on the Cladocera were started there many years ago
[Sowinsky, 1891; Schiklejew, 1929; Kalita, 1930:
Kudelina, 1930; Tauson, 1936] and are continued re-
cently [Dementiev, 2015; Karnaukhov, Zlotnikov, 2017,
Bondareva, 2019].

During previous years, numerous samples were col-
lected in the Ciscaucasian Region, but they were used
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only in few taxonomic trans-Eurasian studies at the
time. The aim of this communication is to analyse the
cladoceran fauna of the Ciscaucasian Region to deter-
mine general regularities of the cladoceran distribu-
tion, i.e. to reveal local biodiversity hotspots of the
region.

Material and Methods

Samples were collected in the Ciscaucasian Region from
late March to earlier October of 2004—2021 by team of the
Laboratory of aquatic communities and invasions of A.N.
Severtsov Institute of Ecology and Evolution of Russian
Academy of Sciences or by our colleagues from IEE RAS,
or from other institutes using plankton nets and dip nets of
various designs with a mesh size of no more than 50 pm. A
single total sample was taken from each small water body; a
single sample from pelagic zone and 1-2 samples from the
littoral zone were taken from each large water body. An
altitude effect on the cladoceran fauna [Dumont, Negrea,
2002; Korovchinsky et al., 2021] leads to a situation when
mountain regions have their own specific traits, so we ex-
cluded from our analysis all the samples from water bodies
above 500 m a.s.l. to avoid an altitude effect on the regulari-
ties of a horizontal distribution of the taxa. Therefore, our
study concerns lowlands only.

In total, 171 qualitative samples from 155 water bodies
(Fig. 1) were analysed by the protocol described in Garibian
et al. [2021]. All specimens identified to genus level (juve-
niles, ephippia of the Anomopoda, deformed specimens,
separate body parts) were excluded from our analysis. Ini-
tially distribution of each species in the Ciscaucasian Re-
gion was visualized in Quantum GIS Ver. 3.28 (https://
qgis.org/en/site/). Initial data on the water bodies and cla-
doceran records are available at the Open Science Frame-
work portal (https://doi.org/10.17605/OSF.I0/QR7HS).

Linear Regression Model (OLS method, the permutation
test on correlation (R?) using 9999 replicates) was applied to
reveal a relation between the number of species detected,
and environmental variables in a whole dataset: latitude,
longitude, altitude (remember that all of them were located
below 500 m a.s.l.!) of the locality where each sample was
taken, and approximate area of the water body (in square
meters, identified using images from Yandex Satellite Map,
www.yandex.ru, accessed on 1 June 2023). Data were z-
transformed (value of the water body surface square also
was log-transformed) and added to Linear Regression Mod-
el with Monte-Carlo tested p-values.

Each water body was assigned to either temporary or
permanent group, based on a description made by a sample
collector or on the satellite image of the studied area by
Yandex Satellite Map; both methods permit identifying ob-
vious signs of complete drying at some phases of the water
body seasonal cycle. Roadside ditches, drying oxbows, rice
fields, all puddles and tanks were automatically assigned to
temporary water bodies. All other water bodies were as-
signed to the permanent group.

Based on a provisional analysis of the distribution maps
of each taxon, all the localities were subdivided into two
sub-regions:

(1) “Taman” within the following boundaries (Fig. 1):
latitude 44.5-45.5 °N, longitude 36.6-39.5 °E; including
floodplain and delta of the Kuban, the town of Krasnodar
and the Krasnodar reservoir, the Azov Sea and Black Sea
coasts including Novorossiysk.
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. Sub-region Taman
~_°Sub-region Other Ciscaucasia

Fig. 1. Maps: A — of Europe; B — of studied region with sampling points. Brown lines and numbers represent borders and numbers
of Ecoregions according to Abell er al. [2008]. Base map here and below is the ESRI Shaded Relief layer in Pseudo-Mercator projection
(https://server.arcgisonline.com/ArcGIS/rest/services/World_Shaded_Relief/MapServer/tile/{z}/{y}/{x}).

Puc. 1. Kapra: A — Espomnsl; B — ncciienyemoro persoHa ¢ Touykamu orbopa mpo6. KopudHeBble JIMHUE U LUA(PBI TIPEICTABISIOT
c000ii TpaHHMIIbl K HOMEpa dKopernoHoB cornacHo Abell ef al. [2008]. basoBas kapra 3mech u Hmke — cioii Shaded Relief ESRI B niceBmo-
Mepxaropckoit npoexnun (https://server.arcgisonline.com/ArcGIS/rest/services/World_Shaded Relief/MapServer/tile/{z}/{y}/{x}).

(2) “Other Ciscaucasia” sub-region, where the rest of the
samples were assigned (Table 1).

The number of water bodies and the number of records
belonging to each water body type were calculated for each
sub-region separately. An empirical randomized species ac-
cumulation curve depending on the sampling effort (the
number of samples analyzed) was constructed for Taman
and Other Ciscaucasia sub-regions in the EstimateS9.1 pack-

age [Colwell, Elsensohn, 2014] with five different non-
parametric species estimators: Chaol, Chao2, Jacknifel, Jack-
nife2, and Bootstrap separately for the species from the sub-
regions. Bootstrap was found to be the best model (among
five) according to the minimum dispersion of predicted val-
ues for each step.

All species were subdivided into planktonic (PL) and
benthic + phytophilous (BP) according to Korovchinsky et
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Table 1. Information on the sub-regions used in
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this study: number of water bodies, number of identifications and informa-

tion on their belonging to particular Freshwater Ecoregions according to Abell ef al. [2008].
Tabnuua 1. MadopmManust o cyOpernoHax, n3y4eHHbIX B JAHHOM HCCJIEIOBAHUU: YHCJIO BOJOEMOB, YHCIIO HAXOJO0K U

I/IH(i)OpMaHI/ISI 00 MPUHAUIEKHOCTU TIOCICAHUX

K KOHKPETHBIM ITPECHOBOIHBIM dKoperrnoHam cornacHo Abell ef al. [2008].

Sub-region . 1\{0. Of. Water bodies, total Water bodies, Water bodies,
identifications temporary permanent
Taman 162 53 15 38
Other 276 102 e 59
Ciscaucasia
Total 438 155 58 97
. No. of records in No. of records
. No. of species . Freshwater
Sub-region temporary water in permanent .
recorded . . Ecoregion
bodies water bodies
Taman 45 24 138 427,428, 433
Other 0 99 177 411,427, 428, 433
Ciscaucasia
Total 57 123 315 411,427, 428, 433

Table 2. Species found in two sub-regions and their belonging to planktonic or benthic+phytophylous group

and geographic faunistic complex.

Ta6mmna 2. Buisl, oGHapyKeHHBIC B IBYX CyOperHOHaX, M X MPUHAJICKHOCTh K IIIAHKTOHHON MITH OCHTOCHOM-

¢buTodMIBEHON TpyIIe U reorpaguyeckoMy (hayHUCTHIECKOMY KOMILIEKCY.

Other Faunistic Plankt?nlc/
Taxon Taman . . benthic +
Ciscaucasia  complex .
phytophilous

Acroperus angustatus Sars, 1862 + + WE BP
Acroperus harpae (Baird, 1834) + + WE BP
Alona quadrangularis (O.F. Miiller, 1785) + + WE BP
Alonella excisa (Fischer, 1854) + + WS BP
Alonella exigua (Lilljeborg, 1853) + + WS BP
Bosmina coregoni Baird, 1857 + WE PL
Bosmina longirostris (O.F. Miiller, 1776) + + WS PL
Ceriodaphnia laticaudata P.E. Miiller, 1867 + WS PL
Ceriodaphnia pulchella Sars, 1862 + WS PL
Ceriodaphnia reticulata (Jurine, 1820) + + WS PL
Chydorus ovalis Kurz, 1875 + WE BP
Chydorus sphaericus (O.F. Miiller, 1776) + + WE BP
Coronatella elegans (Kurz, 1875) + + AR BP
Coronatella rectangula (Sars, 1861) + + WS BP
Daphnia cucullata Sars, 1862 + + WE PL
Daphnia curvirostris Eylmann, 1887 + + WE PL
Daphnia longispina O.F. Miiller, 1776 + WS PL
Daphnia magna Straus, 1820 + + AR PL
Daphnia obtusa Kurz, 1874 + + WS PL
Daphnia pulex Leydig, 1860 + + WS PL
Daphnia similis Claus, 1876 + + EN PL
é)(;z%hma sinensis Gu, Xu, Li, Dumont et Han, n AR PL
Diaphanosoma dubium Manuilova, 1964 + + IS PL
Diaphanosoma macrophthalma Korovchinsky et

Mirabdullaev, 1995 " " 15 PL
Diaphanosoma orghidani Negrea, 1982 + WE PL
Diaphanosoma mongolianum Uéno, 1938 + WE PL
Disparalona rostrata (Koch, 1841) + + WE BP
Dunhevedia crassa King, 1853 + + ST BP
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Table 2 (continued).
Tabmuma 2 (mpomoInKeHNE).

Other Faunistic Plankt(.)mc/
Taxon Taman . . benthic +
Ciscaucasia  complex .
phytophilous

Flavalona costata (Sars, 1862) + WS BP
Graptoleberis testudinaria (Fischer, 1851) + + WS BP
Ilyocryptus agilis Kurz, 1874 + WS BP
Leydigia acanthocercoides (Fischer, 1854) + WE BP
Macrothrix dadayi Behning, 1941 + EN BP
Macrothrix hirsuticornis Norman et Brady, 1867 + WS BP
Macrothrix laticornis (Jurine, 1820) + WE BP
Megafenestra aurita (Fischer, 1849) + WE PL
Moina belli Gurney, 1904 + AR BP
Moina brachiata (Jurine, 1820) + + WE PL
Moina lipini Smirnov, 1976 + + WE PL
Moina macrocopa (Straus, 1820) + WE PL
Moina micrura Kurz, 1874 + WS PL
Moina salina Daday, 1888 + + AR PL
Ovalona cambouei (Guerne et Richard, 1893) + ST BP
Oxyurella tenuicaudis (Sars, 1862) + + WE BP
Phreatalona protzi (Hartwig, 1900) + WE BP
Pleuroxus aduncus (Jurine, 1820) + + WS BP
Pleuroxus laevis Sars, 1862 + WE BP
Pleuroxus quasidenticulatus (Smirnov, 1996) + + ST BP
Pleuroxus truncatus (O.F. Miiller, 1785) + WE BP
Prendalona guttata (Sars, 1862) + WS BP
Scapholeberis mucronata (O.F. Miiller, 1776) + + WS PL
Scapholeberis smirnovi Garibian, Neretina,

Taylor et Kotov, 2020 - * ST PL
Sida crystallina (O.F. Miiller, 1776) + + WE BP
Simocephalus exspinosus (De Geer, 1778) + + WS BP
Simocephalus mixtus Sars, 1903 + WS BP
Simocephalus vetulus (O.F. Miiller, 1776) + + WS BP
Tretocephala ambigua (Lilljeborg, 1901) + AR BP
Total 45 42 57 57

al. [2021], and the number of records belonging to each
biotope was calculated for each sub-region. In order to esti-
mate how the species belonging to different biotopes were
distributed over temporary and permanent water bodies, we
excluded from our analysis 49 samples with a single species
record.

For further analysis, all the taxa were assigned to the
following geographic faunistic complexes based on litera-
ture information on their distribution summarized by Ko-
rovchinsky et al. [2021] (Table 2):

1) widely distributed Eurasian (WE);

2) southern tropical (ST);

3) Mediterranean-Ponto-Caspian endemic (EN);

4) arid (AR) complex;

and two artificial groups:

5) widely distributed non-revised taxa (WS);

6) eastern (possibly, anthropogenic) invaders (IS).

The diagrams visualizing number of species belonging
to each faunistic complex in each sub-region, and with dif-
ferentiation by two biotopes (plankton vs. benthos+litoral),
were constructed. Non parametric Mann-Whitney test [Mann,
Whitney, 1947] was used to check the differences in average

number of PL and BP species per water body in permanent
and temporary water bodies in all studied sub-regions.

All calculations and visualization of the graphs are per-
formed in the STATISTICA 12 statistical analysis package
(www.statsoft.com) and PAST 4.11 package [Hammer et
al., 2001].

Finally we have applied the scheme of Ecoregions ac-
cording to Abell ez al. [2008] realized in the FEOW [2023]
website. Our samples belonged to the following Ecoregions:
411 — Western Caspian Drainages; 427 — Don; 428 —
Kuban and 433 — Western Trans-Caucasia. Diagram repre-
senting the rate of the records belonging to each faunistic
complex in each Ecoregion was provided. Fisher’s exact p
(based on network algorithm of Mehta & Patel [1986]) for
frequency tables of faunistic complexes in different Ecore-
gions is used, because conventional Chi squared test with
Monte-Carlo permutation p doesn’t work for zero-level cells.

Results

In total, 438 cladocerans belonging to 57 species
were recorded. We have provided here the maps for
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Fig. 2. Localities where species belonging to EN and AR faunistic complexes were found: A — regularly distributed through whole

territory; B — concentrated in the Taman sub-region.
Puc. 2. MecToHax0XK/IeHHUs BUAOB, NIPHHALISKANX K hayHucTHIecKuM KoMiuiekcaM EN u AR: A — paBHOMEpHO pacmpeieieHHbIX

10 BCel TeppHTOPUH; B — CKOHIICHTPHPOBAaHHEIX B TaMaHCKOM CyOperuoHe.
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Table 3. Regression coefficients for environmental variables and number of species per water body in a whole dataset.
Tabnuua 3. KospuuneHTs perpeccuu Juis IEpeMEHHBIX OKPYIKAIOIEH Cpe/bl M KOJIMYECTBA BUIOB HAa BOJIOEM BO BCEM

HaOope MaHHBIX.

Coefficient Standard error t D R’
Constant 2.83 0.19 15.11  0.000
Longitude 0.18 0.20 0.91 0.363 0.016
Latitude -0.12 0.19 -0.62 0.537 0.002
Altitude -0.14 0.21 -0.66 0.508 0.010
Water body square 0.28 0.21 1.34  0.182 0.027
Table 4. Mean number of BP and PL species in permanent and temporary water bodies.
Tabnuua 4. Cpennee yncio BugoB BP u PL B MOCTOSIHHBIX M BpEMEHHBIX BOJOEMaX.
Water bodies BP species (n+SD) PL species (n+SD)
Permanent 74 2.72+2.44 1.22+1.30
Temporary 32 1.81+1.51 1.25+0.88
Total 106 2.44+2.24 1.23+1.19

only some taxa distributions, while for most taxa the
distribution was more or less regular through whole the
region under consideration (Fig. 2A), or they were too
rare for an adequate statistical analysis. But analysis of
such maps has resulted in the conclusion that AR and
EN taxa were concentrated just in the Taman Peninsu-
la, the Kuban Delta and their vicinities (Fig. 2B).

No environmental variable demonstrated a signifi-
cant influence on the number of species found per
water body as the regression model showed a low
power and a low significance (multiple R=0.193, ad-
justed R*=0.011, F=14.453 with 4 and 150 degrees of
freedom, permutation p=0.218), coefficients of the
model are presented in Table 3. But Bivariate regres-
sion model with a log-transformed value of the water
body square alone, demonstrated a small positive influ-
ence on the number of species detected (R=0.164,
R?>=0.027, t=2.057, p=0.041), as common for species
richness and square of ecosystem [Preston, 1962].

Biotopes were varying in species abundances; 32
species belonged to BP (benthic + phytophilous) and
25 species belonged to PL (planktonic) groups. Their
average numbers per water body were not equal in
permanent and temporary water bodies (Table 4). Non
parametric Mann-Whitney test demonstrated that aver-
age number of PL species per water body did not differ
in permanent and temporary waters, but number of BP
species was significantly larger in permanent waters
(Table 5). Moreover, the Taman sub-region demon-
strated even more definite pattern of the biotope dif-
ferences (permanent vs. temporary water bodies) (Ta-
ble 6).

Among 57 species, 30 were found in both sub-
regions, 15 species were recorded in Taman only, and
12 species were found outside of the Taman sub-region
only. Estimated (by Bootstrap method) species number
was 53.64+1.63 for Taman and 48.09+1.24 for Other

Ciscaucasia (Fig. 3). These values were close enough
to observed species numbers to consider the species
diversity in two sub-regions reasonably well-studied.

The portion of records belonging to different fau-
nistic complexes in the Taman and Other Ciscaucasia
was relatively similar (Fig. 4A), although a portion of
IS and AR was somewhat higher in Taman. Such simi-
larity in the faunistic composition was provided by a
higher portion of BP species per water body (Fig. 4B),
for which such differences were minimal between two
sub-regions. In contrast, distribution of faunistic com-
plexes between two main biotopes in sub-regions (Fig.
5A-D) was significantly different: it was relatively
similar for the BP species, but very different among the
PL species: y? test for equal distribution gave the fol-
lowing values: p=0.6956 for BP and p=0.0002 for PL.
Indeed, among PL species in the Taman sub-region the
portion of EN, IS and AR species was significantly
higher and rate of WE and WS was significantly lower
as compared to the Other Ciscaucasia. Just plankton
made the Taman sub-region specific for cladoceran
biogeography.

The portion of records of different faunistic com-
plexes in each Ecoregion by Abell et al. [2008] is
represented in Figure SE. In general, it was similar in
different Ecoregions, although the rate of IS is some-
what higher in Ecoregion 433, and the rate of EN
higher in Ecoregion 411.

Table 8 shows a proportion of different faunistic
complexes in different Ecoregions. Fisher’s exact p
test demonstrated that composition of the faunistic com-
plexes had significant difference in parts of Ecoregions
427 and 428 belonging to two different Ciscaucasian
sub-regions. Ecoregion 433 (Western Trans-Caucasia)
had no significant difference in proportions of faunistic
complexes in Taman and Other Ciscaucasia sub-re-
gions (Table 7).
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Table 5. Significance of the differences between the number of PL and BP species in permanent and temporary water

bodies by non parametric Mann-Whitney test.

Tabnuua 5. Pe3yabpraTsl NpoBepKu paznuuuil Mexay urcioM PL u BP BUIOB B OCTOSIHHBIX M BpEMEHHBIX BOJOEMax 10
BCEMY PETHOHY C MOMOIIIBIO Herapamepruieckoro recra MaHHa-YuTHH.

Rank Sum  Rank Sum U 7z _value
Permanent Temporary p
PL species 3837.0 1834.0 1062.0 —0.839591 0.401138
BP species 4295.5 1375.5 847.5 2.315757 0.020572
V/ —value Valid N Valid N
adjusted p Permanent Temporary
PL species -0.881927  0.377817 74 32
BP species 2.376778 0.017465 74 32

Table 6. Results of the non parametric Mann-Whitney test of difference between the number of PL and BP species

in permanent and temporary water bodies by two subregions.

Tabmuma 6. Pe3ynpTaTsl mpoBepky paszmmduii Mexay grciaoM b® u [1J] BUIoB B MOCTOSHHBIX U BPEMEHHBIX BOJOEMaX ABYX
CcyOpernoHOB C MOMOIIBIO HEMapaMeTpruiyeckoro Tecra MaHHa-YUTHHU.

Sub-region Rank Sum  Rank Sum

Permanent Temporary z p-value

BP species Other 1559.0 719.0 419.0 1.268435 0.204644
PL species Other 1424.0 854.0 478.0 —0.496912 0.619251
Number of species Other 1548.0 730.0 430.0 1.124591 0.260763
BP species Taman 688.0 92.0 56.0 2.365068 0.018027
PL species Taman 598.0 182.0 102.0 —0.765169 0.444171
Number of species  Taman 698.0 82.0 46.0 2.712873 0.006671

Sub-region . Z p-value Valid N Valid N

adjusted Permanent Temporary

BP species Other 1.314923  0.188537 43 24
PL species Other —0.525521  0.599221 43 24
1;)‘::;2? of Other 1.165458  0.243835 43 24
BP species Taman 2.412160  0.015859 31
PL species Taman —0.796894  0.425513 31
Number of species  Taman 2.801313  0.005090 31

Discussion

Preliminary conclusions on the Cladocera of the
Ciscaucasian Region were made by Behning [1941]
who typified the water bodies of Caucasus, Ciscauca-
sia and Transcaucasia and even subdivided the cla-
docerans into several faunistic groups: (1) boreal forms,
(2) subtropical forms, (3) eastern invaders (probably
from Middle Asia), (4) old forms, (5) forms of un-
known origin (either old relicts or recent invaders due
to human activity). Note that such groups by Behning
[1941] could be regarded as direct analogues to our
faunistic complexes, moreover, most these groups fully
conform to the latter.

Subsequent publications on the Cladocera of this
region did not reveal any remarkable traits of the Cla-

docera biodiversity distribution. They were focused on
specific small subregions and even water bodies, with-
out attempts to make their comparative analysis and
form a summarizing checklist, except for Dementiev
[2015], who formed a representative list of the Cla-
docera of Central Ciscaucasia. Based on his own origi-
nal records during tens of years, he listed many more
species relative to our list, but some of his identifica-
tions concerned regions above 500 m a.s.l., some other
records are dubious, and some records need to be re-
checked based on new original samples. At the same
time, we believe that our list is not a final one, but ideas
on the cladoceran distribution regularities revealed here
should not be changed after adding more to the analysis.

Subdivision of Ecoregions according to Abell et
al. [2008] does not work well for the Cladocera (as it
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Fig. 3. Randomised species accumulation curve for Taman (red) and Other Ciscaucasia (blue) with 95% confidence interval bounds.
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Fig. 4. A — portion of PL and BP taxa per water body in each subregion; B — an average number of PL and BP taxa per a water body
in two sub-regions (B).

Puc. 4. A — nonst Haxomok TakconoB PL 1 BP Ha kakplit BOZOEM B Ka)KI0M cyOpernoHe; B — cpenee 4ncio HaxXom0Kk TakCoHOB PL
u BP Ha BozoeM B IByX cyOpernoHax.
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Fig. 5. Faunistic composition in two sub-regions: A — Taman, BP; B — Other Ciscaucasia, BP; C — Taman, PL; D — Other
Ciscaucasia, PL; E — faunistic composition in four Ecoregions of Ciscaucasia according to Abell et al. [2008].

Puc. 5. CocraB dayusl aByx cybpernonos: A — Tamanckoro, BP; B — Ocransroro Ilpenxaskasss, BP; C — Tamans, PL; D —
OcranbHoe IIpenxaskasse, PL; E — cocras dayHsl B ueTsIpex dxopernonax IIpenxaskasss mo Abell et al. [2008].
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Table 7. Percentage distribution of records belonging to different faunistic complexes in the parts of Ecoregions according
to Abell et al. [2008] falling into different sub-regions identified in this study (Taman / Other Ciscaucasia) and p values of

Fisher’s exact test to distinguish between distributions.

Tabnuua 7. [IpolleHTHOE pacmpeielieHie HaX0I0K, TPUHAIICKAIINX (ayHHUCTHUSCKIM KOMIUIEKCAM B YacTIX
OkopernonoB o Abemo u ap. (Abell et al. [2008]), monamaromux B pa3Hble CyOpeTHOHBI, BBICICHHBIE B 3TOM
uccnenoanuu (Tamans / [Ipouee [IpenkaBkasbe), ¥ 3HAYCHUS p TOUHOTO TecTa Duiiepa A pasIHUusi PaCTPEICTICHHIA.

Ecoregions 411 427 428 433

IS 0/ 1 4 /0 8 /2 0/0
AR 0/ 4 16 / 6 577 10/ 0
WE 0 /44 32/39 32/29 28 /31
WS 0 /35 48 /49 51/52 44 /58
EN 07/ 2 0/0 0/0 6 /10
ST 0 /14 0/6 5/10 12/0
Fisher's exact p 1.0000 0.1581 0.2680 0.0107

was previously demonstrated by us for several re-
gions of the Far East of Eurasia [Kotov ef al., 2022;
Krolenko et al., 2023]. Moreover, even the specific
zone (a potential hotspot) of biodiversity, and a possi-
bly specific region in terms of the Cladocera zooge-
ography — Taman Peninsula and its vicinities —
covers some portions of territories of three different
Ecoregions (427, 428, 433). But please take into con-
sideration that we did not study the Volga Delta,
which is known as a source of specific cladoceran
taxa, i.e. thermophylous species of a tropical origin
[Smirnov, 1971].

Earlier Kotov [2016] proposed to subdivide all the
cladoceran taxa of North East Asia into seven geo-
graphic faunistic complexes = “groups of species with
similar, or sometimes different, recent geographic dis-
tributions, but with similar centers of differentiation
and dispersion in the past” [Krolenko et al., 2023].
Such subdivision was used for Far Eastern cladocer-
ans, where only four complexes are found: widely dis-
tributed Eurasian (WE); East Asian + North American
=“Beringian” (EAA); Far Eastern endemic (EA); south-
ern tropical (ST), plus the aforementioned artificial
group of widely distributed non-revised taxa (WS).
This subdivision permits several interesting conclu-
sions on the history of faunistic changes in the Far East
during the Late Pleistocene [Garibian et al., 2021;
Kotov et al., 2022; Krolenko et al., 2023]. An impor-
tant conclusion was made concerning a different age of
the complex differentiation: if Boreal WE and EAA
complexes were differentiated in Late Pleistocene, EA
taxa have an old-Pre-Pleistocene origin, being geo-
graphic, and sometimes phylogenetic, relicts [Kotov et
al., 2021, 2022]. Unfortunately, the age of differentia-
tion of ST is unknown to date. Just old endemic taxa
monopolized the water bodies of the Far East and
prevented penetration of the Boreal taxa south and
tropical taxa north, preventing faunal mixing and shap-
ing the Boreal/Tropical transitional zone. We expect to
find such a zone in Europe also. But the set of faunistic
complexes must be re-evaluated, i.e. because “Bering-

ian” (EAA) and endemic Far Eastern (EA) species are
absent, while other faunistic elements are present there.
In this article, we have made a first attempt to adapt the
scheme of Kotov [2016] to European Boreal/Tropical
transition zone.

The situation in Ciscaucasia is made more compli-
cated by a recent anthropogenic influence on the water
bodies, namely, intensive rice cropping in the region.
Presumable eastern invaders (IS), Diaphanosoma du-
bium and D. macrophthalma, are associated just with
the rice fields [Korovchinsky, 2018; Kotov et al., 2022].
Moreover, just the Kuban is a region where some other
freshwater alien species, first of all fishes, were intro-
duced from East Asia due to improper human activity,
i.e. during a deliberate introduction of the species “help-
ful” for aquaculture [Artaev ef al., 2021; Karabanov et
al., 2021; Makhrov et al., 2023]. We found that possi-
bly alien species from the genus Diaphanosoma make
a significant portion from the records of planktonic
cladocerans in the Taman-Kuban region. Presence of
such IS species makes a zoogeographic analysis more
complicated.

But we believe that our initial attempt to subdivide
all the cladoceran taxa of the Ciscaucasian Region was
relatively successful, although it was not reinforced by
the phylogeographic studies to date. Referring to the
East Asia as a possible analog of the Caucasian territo-
ry, we can hypothesize that the Ciscaucasian Region
represents the northernmost portion of the transitional
zone between Boreal (WE) and Tropical (ST) fauna.
Behning [1941] correctly concluded that just Boreal
taxa are predominant in the Ciscaucasia, while several
Boreal taxa are already rare there and fully absent in
more southern regions. At the same time, a contribu-
tion of the tropical (“subtropical” in Behning, [1941])
taxa (ST) to the Ciscaucasian fauna is minimal. The
core of the Boreal/Tropical transitional zone is located
south, probably in Transcaucasia, Turkey and the Med-
iterranean region; the latter is also a well-known zone
of cladoceran endemism [Korovchinsky, 2006]. We
can roughly hypothesize that this zone is very wide
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latitudinally, similar to that in the Far East of Eurasia
[Garibian et al., 2021; Krolenko et al., 2023].

Our provisional separation of an independent arid
faunistic complex (AR) must be checked by new fau-
nistic and phylogeographic studies. Previously such
studies have demonstrated that the inhabitants of the
“Arid Belt of Eurasia” are, at least partly, represented
by the Pre-Pleistocene relicts [Kotov et al., 2022; Hamza
et al., 2023]. Therefore, EN and AR could represent a
single complex of old relicts shaping the transitional
zone between Boreal and Tropical faunas. Such a situ-
ation is relatively similar to that in the Far East [Kotov
et al., 2022; Krolenko et al., 2023], but an arid belt is
absent in the latter region.

Why is the Taman Peninsula (and its vicinities) a
specific region for microscopic crustaceans? This ques-
tion could not immediately be answered, but recently
some evidence of a specific status and a biogeographic
role of this region and its surroundings are obtained for
other groups of the freshwater invertebrates like union-
id bivalves [Tomilova et al., 2020] or nyphargid am-
phipods [Marin, Palatov, 2023]. Several authors sug-
gested that an ancient glacial refugium existed in the
Northern Black/Azov Sea Lowland [Lyubas et al., 2023;
Marin, Palatov, 2023], and such an idea agrees with
our conclusion on a specific cladoceran fauna in this
region. Moreover, the Taman Peninsula is located in
front of the Crimean Peninsula, and the latter is also
regarded as the hotspot of freshwater biodiversity
[Birstein, 1961; Mamos et al., 2016; Lantushenko et
al., 2022]. But note that to date no one local endemic
species of cladocerans was found in Crimea. The
Kerchinsky Strait, 4.5-15 km width, could be crossed
by any water bird (carrying resting eggs of freshwater
invertebrates on the feathers and in the food mass in
the gut, see [Green, Figuerola, 2005; Viana et al.,
2016]) by a single non-stop flight. But, again, fauna of
Crimea is inadequately studied, and our idea on a Crime-
an influence to Taman fauna is a hypothesis only.

To date we have no explanation for the difference
between planktonic and bethic/littoral groups of taxa in
their faunistic composition. While benthos/littoral of
Taman (and its vicinity) and that of other Ciscaucasian
territories is similar, the plankton of the former is spe-
cific: it contains a high proportion of the endemic
(EN), “arid” (AR) and “eastern” (IS) taxa. At the same
time, there is no evidence that the Taman region has a
wider range of water body types as compared to other
Ciscaucasia.

To date we cannot discuss the endemism hotspots
of the Ciscaucasia and even Caucasus concerning the
Cladocera, moreover, no one cladoceran taxon is re-
garded as an endemic of the Caucasus. It apparently
reflects our poor knowledge on the cladocerans from
this region rather than its mediocrity in part of the
biogeographic affinities. All endemics species found
here (EN) are endemics of the Mediterranean-Ponto-
Caspian region rather than local endemics. Behning
[1941: p. 77] reached the same conclusion more than
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80 years ago, and the situation has not changed since
that time. Our study is a next step towards understand-
ing the regularities of cladoceran biodiversity in the
region. We believe that our list is not final one, and
such studies need to be continued.
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