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SEMI-AQUATIC MAMMALS OF THE IRTYSH RIVER
FLOODPLAIN AS BIOINDICATOR SPECIES
AND THEIR ECOSYSTEM SERVICES

The Irtysh River floodplain in Kazakhstan is home to diverse semi-aquatic mammals that serve as key
bioindicators of ecosystem health. This study investigates six species: the muskrat (Ondatra zibethicus),
Eurasian beaver (Castor fiber), water vole (Arvicola amphibius), American mink (Neogale vison), Eur-
asian otter (Lutra lutra), and Eurasian water shrew (Neomys fodiens). These species play critical roles in
ecosystem services, contributing to water purification, extreme events mitigation, pest control, retention
of greenhouse gases, ecosystem engineering, increase in riverside’s recreational potential, prey base, seed
dispersal. However, invasive species such as the American mink and muskrat pose threats through
competition with native fauna and alteration of local biodiversity.

Field surveys conducted in 2023 along the Black Irtysh and Pavlodar Irtysh recorded 168 activity
traces from four key species. Population densities of Eurasian otter and American mink in the Black Irtysh
and the Eurasian beaver and American mink in the Pavlodar Irtysh were assessed. The studied section of
the Black Irtysh River hosts 6-8 otters, with approximately 10 individuals found from the China border to
Lake Zaysan, at a density of 1-1.2 otters/10 km. In the Kalzhyr River near Boran, the otter density is at
least 2 animals/10 km. The mink inhabits the Black Irtysh (river and tributaries) area at 0.3-0.5 individu-
als/km, and the Kalzhyr River at up to 1 individual/km. In the Pavlodar Irtysh, the mink density is lower,
at 0.2-0.3 individuals/km. In suitable habitats along the Irtysh River, beaver settlements occur every 3-4
km, and if there are three beavers per settlement, the total population in the Pavlodar Irtysh region is esti-
mated at 300—400 individuals. Overall, our studies reveal a high species density in areas with preserved
habitats, while human disturbances negatively impacted their presence in certain regions. More data are
necessary to better understand ecosystem services provided by semiaquatic mammals.

Key words: Irtysh River floodplain, river ecosystem, semi-aquatic mammals, bioindicators, ecosys-
tem services, population densities.
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EpTic e3eHiHiH >xailbUIMacCbIHbIH YKapTbiNlai Cy cyTKopekTinepi
YK9He onlapAblH 6MoMHANKATOP peTiHAeri XIHe 3KoXKYHeniK Kbi3MeTTepi

KasakctaHza opHanackaH EpTic e3eHiHiH aibliMachl — epeklle ayMak, Ofl KOopllaFaH opTa
canacblH KepCETETIH Herisri 6uoMHAMKaTopnap PeTiHAE KbI3MET E€TETIH XapTbi/la Cyaa MEKEHAENTIH
CYTKOpeKTinepaiH MekeH eTy opTackl 6onbin Tabbinagel. byn 3eptreyae antbl Typ 3epTTeniHai: OHAATp
(Ondatra zibethicus), KyHAbI3bI (Kacmop manwbirbr), cyThiwkaH (Arvicola amphibius), AMepukaHabiK
Ky3eH (Neogale vison), kamwart (Lutra lutra) >xaHe cy xeptecepi (Neomys fodiens). byn Typnep cyabl
TasapTyFa, TeTEHLUe XaFaainapabl asanTyFa, 3UsiHKeCTEpMeH Kypecyre, NMapHUKTIK rasfapbl XUHayFa,
3KOXYMEHI XacayFa, aWblIMaHbIH PeEKpeauussiblK aeyeTiHe, xeMaik 6a3a 605y oHe TyKbiMaapabl
TapaTyFa ynec KoCy apKbiibl 3KOXYHe Kbl3MeTTepiHAe MaHbi3abl pen atkapaabl. [ereHMeH, KyseH
XKOHEe OHAATP CUSKTbI MHBA3WBTI TYpJiep XeprinikTi TypnepMeH 6acekenecTtikke >aHe TipLwinik ety
opTacbiHbIH 63repyiHe 6ainaHbICTbl 6enrini 6ip kayin TeHaipeai.

2023 xbinbl 6i3 Kapa EpTic neH Maenoaap EpTiciHiH 60MblHaH TOPT xapTbinai cyaa MeKeHAeWTiH
TYPAiH Tipwinik apekeTiHiH 168 i3iH aHbikTaablK. Kapa EpTicTeri koMwwaT neH Ky3eHHiH, COHbIMeH
katap MNaenopap EpriciHaeri KyHAbI3 6€H Ky3€eHiHiH MonynsauusacbiHbiH, TbiFbI3abiFbiH 6aFanaabik.
bi3niH nOepekTepiMis 6oibiHWA Kapa EpTicTi 3epTTenreH ydyackeciHae 6—8 kaMluaT Kesdecedi,
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LeKapasbl 3alicaHFa gewiHri aymakTa 10 WwakTbl KaMwaT (nonynsuus ToiFbi3abiFbl 1-1,2 aapa/10 kM)
MekeHaenai. bopaH aybinblHbIH MaHbiHAAFbl Kamkblp e3eHi yyackeciHaeri keMiHae 2 kamwaT/10 km
kesgaeceni. AMepyKaHAbIK Ky3eH NonynsumscbiHbiH ThiFbI3AbIFbl Kapa EpTicte (Heri3ri e3eH MeH apHa-
napel) 0,3-0,5 gapa/km, Kamxkblp e3eHi MaHbiHAa 1 gapa/kM Kypaabl. NaBnopap EpTiciHae Ky3eH cupek
Kesgeceai, nonynsumnsiHbiH ThiFbi3ablFbl 0,2—0,3 aapa/kM acnangbl. EpTicTeri KyHAbI3AapFa Konansbl
MeKeHAeNTIH xepnepae 3—4 KM apHa 6oMblHAa 6ip KyHAbI3Aap KOHbICHI OpHanacaabl. bip KoHbICTa
OpTalla ecenmneH yw KyHabi3 6onca, onapablH xannbl caHbl MNaBnoaap EpTic eHipiHae 300-400 papara
[leliiH >XeTy MYMKIH. Bi3aiH 3epTTeynepimi3 HerisiHae, Tipwinik eTy opTachkl XXakcbl ayMakTapAa ochbl
TYpnepain nonynaums ThiFbI3AbIFbl XXOFapbl eKeHi 6alKkanblHAbl, an adaMHbIH HEraTUBTI SpeKeTi onap-
AOblH 6enrini 6ip aiMakTapAaH »onblnybiHa aKkenin corabl. XXapTblnal cynbl TYpAepaiH 3KoXyhenik
KbI3METTEPAI eMKel-TeMKENNI 3epTTey YLiH KOCbIMLLIA AEPEKTEP KaXeT.
TyiiiH ce3aep: EpTic e3eHiHiH XalblnMachl, XaliblIMaHblH 3KOXYWECH, dapTbliai Cy CyTKopekTine-

pi, BroNHAMKATOPNap, 3KOXYME KbI3METTEPI, NOMyNALUUSHbIH ThIFbI3AbIFbI.
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MonysoaHble MiekonNUTarowmne NoWMbl pexku UpTbiw
Kak 6VIOVIHAVIKaT0prIe BUAbI U UX 3KOCUCTEMHbDIE YC/TYTU

KaszaxcTaHckas 4acTb MoviMbl pekn MpTbilW SIBASETCS YHUKANbHLIM PEFMOHOM, MECTOM 0BUTaHMUS
ONs MONYBOAHbBIX MIEKOMUTAIOWMX, CAYyXALMX KI4YeBbIMM BMoMHAMKATOpaMM KadecTBa cpeabl.
B [QHHOM MCCneaoBaHMM pacCMOTPEHbI WeCTb BUAOB: oHAaTpa (Ondatra zibethicus), peuHolt 606p
(Castor fiber), BoasHas noneska (Arvicola amphibius), amepukaHckas Hopka (Neogale vison), peyHas
Bblgpa (Lutra lutra) u kytopa (Neomys fodiens). 3Tu BuAbl UrPatOT BaXKHENLYIO POSb B 3KOCUCTEMHbIX
ycnyrax, cnocobCcTBysi OUUCTKE BOAbI, CMAMYEHWUIO NMOCNEACTBUI IKCTPEMabHBIX SIBNIEHMI, Bopbbe ¢
BPEAUTENSMU, YAEPXKAHWUIO MAPHUKOBLIX ra30B, S3KOCUCTEMHOW MHXXEHEPUM, MOBLILLEHUIO peKpeaLu-
OHHOrO MOTEHLMana rnorMbl PeKkn, COCTaBNIEHMIO KOPMOBOW 6a3bl M pacnpoCTpaHeHuio ceMsiH. OaHaKo
MHBA3MBHbIE BUAbl, TaKMe Kak HOpKa WU OHAATpa, NPeACTaBsoT HEKOTOPYHO Yrpo3y M3-3a KOHKYPEHLMN C
HaTUBHbLIMW BUAAMU U U3MEHEHWS MECTOOBUTaHWUN.

Hamu B 2023 06Hapy»eHo 168 cnenoB XU3HEeAEATENbHOCTM YETbIPEX BUAOB MOMYBOAHbLIX BAOJIb
YepHoro WpTbiwa v MNaenogapckoro Upteiwa. OueHeHa NAOTHOCTb NOMYASUUN BblAPbl M aMepuKaH-
CKOV HOpKM B YepHoM MpTbilwe, a Takke 606pa 1 Hopku B MNMaBnoaapckoM MpThbiwe. Mo HawmM aaH-
HbIM, Ha UCCNEeA0BAHHOM yyacTke p. YepHbiii VpTbiw 06uTaeT 6—-8 ocobelt Bbigpbl, @ Ha BCEM yyacTke
OT rpaHuLbl ¢ Kutaem o 03. 3aicaH okono 10 Bbiap (NNOTHOCTb HaceneHus 1-1,2 ocobu/10 kM pyc-
na). MnoTHOCTb HaceneHunst Ha yyacTke p. Kamkblp Bbile noc. bopaH coctaBnsieT He MeHee 2 Bbiap/10
KM pycna peku. Ha YepHoM UpTbiwe (OCHOBHOE pycno 1M NPOTOKM) aMepPUKAHCKasi HOpKa HacenseT C
nnotHocTbto 0,3-0,5 ocobu/km pycna, a y p. Kamxbelp go 1 ocobu/km pycna. B Maesnogapckom Mpu-
MPTbILbE HOPKA BCTPEYAETCS pexe, MAOTHOCTb HaceneHust He npesbiwaeT 0,2-0,3 ocobeli/kM pycna. B
NpUrofHbIx ans 606pa mectoobuTaHmsx Ha p. MpTbiw 04HO noceneHne BCTpeyaeTcs Ha 3—4 KM pycna
peku. [pu cpegHeM pacyeTHOM Konn4vectee Tpy 606pa B 0AHOM noceneHnmn, ux obuas YMcneHHoCTb
Ha y4JacTke NaBnoaapckoro MpuupTbIWbs MOXET cocTaBnaTb 300—400 ocobeit. Halum nccnegoBaHus
MOKa3bIBaOT BbICOKYHO MIOTHOCTb 3TUX BUAOB B palloHax C COXPaHMBLUMMUCS MECTOOBUTAHNSMU, B TO
BpeMS KaK aHTPOMOreHHoe BMELLATENbCTBO HErATUBHO MOBMUSNO0 HA MX MPUCYTCTBUE B OMNpefeNieHHbIX
permoHax. Heobxoaumo 6onblie AaHHbIX A8 AETaNIbHOMO M3Y4YeHMs SKOCUCTEMHbIX YCyr, NpefocTaB-

NsAEMbIX MOJYyBOAHBbIMU MNIEKOMUTAOLWMMU.
KnroueBble cnoBa: rnoima peku UpTbiLw, rnovMeHHast 3KOCUCTEMa, NOJTyBOAHbIE MMIEKONUTAOLWMNE,

6VIOVIHLI,VIKaTOpr, SKOCUCTEMHbIE YCNTyrX, MJIOTHOCTb Mnonynauun.

Introduction voirs [2]. Furthermore, according to the geomor-

The Irtysh River floodplain is located in the
northeastern part of Kazakhstan, spanning the East
Kazakhstan, Abai and Pavlodar regions of the coun-
try [1]. The floodplain is formed by spring floods
and water from the Upper Irtysh cascade of reser-
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phological zoning of Kazakhstan, the Black Irtysh
River belongs to the region of accumulative and
denudation plains of the Zaisan Depression of the
orogenic belt. As a result, the river’s wide valley is
characterised by high and low floodplains as well as
accumulative terraces.
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Several semi-aquatic species, including na- tive
and invasive species, are present in the Irtysh River
floodplain: the Eurasian beaver (Castor fiber),
muskrat (Ondatra zibethicus), water vole (Arvicola
amphibius), Eurasian otter (Lutra lutra), American
mink (Neogale vison), and Eurasian water shrew
(Neomys fodiens). Moreover, native species, such as
the Eurasian otter and Eurasian beaver, contrib- ute
positively to ecosystem services such as water
purification, habitat creation, and flood mitigation.
In contrast, invasive species such as the American
mink can alter native biodiversity and ecosystem
functions, sometimes providing negative ecosystem
services through predation or competition with na-
tive species.

Ecosystem services include various ecosystem
functions and products that are necessary or ben-
eficial to humans [3], and, from an ecological per-
spective, should be based on healthy ecosystem
functioning [4]. Assessing the ecosystem services
provided by the semi-aquatic mammals is essential
for understanding their ecological roles and for the
future planning of conservation strategies. Native
and invasive species must be evaluated not only for
their positive contributions but also for their poten-
tial negative impacts, especially in light of the eco-
logical changes and anthropogenic pressures affect-
ing the Irtysh River floodplain.

In this study, we analysed positive (benefi-
cial to humans and the ecosystem) and negative
(harmful to humans and/or the ecosystem) eco-
system services provided by semi-aquatic spe- cies
and their bioindicator roles. We determined the
population densities of three key species: the
Eurasian beaver, Eurasian otter, and American mink
in the Black (Upper) Irtysh and the Pavlodar
(Lower) Irtysh. By understanding the balance of
positive and negative ecosystem services provid- ed
by these species, we can better inform conser- vation
efforts and the sustainable use of biologi- cal
resources in the region.

Materials and methods

In February-May and September-October 2023,
we surveyed the Kazakhstani part of the Black Irtysh
River and the Pavlodar Irtysh — two parts of the
Irtysh River in the north and northeast of Ka-
zakhstan. The total length of the routes by car and
foot tracks was greater than 1000 km. Approximate-
ly 220 km of the Black Irtysh and Pavlodar Irtysh
floodplains were surveyed. All traces of vital activ-

ity of semi-aquatic mammals were noted along the
routes, their sizes were measured, and, if possible,
individual individuals were identified.

We estimated otter population density using the
method of recording individual habitat areas [5] with
additions by other researchers (Rodikov, 1978;
Sidorovich, 1992) and our modifications [6]. The
numbers of American mink and beaver were also
estimated on the same routes. The study was based
on the method proposed by D.V. Ternovsky [7]. To
determine the beaver population, we used an eco-
logical method with elements of population density
assessment [8, 9].

We carried out a detailed analysis of the litera-
ture data on lifestyle and biocenotic role based on
the works of Afanasyev et al. [10], Heptner and
Naumov [11], Chanin [12], Bazarbekov and Lyak-
hov [13], Kruuk [14], and others. We considered the
ecosystem services provided by mammals in the
Irtysh River floodplain based on the combina- tion
of anthropocentrism (benefits to humans) and
biocentrism (benefits to the ecosystem as a whole)
[15, 16]. In our study, we modified the classification
in respect to semi-aquatic mammals by combining
some aspects of anthropocentrism and biocentrism
and divided ecosystem services into positive and
negative. Positive ecosystem services include water
purification, mitigation of extreme events (floods,
droughts, and floodplain overgrowth), control of the
number of other species, retention of greenhouse
gases, increased recreational activity, ecosystem en-
gineering, a food source for other species, and seed
dispersal and storage. Negative services include the
impact on the number of other species, destruc- tive
competition with other species, impact on in-
frastructure, and harm to agriculture. Recreational
activities include providing conditions for increased
tourism, hunting, and fishing in the region, includ-
ing the species themselves. Ecosystem engineering
involves the direct or indirect provision of resource
access by organisms to other species by modifying,
maintaining, and creating habitats [17].

Results and discussion

The Kazakhstan part of the Irtysh River flood-
plain is home to 6 species of semi-aquatic mam-
mals, comprising both native (Eurasian beaver,
water vole, Eurasian otter, water shrew) or invasive
(muskrat, American mink) species. In 2023, we dis-
covered 168 traces of the life activity of four species
of semi-aquatic mammals (Table 1).
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Table 1 — Recorded traces of semi-aquatic mammal activity in two areas of the Irtysh River

Traces found

Scientific name

Black Irtysh Pavlodar Irtysh Total
Muskrat Ondatra zibethicus Linnaeus 21 23
Eurasian beaver Castor fiber Linnaeus 24 24
American mink Neogale vison Schreber 54 7 61
Eurasian otter Lutra lutra Linnaeus 60 0 60
TOTAL 116 52 168

The most frequently encountered tracks of the
American mink and the Eurasian otter were on the
Black Irtysh (n = 54 and n = 60, respectively), while
we also registered tracks of the mink in the Pavlodar
Irtysh region (n = 7). Tracks of the muskrat and the
Eurasian beaver were noted in the Pavlodar Irtysh
region (n = 21 and n = 24, respectively). There are
also rare encounters of muskrat tracks on the Black
Irtysh (n = 2). We have not confirmed the presence
of the Eurasian beaver on the Black Irtysh and the
Eurasian otter in the Pavlodar Irtysh region.

Below, we provide brief information on the
biology of these species, consider their ecological
features and ecosystem services, and analyse their
density in the studied areas of the Irtysh River.

Brief information on the biology of semi-aquatic
mammal species and their use as bioindicator spe-
cies for the state of floodplain ecosystems

Semi-aquatic mammals play an important role in
assessing the state of the Irtysh River floodplain
ecosystems. The Eurasian otter, American mink, and
European beaver are highly sensitive to changes in
water quality and habitat conditions, which al- lows
them to be used as bioindicators in assessing the
ecological state of the floodplain.

Muskrat (Ondatra zibethicus) was first intro-
duced into the Black Irtysh basin in 1944, and into
the Pavlodar region in 1952 [18]. In the fall of 2023
and summer of 2024, we confirmed the presence of
muskrat in the Black Irtysh. After release, the
muskrat spread very widely, occupying suitable
water bodies almost throughout the entire territory
of the Pavlodar region. It is most numerous in the
Irtysh valley and along the Irtysh-Karaganda canal.
Breeding of muskrats in captivity is widely prac-
tised in many fresh water bodies on the right bank
[13]. The distribution of muskrats in the Pavlodar
part of the Irtysh, according to our data for 2023-
2024, is uneven and mosaic. Despite the presence of
suitable water bodies with abundant herbaceous
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vegetation in the river floodplain, not all of them are
populated by muskrats. Probably, the mosaic distri-
bution of muskrats in potentially favourable habi- tat
conditions may be associated with the chemical
composition of the water [18]. Muskrats have been
harvested in small quantities in the Irtysh floodplain
since 1947. Currently, the resources of this fur ani-
mal are used insignificantly. The Tarbagatai sub-
species of the water vole (Arvicola amphibius kuz-
netzovi Ognev 1933) lives in the floodplain of the
Irtysh River [19]. According to I.G. Schubin [20],
the vole was especially numerous here, and up to 40-
50 animals or more were often caught per 1 km of
the coastline. The water vole feeds on aquatic and
coastal vegetation (for example, it gnaws the lower
parts of the trunks and branches of the willow Salix
sp.) [20]. In the 1960s, the fertility of the voles was
high, where 48.1-53% of females were pregnant in
June-July, with an average of 7.1 embryos per fe-
male. At present, we have not found any water voles
in the floodplain of the Irtysh River.

The Eurasian otter (Lutra lutra) is one of the
most specialised species of near-water ecosystems
among terrestrial carnivorous mammals [14]. De-
spite the plasticity of its diet, its diet consists mainly
of aquatic and near-water animals. In different habi-
tats, fish make up 50 to 95% of its prey; the main
components of its diet also include amphibians,
crustaceans, aquatic insects, mammals, and birds
[21]. The otter visits all accessible floodplain water
bodies (rivers, channels, lakes, oxbow lakes), and
uses intermittent water bodies and small rivers (less
than 10-15 km long) only temporarily. Its habitat
is located along the shoreline of water bodies. The
otter is active all year round and moves around its
territory, avoiding areas with intense anthropogenic
impact.

The otter was indicated for the Black Irtysh and
Zaysan Lakes [10, 22]. Later, it was noted here by
I.G. Schubin [23] as a rare species. The Irtysh River
is inhabited by the northern subspecies, L. I. lutra
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[24]. In the Black Irtysh River section, we observed
the otter everywhere in May and October 2023.
Traces of its life activity were noted on the routes on
the Black Irtysh and on the Kalzhyr River. The ot-
ter prefers sections of the river with forested banks,
bays and channels, and avoids open steppe areas and
areas frequently visited by people and cattle.

The otter is mentioned as a rare game species in
the Pavlodar Irtysh region [10, 11, 13]. At the time
of our research in 2023, there were no signs of otters
on the river. The Irtysh River has not been found in
the Pavlodar Irtysh region. We can only guess at the
real reasons for the otter’s disappearance, but we
will cite some factors that could have contrib- uted
to this. The economy of the Pavlodar region has been
developing intensively since the beginning of the last
century thanks to the construction of the railway and
the development of shipping along the Irtysh. The
population has grown sixfold since the beginning of
the 20th century by the 1980s, facto- ries and
manufacturing plants were launched, and the rapid
development of virgin lands began in the 1950s.
Most of the settlements in the region are con-
centrated in the Irtysh floodplain. In addition, since
1949, tests have been conducted at the Semipala-
tinsk nuclear test site on the border of the Pavlodar
and East Kazakhstan regions.

The American mink (Neogale vison) is some-
what less specialised to a semi-aquatic lifestyle than
the otter. Its diet also includes fish, amphibians,
aquatic insects, mammals and birds [25, 26]. Since
the American mink is several times smaller than the
otter, it consumes smaller prey on average, and there
are differences in the species composition of its
prey. In the event of a shortage of aquatic prey, it
easily switches to using terrestrial prey (in winter);
in some periods, voles and other small mammals can
form the basis of its diet. Unlike the otter, the mink
is able to occupy smaller and drying up or freezing
bodies of water, and goes further from the water, the
length of its territory is 1.5-3.5 km of the coastal
strip.

Mink were first noted on the rivers of the East
Kazakhstan region in 1945, where the animals had
penetrated from the Altai region, where they were
released in 1933 [27, 28]. Later, in 1952, mink were
released on the Uba River [28]. Currently, mink has
populated all suitable habitats in the surveyed areas
of the Irtysh River. Due to trophic plasticity, the spe-
cies has adapted well to new habitats.

The Eurasian beaver (Castor fiber) plays a key
role in the formation and maintenance of aquatic bi-
ome ecosystems and is recognized as a key indicator
of coastal ecosystem health throughout the Holarc-

tic and an ecosystem engineer [29-31]. Beavers are
able to exist in certain ecological conditions and are
therefore an important indicator organism respond-
ing to human intervention [32].

Their presence or absence can serve as an early
sign of environmental disturbance in coastal ecosys-
tems [29, 33]. An increase in beaver numbers and
expansion of their range may indicate improved en-
vironmental conditions, including the availability of
suitable burrow sites and an adequate food supply.

The main reason for the disappearance of bea-
vers on the river The Irtysh, as in most of its range,
was under commercial pressure [34] as a result of
high demand for beaver furs and products made
from it [22, 35-37]. The restoration of the historical
range occurred gradually. In the early to mid-1980s,
the beaver from the Urals was reacclimatised in the
upper reaches of the Malaya Ulba and Uba rivers.
Beavers began to appear on the Irtysh about 20 years
ago, settling upstream along the Irtysh River and
along the Altai rivers [38].

The absence of beavers in the Black Irtysh River
section at present is not a sign of its poor ecologi-
cal condition. Moreover, the water quality is better
here, the degree of ecosystem disturbance is less,
and there are more channels with abundant coastal
vegetation and tributaries suitable for the species.
According to our expert assessment, the beaver
population density here may be higher than in the
Irtysh River section in the Pavlodar Irtysh region. In
our opinion, the reason for the absence of beavers on
the Black Irtysh is the cascade of hydroelectric
power plants built on the Irtysh River in the 20th
century. The dams of hydroelectric power plants and
the banks of reservoirs, subject to significant
drawdowns of the water level, are an artificial bar-
rier to the settlement of beavers. The Black Irtysh is
separated from the Russian part of the population by
the high Altai Mountains.

An ecological feature of the life of beavers liv-
ing in the Pavlodar Irtysh region is the absence of
dams in their areas. Obviously, this is due to the
absence of tributaries, small streams and quiet
channels here. Most beaver settlements are found in
channels, but they are quite full-flowing and un-
suitable for building dams. Because of this feature,
beavers on the Irtysh do not play a water-regulat- ing
role and do not contribute to the flooding of large
areas. By building canals, huts and burrows, they
play a role in enriching the environment with
shelters and new habitats for other species of ver-
tebrates and invertebrates.

The common water shrew (Neomys fodiens), if it
lives in the Irtysh River valley, is rare. In the 1980s,
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it was observed 300 km away from the Irtysh River
near the village of Berezovka (oral communication
by N.N. Berezovikov [39]). The water shrew is an
insectivorous animal, highly specialised to a semi-
aquatic lifestyle. During our research, no traces of
the water shrew were found.

Semi-aquatic mammals are closely associated
with aquatic ecosystems and respond quickly to
changes in water quality and pollution levels [12,
40]. Their presence can serve as an indicator of a
healthy environment and be used as an indicator of
the state of water bodies [12, 14]. These species are
susceptible to pollutants such as pesticides, heavy
metals, and polychlorinated biphenyls, which can
accumulate in their bodies over time through food

chains [12, 41, 42]. Analysis of their tissues and
faeces provides insight into the levels and types of
pollutants in freshwater ecosystems [40, 43]. Semi-
aquatic mammals have limited home ranges and are
not prone to long-distance migrations, so they are
exposed to pollutants year-round [44]. Concentra-
tions of pollutants in their faeces and tissues can be
used to assess environmental pollution for humans
[45].

Ecosystem services provided

As a result of the analysis, we found that 6 spe-
cies of semi-aquatic mammals provide 26 positive
and 7 negative ecosystem services (Table 2 and Fig-
ure 1).

Table 2 — Positive and negative ecosystem services provided by semi-aquatic mammals in the Irtysh River floodplain

Positive ecosystem services Negative ecosystem services
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s | 2285 |28|25|=88|82|8s|28°| 2% As|E€|T?
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Eurasian otter + +
American mink + + +
Eurasian beaver + + + + + + + +
Vole water + + + + +
Muskrat + + + + + + + +
Eurasian water shrew + + + +
Total 1 2 6 1 3 6 2 3 2 1 1
TOTAL 26 7

As shown in Table 2, all semi-aquatic species
participate in population control of other species and
serve as prey for birds of prey and carnivorous
mammals.

Beavers improve habitat for fish and waterfowl,
create filtration zones to improve water quality, and
attract tourists to the area, promoting recreation [32,
46]. However, it is also important to consider the
sustainability of their populations and possible
negative consequences of their activities, such as
flooding and changes in the composition of coastal
communities, to maintain ecosystem integrity and
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rational use of the species [47]. The presence of spe-
cies such as the Eurasian beaver and the otter in the
floodplain ecosystems of the Irtysh River serves as
an important indicator of the state of the environ-
ment.

Ecosystem engineering refers to the environ-
ment-forming role of certain species. For example,
the burrow system of the shrew ensures the exis-
tence of various species of invertebrates and small
vertebrates. In the floodplain of the Irtysh River, the
Eurasian beaver and the common muskrat are two
excellent ecosystem engineers of wetland biotopes.
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Figure 1 — Ecosystem services provided by semi-aquatic mammals
in the Irtysh River floodplain. Drawing by N. Bizhanova

The otter, as a semi-aquatic species, plays an
important role in near-water ecosystems, maintain-
ing the natural balance and diversity of aquatic com-
munities. Moreover, research and monitoring of ot-
ter populations can help determine levels of water
pollution and detect changes in the ecosystem [12].
Otters are an object of interest for observation in
nature and ecotourism. Their presence can attract
tourists and promote the development of ecotourism
in their habitat. Given the declining population and
limited distribution in Kazakhstan, it is necessary to
consider the inclusion of the northern subspecies in
the Red Book.

Some aquatic mammals of the Irtysh River
floodplain can also cause ecosystem damage. In ad-
dition to the damage to pastures described above, the
Irtysh River floodplain is a natural source of
dangerous infectious diseases, with ticks regularly
arriving here with livestock during their spring mi-

gration to pastures and pastures. The water vole and
muskrat are intermediate hosts of infectious disease
carriers, where the ticks’ habitat is the network of
burrows. The water vole and muskrat are pests of
agricultural crops and pastures on the Irtysh, feeding
on fruits, flowers, plant shoots and gnawing at their
root systems [20, 48]. Nevertheless, these animals,
like all other semi-aquatic animals, form the basis of
the diet of a large number of birds of prey and
carnivorous mammals, including economically im-
portant ones (Eurasian ermine, steppe polecat, fox,
corsac fox, etc.).

As an invasive species, the American mink
provides negative ecosystem services in the Irtysh
River floodplain by preying on native spe- cies such
as fish and small mammals, as well as competing
with other carnivores for resources. This predatory
behaviour threatens vulnerable  populations,
potentially exacerbating the decline
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of other semi-aquatic mammals and altering local
food web dynamics.

Until the 1970s, the water vole was a secondary
object of fur trade in the Irtysh River floodplain, and
the muskrat was a particularly valuable commercial
animal. The Eurasian beaver, Eurasian otter and
American mink were also highly valued for their fur.
Due to population decline and intense poaching, the
fur trade for most species stopped completely. For
the future restoration of the fur trade, more com- plete
information on the current state and distribu- tion of
animal populations is needed.

Bioindicator mammals’ population density

For the relative ecological assessment of the
Irtysh River floodplain condition, we estimated the
complex population density indicator of two pairs of
indicator species of semi-aquatic mammals and
plotted them on a map (Figures 2-3). Since each site
is home to only two species of semi-aquatic mam-
mals, we estimated the density of otter and mink for
the Black Irtysh, and beaver and mink for the Pavlo-
dar Irtysh region. To assess the entire length of the
sites, we extrapolated the data obtained in Black and
Pavlodar Irtysh and in their vicinity. As a density
gradation, we identified three indicators for each
species: high, medium, and absent, and five grada-
tions of complex comparison of the density of two
species in each of the sites (Figures 2-3).

For the beaver, we classified having one or more
individuals per kilometre of the riverbed as sites
with a high population density. For the mink, high
population density is considered for more than 5 in-
dividuals per 10 km; and for the otter, it is more than
1 individual per km. Between 6-8 otters inhabit the
studied section of the Black Irtysh River (58 km),
and approximately 10 otters occur in the entire sec-
tion from the border with China to Lake Zaysan
(population density is 1-1.2 individuals/10 km of the
riverbed). The population density in the section of
the Kalzhyr River above the settlement of Boran is
at least 2 individuals/10 km of the riverbed.

We observed otter tracks on a channel in the vi-
cinity of this village. Otters avoid the section of the
Black Irtysh River near the automobile bridge (the
Zaisan-Kurchum automobile road), areas of inten-
sive cattle grazing in the river floodplain, and areas
lacking forest or shrubby riverside vegetation.

The American mink inhabits the Black Irtysh
(main channel and branches) with a density of 0.3-
0.5 individuals/km of the floodplain, and the Kal-
zhyr River up to 1 individual/km of the floodplain.
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Near the village of Boran, the mink is less common,
likely due to the presence of stray dogs and human
disturbance.

In the Pavlodar Irtysh, the mink is less abundant.
We found signs of their presence along the banks of
the Irtysh River and its tributary with better protec-
tive conditions in the Pavlodar Irtysh. Here, the pop-
ulation density does not exceed 0.2-0.3 individuals/
km of the riverbed. Minks are more often found on
the tributaries, but also on the main channel, particu-
larly in wooded banks with shelters. The reason for
the low number of minks in the lower section of the
Irtysh River is probably due to the lack of quality
habitats.

We also observed traces of beaver activity in the
vicinity of the Irtysh River. The successful settle-
ment of beavers on the Irtysh indicates sufficient
preservation of habitats and favourable conditions
for the species. In habitats suitable for beavers on the
Irtysh River, we found one beaver settlement per 3-4
km of the riverbed.

With an average estimated number of three bea-
vers in one settlement, their total population in the
Pavlodar Irtysh region may be 300-400 individuals.
Beavers are rarely found in the main riverbed and
we have not found their permanent dwellings here.
In the Irtysh floodplain, they prefer to inhabit chan-
nels with wooded banks.

In the Black Irtysh section, the population densi-
ty of semi-aquatic mammals (otter and mink) is pre-
dominantly high (Figure 2). The habitats, in general,
can be assessed as favourable, they are well pre-
served. The section of the Kalzhyr riverbed near the
village of Boran and the section of the Black Irtysh
in the area of the automobile bridge are less favour-
able for semi-aquatic predators, which is probably
due to the high disturbance factor from the proxim-
ity of a populated area, intensive livestock grazing
and automobile traffic.

In the Irtysh River in the Pavlodar Irtysh region,
we observed areas with a high population density of
semi-aquatic mammals between the villages of
Prirechnoye and Zhanabet and below the village
of Zhelezinka to the border with Russia (Figure 3).
Here, tree and shrub vegetation is well developed;
there is a low density of livestock and many chan-
nels. The greater length refers to areas with an av-
erage density. We also observed areas with absent or
very low density of semi-aquatic mammal popu-
lations near the cities of Pavlodar and Kurchatov,
where channels are very poorly developed, human
population density is high, and vegetation is sparse.
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Figure 2 — Population density of semi-aquatic mammals (Eurasian otter, American mink) in the Black Irtysh area
Note — High population density = beaver > 1 individual/km of watercourse bed, otter > 0.1 individual/km of watercourse bed.

Medium population density = beaver < 1 individual/km of watercourse bed, otter * 0.1 individual/km of watercourse bed.
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Figure 3 — Population density of semi-aquatic mammals (European beaver, American mink) in the Pavlodar Irtysh region
Note — High population density = beaver > 1 individual/km of watercourse bed, mink > 0.5 individuals/km of watercourse bed.

Medium population density = beaver = 1 individual/km of watercourse bed, mink * 0.5 individuals/km of watercourse bed.
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Thus, mammals provide invaluable positive eco-
system services, but they can also have a negative
impact on humans and the environment. Given that
the status of their populations is unknown, it is cur-
rently impossible to assess the scale of their damage
to pastures or their possible hunting and commercial
value. More data are needed to identify and study in
detail the types of ecosystem services provided by
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these indicator species.
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