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Latitude- and climate-associated patterns in small mammal fauna
changes of the West Yakutia

Yakov L. Volpert & Elena G. Shadrina*

ABSTRACT. Distribution of small mammals has been analyzed on the territory of the Western Yakutia in the
corridor between 112° and 116° E and between the Lena River valley (starting from the Vitim River mouth)
and the Anabar and Olenyok interriverine area (59—71° N). The material was collected in 2002-2017 in 11
sites within the taiga zone (from the border between the middle and south taiga to the northern border of the
north taiga subzone). A total of 11200 cone-days and 12500 trap-days were accumulated and 4200 specimens
of small mammals belonging to 21 species were collected. The highest species richness of small mammals is
registered on the border of the south and middle taiga (17-18 species). In the north taiga the fauna of small
mammals is represented by 89 species. This decrease from south to north is uneven: in the river valleys
the species richness is generally higher than in the watersheds. The penetration of taiga species to the north
is of a larger scale than that of tundra species into taiga habitats; therefore, changes in beta-diversity occur
mainly due to the distribution limits of boreal species. Besides, in the absence of geographic barriers, a sharp
decline in species richness is observed between 65° and 66° N, which coincides with the boundary between
the middle-taiga and north-taiga subzones. Out of the climatic factors, the distribution of small mammals is
affected mainly by winter precipitation, winter duration, average July temperature and average annual tem-
perature, while dependence on such factors as January temperature and summer precipitation was not found.
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LLnpoTHO-KNMMaTU4YecKme 3aKOHOMEpPHOCTU U3MEeHeHUA dpayHbl
MenKUX Mmnekonurtarowmx 3anagHon AKyTum

A.Jl. Bonbneprt, E.I. lWagpuHa

PE3IOME. Ilpoananu3upoBaHO pacHpOCTPaHEHUE MEJIKUX MIICKOMUTAIOIUX Ha TEPPUTOPUHU 3amajHou
Sxytuu B xopugope 112—-116° B.1., B HanpaBJIeHUH C fora oT A0JIUHbI p. JIeHa B paiioHe ycThs p. Butum Ha
cesep 10 OneHexk—AHabapcKkoro MeKIypedbs (59—71° c.ur.). Marepuan coopan B 2002—-2017 rr. B 11 Toukax
B IIpe/iesiaX TaeKHOW 30HBI (OT TPAHUIIBI CPeTHEH 1 I0KHOW TalTH! I0 CEBEPHOI TPaHHUIIBI CEBEPOTACKHOM
noa30Hb1). Otpadorano 11200 xonyco-cyTok, 12500 naBunko-cyTok u otnosieHo 4200 mpepcraBuTeneit
MEJIKUX MIICKOIUTAIONIMX, oTHOcsmuXcs kK 21 Buay. Haumbonee BbicOkoe BHIOBOE OOraTcTBO MENKHX
MJICKOITUTAIOIIUX OTMEUCHO Ha TPAHUIIC FKHOM U cpenHeit Taiiru (17—18 Bunos). B ceBepHoii Taiire payna
MEJIKUX MJICKOTIMTAIONINX TIpejcTaBieHa 8—9 Bunamu. O0eaHeHne GayHbl B HAPABICHNH C I0ra Ha CEBEp
MIPOMCXOIUT HEPABHOMEPHO: B JIONMHAX PEK, KaK MPaBMIIO, BUIOBOE OOTaTCTBO BHIIIIE, YEM HA BOAOpa3/Ieax.
ITpu 5TOM MPOHNKHOBEHNE TACKHBIX BUOB Ha CEBEP HOCHUT O0JIEe MACIITAOHBIH XapaKTep, 4eM TYHPOBBIX —B
TaeKHbIE MECTOOOUTAHNUS, TIO3TOMY U3MEHEHHMS OeTa-pasHo00pasns 34eCh MPOUCXOIIT B OCHOBHOM 3a CUET
IpaHuIl pacpoCTpaHeHHs OOpeabHbIX BUIOB. KpoMe Toro, mpy 0TCYTCTBUH reorpaduuecKux nperpa;j] pe3koe
CHIKEHHE BHJIOBOTO OOrarcTBa HaOIIO1aeTcesi B MHTEepBajie 65—66° C.I1I., 4TO COBNAAET C TPaHHULICH MEX Ly
Cpe/lHeTae)KHON M CEeBepOTaeKHOM noa3oHamMu. Cpenyu KIMMaTHYecKuX (pakTopoB Ha PaclpoCTpaHEHUE
MEJIKAX MJIEKOIUTAIOIINX OCHOBHOE JTMMHUTHPYIONINE BINSHUE OKA3bIBAIOT KOJWIECTBO 3UMHHX OCAJIKOB,
JUTITEIILHOCTB 3UMHETO TIEPHOAA, CPEAHSS TEMITEpaTypa IO U CPEAHETO10BAs TEMIIEPATYPa, B TO JKE BPEMS
3aBUCHMOCTH OT TaKHX (DAaKTOPOB Kak TEMIIEpaTypa sHBapsl, U KOIMYECTBO JIETHUX OCAJKOB HE BBISIBIICHO.

KJIFOYEBBIE CJIOBA: Menkue MIIEKONUTAIOLIME, BHJOBOE OOrarctBo, (ayHa, IMMPOTHBIM TI'PaJUCHT,
KIMMarndeckue GakTopsl, SIKyTHs.
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Introduction

Studies of biological diversity at different levels
of ecosystem organization are of apparent interest,
not only from a theoretical point of view, but also for
making decisions in the field of environment protection
and biodiversity conservation (Kullberg & Moilanen,
2014). The latitudinal gradient of decreasing diversity of
animals and plants from tropical to extratropical regions
is a well-known fact (Odum, 1983), while the reasons
determining species richness are still subject to debate.
There are many hypotheses that are trying to explain the
latitudinal changes in species richness and functional
diversity by evolutionary and environmental factors, in-
terspecific interactions, and availability of food resources
(Pianka, 1966, 1978; Rohde, 1992; Buckley et al.,2010;
Fraser et al., 2014; Lamanna et al., 2014; Fergnani &
Ruggiero, 2015; Schemske & Mittelbach, 2017; Willig
& Presley, 2018). According to many authors, the leading
role in the manifestation of the latitudinal gradient of
species richness is played by climatic factors (Andrews
& O’Brien, 2000; Willig et al., 2003; Moreno-Rueda &
Pizarro, 2009; Qian et al., 2009; Oliveira et al., 2016;
Brodie, 2019), it was also noted that the influence is more
pronounced for extratropical latitudes (Qian et al., 2009;
Fergnani & Ruggiero, 2017), and that for animals these
changes are governed by both climatic factors per se and
indirectly, through changes in the plant species richness
(Andrews & O’Brien, 2000).

In the recent decades, interest in assessment of
biological diversity has increased due to the increased
anthropogenic impact against the background of global
climate change. Many authors note that one of the import-
ant specifics of the Anthropocene of the 21st century is
the decrease in biological diversity (Pereira ef al., 2010;
Kullberg & Moilanen, 2014). This is an environmental
problem that can have serious consequences for humanity
in the near future (Kullberg & Moilanen, 2014). Global
climate change is expected to increase the rate and risk
of species extinction (Urban, 2015). According to a num-
ber of authors this will result in the shift of the northern
boundaries of geographic ranges, and consequently, in
the increased extinction rate of inhabitants of high lat-
itudes (Murphy & Weiss, 1992; Kerr & Packer, 1998).

It is worth noting that the species richness of mam-
mals is researched unevenly: while gamma-diversity of
vertebrate faunas is analyzed in sufficient detail, beta-di-
versity, especially in the northern regions, is explored not
as good. Many areas of North-East Asia are still studied
poorly even at the level of alpha diversity, and because of
the poorly developed transport network and inaccessibil-
ity of many areas, the analysis of beta-diversity is often
limited to the valleys of large rivers. There are data on
changes in the composition of insectivore communities
(Sheftel, 1983) and mouse-like rodents (Sapogov, 1983)
in the valley of the Yenisei River, changes in the fauna
of small mammals of the Lena River valley (Volpert
& Yudin, 1986); regional zoning of the territory of
south-eastern Transbaikalia was conducted (Obolenskaya
& Lissovsky, 2015).
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On the territory of Yakutia, almost all sites of small
mammal research are confined to the valleys of large
rivers. This circumstance leaves a certain mark on the
picture of the species distribution across the territory,
since the role of river valleys as environmental corridors
is widely known. Without any doubt, this circumstance
was reflected in the results of the analysis of the specifics
of species distribution across the territory of Yakutia
(Tavrovskij et al., 1971; Krivosheev, 1973; Mordosov
& Vinokurov, 1980; Mordosov, 1987, 2014; Volpert &
Shadrina, 2002). A comparative faunistic analysis of
small mammals in the studied territory in the latitudi-
nal gradient outside the valleys of large rivers has not
previously been carried out.

The goal of our research was to assess the changes
in the species richness of small mammals of taiga eco-
systems of the North-East Asia in the latitudinal gradient
by the example of West Yakutia. The territory of Sakha
(Yakutia) Republic covers two geographic zones and
due to this fact alone it would be of interest for analysis
of the latitudinal distribution of animals, in particular,
small mammals. In addition, the distribution boundaries
of many species of small mammals go across the territory
of Yakutia, which gives the studies of the patterns of
distribution of animals additional significance.

Material and methods

The data of 15 years of research of small mammal
fauna are summarized, with sites geographically distrib-
uted not along the river valleys, as previously (Volpert
& Yudin, 1986), but in the corridor between 112° and
116° E and from the Lena River valley (near the mouth
of the Vitim River, 59° N) in the south to the Olenyok
and Anabar interriverine area in the north (71° N).

Material for this work was collected in 2002-2017.
From south to north, the sites where small mammals
were collected are arranged in ascending order from 1
to 11 (Table 1, Fig. 1). In these sites 11200 cone-day,
12500 trap-days, and 4200 specimens of small mammals
belonging to 21 species were collected.

The standard methods for studying the population of
this group were used: grooves with cone traps and break-
back traps with standard bait (Kucheruk, 1963; Karaseva
& Telitsyna, 1995). This combination ensures, in our
opinion and according to other authors (Shchipanov et
al., 2010), the most complete coverage of small mammal
population. Comparison of the community compositions
was carried out using the Jaccard index and the analysis of
the influence of climatic parameters was performed using
nonparametric statistics (Spearman’s rank correlation co-
efficient). For assessment of the effect of the climate we
used average long-term data of the Russian Meteorological
Service. The following parameters were considered: win-
ter duration (from the onset of the permanent snow cover
to its melting); summer, winter, and annual precipitation;
average temperatures: annual, the warmest month (July),
and the coldest month (January). Climate influence was
assessed in six sites (2, 3, 7, 8, 9, and 11), for which the
data from weather stations could be extrapolated.



Latitude and climate patterns in small mammal fauna changes 101

Table 1. Research sites on the territory of the West Yakutia in the corridor 112-116° N.

No. Name Geography Coordinates
1 Vitim & Lena right bank | The right bank of the Lena River and the mouth of the Vitim River 59°25"N, 112° E
2 Lena left bank The left bank of the Lena River 59°25'N, 112° E
3 Peleduy The Peleduy River valley 59°43"N, 112° E
4 Nyuya & Peleduy [A* The Nyuya and Peleduy rivers interriverine area 59°54'N, 112° E
5 Nyuya The Nyuya River valley 60°20' N, 112° E
6 Taas-Uryakh Tas-Uryakh vicinity 61°43'N, 112° E
7 Mirny Mirny vicinity 62°31'N, 113°53" E
8 Vilyuy The Vilyuy River valley 62°03'N, 116°54' E
9 | Udachny Udachny vicinity 66°28'N, 112°E

10 Muna The Muna River valley(a right tributary of the Lena River) 67°15'N, 114° E

11 Olenyok & Anabar TA The Olenyok and Anabar rivers interriverine area 71°02" N, 116° E

* JA — interriverine area.

Fig. 1. Small mammal collection sites in the West Yakutia.
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Results and discussion

As our materials show, the fauna of small mammals
within the taiga zone of the West Yakutia includes 21
species and varies from 8 to 18 species in separate re-
search sites (Table 2). Comparison of the fauna of the
two banks of the Lena River at the mouth of the Vitim
River showed an almost complete coincidence in the
community composition (the Jaccard index of 94.4%).
The difference in the species richness is only in one
species: on the right bank we did not find Neomys fo-
diens (Tables 2, 3), but it is rather likely that it inhabits
both banks of the river, and its absence in the material
collected on the right bank can be explained by random
processes due to a very low abundance of the species
on the periphery of the range. As we move north along
the meridian, the fauna becomes poorer: in the Peleduy
River valley the similarity of the fauna with the previ-
ous sites is already as low as 70% due to the absence
of Sorex araneus, S. isodon and Neomys fodiens. The
fauna of the Nyuya and Peleduy interriverine area is
even poorer, and its composition differs from that of the
Lena River by 50%, and the similarity with the Peleduy
River valley is 75%. Moving from the interriverine area
to the Nyuya River valley, one more species (Sorex
minutus) disappears, and to the north from there it is no
longer registered; apparently, approximately there lies
the northern boundary of the species range. It should be

noted that the fauna of the left bank of the Nuya River
is more similar to that of the Peleduy River valley than
with the interriverine area. In the next site, Tas-Uryakh,
Talpa altaica reappears after not being registered in the
valleys of the Nyuya and Peleduy Rivers and between
them (Shadrina, 2004), although it should be noted that
this is the northernmost of the reliably known locations of
the mole in Yakutia, whose stable colonies are described
only in the Lena River valley. It is quite possible that the
findings of the mole there have an element of chance,
since they fall on the zone of clumped distribution of the
species. Further north from Tas-Uryakh towards the city
of Mirny, the fauna stays more or less the same, except
for the disappearance of the mole and appearance of two
new species: Lasiopodomys gregalis and Alexandromys
middendorffii; both species are herbivorous inhabitants of
open biotopes, but the first species in Yakutia gravitates
towards agro-landscapes and grasslands of the middle
taiga and penetrates far to the north (Tavrovskij et al.,
1971; Volpert & Shadrina, 2002), and the second is a
typical representative of the tundra fauna.

In the Vilyuy River valley the fauna becomes even
poorer than in the Mirny site, Microtus agrestis and
Alexandromys middendorffii are absent there. For the
Middendorf’s vole the site 7 seems to be the southern
limit of distribution, and it is very possible that it is
present in the Vilyuy River valley, and for the field

Table 2. Distribution of small mammals in the corridor of 112-116° E in Yakutia.

. Research cites

Species 1 [ 23 ]4a]s5 678 o9 ]1w0]u
Talpa altaica Nikolsky, 1883 4 A - - - + - - - - -
Neomys fodiens (Pennant, 1771) - F - - - - - - - - -
Sorex araneus Linnaeus, 1758 F + - - - - - - - - -
Sorex tundrensis Merriam, 1900 4 + + + + + + + + + +
Sorex daphaenodon Thomas, 1907 4 4 4 4 +* + + + + - -
Sorex caecutiens Laxmann, 1785 4F 4 + + + + + + + + +
Sorex isodon Turov, 1924 + + - - - - - - - - -
Sorex roboratus Hollister, 1913 + + + + + + + + + + -
Sorex minutissimus Zimmermann, 1780 aF i - - aF 5 = + - - -
Sorex minutus Linnaeus, 1766 4 + 4 + - - - - - - -
Myopus schisticolor (Lilljeborg, 1844) 4 A 4 4 4 4 4+ + + + +
Lemmus sibiricus (Kerr, 1792) - - - - - - - - - - +
Craseomys rufocanus (Sundervall, 1846) s i A e 4 4 4 + + + +
Myodes rutilus (Pallas, 1779) 4 4 4 e + 4 4 + + + +
Arvicola amphibius (Linnaeus, 1758) A A - - - A F + - - -
Lasiopodomys gregalis (Pallas, 1779) - - - - - + + - - -
Alexandromys oeconomus (Pallas, 1776) 3 +* < < < 3 3 + + + +
Alexandromys middendorffii (Poljakov, 1881) - - - - - 3 - 4 + +
Microtus agrestis (Linnaeus, 1761) 4F s 4 - 4 + + - - - -
Micromys minutus (Pallas, 1771) 4 AF - - - 4 e 4 - + -
Apodemus peninsulae (Thomas, 1907) F e + - + + - + - - -
Species found, total 17 18 12 9 11 14 14 13 9 9 8
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Table 3. The similarity index of the fauna of small mammals (Jaccard index) in the studied sites.

Sites 1 2 3 4 5 6 7 8 9 10 11
1
2 94.4
3 70.6 66.7
4 52.9 50.0 75.0
5 64.7 61.1 91.7 66.7
6 82.4 77.8 73.3 533 78.6
7 63.2 60.0 62.5 533 66.7 75.0
8 66.7 63.1 66.7 57.1 71.4 80.0 80.0
9 50.0 474 61.5 80.0 66.7 533 64.3 57.1
10 44.4 42.1 50.0 63.6 53.8 533 64.3 57.1 80.0
11 31.6 30.0 40.0 54.5 46.2 37.5 37.5 40.0 70.0 70.0

vole near the Mirny area lays the northern boundary
of its range.

The fauna of the site 9, Udachny, is represented by
only nine species, and the similarity with the Vilyuy
River valley is only 57%. This is where a sharp decline
in fauna richness occurs: on the whole, in the stretch
Mirny — Udachny six species of small mammals disap-
pear, including Micromys minutus, which was registered
by Mordosov (1997) in the vicinity of the village Eyik
(66°01'N, 117°23'E). It should be noted that the Eurasian
harvest mouse was found in 2018 in the Muna River
valley (site 10) by Vas.A. Danilov.

Moving further to the north, the rate of decrease of
species richness becomes lower, the similarity between
the points Muna and Udachny reaches 80%, and at the
northernmost s of our research, in the site 11 (Olenyok
and Anabar interriverine area), the similarity with the two
nearest southward sites is 70%. There a new species ap-
pears, a typical representative of the tundra zone, Lemmus
sibiricus, and the fauna of small mammals is represented
by only eight species, two of them belong to the tundra
complex, and six are the most widespread species of
the taiga zone of Yakutia that are abundant throughout
the examined stretch of the meridian: two species of the
wood voles (Myodes rutilus and Craseomys rufocanus),
two shrew species (Sorex tundrensis and S. caecutiens),
Myopus schisticolor and Alexandromys oeconomus.

The dendrogram plotted by fauna similarity (Fig. 2)
reflects not only changes in the fauna when moving north,
but also the heterogeneity in the group distribution in
geomorphological units (river valleys and watersheds).
The two southernmost sites, confined to the valleys of
the Lena and Vitim rivers, are sharply distinct from the
others; these sites are located in the southern periphery of
the middle taiga subzone, the border with the south taiga
forests. The communities of the middle taiga subzone
(the valleys of the Peleduy and Vilyuy Rivers and the
watersheds, sites 3—8) fall into several groups: the rela-
tively rich in species Taas-Uryakh and Mirny sites show

similarities with the southernmost sites of our study; this
may be due to the relatively higher diversity of biotopes
in these two sites. The third group with a high degree of
similarity is formed by the sites in the river valleys of
the Nuja, Peleduy and Vilyuy, although geographically
the first two sites are very distant from Vilyuy. An iso-
lated and very heterogeneous cluster is formed by the
communities of the north taiga subzone (sites 9-11) and
the Nyuya and Peleduy interriverine area.

When comparing the fauna by in the studied sites, one
notices the uneven decline in species richness: as a rule,
it is higher in the valleys of large rivers and in vicinity
of human settlements than in watershed areas. Besides,
the limited penetration of taiga species into the North
in Yakutia, even in comparison with the neighboring
regions, is conspicuous. For example, on the territory of
Taimyr, most small mammal species penetrate much far-
ther to the north (Litvinov, 1987) than in the West Yakutia
(Volpert & Danilov, 2017). The most likely reason for
this phenomenon is climatic conditions, because physical
barriers do not limit the distribution of small mammals
in the studied region, as was shown above. As far as
is known, the largest river in the considered transect,
Vilyuy, does not present a barrier to the distribution of
small mammals (Revin & Germogenov, 1979). The fact
that climate has a greater effect on the species richness
of vertebrates than the heterogeneity of habitats has been
previously pointed out by other authors (Moreno-Rueda
& Pizarro, 2009).

To clarify the role of climatic factors in the distribu-
tion of small mammals, we calculated the correlation of
the species richness of communities with the following
climatic indicators: winter duration, the average tem-
perature in January, the average temperature in July,
the average annual temperature, winter and summer
precipitation, and annual precipitation (Table 4). The
climatic parameters are given according to the data of
the weather stations located near six sites of our study.
The closest correlation of the species number was found
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Fig. 2. The similarity of the small mammal fauna in the West Yakutia taiga zone.

with the precipitation in the winter period (0.83, p <0.02);
with lesser significance (p <0.04) and a negative value
it correlated with the winter duration (—0.83), average
July temperature and average annual temperature (0.83).
Similar results in terms of climatic parameters were
obtained by other researchers. For example, Qian et al.
(2009) note that the gradient of beta-diversity of North
American mammals corresponds to the gradients of de-
crease in average annual temperature and of increase in
seasonality from south to north: beta-diversity is higher
for areas with a higher average annual temperature, low-
er seasonality of temperature, and greater topographic
complexity. In addition, a decrease in plant diversity
may be an additional factor influencing the gradient of
mammal species richness (Andrews & O’Brien, 2000).

Conclusion

Thus, the species richness of small mammal fauna in
the North-East Asia in the absence of physical barriers
is primarily affected by winter precipitation, duration
of the cold season, and temperature: the average annual
temperature and that of the warmest period (July). In fact,
it is these parameters that have a decisive role in the life

of small mammals. While the significance of the depth
of snow cover (which determines the microclimate in
the habitats of small mammals in winter), the duration
of winter, and average annual temperature are evident,
the value of July temperature is less clear. It is possible
that this factor regulates the ripening of berries and seeds
and development of insects, i.e. affects small mammals
through the availability of high-calorie food.

Thus, the decrease in species richness in the direction
from south to north is uneven: in the river valleys, as a
rule, the species richness is higher than in watersheds.
The penetration of taiga species to the north has a larg-
er scale than that of tundra species into taiga habitats;
so changes in beta-diversity there occur mainly due to
limits to the distribution of boreal species. Besides, in
the absence of geographic barriers, a sharp decline in
species richness is observed between 65° and 66° N,
which coincides with the boundary between the mid-
dle-taiga and north-taiga subzones. Out of the climatic
factors, the main limiting factor is winter precipitation,
the duration of winter, the average July temperature,
and average annual temperature, at the same time, no
influence of such factors as January temperature and
summer precipitation has been found.

Table 4. Correlations of the species richness of small mammal fauna with some climatic parameters of the West

Yakutia.
Climatic parameters Spearman’s rho t (n-2) Significance level
Fauna & winter duration -0.83 -2.96 0.04
Fauna & January temperature 0.77 242 0.07
Fauna & July temperature 0.83 2.96 0.04
Fauna & average annual temperature 0.83 2.96 0.04
Fauna & winter precipitation 0.89 3.82 0.02
Fauna & summer precipitation 0.77 242 0.07
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