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COOBLIECTB MEJIKNX MJIEKOITUTAIOLIINX 3AIIOBE/THUKA
1JIAIOJI PATYJI YI/i», PECIIYBJIMKA MOJIZIOBA

FAUNISTICS AND ECOLOGICAL PECULIARITIES
OF SMALL MAMMAL COMMUNITIES FROM “PLAIUL FAGULUI”
RESERVE, REPUBLIC OF MOLDOVA

Hcenedosarnus nposodunuce 6 sanosednuke «llnaron Paeynryi» 8 yeumpanvroi
yacmu Pecnybauku Moadosa 6 2011-2014 2odax. B xode uccnredosarnus 6vi10 3apeeu-
cmpuposaro 26 8u008 meakux maexkonumaroujux (7 64008 Hacekomosonolx u 19 6udos
epol3yHos). 3a ece 200bl domunupyrouum eudom ooin A. agrarius ¢ 6onee wem 33% us
8cex MENKUX MAeKONUMAOUUX, 8 MO 8pems Kak cpedu 3emaepoex Haubosee pacnpo-
cmpauenHoim boin S. araneus. 3nadenus uxoekca pa3Hoobpasus LlleHHOHA 8 ecerHul
nepuod sapouposanu mexdy 0,3 u 0,85, a ocenvto mexncdy 0,6 u 1,1, npuuem camoe Hu3Koe
3apecucmpuposano 8 JIeCHblX dKOcucmemax, a Hauboiouiee 80 BLANCHbLY OLOMONAX.
Habawdanoce obujee ysenuuerue undekcos pasnoobpasus 8 6onvuiurcmee 6LOmMonos ¢
Hauana nepuoda uccredosarus 0o 2014 ecoda. Hauborouiee cxoocmeo coobuecms Ooil0
3apeeucmpuposaro mexnoy obpabamol8aemoimu NOAAMU, PACNOJONEHHOIMU BOAU3U
Jeca, u onyulkoil aKayuesoeo HacaxcoeHus, a makice mexdy bepeeamu 800HbLX bac-
ceilno8 u eaaxcHolmu Jouramu. AKaius papegakyul ykasoieaem, 4mo 4acme 6udo8020
pasnoobpasus ewe e obHapysxcena. MoHumopure QayHol MEaKUX MACKONUMAOULUX
bydem npodonsxcamocs.

The studies were performed in Plaiul Fagului reserve from the central part of the
Republic of Moldova during 2011-2014 years. During the study 26 species of small mam-
mals (7 insectivore and 19 rodent species) were registered in the reserve. In all the years
the dominant species was A. agrarius with more than 33% of all small mammals, while
among shrews the most abundant was S. araneus. The values of Shannon diversity
index in spring period were comprised between 0.3 and 0.85 and in autumn between
0.6 and 1.1, the lowest being registered in forest ecosystems and the highest in wet bi-
otopes. A general increasing of diversity indexes in most of biotopes from the beginning
of study period to the last year was established. The highest similarity was registered
between cultivated land situated near the forest and edge of acacia plantation, as well
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as between shores of water basins and wet valleys. The rarefaction analysis indicates
that a fraction of species diversity was not yet discovered. The monitoring of small
mammal fauna will continue.

KJIIOYEBBIE CJIOBA. 3anosednuk, meikue miexkonumarowue, coobwecmsa, 6uo-
monel, duHamMuka, pazLoobpasue, cxoocmaso.

KEY WORDS. Reserve, small mammals, communities, biotopes, dynamics, diversity,
similarity

Introduction

In modern conditions of anthropogenic changes nature reserves are important
areas for the conservation of biodiversity and the survival of terrestrial vertebrate
species. The Reserve «Plaiul Fagului» (Land of Beech) was established in 1992 and
has an area of 5642 hectares. The most common types of trees are the oak — cov-
ers about 31% of the forest area, the ash tree — about 21%, hornbeam — about
19%. Although the share of beech accounts only 5%, it is most spread in this area,
compared to the rest of the country.

The study of terrestrial vertebrate fauna in the area started in 50s-60s of the
past century, where can be found data about some rodent species, such as repre-
sentatives of Sciuridae and Gliridae families [10, 12]. In some papers and monographs
are presented data on the biology and ecology of the mammals from the woods of
central zone of the republic, including the territory of the reserve [11, 9]. The stud-
ies on fauna of the reserve were also performed after its creation for several years
and have been summarized in the monograph «Nature of «Plaiul Fagului» Reserve»
[2]. In the book 49 species of mammals are listed, of which 7 insectivorous and 21
rodent species [1]. The data on the presence of certain species in the ecosystems,
their zoogeographical origin, criteria of rarity and some data on the biology of the
species are given. Some general data on the fauna of small mammals were published
later, where can be also found the characteristic of the reserve ecosystems. There
is some information on the occurrence of shrew species in the reserve and forest
ecosystems from the central zone of the republic, where 5 shrew species were
described [6, 5]. The aim of this study was the analysis of small mammal com-
munities, their seasonal dynamics in different types of biotopes, biotopic prefer-
ences, between year variation and complex ecological analysis of communities of
insectivores and rodents in the reserve.

Material and methods

The studies were performed in spring (March-June) and autumn (end of August-
November) periods of 2011-2014 in various types of biotopes on the territory of
Plaiul Fagului reserve. The reserve is located in Ungheni district, at a distance of
70 km north-west from Chisinau city with coordinates N 47°18” and E 28°02’. The
landscape is fragmented, with steep slopes and deep valleys, representing almost
mountain landscape. The reserve belongs to geobotanical area of oak and beech
forests and enters in the zone of deciduous forests. For studies there were selected
the following types of ecosystems: forest, glades and clearings, forest edge, forest
stands of pine and acacia, lake and river shores, cultivated lands, fallow grounds,
wet valleys, ravines. Small mammals were caught with snap traps for 3 nights
consecutively with a distance of 5 m between the traps [14]. Also, direct observa-
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tion, counts on the route, sample plots were accomplished, traces and trophic activ-
ity of the animals were registered [13].

In ecological analysis of the data there were used the index of frequency, relative
abundance to characterize the biotopic distribution of the species. The importance of
certain taxonomic group in ecosystems was emphasized by calculating the ecological
significance. The species of taxonomic groups with the significance less than 1% was
considered accidental; 1,1 — 5% — accessorial; 5,1-10% — dominant and W >
10% — eudominant for the studied biocenosis. The diversity of small mammals was
assessed by the Shannon and Simpson index. The species richness was evaluated
using Margalef’s index. The Berger-Parker index was used to evaluate the abundance
of only the most abundant species in the population. The evenness analysis was used
to represent the degree to which individuals are split among species.

In order to compare the communities from various biotopes the cluster analysis was
performed. Rarefaction analysis was used to assess species richness in a given biotope.
The statistical and factorial analyses, the graphic interpretation of the results were ac-
complished using the programs Microsoft Excel and BioDiversity Pro version 2.

Results and discussions

During the study 26 species of small mammals (7 insectivore and 19 rodent
species) were registered in the reserve (tab. 1). The white-breasted hedgehog was
recorded in all the studies biotopes by direct observation and after the traces of
trophic activity, mostly after sunset and during the night. Its density constituted
0,6-1 ind./ha in forest biotopes, 1-2 ind./ha in glades and clearings, at forest edge,
in shelter belts, in wet valleys and ravines and about 0.8 ind./ha near water bodies,
in agricultural ecosystems and fallow grounds. The presence of the mole was reg-
istered by counting the mole-hills on a surface unit in various biotopes. Thus, its
density constituted 1-2 ind./ha in woods, at forest edge, in shelter belts and 3-4 ind./
ha in open type biotopes (ravines, valleys, fallow grounds, cultivated lands). It wasn’t
recorded in wet habitats or near water sources.

Among medium sized rodents the squirrel and the hazel dormouse were observed
in all the biotopes with tree vegetation as eudominant and/or dominant species
with a frequency of 72% and 48% respectively. The forest dormouse was recorded
in forest biotopes and very seldom in forest belts, being dominant or accessorial
species with a frequency of 36%. The fat dormouse (Myoxus glis) was observed
in forest biotopes only, being the rarest species among dormouses with accessorial
significance and frequency of 17%. It avoids open forest sectors, such as glades
and clearings, the shelter belts and the forest edge (tab. 1).

The lesser mole rat (Nannospalax leucodon), recorded after its molehills, is
eudominant and widespread in open type biotopes with a density of 3-4 ind./ha
and frequency of 83%. It can be also met at forest edge and in shelter belts as
accessorial species with a density of 0,7-2 ind./ha and frequency of 24%.

The hygrophilous species Ondathra zibethicus and Arvicola terrestris were
registered exclusively near water basins with reed and sedge vegetation. The musk-
rat is a rather rare species with accessorial significance and frequency of 12% in
aquatic habitats, while the water vole is a common species with dominant signifi-
cance and frequency of 56%. The wild form of the brown rat was registered in the
reserve near water basins and close to the buildings, such as fish farms, wild animal
farms, ranger’s household with dominant significance and frequency of 22% in
natural biotopes and of 77% in farms and buildings.
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Table 1

Occurrence of small mammal species
in the studied biotopes of «Plaiul Fagului» reserve

Ecosystems

swedes | 72 122852 2 % 37 7

2.8 %575 8% 3§ 23 =

1 |Erinaceus concolor + + + + + + + + C
2 | Talpa europaea + + + * - - + + C
3 | Sorex araneus + + + + + + - - C
4 | S. minutus + - + - + + R
5 | Crocidura leucodon - - - - + * * + Cr
6 |C. suaveolens - - - * + * * + R
7 |Neomys anomalus + - - - + * - - VR
8 | Sciurus vulgaris + + * * C
9 | Myoxus glis + R
10 | Dryomys nitedula + + + C
11 | Muscardinus avellanarius | + + + * C
12 | Nannospalax leucodon - - + * + - + * C
13 |Ondatra zibethicus - - - - - + R
14 | Arvicola terrestris - - - - - * C
15 |Rattus norvegicus - - - - + + C
16 | Mus musculus - - - - - * * + C
17 | M. spicilegus - - - - - * + + C
18 | Apodemus sylvaticus + + + * + + + + C
19 | A. uralensis - + * * + + * + C
20 | A. flavicollis + + + * + + + C
21 | A. agrarius + + - + + + * C
22 | Micromys minutus - - - - - + VR
23 | Microtus arvalis - - - - - - * + C
24 | M. rossiaemeridionalis - - - * + * - + C
25 | Clethrionomys glareolus + + * * + + C
26 | Pitymys subterraneus + R

C-common, R-rare, VR-very rare, Cr-critically endangered
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Small mammal communities were assessed according to captures in snap traps.
During four years of captures 8 rodent and 4 insectivore species were registered.
In all the years the dominant species was A. agrarius with more than 33% of all
small mammals, due to the presence of many wet biotopes and acacia stands, which
are preferred by this species. The increasing of this species frequency and signifi-
cance in the last years was recorded previously in various forest, as in other types
of biotopes [8]. The second species after its abundance was C. glareolus (18.4%),
a forest species, registered in most of the studied biotopes. The wood mouse (16.7%)
and the yellow-necked mouse (about 13%) were also found with rather high abun-
dance. The vole of genus Microtus were recorded in open biotopes and in culti-
vated lands with more than 10%. The species of genus Mus and A. uralensis were
registered in low number (fig. 1).

Among shrews the most abundant was S. araneus (3.9%), followed by C. sua-
veolens (0.8%) and S. minutus (0.7%). The lowest abundance had C. leucodon,
which is a vulnerable species, listed in the Red Book of Moldova.

All shrew species were recorded in wet biotopes, such as wet valleys, swamp
habitats, lake and river shores, the Sorex species being eudominant, Crocidura
species — dominant and Neomys anomalus — accidental. In forest ecosystems
the common shrew is widespread with dominant significance and frequency of
89%, while the pigmy shrew was found only in swamp sectors of the forest and
at forest edge with accessorial significance and lower frequency (37%). Similar
values of frequency and ecological significance were found for these species in
other forest ecosystems of the republic [3]. Sorex species weren't registered in
agrocenoses and fallow grounds, while both Crocidura species, which are less
hygrophilous, were present with dominant significance and frequency of 12.7% for
C. leucodon and 26.3% for C. suaveolens. Although, the white toothed shrew is
a critically endangered species, included in the Red Book of Moldova, its ecologi-
cal significance and frequency increased in the last years in forest ecosystems [5],
as well as in other types of biotopes [5, 6]. As to the Mediterranean water shrew,

B A.sylvaticus BA.flavicollis  OA.agrarius B A.uralensis  BAM.spicilegus @ M.musculus
BCglareolus B Microtus B S.araneus BS.minutus B C.suaveolens EC.leucodon

Figure 1. Abundance of small mammals’ community
in the reserve during the study period
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its ecological significance and frequency decreased drastically in the last years all
over the territory of the republic and the species become very rare and endangered.
In the reserve the Mediterranean water shrew was recorded only one time during
the years of study even in its preferred habitats, where it was registered before [1,
4,6, 7]

The analysis of seasonal dynamics showed a much lower diversity in spring
than in autumn period (fig. 2). Thus, the values of Shannon diversity index in spring
period were comprised between 0.3 and 0.85, the lowest being registered in forest
ecosystems (wood, forest belts, plantations) with 2 species and the highest in wet
biotopes (wet valleys, shore of lakes and rivulets) with 7 species. In autumn the
diversity index varied between 0.6 and 1.1 with the lowest one in forest ecosystems
(4 species) and the highest in wet biotopes, where all 12 species of rodents and
shrews were registered.

The biotopic distribution of the species in both season during the studied years
varied greatly. In forest biotopes dominated the sylvicolous species (A. flavicollis
and C. glareolus) and in autumn period individuals of A. sylvaticus and A. agrar-
ius were also found. At forest edge the species diversity was much higher, being
registered 6 species in spring and 8 species in autumn. The community was rep-
resented both by typically sylvicolous species and by open land species, such as A.
uralensis and M. rossiaemeridionalis, while A. sylvaticus dominated in both
periods. The wet biotopes were the most rich quantitatively and qualitatively in
both study periods, with the dominance of hygrophilous species A. agrarius, while
the proportion of shrews reached more than 36% in spring and about 10% in au-
tumn. In various types of agrocenoses 5 species were registered in spring and 8
species in autumn. Because the cultivated lands were situated near the wood,
typically sylvicolous species (A. flavicollis) were registered along with species
typical for agroecosystems (Mus and Microtus species). Also shrew from genus
Crocidura that inhabit open and cultivated lands, were recorded (fig. 2).
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Figure 2. Diversity and biotopic distribution
of small mammals in the reserve during the study period
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The multiannual dynamics of small mammal communities in autumn period
was analyzed, when the density of small mammals is the highest. The climatic
conditions in the studied years were different: in 2011 the weather was very hot
and the amount of precipitations was much lower than usual, in 2012 was a very
hot and dry summer, then a rainy autumn; while 2013-2014 were within the normal
limits of temperature and amount of precipitations. Also, the population phases of
small mammal species were different: in 2011 a depression of rodents’ number was
registered, in 2012 started the number increase that reach its maximum in 2014.
Therefore, in 2011 a year with rodent depression and difficult climatic conditions
only 5 species were recorded in forest biotopes and at their edges, 6 species in wet
habitats and only 2 in agroecosystems, of which the eurytopic species A. sylvaticus
was dominant in most of biotopes, except the wet one, where A. agrarius domi-
nated (fig. 3). In 2012 the species number increased to 9 species in wet ecosystems
and 6 species in cultivated lands and fallow grounds. In forest ecosystems dominant
was A. flavicollis, while in other types of ecosystems — A. agrarius, due to abun-
dant precipitations in autumn period. The shrew community was represented by 3
species and constituted about 13% in wet ecosystems (fig. 3).

In 2013 an increase of vole species population was registered, C. glareolus being
dominant in forest ecosystems and at edges, and Microtus species — in agrocenoses
and fallow grounds. In wet biotopes A. agrarius remain the dominant species. Also,
a high depression of shrew populations’ was recorded in 2013, which was represented
only by S. araneus and only in wet habitats (less than 2%). In 2014 the highest di-
versity and abundance of shrew species was registered that constituted almost 14%
from the whole community in forest ecosystems and 17% in wet habitats. In forest
biotopes A. flavicollis was dominant, at the edge and in wet biotopes A. agrarius
dominated, while in agroecosystems Microtus species remain dominant (fig. 3).

After analyzing the species structure of small mammal communities during the
study years, it can be seen the highest diversity in wet habitats and a general in-
creasing of diversity indexes (Shannon, Simpson) in most of biotopes from the
beginning of study period to the last year (tab. 1). The species richness, evaluated
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Figure 3. Multiannual dynamics of small mammals
in various types of ecosystems in the studied years
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according to Margalef index, increased for the same period, the maximum values
being registered on the account of more rare shrew species. The Berger-Parker
index reports the proportional abundance of only the most abundant species in the
population. Thus, it was the highest in the biotopes where 2-3 species dominated
and constitute more than 70% of the community (tab. 2).

The eveness analysis showed low values at the forest edge and in agrocenoses
(in 2012 and 2014) indicating that one or two species dominate, and the highest
values in agrocenoses and at forest edge in 2011, where few species where repre-
sented almost equally.

The similarity of small mammals’ communities in various types of biotopes was
performed using the Cluster analysis (fig. 4). Thus, among 12 types of biotopes the

Table 2

Indexes of diversity and species richness
in the reserve during 4 years of study

Years 2011 2012 2013 2014

Biotopes | f. | fe. | wet |agr.| f. | fe. | wet|agr.| f. | fe | wet|agr.| f | fe | wet]|agr

Shannon | 1.2 | 1.49 | 1.41 |0.69 | 1.19 | 1.11 | 1.76 | 1.25 | 1.28 | 1.02 | 1.48 | 1.21 | 1.58 | 1.26 | 1.71 | 1.29

Sé?rﬁfg“ 0.39/0.24]029 0.5 |0.320.460.24|0.39|0.33 | 0.44|0.27|0.34|0.25|0.38 | 0.25  0.36
Simpson | o 71 4131337 | 2 | 312|216 421|255 305 227|372 2.91 403|264 399|274
diversity

Margalef | 6.65| 9.14 | 7.24 |18.27| 7.01 | 6.87 | 6.35 | 7.07 | 5.98|9.35 | 6.19 |12.18| 8.19 | 6.82 | 5.85 | 7.01

Berger-

Parker 0.580.31 |0.42| 0.5 |0.38/0.65|0.43|0.58|0.48| 0.6 |0.42| 0.5 | 0.41 |0.56 |0.43 |0.54

Eveness [0.75]0.930.79| 1 |0.86/0.62|0.79|0.69|0.79|0.74 | 0.83 | 0.87 | 0.88 | 0.7 |0.78 |0.72

Note: f.-forest ecosystems, f.e.-forest edge, agr.-cultivated lands and fallow ground

Bray-Curtis Cluster Analysis (Single Link)
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Figure 4. Similarity analysis of small mammal communities
in the reserve during the study period
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highest similarity (84.37%) was registered between maize field situated near the
forest and edge of acacia plantation, where most of species were common and the
species ratio was similar. The communities from shores of rivulets and lakes were
similar to those from wet valleys (77.57%) where 8 species were common and their
proportion was similar. Rather high similarity value was found between forest edge
and spruce plantation (70.97%). The similarity between the other of biotopes was
lower than 60%. The lowest similarity was registered between fallow ground and the
rest of biotopes (up to 40%) and between forest and other biotopes (up to 48%).

In order to assess species richness, e.g. the expected number of species against
the number of individuals, the rarefaction analysis was performed (fig. 5). The most
of curves are rising and represent steep slopes, which indicate that a fraction of
species diversity was not yet discovered. This situation can be observed in most of
biotopes, but is more pronounced at shores of lakes and rivulets, where the species
richness and individual number was the highest and a part of community wasn’t
yet assessed. In forest and glade biotopes the curves become flatter, which means
that a reasonable number of individual samples have been taken and more intense
sampling will show only few additional species.

Thus, during the study period an increase of diversity and number in small
mammal communities was registered, conditioned mostly by rare shrew species,
which were most abundant and diverse in the last year of study, when the cli-
matic conditions were also favorable.

The reserves represent important areas of species diversity conservation, with
much lower anthropic disturbances than in adjacent territories. The existence of a
high variety of habitats ensure the existence and prosperity of small mammals
populations, as well as a stable balance of ecosystem functioning. Therefore, the
monitoring of small mammal communities in the reserve will continue in order to
compare their evolution in natural conditions of the reserve with that from an-
thropized territories, as well as for elucidate the population cycles of the species
and the influence of climatic conditions upon small mammal communities.

Rarefaction Plot
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Figure 5. Rarefaction curves for studied biotopes in the reserve
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Conclusions

During the study 26 species of small mammals (7 insectivore and 19 rodent
species) were registered in the reserve. In all the years the dominant species was
A. agrarius with more than 33% of all small mammals, while among shrews the
most abundant was S. araneus.

The values of Shannon diversity index in spring-summer period were comprised
between 0.3 and 0.85 and in autumn between 0.6 and 1.1, the lowest being regis-
tered in forest ecosystems and the highest in wet biotopes. A general increasing of
diversity indexes in most of biotopes from the beginning of study period to the last
year was established.

The highest similarity was registered between cultivated land situated near the
forest and edge of acacia plantation, as well as between shores of water basins and
wet valleys. The rarefaction analysis indicates that a fraction of species diversity
was not yet discovered.
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ABTOpPBI MyOIMKaIUK

Hucrpsiny Bukropust BopucoBHa — KaHAWIAT OHOJIOTMUECKHUX HAyK, AOLEHT, J1abo-
PaToOpHs TePUOJIOTHH, TepIeTONOTHH U 11aJ1e030010TuH MHCTUTYTa 300J10rMH AKafieMHH Hayk
Mounpossl (MonnoBa)

JlapuoH AnnHa PefopoBHa — KaHAKAAT OHOJNOTHYECKHX HAYK, JOLEHT, J1abopaTopus
TEePUOJIOTHH, TePIIeTOJOTHH U 11aJIe030010Tuk HCTUTYTa 300J10rMK AKaeMUH HayK MoJIOBEL
(Mosnosa)

Bypnaky Bukropusi HocudoBHa — HayuHBIH COTPYOHHMK HaluoHanbHOrO LeHTpa
0011eCTBEHHOTO 310poBbs (MosnoBa)

Kapaman Haranbsa KoncranTuHOBHa — HayuHbI COTPYIHHK J1a00paTOPUS TEPHO-
JIOTHH, TepHeTONIOTHH W Maseo300J0rud MHcTHTyTa 300J0rMM Akagemuu Hayk MoJOBEL
(Monpnosa)

ITocronaku BragucnaB EMunbstHOBUY — KaHAW/AAT OHONOTHYECKHUX HAYK, JabopaTo-
pHSl TepHOJIOTHH, TePHEeTOJOTHH M I1aJe0300J0TMH MHCTHTYyTa 300JI0THM AKaJeMHH Hayk
Mounpossl (MonnoBa)
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