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INTRODUCTION

Ecological succession is the development of ecosystems (Odum, 1969), an orderly
process of community development when some communities of the same habitat are
replaced by others. Each stage of succession creates conditions for the subsequent stage
of succession to occur and develop. Species diversity is maximum in early and middle
stages of succession and later decreases until the climax succession is reached (Odum,
1969). In the process of succession, the indices and composition of a small mammal
community also change: changes in vegetation directly influence the abundance and
diversity of these mammals (Huntly, Inouye, 1987). Secondary succession, when
abandoned arable land and hay meadows overgrow with shrubs and eventually become
forests, has become usual in Lithuania and other Baltic countries since 1990. More
intensive farming led to decrease in agricultural areas in the Baltic countries which
underwent the restitutional land reform (Aleknavicius, Aleknavicius, 2010). The process
of the Forest Cover Enlargement Programme has accelerated in recent years in
particular. Annually, 4-5 thousand ha abandoned land naturally overgrow with the forest
(Lithuanian Forest Cover Enlargement Programme, 2002). During the last decade, the
forest cover of the territory of Lithuania increased by 2%, or 104 thousand ha. Presently,
the forest occupies 33.3% of the territory of the country (Butkus et al., 2013).

Small mammal community changes during forest succession (after fires, clear
cutting, logging, etc.) have been analysed by many authors (Gashwiler, 1970; Kirkland,
1990; Sullivan et al., 1999; Bryja et al., 2002; Briani et al., 2004), yet only a few dealt
with small mammal community changes during meadow-to-forest succession stages
(Huntly, Inouye, 1987; Atkeson, Johnson, 1979; Swihart, Slade, 1990). In Lithuania,
meadow-to-forest succession and its impact on small mammals has been touched upon in
several papers only (BalCiauskas, Angelstam, 1993; Maxeukure, 1995). Small mammal

community changes during non-vegetative period have not been studied as yet.

Novelty of the research

1.  There have not been published so far any generalising data in Lithuania or

neighbouring countries on how small mammal community indices (species



diversity, abundance) change during early forest succession stages, which is
discussed in this work in particular.

The impact of the Lithuanian Forest Cover Enlargement Programme on fauna has
not been assessed so far. The small mammal community changes in early forest
succession stages, forest plantation and forest stand, analysed in this work
contribute to the understanding of the effect of forest cover enlargement on small
mammals and on predators preying on them.

Small mammal community changes in the non-vegetative period are evaluated in

the Baltic countries for the first time.

Scientific and practical significance

This results of investigations into small mammal community changes during early

forest succession stages disclose the following:

l.
2.

Small mammal community changes in forests of different age.

The impact of the Forest Cover Enlargement Programme on the fauna of small
mammals.

Small mammal community changes during early forest succession stages in space
and time.

Changes in the feeding basis of birds of prey-miophages and mammals during
succession.

Investigations carried out in non-vegetative periods of the year contribute to the

knowledge of the impact of the non-vegetative period on small mammals and of changes

in small mammal community indices in the course of the year and allows comparing the

data from different seasons within the same geographical region.

Aim and objectives

The aim of the work was to investigate small mammal community changes due to

early forest succession and to assess the effect of the non-vegetative period of the year

on small mammal communities in Lithuania.

l.

The following objectives were set to achieve the aim:
To investigate the species diversity of a small mammal community in early forest

succession stages of different age.



2. To assess the abundance of small mammal species in the meadow, forest plantation,
and forest stand.
3. To analyse seasonal changes in small mammal community indices.

4.  To assess the effect of the non-vegetative period on biological indices of some species.

Defended statements

1. Inthe process of succession when a meadow through forest plantation develops into
a forest stand, biological indices of a small mammal community change: the
number of species decreases, the order of species dominance changes, relative
abundance increases, and meadow species disappear due to transformation of the
forest plantation to the forest stand.

2. Biological indices of small mammal communities differ between natural meadow-
to-forest succession and human-induced succession (by planting trees).

3. The species diversity of small mammals does not change in the non-vegetative
period of the year and decreases only in the beginning of spring. The breeding of
some species takes place in winter.

4. Changes in small mammal diversity due to meadow-to-forest stand succession do
not cause reduction in the abundance and biomass of small mammals; therefore,

feeding conditions for predators preying on them do not become worse.

LITERATURE REVIEW

This section of the dissertation overviews investigations carried out in Lithuania
and other countries to assess small mammal community changes due to the process of
forest succession. In addition, a review of articles which analyse the impact of
seasonality on small mammals and on their biological indices, in particular during the

non-vegetative period of the year, is presented.

MATERIAL AND METHODS

Study site
Investigations into small mammal community changes in the vegetation period of

the year during early forest succession stages were carried out in the Pakruojis Forest in

Pakruojis district in June—September of 2007-2008 and 2010-2012 and in Zarasai



district in June—September of 2010-2011 and in September of 2012 and 2013.
Investigations into changes in small mammal community indices during the cold (non-
vegetative) period were carried out in a meadow, i.e. first stage of succession, near Lake
Ilgelis in KumSos village, Zarasai district, in October—April of 2004-2008 (coordinates
631314, 6187355 LKS).

Investigations in both districts during the vegetation period covered three habitats: a
meadow without agricultural activities being pursued there for at least 5 years, a 5-10-
year-old forest plantation (hereinafter, the "forest plantation"'), and a 15-20-year-old
forest stand (hereinafter, the "forest stand"'). In this work, these three habitats are
regarded as early forest succession stages.

In Pakruojis district the forest plantation and the forest stand had been planted’,
while in Zarasai district the natural overgrowing of the territory took place.’ In Pakruojis
district, the area of the studied meadow was 1.26 ha (487718, 6204733 LKS), the area of
the forest plantation was 2.8 ha (487462, 6205860 LKS), and the area of the forest stand
was 6 ha (487539, 6205854 LKS). In Zarasai district, the area of the studied meadow
was 1.3 ha (610004, 6180196 LKS), the area of the forest plantation was 2 ha (610203,
6180345 LKS), and the area of the forest stand was 1.6 ha (610223, 6180615 LKS).

To identify the plant community type of investigated areas, the quadrat method was
used (Dagys, 1980): all species per 16 m” quadrat were registered and their abundance
was estimated according to the coverage of the area (Braun-Blanquet scale).

The study sites undergoing human-induced succession are assigned to the following
plant community types:

e The meadow belongs to class Molinio-Arrhenatheretea (fertile meadows), union
Arrhenatherion elatioris (Br.-Bl. 1925) W.Koch 1926, association Festucetum
pratensis Soo.

e The forest plantation does not belong to the typical association.

e The forest stand according to grass plants is closest to association Melico nutantis-

Piceetum.

" The terms "forest plantation” and "forest stand" are used from the ecological aspect and are not identical to the
terms used in forestry.

? Hereinafter referred to as the habitats of early human-induced forest succession.

? Hereinafter referred to as the habitats of early natural forest succession.
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The study sites undergoing natural succession are assigned to the following plant
community types:
e The meadow is closest to associations Agrimonio-vicietum cassubicae Passarge 1967
and Trifolio-agrimonietum eupatoriae Th. Miiller (1961) 1962.

e The forest plantation and the forest stand do not belong to any typical association.

Meteorological conditions of the non-vegetative period
Winter temperature was estimated using data from the nearest meteorological
stations in Zarasai and Utena (LHMT, 2009). Negative average monthly temperatures in
winters of 2004/05-2005/06 were recorded in December, January, February, and March.
Negative temperatures in winters of 2006/07-2008/09 were short-term and were
recorded in one month in the winter of 2006/07, in one month of the winter of 2007/08,
and in two months in the winter of 2008/09. Therefore, two former winters were

considered cold or severe, and three latter were mild (Bal¢iauskiené et al., 2009 a,b).

Small mammal investigation methods

During the non-vegetative period of the year, small mammals were trapped using a
standard method of snap-trap lines (BalCiauskas, 2004). When ground was covered with
snow, the holes for snap traps were made in snow and their location was marked with
sticks. Snap-trap exposition was 1-3 days, and traps were checked every day
(Balc¢iauskas, Gudaité, 2006). A line of 25 snap traps was considered to correspond to a
1 ha area plot (Manual, 1993). Species composition, diversity and dominance, relative
abundance, age of individuals, and breeding indices were estimated.

For investigation of small mammal communities during meadow-to-forest
succession stages in June—August, small mammals were trapped by live traps set in three
line with 25 traps per line. Live-trap exposition was three days, and traps checked every
day. The live-trapped animals were marked, weighed, described and then released. In
September, small mammals were trapped by a standard linear snap-trap method
(Balciauskas, 2004) to determine species composition, age structure, and breeding data.
Snap-trap exposition was 3 days, and traps were checked every day. Both methods were
used to determine the community's species composition, diversity and dominance, and

relative abundance.



The abundance of all small mammals trapped was assessed using a relative index,
i.e. the number of individuals trapped per 100 traps in the first day (ind./100 trap-days).

Each small mammal caught was described, weighed to the nearest 0.1 g using an
electronic balance, measured to the nearest 0.1 mm by calipers (standard body length,
tail length, foot length, and ear length measurements according to Lietuvos fauna.
Zinduoliai [The Fauna of Lithuania, Mammals] (Priisaité, 1988).

According to the development of gl. thymus and the status of genitalia, the
individuals trapped were divided into three age categories: adults, subadults, and
juveniles. Adults were breeding individuals (gl. thymus invisible, uterus developed,
testes rather large, especially in the reproduction period); this group also included
overwintered individuals irrespective of their reproductive status. Sub-adults did not
differ from adults by size, but had not bred yet (gl. thymus visible, uterus developing,
testes of average size). In juveniles, gl thymus was large, uterus not developed,
threadlike, testes small.

The following reproductive indices were determined: number of placenta places,
number of corpora lutea (potential litter size), number of embryos (factual litter size)

(Balciauskas, 2004); the age of embryos was assessed visually.

Statistical methods

The species composition of small mammal communities was determined using
Shannon's diversity index H on log, base (Krebs, 1999) and Simpson's species
dominance index ¢ (Brower, Zar, 1984). The indices were calculated using the StatEcol
software (Ludwig, Reinolds, 1988). Significance of small mammal diversity differences
(between habitats, years, or months) was estimated using the DivOrd program 1.90
version. H#SD calculations were done in the DOSBox ver. 0.74 environment
(Tothmérész, 1993). The Rényi diversity index was used to test if small mammal
diversity differences were significant with respect to habitat and time.

The Rényi index was calculated according to the formula
1 n
1 P

To compare small mammal communities, the family of diversity indices is

Ho(X) =
, where 00 and o#1.

represented graphically using Rényi diversity profiles, where the values of parameter o
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are from 0 to 4. When 0=0, Rényi diversity index is equal to the logarithm of the number
of species; when a=1, Rényi index is equal to Shannon's H; when a=2, Rényi index
reflects Simpson's dominance index; when a=3 and 4, Rényi profiles show higher degree
diversity indices (Téthmérész, 1998; Carranza et al., 2007). One small mammal
community can be considered more variable than the other if Rényi diversity profiles do
not intersect (Tothmérész, 1998).

The effect of the habitat, year, season, and place on small mammal community
parameters (abundance, diversity, biomass, and reproductive indices) was assessed using
multidimensional statistics methods (factorial ANOVA and MANOVA), and pair-wise
differences were tested using Student's t-tests by comparing more than two sets;
Bonferoni correction was used (Zar, 1999; StatSoft, 2010). Calculations were done with

Statistica for Windows, ver. 6.0 (StatSoft, 2004).

RESULTS OF INVESTIGATIONS

A total of 3541 small mammals belonging to 13 species of orders Insectivora and
Rodentia were trapped in habitats of early forest succession stages during vegetative and
non-vegetative periods of 2004-2013: common shrew (Sorex araneus), pygmy shrew
(Sorex minutus), water shrew (Neomys fodiens), yellow-necked mouse (Apodemus
flavicollis), striped field mouse (Apodemus agrarius), pygmy field mouse (Adpodemus
uralensis), house mouse (Mus musculus), harvest mouse (Micromys minutus), brown rat
(Rattus norvegicus), bank vole (Clethrionomys (Myodes) glareolus’), common vole
(Microtus arvalis), root vole (Microtus oeconomus), and field vole (Microtus agrestis).

During the studied vegetation periods, a total of 1044 small mammals of 11 species
were trapped in habitats undergoing human-induced forest succession and a total of 547
individuals of 10 species in habitats undergoing natural succession. A total of 1950 small
mammals of 13 species were trapped in Zarasai district in the studied non-vegetative

periods.

Effect of early forest succession on small mammal diversity and abundance

The results obtained in habitats undergoing human-induced and natural forest

succession show that M. arvalis (19.30% of all individuals trapped) was the most

* Hereinafter referred to as Clethrionomys glareolus (Latin name of the species).
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abundant species in the meadow. C. glareolus, S. araneus, and A. flavicollis were a little
less numerous. M. musculus was trapped in the meadow only. The number of
M. oeconomus trapped in the meadow was the highest compared with other habitats,
though its share in the small mammal community was not great (4.87%). A total of 11

species was recorded in the meadow (Table 1).

Table 1. Species composition of small mammals in early forest succession stages — meadow, forest
plantation, and forest stand (N — number of individuals).

1 lentelé. Smulkiyjy Zinduoliy riSiné sudétis misko sukcesijos pradinése stadijose — pievoje, jaunuolyne
ir medyne (N — individy skaicius).

Stz Meadow Forest plantation Forest stand
N % N % N %

Sorex araneus 82 15.98 78 13.59 62 12.30
S. minutus 21 4.09 32 5.57 19 3.77
Neomys fodiens 1 0.19 4 0.70 4 0.79
Apodemus flavicollis 58 11.31 36 6.27 68 13.49
A. agrarius 45 8.77 44 7.67 11 2.18
Mus musculus 3 0.58 - — - -
Micromys minutus 5 0.97 1 0.17 5 0.99
Clethrionomys glareolus 83 16.18 193 33.62 287 56.94
Microtus arvalis 99 19.30 82 14.29 16 3.17
M. oeconomus 25 4.87 1 0.17 1 0.20
M. agrestis 64 12.48 73 12.72 25 4.96
Microtus sp. 27 5.26 30 5.23 6 1.19
Total of individuals 513 100 574 100 504 100
Number of species 11 10 10
Shannon‘s H 2.95 2.61 2.04
Simpson‘s ¢ 0.14 0.20 0.37

The greatest abundance of small mammals (574 individuals) was recorded in the
forest plantation. The abundance of separate species was not higher than in the meadow,
except for the dominating C. glareolus (N=193 individuals, or 33.62%). The forest stand
was also dominated by C. glareolus, which constituted more than half of all small
mammals trapped (56.94%). Other more numerous species were A. flavicollis and
S. araneus (13.49% and 12.30%, respectively). Other species were less numerous, with
their shares not exceeding 5%. Both the forest plantation and the forest stand held 10
small mammal species each. A comparison of all three succession stages showed that the
number of species was decreasing insignificantly in the course of succession. The share
of C. glareolus in the small mammal community was increasing (from 16.18 to 56.94%),
same as the share of another forest species, A. flavicollis. The shares of species

preferring open areas (4. agrarius, M. agrestis, and M. arvalis) were decreasing.
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Small mammal species diversity in the habitats of different type of succession can
be represented by Rényi diversity (Fig. 1). Differences between three habitats
undergoing human-induced succession were significant. In the case of natural
succession, small mammal diversity in the forest plantation was higher than in the
meadow, and small mammal diversity in the forest stand did not differ from that in the
meadow nor in the forest plantation. To sum up, s mall mammal diversity was the

highest in the meadow, lower in the forest plantation, and the lowest in the forest stand.

Meadow

Forest plantation «««-ssxser: Forest stand ———~

2,4 2,4 2,5
2 2 2
B 1,8 @ 2,0 21,9
9] 3] ]
= = =
© o ©
5 = =
5 1.2 5 1.6 51.3
o o [h4

0,6 1,2 0,7

00 08 16 24 32 40 00 08 16 24 32 40 00 08 16 24 32 40
Scale parameter Scale parameter Scale parameter

Fig. 1. Rényi diversity in habitats undergoing meadow-to-forest succession (human-induced succession
in the left, natural succession in the middle, and human-induced + natural succession in the right).

1 pav. Rényi ivairové pievos—misSko sukcesijos biotopuose (indukuota sukcesija kairéje, savaiminé
sukcesija viduryje, indukuotatsavaiminé sukcesija desinéje).

Small mammal diversity changes due to natural and human-induced succession

In the meadow where human-induced succession was investigated, a total of 256
small mammal individuals belonging to 11 species were trapped. S. araneus (24.2% of
all individuals trapped) and A. flavicollis (19.92%) were the dominant species. Microtus
voles: M. arvalis (12.5%), M. agrestis (11.33%), and M. oeconomus, were
subdominants.

In the planted forest plantation, 402 small mammals of 9 species were trapped.
C. glareolus (36.82%) was the dominant species. S. araneus, M. agrestis, and M. arvalis
(17.16%; 12.44%, and 10.70%, respectively) were subdominants.

In the planted forest stand, 386 small mammals of 8 species were trapped.
C. glareolus (61.92%) was the dominant species in all years of investigation. A.
flavicollis and S. araneus (5.54% and 12.18%, respectively) were subdominants.

In the meadow undergoing natural succession, a total of 257 small mammal
individuals of 8 species were trapped. M. arvalis (26.08%) and C. glareolus (25.68%)
were dominant species. Other more abundant species were 4. agrarius and M. agrestis

constituting 11.28% and 13.62%, respectively, of all individuals trapped.
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The forest plantation undergoing natural succession held a total of 172 small
mammal individuals of 9 species. The share of C. glareolus constituted 26.16%, while
M. arvalis, M. agrestis, and A. agrarius were less abundant (22.67%, 13.37%, and
12.79%, respectively).

The trapping in the forest stand undergoing natural succession resulted in 118
individuals (10 species) in total. The share of the dominant species C. glareolus was
40.68%. S. araneus and M. arvalis (with 12.71% and 13.56%, respectively) were
subdominants.

Investigations carried out in 2007-2012 in the habitats undergoing human-induced
succession showed that the small mammal community was monodominantic in the
planted forest stand (c=0.43 during all years of investigation) and polydominantic in the
meadow (c=0.15). According to investigations carried out in 2010-2013 in the habitats
undergoing natural succession, the small mammal community was polydominantic in the
naturally growing forest stand (c=0.24), in the meadow, and in the naturally growing
forest plantation (c=0.20). Thus, small mammal dominance indices in habitats
undergoing human-induced succession differ considerably dominance indices under
natural succession.

In the habitats undergoing human-induced succession, the lowest small mammal
species diversity was in the forest stand (H=0.95-2.09; average H=1.73 in 2007-2012)
and the highest in the meadow (H=2.92). In this respect the forest plantation (H=2.56)
was closer to the meadow than to the forest stand. In the habitats undergoing natural
succession, the small mammal diversity in 20102012 was recorded in the forest
plantation, except for 2010, when the highest diversity was recorded in the forest stand
(H=2.24). Shannon's diversity index was variable in the meadow and in the forest
plantation, yet hardly changed in the forest stand in 2010-2013. Shannon's diversity
index was more variable in habitats undergoing human-induced succession (H=1.73—
2.92) than in habitats undergoing natural succession (H=2.54-2.61). The greatest
difference in small mammal species diversity was observed between the planted forest
stand and forest stand undergoing natural succession (H=1.73 and 2.61, respectively).

The effect of place, habitat, year, and species on small mammal abundance tested
according to MANOVA analysis showed that the total effect of all these variables on

abundance was significant (r2=0.81, Fo96.52s=3.47, p<0.001), with the factor of species
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being the most significant for abundance differences (df=10, F=30.37, p<0.001). Small
mammal abundance was significantly affected by combinations of these factors:
yearxspecies (df=20, F=1.81, p<0.017), placexyearxspecies (df=20, F=1.88, p<0.012).

The abundance of A. flavicollis was significantly affected by the year (F=3.27,
p=0.047), while other factors: placexyear (F=1.18, p=0.31), yearxhabitat (F=0.33,
p=0.85), and placexyearxhabitat (F=0.31, p=086) were not so significant. The total
effect of place, habitat, and year on abundance of C. glareolus was not significant:
MANOVA, year (F=0.98, p=0.38), placexyear (F=0.80, p=0.46), yearxhabitat (F=1.09,
p=0.37), placexyearxhabitat (F=1.03, p=0.40). The total effect of place, habitat, and year
on abundance of A. agrarius and Microtus voles was not found to be significant either
(MANOVA, all indices insignificant).

Throughout the study periods, the average small mammal abundance was
18.19+£2.27 (0-40) individuals per 100 traps per one day (ind./100 trap-days) in
meadows, 22.72+2.25 (0—40) ind./100 trap-days in forest plantations, and 23.914+2.77
(4-56) ind./100 trap-days in forest stands in both districts (Tables 2—4). Long-term
abundance differences between habitats were insignificant: t=1.42, df=48, p=0.16 for
meadow and forest plantation, t=1.60, p=0.11 for meadow and forest stand, and t=0.33,
p=0.74 for forest plantation and forest stand.

The total abundance of small mammals in meadows was mostly due to Microtus
voles, the abundance of which both in the meadows under human-induced succession
and natural succession did not differ (Table 2). Other more abundant species were
C. glareolus in the meadow under natural succession and 4. flavicollis in the meadow
under human-induced succession. The average small mammal abundance was higher in
the meadow undergoing natural succession (p=0.027).

The average abundance of small mammals did not differ between planted and
natural forest plantations (Table 3). The indices of the most abundant species:
C. glareolus, Microtus voles, and S. araneus, did not differ either. the only significant
difference was the abundance of M. arvalis, which was higher in the natural forest
plantation.

The average small mammal abundance in the planted forest stand was twice the

abundance in the natural forest stand (p=0.002). The difference was due to a greater
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abundance of C. glareolus and A. flavicollis, which compensated for a lower abundance

of Microtus voles (Table 4).

Table 2. Relative abundance of small mammal species in the meadow, ind./100 trap-days (significance of
difference: * — <0.05, ** — <0.01, *** — <0.001; Xvid. — mean relative abundance; SE — error of the
mean; Min—max — minimum and maximum value in the sample).

2 lentelé. Smulkiyjy zinduoliy rGsiy santykinis gausumas pievoje, individy sk. 100 sp./p. (skirtumo
patikimumas: * — <0,05, ** — <0,01, *** — <0,001; Xvid. — vidutinis santykinis gausumas; SE — vidurkio
paklaida; Min—max — maziausia ir didziausia reikSmé imtyje).

The meadow under c
. The meadow undergoing
Species human-induced natural succession llotal
succession
Xvid.#SE |Min—max| Xvid£SE |Min-max | Xvid.£SE | Min—max

Sorex araneus 1.06+0.54 0-8 2.33+1.31 0-8 1.43+0.50 0-8
S. minutus 0.28 0-5 — 0-1.33 | 0.25+0.20 0-5
\Apodemus flavicollis 4.11+0.96 | 0-16.7 0.33* 0-2 3.04+0.77 | 0-16.7
\A. agrarius 0.67+0.49 0-8 4.33 0-26 1.52+1.08 0-26
\Mus musculus 0.22 04 - - 0.16 04
\Micromys minutus 0.11 0-2 0.67+£0.42 0-2 0.24+0.13 0-2
Clethrionomys glareolus | 1.74+0.85 0-12 7.3843.37** | 0-22.7 | 3.55¢1.16 | 0-22.7
\Microtus arvalis — — 2.00£1.03%** 0-8 0.80+0.42 0-8
\M. oeconomus 0.35+0.20 0-3 — - 0.25+0.15 0-3
\M. agrestis 0.19+£0.13 0-2 1.89+1.64* 0-10 0.85+0.47 0-10
\Microtus sp. 6.42+2.15 0-28 6.11£3.18 0-16.7 | 6.09+1.71 0-28
Total 15.14£2.40| 0-36 26.04+4.15%* 5-40 18.19£2.27| 0-40

Table 3. Relative abundance of small mammal species in the forest plantation, ind./100 trap-days
(significance of difference: * — <0,05; Xvid. — mean relative abundance; SE — error of the mean; Min—
max — minimum and maximum value in the sample).

3 lentelé. Smulkiyjy zinduoliy riiSiy santykinis gausumas jaunuolyne, individy sk./100 sp./p. (skirtumo
patikimumas: * — <0,05; Xvid. — vidutinis rtsies santykinis gausumas; SE — vidurkio paklaida; Min—max
— maziausia ir didziausia reik§mé imtyje).

St Planted forest plantationNatural forest plantation Total
Xvid.£SE | Min—max | Xvid.+SE | Min—max | Xvid.+SE [ Min-max

Sorex araneus 3.12+1.05 0-15 0.86+0.43 0-2.67 |2.48+0.78| 0-15
S. minutus 0.80+0.44 0-5.33 0.76+0.37 0-2 0.79+0.33 | 0-5.33
\Neomys fodiens - - 0.71+0.71 0-5 0.20 0-5
\Apodemus flavicollis 2.12+0.82 | 0-11.11 1.56+0.75 0-5.56 | 1.96+0.62 | 0-11.11
\A. agrarius 1.83+0.88 0-12 1.24+0.88 0-6 1.67+£0.67 | 0-12
\Micromys minutus - - 0.29+0.29 0-2 0.08 0-2
Clethrionomys glareolus 7.66+1.24 0-20 7.40+1.40 4-14 7.59£0.96 | 0-20
\Microtus arvalis - - 3.05+2.29* 0-16 0.85+0.67 | 0-16
\M. agrestis 1.07+0.64 0-10 1.24+0.95 0-6.67 | 1.12+0.52 | 0-10
\Microtus sp. 6.03+1.67 0-26 5.87+3.02 0-20 5.99+1.43 | 0-26
Total 22.63£3.0 0-40 22.97+2.66 | 13.3-30 |22.72+2.25| 0-40

16



Table 4. Relative abundance of small mammal species in the forest stand, ind./100 trap-days
(significance of difference: * — <0.05, ** — <0.01, *** — <0.001; Xvid. — mean relative abundance; SE —
error of the mean; Min—max — minimum and maximum value in the sample).

4 lentelé. Smulkiyjy Zinduoliy r@iSiy santykinis gausumas medyne, individy 100 sp./p. (skirtumo
patikimumas: * — <0,05, ** — <0,01, *** — <0,001; Xvid. — vidutinis santykinis gausumas; SE — vidurkio
paklaida; Min—max — maziausia ir didZiausia reik§mé imtyje).

Species Planted forest stand Natural forest stand Total
Xvid.£SE |Min—max| Xvid.+SE |Min—max | Xvid.#SE | Min—max

Sorex araneus 2.56+0.95 0-15 0.71+£0.57 04 2.04+0.72 0-15
S. minutus 0.60+0.42 0-5.6 0.90+0.56 04 0.69+0.33 0-5.6
\Neomys fodiens — - 0.14+0.14 0-1 0.04 0-1
\Apodemus flavicollis 4.53+1.03 0-12 0.57+0.40* 0-2.67 | 3.42+0.83 0-12
\A. agrarius 1.00+0.52 0-8 - - 0.72+0.38 0-8
Clethrionomys glareolus 19.64+2.65| 0-40 5.00£1.50%** 0-10 15.54+2.35| 0-40
\Microtus arvalis - - 1.24+0.88* 0-6 0.35+0.26 0-6
\M. agrestis 0.48+0.31 | 0-5.33 0.14+0.14 0-1 0.39+0.23 | 0-5.33
\Microtus sp. 0.11+0.11 0-2 2.30£1.63* | 0-11.11 | 0.72+0.48 | 0-11.11
Total 28.93+2.98 | 4-56 11.02+£2.52%* 5-24  [2391+2.77| 4-56

The average abundance of S. araneus, A. agrarius, A. flavicollis and other rarer
species did not significantly differ between the meadow, forest plantation, and forest
stand (Tables 2—4). The average abundance of C glareolus was the lowest in the meadow
(3.55£1.16 ind./100 trap-days), i.e. lower than in the forest plantation (7.59+0.96
ind./100 trap-days, t=2.68, p=0.01) and in the forest stand (15.54+2.35, t=4.58,
p<0.0001), and in the forest plantation it was lower than in the forest stand (t=3.13,
p=0.003). The average abundance of Microtus voles, on the contrary, was the lowest in
the forest stand, i.e. lower than in the forest plantation (t=3.48, p=0.001); their
abundance in the meadow and in the forest plantation did not differ. Thus, it can be
concluded that changes in the average small mammal abundance between habitats are
attributable to the most abundant species and to abundance changes in these species due

to succession.

Effect of habitats undergoing meadow-to-forest succession on small mammal
biomass

The total effect of place, habitat, year, and species on the biomass of small
mammals was significant (MANOVA, r2=0.62, Fi61240=2.46, p<0.0001). Though the
factor of the year was not significant (F=2.02, p=0.13), the effect of combinations
placexyear (F=5.12, p<0.01), yearxspecies (F=2.79, p<0.005), and placexyearxspecies

(F=2.32, p=0.01) was significant. The dynamics of small mammal biomass also
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depended both on the habitat and the species; biomass changes differed between habitats
of human-induced and natural succession.

The biomass of small mammal species was affected by a different number of
factors. An analysis of the total effect of habitat, place, year, and season revealed that
only the trapping-month was significant (F=13.01, p<0.0001) for changes in the biomass
of 4. agrarius (MANOVA r2=0.58, Fi,54=6.21, p<0.0001). The biomass of other three
abundant small mammal species was affected by place, year, and month: S. araneus
(r2=0.58, F1,54=9.74, p<0.0001; F=39.54, F=10.99, F=14.38, respectively, all p<0.0001),
C. glareolus (1°=0.562, F1,5,=7.31, p<0.0001; F=6.46, p=0.013, F=3.25, p=0.012 and
F=15.02, p<0.0001, respectively), 4. flavicollis (r2=0.51, Fi,54=4.61, p<0.0001; F=8.12,
p<0.01, F=6.54, p<0.0001 and F=3.46, p=0.014, respectively).

The biomass of Microtus voles (MANOVA r2=0.39, F1,54=2.79, p<0.005) was
significantly affected by habitat (F=3.61, p<0.05) and trapping-year, i.e. cyclicality
(F=3.11, p=0.015). The biomass of M. arvalis (’=0.52, F1254=4.79, p<0.0001) was due
to place (F=7.21, p<0.01), habitat (F=4.90, p=0.011), and year (F=4.16, p=0.003), and
the biomass of M. agrestis (r*=0.42, F1254=3.28, p=0.0013) was due to year (F=3.10,
p=0.016) and month (F=4.12, p=0.005), but not habitat (F=1.59, p=0.21).

Irrespective of the type of succession, in 2007-2013 the average biomass of small
mammals was 399.0+68.6 g/ha in the meadow, 424.1+83.1 g/ha in the forest plantation,
and 367.9+£50.9 g/ha in the forest stand. Biomass differences between habitats were not
significant: t=0.23, df=43, p=0.81 between meadow and forest plantation, t=0.36, p=0.72
between meadow and forest stand, and t=0.58, p=0.57 between forest plantation and
forest stand. The biomass of C. glareolus was significantly lower in the meadow than in
the forest plantation (t=2.06, df=43, p<0.05) and forest stand (t=3.97, p<0.001). The
biomass of M. arvalis in the meadow and forest plantation did not differ significantly;
however, it was the lowest in the forest stand (t=2.61, p=0.012 compared with the
meadow, and t=2.17, p<0.05 compared with the forest plantation). Similar differences
were observed in the biomass of all Microtus voles: differences in biomass between the
meadow and the forest plantation were not significant. The biomass of Microtus voles
was the smallest in the forest stand (t=2.94, p=0.012 compared with the meadow, and

t=2.17, p<0.05 compared with the forest plantation).

18



Changes in small mammal biomass during meadow-to-forest succession depended
on the type of succession (natural overgrowing of the meadow with forest in Zarasai or
after artificial planting of forest in Pakruojis). In case of human-induced succession, the
biomass of C. glareolus increased significantly from 19.5 g/ha in the meadow to 160.5
g/ha in the planted forest plantation (t=3.05, df=29, p<0.005) and to 258.6 g/ha in the
planted forest stand (t=6.54, p=0.0001 compared with the meadow, and t=2.75, p=0.01
compared with the forest plantation). The biomass of all Microtus voles did not differ
between the meadow and forest plantation (t=0.87, p=0.39), while in the forest stand it
was the smallest significantly (t=2.06, p<0.05 compared with the meadow, and t=2.81,
p<0.01 compared with the forest plantation). The biomass of M. agrestis was 32.9 g/ha,
while M. arvalis was not trapped at all in the planted forest stand.

Changes in the biomass of small mammals during natural succession were less
significant. The total biomass of small mammals decreased significantly in the natural
forest stand compared with the meadow (t=2.26, df=12, p<0.05), which was due to the
decrease in the biomass of Microtus voles from 331.6 g/ha in the meadow to 68.6 g/ha in

the forest stand (t=2.59, p=0.023).

Effect of habitats undergoing early forest succession on reproductive indices of
small mammals

Investigations into the litter size of different small mammal species during human-
induced and natural succession in 2010-2013 did not reveal significant differences

between factual and potential size of the litter (Table 5).

Table 5. Small mammal reproductive indices during early forest succession in 2010-2013 (N —number of
breeding females; Xvid. — mean litter size of the species, SE — error of the mean).

5 lentelé. Smulkiyju zinduoliy dauginimosi rodikliai pradinés misko sukcesijos metu 20102013 m. (N —
besiveisianéiy pateliy skaicius; Xvid. — vidutinis rusies vados dydis, SE — vidurkio paklaida).

Species Potential size of the litter Factual size of the litter
N Xvid.£SE N Xvid.£SE
LApodemus flavicollis 1 7.0 5 7.00+0.72
A. agrarius 3 6.67+0.83 4 6.00+0.81
(Micromys minutus 1 5.0 2 5.0
Clethrionomys glareolus 9 4.78+0.48 31 4.58+0.29
\Microtus arvalis 6 5.50+0.59 11 5.55+0.49
M. oeconomus 2 6.0 8 5.88+0.57
M. agrestis 19 4.21+0.33 26 3.76+0.32
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The effect of the habitat on the reproductive indices of M. agrestis was significant
(Wilks 2=0.46, F4,6 =3.05, p =0.035) both with respect to potential (F=3.93, p=0.044)
and factual size of the litter (F=5.50, p=0.017). The greatest potential size of the litter of
M. agrestis was in the meadow (5.00+0.44 ind.) and in the forest stand (5.00£1.09 ind.),
and the smallest in the forest plantation (3.50+0.34 ind.). The greatest factual size of the
litter of M. agrestis was in the meadow (4.67+0.45 ind.), and the smallest in the forest
plantation (2.80+0.35 ind.) and forest stand (3.00+1.10 ind.), i.e. the habitats not typical
of this species.

The habitat had no influence on the reproductive indices of M. arvalis (Wilks
72=0.44, F,,=1.29, p=0.44). The potential litter size of M. arvalis was 4.0+1.83 ind. in the
meadow and 6.00+0.91 ind. in the forest plantation, and the factual litter size was
4.00+2.22 and 5.75+1.11 ind., respectively.

The reproductive indices of C. glareolus did not depend on the habitat either (Wilks
2=0.74, F, =1.04, p=0.41). The potential litter size of C. glareolus was 4.42+0.57 ind. in
the forest plantation and 6.00+1.06 ind. in the forest stand, and the factual litter size was
4.294+0.57 and 5.50+1.07 ind., respectively.

Small mammal community during non-vegetative period
Small mammal community diversity

During the non-vegetative period, the small mammal community was dominated by
M. arvalis, which constituted 32.15% of all individuals trapped (Table 6). C. glareolus
was a subdominant (29.95%), S. araneus and A. flavicollis were less numerous (16.56%
and 10.97%, respectively). The trapping of N. fodiens, A. uralensis, and R. norvegicus
resulted in one individual per species.

Small mammal species diversity during the non-vegetative period was rather great;
according to the data of 2004—2009, Shannon's H=2.36.

No changes in small mammal diversity during the non-vegetative period were
observed until spring, and only in April species diversity decreased significantly (Table
7). The small mammal community was composed of 9-12 species in October—
December, 6-9 species in January—March, and 6 in April. Shannon's H index was
significantly lower in April than in October—March (t=6.36-10.12, p<0.0001). No

significant differences were observed in small mammal diversity in October—March.
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Table 6. Species composition of the small mammal community during non-vegetative period in Zarasai
district in 2004-2009 (N — number of individuals; Shannon H indices marked by the same letter do not
differ significantly).

6 lentelé. Smulkiyju zinduoliy bendrijos rusiné sudétis Zarasy rj. nevegetacinio periodo metu 2004-2009
m. (N — individy skai¢ius; vienoda raide pazyméti Senono H rodikliai patikimai nesiskiria).

Species 2004/2005 | 2005/2006 | 2006/2007 | 2007/2008 | 2008/2009 N Totaiﬁ)

\Sorex araneus 17 51 37 96 122 323 | 16.56
S. minutus 6 11 21 38 52 128 | 6.56
\Neomys fodiens — — — 1 — 1 0.05
\Apodemus flavicollis 10 22 34 109 39 214 | 10.97
\A. agrarius — 3 16 4 6 29 1.49
\A. uralensis 1 — — — — 1 0.05
\Mus musculus 3 — 11 1 - 15 0.77
\Micromys minutus — — 9 4 — 13 | 0.67
\Rattus norvegicus — — 1 — — 1 0.05
Clethrionomys glareolus 77 117 127 191 72 584 | 29.95
\Microtus arvalis 28 51 164 144 240 627 | 32.15
M. oeconomus — 1 1 — — 2 0.10
\M. agrestis — — 6 1 5 12 | 0.62
Total of individuals 142 256 427 589 536 1950
Number of species 7 7 11 10 7 13
Shannon‘s H 1.938 2.049* 2.419° 2.300 2.131* 2360
Simpson‘s ¢ 0.354 0.298 0.255 0.230 0.285 |0.234

Table 7. Changes in species composition of the small mammal community during the non-vegetative
period in Zarasai district in 2004-2009 (the number of individuals trapped is indicated; Shannon's H
indices marked by the same letter do not differ significantly).

7 lentelé. Smulkiyju zinduoliuy bendrijos rii§inés sudéties poky¢iai Zarasy 1j. nevegetacinio periodo metu
2004-2009 m. (Nurodomas sugauty individy skaicius; vienoda raide pazyméti Senono H rodikliai
patikimai nesiskiria).

. Month
Species

10 11 12 1 2 3 4
Sorex araneus 34 27 81 75 52 33 21
S. minutus 15 12 37 29 17 13 5
\Neomys fodiens 1 — — — - — —
\Apodemus flavicollis 60 96 29 13 9 2 5
\A. agrarius 4 20 4 — - 1 —
\A. uralensis — 1 — — - — —
\Mus musculus 1 9 3 — 2 — —
\Micromys minutus 2 1 7 2 1 - —
\Rattus norvegicus - 1 — — — — —
Clethrionomys glareolus 71 156 178 75 65 18 21
\Microtus arvalis 57 49 118 97 57 53 196
M. oeconomus — 1 — — 1 — —
M. agrestis - 1 1 - 5 3 2
Total of individuals 245 374 458 291 209 123 250
Number of species 9 12 9 6 9 7 6
Shannon‘s H 2.365% 2.316" 2.240° 2.118* 2.291% 2.065% 1.157°
Simpson‘s ¢ 0.221 0.267 0.260 0.256 0.242 0.291 0.630
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In April, the community was dominated by M. arvalis (78.4% of all individuals
trapped). By this, April differed markedly from other months of the non-vegetative
period when the most abundant species constituted 28.89-43.09%. In autumn,
C. glareolus dominated (28.98% and 41.71% in October and November, respectively). A
large share in the community was taken by 4. flavicollis and M. arvalis. The greatest
diversity of small mammals (12 species) was trapped in November. In winter (December
and February) C. glareolus still dominated (38.86% and 31.10%, respectively),
M. arvalis and S. araneus remained subdominants. Winter distinguished by the great
abundance of small mammals trapped: the greatest number of individuals was trapped in
December (458 individuals). In spring, the number of individuals and species decreased:
9-12 individuals were trapped in autumn, 6-9 in winter, and 6-7 in spring. 123
individuals were trapped in March, 250 in April. In spring, M. arvalis was gradually
becoming dominant (from 43.09% in March to 78.4% in April). The following species
were trapped during the cold period: S. araneus, S. minutus, A. flavicollis, C. glareolus,
and M. arvalis. N. fodiens, R. norvegicus, and A. uralensis were represented by one

individual per species per autumn.

Small mammal abundance dynamics

During the cold period of 2004-2009, C. glareolus was most abundant in autumn
and winter. In February, the relative abundance of C. glareolus was the greatest (13.76
ind./100 trap-days). In November, A. flavicollis was the most abundant (12 ind./100 trap-
days). With spring coming, the abundance of other species was decreasing and
M. arvalis became the most abundant (3.89 ind./100 trap-days). In autumn and early
winter, the overall abundance of small mammals was increasing, towards spring it was

decreasing and reached merely 6.5—7 ind./100 trap-days in March and April.

Clethrionomys glareolus population indices

During the non-vegetative period, C. glareolus was the second abundant small
mammal species. In 2004-2009, it accounted for 29.95% of all individuals trapped. The
species dominated in autumn and winter, while in spring its share in the community was
decreasing and did not exceed 20% in March and April.

In December and January juvenile and subadult C. glareolus dominated, and in

April adults prevailed (Fig. 2). Sexual maturity of C. glareolus and its readiness for
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breeding started in March. No breeding cases were recorded in winter. 100% of adult
males had reproductive traits in October, 43% in November, none in winter, 60% in
March, and 46% in April. The first breeding female was trapped in mid-April of 2005,
after a mild winter.
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Fig. 2. Age structure change dynamics in Clethrionomys glareolus population in non-vegetative periods
of 20042009 (A4d — adults, Sub — subadults, Juv — juveniles).

2 pav. Clethrionomys glareolus populiacijos amziaus struktiros kitimo dinamika 2004-2009 m.
nevegetaciniu periodu (4d — suaugéliai, Sub — lytiskai nesubrendg individai, Juv — jaunikliai).

In the non-vegetative period, the body mass and length of C. glareolus were related
with age (MANOVA, F4,,15=165.30), month (F;,,,5=16.00), and season (Fg ;;5=15.57,
all p<0.0001), but not with sex (F,s50=0.84, p=0.43). Juvenile weight was 14.2-15.2 g,
subadult weight was 16.3-17.5 g, and adult weight was 17.8-21.3 g. From October to
January, juvenile weight growth depressed and body length increased. The most marked
depression in juvenile weight was recorded in December (t=2.16, df=141, p=0.03) and
January (t=1.17, NS). In March, the share of juveniles in the population was small, and
in April they were not recorded at all. No growth depression was recorded in subadults.
Decrease in adult body weight, compared to October, was most expressed in February
(t=2.96, df=12, p=0.01).

It can be concluded that in the cold period C. glareolus abundance decreased
significantly, and its breeding onset in spring was late compared with other most

abundant small mammal species.

Microtus arvalis population indices

M. arvalis accounted for 32.15% of all small mammals trapped in October—April

2004-20009. Its numbers were lower in cold winters (<20%) and higher in mild winters
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(24-45%). The smallest share of M. arvalis in the small mammal community in the non-
vegetative period was recorded at the beginning of the period (23.3% in October and
13.1% in November); later the share of M. arvalis increased up to 25.8% in December,
33.3% in January, and 27.3% in February. Thanks to better survival of M. arvalis in
winter, its numbers increased to 43.1% in March and 78.4% in April.

In non-vegetative periods of 2004/2005 and 2008/2009 males dominated in the
population, while in other years of investigation sex ratio was close to 1:1. Throughout
the period of investigation, M. arvalis population was dominated by juveniles (65.5%),
while the shares of subadults and adults were more or less equal (15.85% and 19.61%,
respectively). In colder winters, M. arvalis population was dominated by adults (50—
90%). In mild winters, juveniles dominated (ca. 70-90%). These population structure
differences were statistically significant (¥*=12.6 and more, p<0.001). Juveniles
dominated at the beginning of the non-vegetative period, i.e. in autumn. The number of
subadults started to increase in February. Maturation lasted until March, and thereon the
share of adults was increasing (Fig. 3).
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Fig. 3. Age structure change dynamics in Microtus arvalis population in the non-vegetative periods of
2004-2008 (4d — adults, Sub — subadults, Juv — juveniles).

3 pav. Microtus arvalis populiacijos amziaus struktiiros kitimo dinamika 2004-2008 m. nevegetaciniu
periodu (4d — suaugéliai, Sub — lytiskai nesubrende individai, Juv — jaunikliai).

In the cold period, M. arvalis body weight and length indices were related with age
(MANOVA, Fj115=105.84), sex (F;s590=40.71), season (Fs13=15.74), and month
(F12,1180=15.49, all p<0.0001). Juvenile weight was increasing from November to January; in
February the weight of trapped individuals was smaller. The average weight in October
was 14.1 g, and until April it increased by 0.9 g only. Decrease in the average body

length was recorded a month earlier, i.e. in January. In March, juvenile growth renewed.
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Growth depression in subadult M. arvalis lasted longer and proceeded throughout
February and March (Table 8). Recovery from growth depression was observed as late
as in April. M. arvalis subadults trapped in April were, on average, by 8% lighter
(18.5£0.30 g) than those trapped in October (20.1+1.05 g). Adult body weight did not

increase in the cold season.
Table 8. Microtus arvalis body weight (Q, g) and length (L, mm) dynamics in October—November of
2004-2009. (N — number of individuals).

8 lentelé. Microtus arvalis kiino svorio (Q, g) ir ilgio (L, mm) dinamika nuo spalio iki lapkri¢io ménesio
2004-2009 m. (N — individy skaicius).

Month Juvenile Subadults Adults

N Q L N Q L N Q L
October 54 | 14.2+0.17 | 77.1£0.49 | 3 | 20.1£1.05 | 89.7+1.51 | — - -
November | 34 | 14.5+0.21 | 80.8+0.62 | 2 | 11.8+4.75 | 76.4+6.70 | 13 |22.2+0.99|95.4+3.09
December | 95 | 14.3+0.13 | 82.4+0.48 [12| 17.7£0.93 | 91.4+2.16 | — - -
January 86 | 14.7+0.12 | 81.6+0.46 | 8 | 19.3£1.05 | 95.0£3.55 | — - -
February | 44 | 14.4+0.29 | 82.9+0.81 (10| 18.3+0.79 | 89.8+1.83 | 2 |20.8+1.25]|93.5+0.95
March 25 | 14.9+0.27 | 83.7+£0.81 | 12| 17.4+0.63 | 86.6+1.12 | 16 |21.4+0.69|94.3+1.71
April 53 | 15.1+0.17 | 83.0+0.60 | 50| 18.5+0.30 | 87.9+0.70 | 93 |23.0+0.39{95.6+0.71
Total 391 14.6+0.07 | 81.6+0.24 |97 | 18.2+0.27 | 88.8+0.65 | 124 |22.6+0.33{95.4+0.69

A comparison of M. arvalis growth in cold and mild winters showed that juveniles
were larger in cold than in mild winters, and their weight (respectively, 15.6+0.68 g and
14.5£0.07 g, p<0.05) and length (respectively, 87.742.36 mm and 81.5+0.24 mm,
p<0.01) differed significantly. Growth depression in subadults was more expressed in
cold winters. In mild winters the average weight of M. arvalis trapped was 18.5+0.33 g,
and average length was 89.84+0.88 mm, in cold winters 16.9+0.29 g and 87.4+0.95 mm,
respectively. The average weight of subadults in cold winters was lower (p<0.001).

During the cold season, the breeding of M. arvalis was more active than that of
C. glareolus. In November, 100% of M. arvalis male adults had reproductive traits, 30%
were recorded to start breeding in March, and 58% in April. The first breeding
M. arvalis female was trapped in March (8-day embryos on 25 March). In April, out of
19 adult females 14 (74%) had different age embryos.

A conclusion can be made that a share of M. arvalis in the small mammal
community is increasing in the cold period of the year, and in spring the species becomes
dominant. This is due to good survival of the species (even in cold winters), early onset

of breeding, and great breeding intensity in spring.

25



Apodemus flavicollis population indices

A total of 214 A. flavicollis individuals were trapped in the cold seasons of 2004—
2009. It constituted ca. 11% of all small mammals trapped. The minimum share of
A. flavicollis was in 2008/2009 (7.0%), and the maximum in 2007/2008 (18.5%).

The sex ratio of A. flavicollis population was close to 1:1, except for 2006/2007
when males accounted for 70.59%. The population age structure was as follows:
juveniles made the smallest share of the population (no juveniles were trapped in
2004/2005 and 2005/2006), adults dominated (as much as 70% in 2004/2005), in other
years the abundance of adults and subadults was similar.

Towards spring, the abundance A. flavicollis and its share in the small mammal
community was obviously decreasing: from ca. 25% in autumn to 4-6% in winter and no
more than 2% in spring. Thus, compared with December, the share of A. flavicollis in the
small mammal community decreased by more than ten times. The relative abundance of
A. flavicollis in the study site was not high (ca. 2.2+0.55 ind./100 trap-days). It was the
highest in late autumn and decreased in spring.

A. flavicollis juveniles were trapped from October to January and accounted for no
more than 25% of all trapped individuals of this species. During most of the time of the
period of investigation, adults accounted for over 50% of the population. The share of
subadults started to increase from January and reached 80% in April (Fig. 4).
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Fig. 4. Age structure change dynamics of Apodemus flavicollis population in the non-vegetative periods
of 20042008 (Ad — adults, Sub — suadults, Juv — juveniles).

4 pav. Apodemus flavicollis populiacijos amziaus struktiros kitimo dinamika 2004-2008 m.
nevegetaciniu periodu (4d — suaugéliai, Sub — lytiskai nesubrendg individai, Juv — jaunikliai).

In the cold season of the year, the body weight and length of A. flavicollis were
related with age of individuals (MANOVA, F439,=39.11), sex (F197=8.63), season
(Fs304=6.83), and month (F;;394=6.14, all p<0.0001). The body weight and length of
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adult 4. flavicollis were continuously increasing from October until spring. In March and
April, only solitary adult individuals were trapped. The smallest weight of A. flavicollis
adults in October—February was 26.5-34.5 g, and the greatest was 49.5-55.5 g.

In October—December, the body weight of subadult 4. flavicollis did not exceed 30
g. In January, the weight of subadults was by 3 g (ca. 10%) lower than in October, but
body length was greater. In October—January, the smallest weight of subadults was 16.5—
25.4 g, and the greatest was 29.5-42.0 g.

From October to January, the smallest body weight of A. flavicollis juveniles was in
the range of 15.5-23.0 g, and the greatest within 25.0-34.5 g. Very few juveniles were
trapped in December and January, and not a single juvenile was trapped in February—April.

A. flavicollis adults were trapped in autumn, winter, and spring (with the lowest
abundance in April). Their average weight was ca. 40 g, which shows that they could
breed. In November 2006, a pregnant female (with 6 embryos) and one male with the
traits of spermatogenesis (onset of reproduction) were trapped. Out of 19 adult females
trapped in late October of 2007, six were breeding. No breeding females were recorded
in November 2008. In January 2009, two large males with the traits showing the

beginning of reproduction (spermatogenesis) were trapped.

CONCLUSIONS

1. Biological indices of small mammal communities change in the process of
succession from the meadow through the forest plantation to the forest stand. In the
process when the meadow is developing into the forest, the number of species
decreases and species dominance changes: Microtus sp. (M. arvalis, M. agrestis),
C. glareolus, A. flavicollis, S. araneus, A. agrarius in the meadow change to
C. glareolus, S. araneus, M. arvalis, M. agrestis in the forest plantation and to
C. glareolus, A. flavicollis, S. araneus in the forest stand. The greatest small
mammal species diversity was recorded in the meadow (H=2.95), smaller in the
forest plantation (H=2.61), and the smallest in the forest stand (H=2.04). The most
polydominantic community was recorded in the meadow, and the most
monodominantic in the forest stand (c=0.14 and 0.37, respectively).

2. The total effect of habitat, place, year, and species on small mammal abundance

(r2=0.81, F296.526=3.47) and biomass (r2=0.62, Fi61240=2.46) was significant
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(p<0.001). The effect of habitat was more significant on small mammal abundance
than on small mammal biomass.

The lowest relative abundance of small mammals was recorded in the meadow
(18.19£2.27 ind./100 trap-days) with Microtus voles and C. glareolus and
A. flavicollis being the most abundant, higher in the forest plantation (22.72+2.25
ind./100 trap-days) with C. glareolus being the most abundant (7.59+0.96 ind./100
trap-days), and the highest in the forest stand (23.91£2.77 ind./100 trap-days) with
C. glareolus being the most abundant (15.54+2.35 ind./100 trap-days). The average
biomass of small mammals was 399.0+68.6 g/ha in the meadow, 424.1+83.1 g/ha in
the forest plantation, and 367.9+£50.9 g/ha in the forest stand.

Biological indices of small mammal communities differed between natural
succession (where meadows are naturally overgrowing with forests) and human-
induced succession (occurring after planting trees). During natural succession
relative abundance in the meadow was higher (26.04+4.15 and 15.14£2.40 ind./100
trap-days, p=0.027), in the forest stand was lower (11.02+£2.52 and 28.93+2.98
ind./100 trap-days, p=0.002), yet indices in forest plantations did not change.
During natural succession small mammal diversity was more stable (H=2.54-2.61);
in the forest stand it was significantly higher with lower dominance of C. glareolus.
During natural succession small mammal biomass changes were less expressed.
During human-induced succession the biomass of Microtus voles did not change
between the meadow and forest plantation, but in the forest stand it was the
smallest; the biomass of C. glareolus was increasing (all p<0.005).

During the non-vegetative period, small mammal species diversity did not change
until spring and decreased in April (from 9-12 to 4 species). C. glareolus, which
dominated in winter, was replaced by M. arvalis, and the share of A. flavicollis
decreased considerably (from 25% of all small mammals in autumn to 2% in
spring). M. arvalis was recorded breeding in winter (30% of males in March).
Changes in small mammal diversity during meadow-to-forest succession did not
reduce small mammal abundance and biomass; therefore, feeding conditions for

predators preying on them did not become worse.
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[VADAS

Ekologiné sukcesija — tai ekosistemy kaita, bendrijy seka, kai vienos to paties
biotopo bendrijos pakei¢ia kitas (Odum, 1969). Kiekviena sukcesijos stadija sukuria
salygas kitai sukcesinei stadijai atsirasti ir vystytis. RuSiné jvairové yra maksimali
pradinése ir vidurinése sukcesijos stadijose, o véliau mazg¢ja, kol pasiekiama klimaksiné
bendrija (Odum, 1969). Vykstant sukcesijai smulkiyjuy Zinduoliy bendrijos rodikliai ir
sudetis taip pat kinta: augalijos pokyciai tiesiogiai itakoja Siy Zinduoliy gausuma ir
tvairove (Huntly, Inouye, 1987). Antrin¢ sukcesija, kada apleista dirbama Zemé ir
Sienaujamos pievos uzauga kriimais ir ilgainiui tampa misku, Lietuvoje ir kitose Baltijos
Salyse tapo iprasta nuo 1990 m. D¢l ekstensyvesnio tkininkavimo sumazéjo naudojamy
zemes tkio naudmeny ploty Baltijos Salyse, kuriose vyko restituciné¢ zemés reforma
(Aleknavic¢ius, Aleknavic¢ius, 2010). Miskingumo didinimo programos igyvendinimas
ypaC paspartéjo pastaraisiais metais. Kasmet savaime miSku apauga po 4-5 tiikst. ha
nenaudojamos Zemes (Lietuvos misSkingumo didinimo programa, 2002). Per paskutinjji
deSimtmet] Lietuvos teritorijos miskingumas padidéjo 2 %, arba 104 tiikst. ha. Dabar
miskas uzima 33,3 % Salies teritorijos (Butkus ir kt., 2013).

Smulkiyju Zinduoliy bendrijos pokyciai miSko sukcesijos metu (po gaisry, kirtimy,
misko ruoSos ir kt.) buvo analizuojami daugelio autoriy (Gashwiler, 1970; Kirkland,
1990; Sullivan ir kt., 1999; Bryja ir kt., 2002; Briani ir kt., 2004), taciau tik keletas
apzvelgia smulkiyju Zinduoliy bendrijos pokycCius pirminése pievos—misko sukcesijos
stadijose (Huntly, Inouye, 1987; Atkeson, Johnson, 1979; Swihart, Slade, 1990).
Lietuvoje pradiné misko sukcesija ir jos itaka smulkiesiems Zinduoliams yra paliesta tik
keliuose Saltiniuose (BalCiauskas, Angelstam, 1993; Maxeukute, 1995). Nevegetacinio

sezono metu vykstantys pokyc¢iai smulkiyjy Zinduoliy bendrijoje yra visai netyrinéti.

Darbo naujumas
1. Lietuvoje ir kaimyninése Salyse néra apibendrinanciy tyrimu apie tai, kaip kinta
smulkiyjy zinduoliy bendrijos rodikliai (rtiSiy ivairové, gausumas) vykstant pradinei
misko sukcesijai, kas biitent yra aptariama Siame darbe.
2. Iki Siol nebuvo jvertinta Lietuvos miSkingumo didinimo programos poveikis faunai
— pristatomame darbe analizuojami smulkiyju Zinduoliy bendrijos pokyciai pradinés
miSko sukcesijos stadijose jaunuolyne ir medyne leidZia paaiSkinti miSkingumo

did¢jimo jtaka smulkiesiems Zinduoliams bei jais mintantiems plésrinams.
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3. Pirma karta Baltijos Salyse jvertinti smulkiyju Zinduoliy bendrijos pokyciai

nevegetacinio sezono metu.

Moksliné ir praktiné darbo reikSmé
Siame darbe pateikti smulkiyjy Zinduoliy bendrijos tyrimy pradinés misko
sukcesijos stadijose rezultatai parodo:
1. Smulkiyjy Zinduoliy bendrijos poky¢ius ivairaus amziaus medynuose.
2. Miskingumo didinimo programos jtaka smulkiyjy Zinduoliy faunai.
3. Smulkiyjy Zinduoliy bendrijos pokycius pradinés misko sukcesijos stadijose erdves
ir laiko atzvilgiu.
4.  Plésriyy paukSéiy—miofagy ir zinduoliy mitybinés bazés pokycius sukcesijos metu.
Tyrimai nevegetacinio sezono metu papildo zinias apie nevegetacinio periodo jtaka
smulkiesiems Zinduoliams, apie bendrijos rodikliy kitima per metus, leidZia palyginti

skirtingy sezony duomenis tame paciame geografiniame rajone.

Darbo tikslas ir uZdaviniai
Tikslas — i8tirti smulkiyjy zinduoliy bendrijos pokycius pradinés misko sukcesijos
metu ir jvertinti nevegetacinio sezono jtaka smulkiyjy zinduoliy bendrijai Lietuvoje.
Tikslui pasiekti buvo suformuluoti Sie uzdaviniai:
1. Istirti smulkiyju zinduoliy bendrijos riiSing jvairove skirtingo amziaus misko
sukcesijos pradinése stadijose.
2. lvertinti smulkiyjy Zinduoliy riisiy gausuma pievoje, misko jaunuolyne ir medyne.
ISanalizuoti smulkiyju Zinduoliy bendrijos sezoninius rodikliy kitimus.

4.  lvertinti nevegetacinio periodo itaka kai kuriy riisiy biologiniams rodikliams.

Ginami teiginiai
1. Sukcesijos pieva—jaunuolynas—miSkas metu kinta smulkiyy Zinduoliy bendrijos
biologiniai rodikliai: rtsiy skaiius sumazgja, pasikeiia ju dominavimo seka,
santykinis gausumas iSauga. Jaunuolynui pereinant { medyna pievy riiSys iSnyksta.
2. Smulkiyju zinduoliy bendriju biologiniai rodikliai savaiminés pievos—misko
sukcesijos ir indukuotos (uzsodinant miska) sukcesijos metu skiriasi.
3. Nevegetacinio sezono metu smulkiyjy zinduoliy rii§iné jvairové nekinta, sumazé-

dama tik pavasario pradzioje. Ziemos metu kai kuriy rasiy zinduoliai veisiasi.
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4. Vykstant pievos—jaunuolyno—misko sukcesijai smulkiyju Zinduoliy ivairovés
poky€iai nesumazina jy gausumo ir biomasés, todél mitybinés salygos jais

mintantiems pléSrinams nepablogé¢ja.

LITERATUROS ANALIZE

Pateikta tyrimy, atlikty Lietuvoje ir kitose Salyse apzvalga, skirta smulkiyjy
zinduoliy bendrijos kaitai jvertinti sukcesijos metu formuojantis miskui. Taip pat
apzvelgiami straipsniai, kuriuose analizuojama sezoniSkumo itaka smulkiesiems

zinduoliams ir ju biologiniams rodikliams, ypac nevegetacinio sezono metu.

MEDZIAGA IR METODAI

Tyrimo vieta

Smulkiyju zinduoliy bendrijos poky¢iu misko sukcesijos pradinése stadijose tyrimai
buvo atliekami vegetacinio sezono metu 2007-2008 m. ir 2010-2012 m. birZelio —
rugséjo mén., Pakruojo 1j. Pakruojo miske, bei 2010-2011 m. birzelio — rugsé¢jo mén.,
2012 ir 2013 m. rugsejo meén. Zarasy rj. Smulkiyjy Zinduoliy bendrijos rodikliy Saltojo
(nevegetacinio) periodo metu kitimo tyrimai atlikti 2004-2008 m. spalio — balandZio
mén. imtinai Zarasy rj., KumsSos ir Pailgio kaimuose, pievoje (t.y., pradin¢je sukcesijos
stadijoje) Salia Ilgelio eZero (koordinatés: 631314, 6187355 LKS).

Abiejose vietose tyrimai apémé tris biotopus: pieva, kurioje nevykdoma tkiné
veikla ne maZiau kaip 5 metus, 5-10 mety medyna (toliau tekste vadinamas jaunuolynu’)
ir 15-20 mety medyna (toliau tekste vadinamas medynu’). Sie trys biotopai vertinami
kaip miSko sukcesijos pradinés stadijos.

Pakruojo rj. jaunuolynas ir medynas buvo apsodintas’, Zarasy rj. vyko savaiminis
teritorijos apaugimas.” Pakruojo 1j. tiriama pieva uzémé 1,26 ha (487718, 6204733
LKS), jaunuolynas 2,8 ha (487462, 6205860 LKS), medynas 6 ha (487539, 6205854
LKS). Zarasy 1j. pievos plotas buvo 1,3 ha (610004, 6180196 LKS), jaunuolynas uzéme
2 ha (610203, 6180345 LKS), medynas — 1,6 ha (610223, 6180615 LKS).

Nustatant tiriamy ploty augalijos bendrijos tipa buvo naudojamas kvadraty metodas
(Dagys, 1980): 16 m” kvadrate suregistruotos visos rgys, jvertintas jy gausumas pagal

ploto padengima (naudojama Braun-Blanquet skalé¢).

> Terminai ,jaunuolynas” ir ,,medynas” yra naudojami ekologiniu aspektu ir néra tapatiis miskininkystéje
naudojamiems terminams.

% Toliau tekste vadinami indukuotos pradinés misko sukcesijos biotopais.

" Toliau tekste vadinami savaiminés pradinés misko sukcesijos biotopais.
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Indukuotos sukcesijos tiriamieji plotai priskirti Siems augalijos bendrijos tipams:

e Pieva priklauso klasei Molinio-Arrhenatheretea (TraSios pievos), priklauso
sajungai Arrhenatherion elatioris (Br.-Bl. 1925) W.Koch 1926 (aviZzuolynai) ir
asociacijai Festucetum pratensis Soo (tikrasis erai¢inynas).

e Jaunuolynas nepriklauso tipinei asociacijai.

e Medynas pagal Zolinius augalus panaSiausias 1 asociacija — Melico nutantis-
Piceetum (striepsninis eglynas).

Savaiminés sukcesijos tiriamieji plotai priskirti Siems augalijos bendrijos tipams:

e Pieva panaSiausia { asociacijas Agrimonio-vicietum cassubicae Passarge 1967
(Kasubinis vikynas) ir Trifolio-agrimonietum eupatoriae Th. Miller (1961) 1962
(Dobilinis dirvuolynas).

¢ Jaunuolynas bei medynas nepriskiriamas tipinei asociacijai.

Nevegetacinio laikotarpio meteorologinés salygos

Ziemos oro temperatira buvo jvertinta naudojant duomenis i§ artimiausiy
meteorologiniy sto¢iy Zarasuose ir Utenoje (LHMT, 2009). 2004/05-2005/06 mety
ziema neigiamos vidutinés ménesio temperatiiros buvo uzregistruotos gruodzio, sausio,
vasario ir kovo ménesiais. 2006/07-2008/09 mety ziema neigiamos temperatiiros buvo
trumpalaikés ir uzregistruotos tik vienag meénesi 2006/07 ir 2007/08 arba du ménesius
2008/09 Ziema. Todél pirmosios dvi Ziemos buvo priskirtos Saltoms arba atSiaurioms,

paskutinés trys — Svelnioms (Balc¢iauskiené ir kt., 2009 a,b).

Smulkiyjy Zinduoliy tyrimo metodai

Nevegetacinio periodo metu smulkieji zinduoliai buvo gaudomi standartiniu
linijiniu muSamuyjy spasteliy (sp.) metodu (Bal¢iauskas, 2004). Esant sniegui, jame buvo
padaromos duobutés spasteliams, ju vieta pazyméta lazdelémis. Spasteliai laikomi 1-3
paras, tikrinami kiekviena diena (Balc¢iauskas, Gudaité, 2006). Manoma, kad 25 spasteliy
linjja atitinka 1 ha plota (Manual, 1993). Buvo jvertinta bendrijos riiSiy sudétis, {vairove
ir dominavimas, santykinis gausumas, individy amzius, veisimosi rodikliai.

Tiriant smulkiyjy Zinduoliy bendrijas sukcesijos pieva—miSkas metu, birzelio —
rugpjucio meén. smulkieji zinduoliai buvo gaudomi gyvagaudziais spasteliais, iSdéstant
juos trimis linijjomis po 25 spastelius. Spastai buvo laikomi 3 paras, tikrinami kiekviena
dieng. Sugauti gyvinai buvo paZzymimi, pasveriami, apibiidinami ir paleidZiami. Rugséjo

mén. smulkieji Zinduoliai buvo gaudomi standartiniu linijiniu muSamyjy spasteliy
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metodu (Balciauskas, 2004), norint patikrinti risiy sudéti, amzing struktiira ir veisimosi
duomenis. Spasteliai laikomi 3 paras, tikrinami kiekviena diena. Tiriant abiem metodais
buvo jvertinta bendrijos rusiy sudétis, ivairove ir dominavimas, santykinis gausumas.

Visy sugauty smulkiyju Zzinduoliy gausumas jvertintas santykiniu rodikliu —
individy skai¢iumi 100 spasteliy, sugauty per pirmaja para (ind./100 sp./p.).

Sugauti gyviinai buvo apibidinti, pasverti 0,1 g tikslumu, iSmatuoti slankmaciu 0,1
mm tikslumu (standartiniai kiino ilgio, uodegos ilgio, pédos ilgio ir ausies ilgo matmenys
pagal knyga Lietuvos fauna. Zinduoliai (Priisaité, 1988).

Sugauti individai pagal uzkrtucio liaukos iSsivystyma ir lytiniy organy biikle buvo
suskirstyti 1 tris amziaus kategorijas — suaugeliy (adultus), lytiSkai nesubrendusiy
(subadultus) ir jaunikliu (juvenes). Adultus — besiveisiantys individai (uzkrii¢io liauka
nebepastebima, gimda iSsivysciusi, s¢klidés pakankamai didelés, ypa¢ veisimosi metu);
taip pat Siai grupei priskiriami perziemoj¢ individai, nepriklausomai nuo ju
reprodukcinio statuso. Subadultus — pagal dydi nesiskiriantys nuo suaugéliy, bet dar
nesiveis¢ (uzkrii¢io liauka pastebima, gimda besivystanti, s¢klidés vidutinio dydzio).
Jaunikliy uzkrucio liauka didelé, gimda neiSsivysciusi, sitiliska, séklidés mazos.

Buvo nustatomi dauginimosi rodikliai — placentos viety skai¢ius, geltonkiiniy
skaiCius (potencialus vados dydis), embriony skaifius (faktinis vados dydis)

(Bal¢iauskas, 2004). Embriony amzius jvertintas vizualiai.

Statistiniai metodai

Smulkiyju Zinduoliy bendrijy rii§iné struktira jvertinta panaudojant Senono
tvairoves rodikli H log, pagrindu (Krebs, 1999) ir Simpsono rasiy dominavimo rodikli ¢
(Brower, Zar, 1984). Indeksai skai¢iuoti naudojant StatEcol programinj paketa (Ludwig,
Reinolds, 1988). Smulkiyju zinduoliy jvairovés skirtumo patikimumas (tarp buveiniy,
mety ar ménesiy) buvo ivertintas naudojant DivOrd programos 1.90 versija. H+SD
skaiciavimai atlikti DOSBox ver. 0.74 aplinkoje (Tothmérész, 1993). Rényi jvairoveés
indeksu buvo patikrinta, ar patikimai skiriasi smulkiyjy zinduoliy ivairoveé tirtuose
biotopuose arba laike.

Rényi indeksas skai¢iuojamas pagal formule:
1 "
1 o

Smulkiyjy zinduoliy bendrijy palyginimui {vairovés rodikliai atvaizduojami

HQ(X) =
, kur o0 1r o#£1.

grafiSkai, naudojant Rényi ivairoves kreives, kuriose parametro a reikSmes yra nuo 0 iki
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4. Kai a=0, Rényi {vairoves indeksas yra lygus riisiy skaiciaus logaritmui, kai o=1, Rényi
indeksas lygus Senono H, kai a=2, Rényi indeksas atspindi Simpsono dominavimo
indeksa. Kai o=3 ir 4, Rényi kreivés rodo aukStesnio laipsnio jvairovés rodiklius
(Tothmérész, 1998; Carranza ir kt., 2007). Viena smulkiyju zinduoliy bendrija gali biiti
laitkoma jvairesné uz kita, jeigu Rényi kreivés nesusikerta (Tothméresz, 1998).

Buveinés, mety, sezono ir vietos jtaka smulkiyju zinduoliy bendrijos parametrams
(gausumui, {vairovei, biomasei ir dauginimosi rodikliams) buvo analizuojama daugiama-
tes statistikos metodais (faktorine ANOVA ir MANOVA), poriniai skirtumai — pagal
Stjudento t, lyginant daugiau kaip du rinkinius, naudota Bonferoni korekcija (Zar, 1999;
StatSoft, 2010). Skaiciavimai atlikti Statistica for Windows, ver. 6.0 (StatSoft, 2004).

TYRIMU REZULTATAI

2004-2013 m. vegetacinio ir nevegetacinio periody metu pradinés miSko sukcesijos
biotopuose buvo sugauti 3541 smulkiyju Zinduoliy individai. Tai buvo 13 riiSiy,
priklausan¢iy vabzdziaédziy (Insectivora) ir grauziky (Rodentia) buriams: paprastasis
kirstukas (Sorex aramneus), kirstukas nykstukas (Sorex minutus) ir vandeninis kirstukas
(Neomys fodiens), geltonkaklé (Apodemus flavicollis), dirviné (Apodemus agrarius),
mazoji misSkin¢ (Apodemus uralensis), namin¢ (Mus musculus) pelés, pelé mazylé
(Micromys minutus), pilkoji ziurké (Rattus norvegicus), rudasis (Clethrionomys
(Myodes) glareolus), paprastasis (Microtus arvalis), pelkinis (Microtus oeconomus) ir
pievinis (Microtus agrestis) pelénai.

Vegetacinio periodo metu indukuotos misko sukcesijos pradinése stadijose sugauti
1044 smulkiyju zinduoliuy individai, priklausantys 11 rasiy. Savaiminés sukcesijos
stadijose sugauti 547 individai, priklausantys 10 rasiy. Nevegetacinio periodo metu

Zarasy 1j. sugauta 1950 individy, priklausanciy 13 rasiy.

Buveinés pradinés sukcesijos jtaka smulkiyjy Zinduoliy bendrijos jvairovei ir
gausumui

Apibendrinus rezultatus, gautus indukuotos ir savaiminés pradinés misko sukcesijos
biotopuose, pievoje daugiausia sugauta M. arvalis, kurie sudaré¢ 19,30 % visy pievoje
sugauty individy. Siek tiek maZiau skaitlingi buvo C. glareolus, S. araneus ir
A. flavicollis. M. musculus sugautos tik pievoje. Lyginant su Kkitais biotopais,
M. oeconomus pievoje sugauta daugiausia, nors ju dalis (4,87 %) smulkiyjy Zinduoliy

bendrijoje néra didelé. IS viso pievoje buvo uzregistruota 11 riisiy (1 lentelg).

37



Jaunuolyne buvo sugauta daugiausia smulkiyju Zinduoliy — 574 individai.
Smulkiyjy zinduoliy ruSys néra gausesnés nei pievoje, iSskyrus dominuojanti
C. glareolus. Siy pelény sugauta 193 individai, t.y., 33,62 %. Medyne taip pat dominavo
C. glareolus, kuris sudaré daugiau nei puse¢ visy sugauty smulkiyjy zinduoliy (56,94 %).
ReikSmingesn¢ dal; bendrijoje dar sudaré A. flavicollis ir S. araneus (13,49 ir 12,30 %
atitinkamai). Kity raGsSiy individai buvo reciau sugaunami, juy dalis nevir§ijo 5 %.
Jaunuolyne ir medyne sugauta po 10 risiy smulkiyju zinduoliy. Palyginus visas tris tirtas
sukcesines stadijas matome, kad vykstant sukcesijai, ruSiy skai¢ius mazéja nezymiai.
C. glareolus dalis smulkiyjy Zinduoliy bendrijoje didéja (nuo 16,18 iki 56,94 %), kaip ir
kitos miSkams budingos rusies, A. flavicollis. Atviry viety smulkiyjy Zinduoliy rasiy
(A. agrarius, M. agrestis ir M. arvalis) individy dalis bendrijoje maz¢ja.

Smulkiyju Zinduoliy rusiy jvairove skirtingo tipo sukcesijos biotopuose atspindi
Rényi indeksas (1 pav.). Indukuotoje sukcesijoje tirtos trys buveinés skiriasi patikimai.
Savaiminiame jaunuolyne smulkiyjy zinduoliy ivairové buvo didesné, nei pievoje.
Savaiminis medynas pagal rusiy ivairove nesiskiria nuo pievos ir jaunuolyno. Galima
teigti kad pievoje smulkiyjy Zinduoliy bendrijos ivairové yra didziausia, jaunuolyne —

mazesné, medyne — maziausia.

Smulkiyjy Zinduoliy jvairovés Kkitimas savaiminés ir indukuotos sukcesijy metu

Indukuotos sukcesijos tyrimo vietoje esancioje pievoje 1§ viso pagauti 256
smulkiyjy Zinduoliy individai, priklausantys 11 rasiy. Dominavo S. araneus (daugiausiai
ju sugauta 2010-2012 m.), kuris sudaré 24,2 % nuo visy sugauty individy ir 4. flavicollis
(19,92 %). Subdominantai buvo kiek reCiau sugauti Microtus genties pelénai —
M. arvalis (12,5 %), M. agrestis (11,33 %) ir M. oeconomus.

Apsodintame jaunuolyne sugauti 402 smulkiyju zinduoliy individai, priklausantys 9
raSims. Dominavo (36,82 % visy individy) C. glareolus. Subdominantai — S. araneus,
M. agrestis it M. arvalis (17,16 %; 12,44 % ir 10,70 % visy individy atitinkamai).

Apsodintame miSko medyne buvo sugauti 386 smulkiyjy Zinduoliy individai,
priklausantys 8 ruSims. Visais metais dominuojanti riisis buvo C. glareolus, kuri sudaré
61,92 % visy sugauty individy. Subdominantinés risys buvo A. flavicollis ir S. araneus
(atitinkamai 15,54 % ir 12,18 %).

Savaiminés sukcesijos vietoje pievoje i$ viso sugauti 257 individai, priklausantys 8

smulkiyju zinduoliy risims. Dominavo M. arvalis (26,08 %) ir C. glareolus (25,68 %),
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kitos daZniau sugaunamos riiSys buvo 4. agrarius bei M. agrestis, kurios atitinkamai
sudaré 11,28 % ir 13,62 % visy sugauty individy.

Savaiminiame jaunuolyne i§ viso sugauti 172 individai (9 smulkiyjy Zinduoliy
rusys). C. glareolus sudaré 26,16 %, kiek maziau buvo M. arvalis (22,67 %), M. agrestis
(13,37 %) ir A. agrarius (12,79 %).

Savaiminés kilmés medyne 1§ viso sugauta 118 individy (10 rasiy). 40,68 % sudare
dominuojantis C. glareolus. Subdominantinés rii§ys buvo S. araneus ir M. arvalis,
(atitinkamai 12,71 ir 13,56 %).

20072012 m. smulkiyju zinduoliy bendrija indukuotos sukcesijos vietoje
monodominantiSka buvo apsodintame medyne (visyu tyrimo mety ¢=0,43),
polidominantiSka — pievoje (c=0,15). Savaiminés sukcesijos vietoje 2010-2013 m.
smulkiyjy zinduoliy bendrija savaiminiame medyne (c=0,24), pievoje ir savaiminiame
jaunuolyne (c=0,20) buvo polidominantiS§ka. Taigi indukuotos sukcesijos atveju
smulkiyjy zinduoliy bendrijos dominavimo rodikliai biotopuose skiriasi Zymiai daugiau,
negu savaiminés sukcesijos atveju.

Indukuotos sukcesijos atveju smulkiyju zinduoliy riiSiy jvairové apsodintame
medyne buvo maziausia (H nuo 0,95 iki 2,09; 2007-2012 m. bendras H=1,73),
didziausia pievoje (H=2,92). Apsodintas jaunuolynas pagal smulkiyju zinduoliy
bendrijos ivairove (H=2,56) buvo artimesnis pievos biotopui negu medynui. Savaiminés
sukcesijos metu smulkiyjy Zinduoliy jvairové 2010-2012 m. jaunuolyne buvo didZiausia,
iSskyrus 2010 m., kai didziausia jvairové uzregistruota medyne (H=2,24). Pievoje ir
jaunuolyne Senono jvairovés indeksas buvo kintantis, medyne risiy jvairove 2010-2013
m. beveik nekito. Senono jvairovés indeksas indukuotos sukcesijos biotopuose kito
didesnése ribose (H=1,73-2,92), negu savaiminés sukcesijos biotopuose (H=2,54-2,61).
Labiausiai skyrési smulkiyjy Zinduoliy jvairové indukuotos ir savaiminés sukcesijos
medyne (atitinkamai H=1,73 ir 2,61).

[Sanalizavus, kaip smulkiyjy Zinduoliy gausuma veikia vieta, buveiné, metai ir
rusis, MANOVA analiz¢ parodé¢, kad bendras visy $iy kintamyjy poveikis gausumui yra
patikimas (1=0,81, F96.528=3,47, p<0,001). Pavieniui didZiausia jtaka gausumo
skirtumams tur¢jo rusis (df=10, F=30,37, p<0,0001). Patikima itaka smulkiyjy Zinduoliuy
gausumui turéjo keli Siy veiksniy deriniai: metaixrasis, df=20, F=1,81, p<0,017;
vietaxmetaixrusis, df=20, F=1,88, p<0,012.

A. flavicollis gausumui patikima itaka turéjo metai, F=3,27, p=0,047, bei kiti
veiksniai:  vietaxmetai F=1,18, p=0,31, metaixbiotopas F=0,33, p=0,85,
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vietaxmetaixbiotopas F=0,31, p=0,86. Suminé vietos, buveinés ir mety jtaka
C. glareolus gausumui jtakos neturéjo: MANOVA, metai F=0,98, p=0,38, vietaxmetai
F=0,80, p=0,46, metaixbiotopas F=1,09, p=0,37, vietaxmetaixbiotopas F=1,03, p=0,40.
A. agrarius ir Microtus genties pelény gausumui suminio vietos, buveinés ir mety
patikimos itakos taip pat nenustatyta (MANOVA, visi rodikliai nepatikimi).

Per visa tyrimy laikotarp; abiejuose rajonuose bendras vidutinis smulkiyjy
zinduoliy gausumas pievoje buvo 18,19+2,27 (0—40) individy 100 sp/.p., jaunuolyne
22,7242.25 (0-40), ir medyne 23,91+£2,77 (4-56) individy 100 sp/.p. (2—4 lentelés).
Ilgalaikiai gausumo skirtumai tarp buveiniy buvo nepatikimi: pieva — jaunuolynas t=1,42,
df=48, p=0,16; pieva — medynas t=1,60, p=0,11; jaunuolynas — medynas t=0,33, p=0,74.

Bendram smulkiyju Zinduoliy gausumui pievose svarbiausi buvo Microtus genties
pelénai, kuriy gausumas indukuotos ir savaiminés sukcesijos tyrimo viety pievose
nesiskyre (2 lentel¢). Kitos gausesnés riiSys: savaimines sukcesijos pievose C. glareolus,
indukuotos sukcesijos vietos pievose A. flavicollis. Bendras vidutinis gausumas
savaimings sukcesijos pievose buvo didesnis (p=0,027).

Smulkiyju Zinduoliy vidutinis gausumas apsodintame ir savaiminiame
jaunuolynuose nesiskyré (3 lentel¢). Vienintelis patikimas skirtumas — M. arvalis
gausumas, kuris buvo didesnis savaiminiame jaunuolyne. Smulkiyjy zinduoliy vidutinis
gausumas apsodintame medyne buvo dvigubai didesnis, negu savaiminiame (p=0,002).
Sis skirtumas priklausé nuo didesnio C. glareolus ir A. flavicollis gausumo, kuris atsvéré
mazesni Microtus genties pelény gausuma (4 lentelée).

S. araneus, A. agrarius, A. flavicollis ir kity, retesniy rusiy vidutinis gausumas
pievoje, jaunuolyne ir medyne patikimai nesiskyré (2—4 lentelés). C glareolus vidutinis
gausumas buvo maziausias pievoje (3,55+1,16 ind. 100 sp./p.), t.y., maZiau negu
jaunuolyne (7,59+0,96 ind. 100 sp./p., t=2,68 p=0,01) ir medyne (15,54+2,35, t=4,58
p<0,0001), o jaunuolyne — maziau negu medyne (t=3,13 p=0,003). Microtus genties
pelény vidutinis gausumas, atvirks$¢iai, maZziausias buvo medyne, maZzesnis negu
jaunuolyne (t=3,48 p=0,001); pievoje ir jaunuolyne juy gausumas nesiskyre.
Apibendrinant galima teigti, kad smulkiyjy Zinduoliy vidutinio gausumo skirtumus tarp

buveiniy lemia gausiausios ju risys ir $iy risiy gausumo poky¢iai sukcesijos metu.

Pradinés pievos — miSko sukcesijos biotopy jtaka smulkiyjy Zinduoliy biomasei

Vietos, biotopo, mety ir riiSies suminis poveikis smulkiyjy zinduoliy biomasei buvo
patikimas (MANOVA, r2=O,62, F161240=2,46, p<0,0001). Nors mety jtaka néra patikima
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(F=2,02, p=0,13), patikima yra vietosxmety (F=5,12, p<0,01) ir metyxrisies (F=2,79,
p<0,005) bei vietosxmetyxrisies itaka (F=2,32, p=0,01). Smulkiyjy Zinduoliy biomasés
dinamika priklausé¢ ir nuo buveinés, ir nuo riisies; biomasés pokyciai indukuotos ir
savaimings sukcesijos atveju nesutapo.

Smulkiyjuy zZinduoliy riiSiy biomasei tur¢jo itakos nevienodas veiksniy skaiCius.
Analizuojant bendra buveinés, vietos, mety ir sezono itaka paaiskéjo, kad 4. agrarius
biomaseés kitimui (MANOVA r220,58, F1254=6,21, p<0,0001) svarbus buvo tik gaudymo
ménuo (F=13,01, p<0,0001). Kity trijy gausiy smulkiyjy zinduoliy rasiy biomasei itakos
turéjo vieta, metai ir ménuo: S. araneus (r2=0,58, F1254=9,74, p<0,0001; F=39,54,
F=10,99, F=14,38 atitinkamai, visi p<0,0001), C. glareolus (r2=0,562, Fi,54=7,31,
p<0,0001; F=6,46, p=0,013, F=3,25, p=0,012 ir F=15,02, p<0,0001 atitinkamai),
A. flavicollis (1*=0,51, Fj,s5,=4,61, p<0,0001; F=8,12, p<0,01, F=6,54, p<0,0001 ir
F=3,46, p=0,014 atitinkamai).

Microtus genties pelény biomasei (MANOVA ’=0,39, F1254=2,79, p<0,005)
patikimos itakos tur¢jo biotopas (F=3,61, p<0,05) ir gaudymo metai, t.y., cikliSkumas
(F=3,11, p=0,015). M. arvalis (r2=O,52, F1254=4,79, p<0,0001) atveju jtakos biomasei
turéjo vieta (F=7,21, p<0,01), biotopas (F=4,90, p=0,011) ir metai (F=4,16, p=0,003), o
M. agrestis (r2=0,42, Fi,54=3,28, p=0,0013) atveju — tik metai (F=3,10, p=0,016) ir
ménuo (F=4,12, p=0,005), bet ne biotopas (F=1,59, p=0,21).

Nepriklausomai nuo sukcesijos tipo, smulkiyju Zinduoliy vidutiné biomase¢ 2007—
2013 m. pievoje buvo 399,0+68,6 g/ha, jaunuolyne 424,1+83,1 g/ha, medyne 367,9+50,9
g/ha. Biomasés skirtumai tarp buveiniy buvo nepatikimi: pieva—jaunuolynas t=0,23,
df=43, p=0,81; pieva—medynas t=0,36, p=0,72; jaunuolynas—medynas t=0,58, p=0,57.
C. glareolus biomasé pievoje buvo patikimai mazesné, negu jaunuolyne (t=2,06, df=43,
p<0,05) ir miSke (t=3,97, p<0,001). M. arvalis biomasé pievoje ir jaunuolyne patikimai
nesiskyre, ta¢iau buvo maziausia medyne (lyginant su pieva, t=2,61, p=0,012, lyginant
su jaunuolynu, t=2,17, p<0,05). PanaSiai skyrési ir visu Microtus genties pelény
biomasé: pievoje ir jaunuolyne biomasés skirtumas nepatikimas. Siy pelény biomasé
buvo maziausia medyne (lyginant su pieva, t=2,94, p=0,012 ir lyginant su jaunuolynu,
t=2,17, p<0,05).

Smulkiyju Zinduoliy biomasés pokyciai sukcesijos pieva — jaunuolynas — medynas
metu skiriasi priklausomai nuo jos tipo (Zarasuose — savaiminis pievos uzaugimas
miSku, Pakruojyje — uzsodinus miska). Indukuotos sukcesijos metu patikimai padidéjo

C. glareolus biomasé: nuo 19,5 g/ha pievoje iki 160,5 g/ha apsodintame jaunuolyne
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(t=3,05, df=29, p<0,005) ir iki 258,6 g/ha apsodintame miske (lyginant su pieva, t=6,54,
p=0,0001, lyginant su jaunuolynu, t=2,75, p=0,01). Visu g. Microtus pelény biomasé
pievoje ir jaunuolyne nesiskyre (t=0,87, p=0,39), o miSke buvo patikimai maZiausia
(Ilyginant su pieva, t=2,06, p<0,05, lyginant su jaunuolynu, t=2,81, p<0,01). M. agrestis
biomas¢ apsodintame medyne buvo 32,9 g/ha, M. arvalis nebesugautas.

Savaiminés sukcesijos metu smulkiyjy Zinduoliy biomasés pokyc¢iai buvo mazesni.
Savaiminés kilmés medyne, lyginant su pieva, patikimai sumazéjo bendra smulkiyju
zinduoliy biomase (t=2,26, df=12, p<0,05). Tai nulémeé Microtus genties pelény
biomasés sumaz¢jimas nuo 331,6 g/ha pievoje iki 68,6 g/ha medyne (t=2,59, p=0,023).

Pradinés sukcesijos biotopy jtaka smulkiyjy Zinduoliy dauginimosi rodikliams

2010-2013 m., jvertinus ivairiy smulkiyjy Zzinduoliy vados dydi vykstant
indukuotai ir savaiminei sukcesijai, patikimy skirtumy tarp faktinio ir potencialaus vados
dydzio neuzregistruota (5 lentel¢).

Biotopo itaka buvo patikima M. agrestis dauginimosi rodikliams (Wilks A=0,46,
F426=3,05, p=0,035) — ir potencialiam (F=3,93, p=0,044), ir faktiniam vados dydziui
(F=5,50, p=0,017). M. agrestis vados potencialus dydis buvo didziausias pievoje
(5,00+£0,44 ind.) ir medyne (5,00£1,09 ind.), maZiausias — jaunuolyne (3,50+0,34 ind.).
M. agrestis vados faktinis dydis buvo didziausias pievoje (4,67+0,45 ind.), mazZesnis
jaunuolyne (2,80+0,35 ind.) ir medyne (3,00£1,10 ind.), t.y., netipiSkuose Siai riisiai
biotopuose.

M. arvalis dauginimosi rodikliams biotopas itakos neturéjo (Wilks A=0,44,
F,,=1,29, p=0,44): vados potencialus dydis pievoje buvo 4,0+1,83 ind., jaunuolyne
6,00+£0,91 ind., faktinis vados dydis — 4,00+£2,22 ir 5,75+1,11 ind., atitinkamai.

Biotopas neturéjo itakos ir C. glareolus dauginimosi rodikliams (Wilks A=0,74,
F,6=1,04, p=0,41): vados potencialus dydis jaunuolyne buvo 4,42+0,57 ind., medyne
6,00+1,06 ind, faktinis vados dydis — 4,29+0,57 ir 5,50+1,07 ind. atitinkamai.

Smulkiyjy Zinduoliy bendrija nevegetaciniu periodu
Smulkiyjy zinduoliy bendrijos ivairove
Nevegetacinio periodo metu bendrijoje vyravo M. arvalis, kurie sudaré 32,15 %
visy sugauty individy (6 lentel¢). Subdominavo C. glareolus (29,95 %), maziau gausis

buvo S. araneus ir A. flavicollis (atitinkamai 16,56 % ir 10,97 %). Po viena individa

42



sugauta N. fodiens, A. uralensis ir R. norvegicus. Smulkiyju zinduoliy ivairové nevege-
tacinio periodo metu buvo gana didel¢; 2004-2009 mety duomenimis, Senono H=2,36.

Smulkiyju zinduoliy ivairovés pokyc€iu nevegetacinio periodo metu nebuvo iki pat
pavasario; ji patikimai sumazgjo tik balandzio ménesi (7 lentel¢). Spalio — gruodzio
ménesiais bendrija sudaré 9-12 riiSiy, sausio — kovo ménesiais 69 riiSys, balandi 6
radys. Senono H rodiklis balandZio ménesj buvo patikimai maZesnis, nei spalio — kovo
ménesiais (t=6,36—10,12, p<0,0001). Spalio — kovo ménesiais smulkiyju Zzinduoliy
bendrijos {vairové patikimai nesiskyre.

Balandzio ménesi bendrijoje dominavo M. arvalis (78,4 % 1S visy sugauty
individy). Tai labai skyrési nuo kity nevegetacinio laikotarpio ménesiy, kai gausiausios
ruSys sudare 28,89-43,09 %. Rudeni dominavo C. glareolus, spalio ir lapkri¢io
ménesiais sudarydami 28,98 % ir 41,71 % atitinkamai. Zenklia bendrijos dalj uzémé ir
A. flavicollis bei M. arvalis. Lapkri¢io ménesi sugauta daugiausia — 12 smulkiyjy
zinduoliy radiy. Ziema, gruodZio ir vasario ménesiais, vis dar vyravo C. glareolus (38,86
% ir 31,10 %), subdominantais isliko M. arvalis ir S. araneus. Ziema pasizyméjo
sugauty smulkiyju Zinduoliy gausa: gruodzio ménesi sugauta daugiausia individu
nevegetacinio sezono metu — 458 individai. Pavasari sugauty individy bei risiy skaicius
maz¢éjo: rudeni sugauti 9-12, zZiema — 6-9, pavasari — 6—7 smulkiyju zinduoliy rasiy
individai. Kova sugauta 123, balandi — 250 gyviiny. Pavasari vis labiau dominavo
M. arvalis, kurie kova sudare 43,09 %, balandi — 78,4 %. Viso Saltojo periodo
laikotarpiu buvo pagaunami S. araneus, S. minutus, A. flavicollis, C. glareolus ir

M. arvalis. N. fodiens, R. norvegicus ir A. uralensis sugauta tik po viena individa rudeni.

Smulkiyjy zinduoliy gausumo dinamika
2004-2009 m. Saltuoju periodu C. glareolus individai buvo gausiausi rudeni ir
ziema. Vasario mén. C. glareolus santykinis gausumas buvo didZiausias, 13,76 ind./100
sp./p. Lapkri¢io ménesi gausiausios buvo A. flavicollis (12 ind./100 sp./p.). Pavasariop,
kity rtiSiy gausumui maZzéjant, gausiausiu tapo M. arvalis (3,89 ind./100 sp./p.). Rudeni ir
ziemos pradzioje bendras smulkiyju zinduoliy gausumas augo, pavasari santykinis

gausumas maz¢jo, kova ir balandji jis sieke tik 6,5-7 ind./100 sp./p.

Clethrionomys glareolus populiacijos rodikliai
Nevegetacinio periodo metu C. glareolus buvo antra pagal gausuma smulkiyju

zinduoliy rasis, 2004-2009 m. sudariusi 29,95 % i§ visy sugauty individy. Sie pelénai
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dominavo rudeni ir Ziema, pavasari ju dalis bendrijoje maz¢jo, kovo ir balandzio ménesi
nebevirsijo 20 %.

Gruodzio ir sausio ménesiais sugauta daugiausia jauny ir lytiSkai nesubrendusiy
C. glareolus individy, balandi vyravo suaugéliai (2 pav.). C. glareolus lytinis brendimas
ir pasirengimas veisimosi sezonui prasideda kovo meénesi. Dauginimosi atvejy Ziema
uzregistruota nebuvo. Spalio ménes] dauginimosi poZymiu turé¢jo visi suaugg patinai,
lapkri¢io — 43 %, Ziema — nei vienas, kovo ménesi — 60 % ir balandzio ménesi — 46 %
patiny. Pirma besiveisianti patel¢ sugauta 2005 m. balandzio viduryje, po $velnios Ziemos.

C. glareolus kiino svoris ir ilgis nevegetaciniu periodu buvo susij¢ su individy
amziumi (MANOVA, F,4;15=165,30), ménesiu (Fi,1,15=16,00) ir sezonu (Fg;,,5=15,57,
visi p<0,0001), bet ne lytimi (F,559=0,84, p=0,43). Jaunikliy svoris buvo 14,2-15,2 g,
lytiSkai nesubrendusiy individy 16,3-17,5 g, suaugéliy 17,8-21,3 g. Jaunikliy svorio
augimas nuo spalio iki sausio meénesio sustojo, o kiino ilgis did¢jo. DidZiausias jauny
individy svorio sumaz¢jimas uzfiksuotas gruodzio (t=2,16, df=141, p=0,03) ir sausio
meénesi (t=1,17, NS). Kova jaunikliy buvo mazai, balandi — visai nebeliko. LytiSkai
nesubrendusiems individams augimo sustojimo nepastebéta. Suaugéliy kiino svorio
sumazéjimas, lyginant su spalio ménesiu, buvo ryskiausias vasari (t=2,96, df=12, p=0,01).

Apibendrinant, C. glareolus gausumas Saltuoju metu labai sumaZéjo, ju
dauginimosi pradzia pavasari buvo vélyva, lyginant su kitomis gausiausiomis smulkiyju
zinduoliy rasimis.

Microtus arvalis populiacijos rodikliai

IS visy 2004-2009 m. spalio—balandZio ménesiais sugauty smulkiyju zinduoliy
M. arvalis sudaré 32,15 %. Ju buvo maziausia Saltomis ziemomis — <20 %, Siltomis
ziemomis sickdavo 2445 %. Siy pelény dalis smulkiyjy Zinduoliy bendrijoje buvo
maziausia nevegetacinio periodo pradzioje — 23,3 % spali, 13,1 % lapkriti, véliau did¢jo
iki 25,8 % gruodi, 33,3 % sausi ir 27,3 % vasar]. D¢l geresnio M. arvalis i§gyvenimo
Ziema pavasariop ju skai€ius iSaugdavo ir sudarydavo 43,1 % kova bei 78,4 % balandi.

Patinai populiacijoje vyravo 2004/2005 ir 2008/2009 m. nevegetacinio sezono
metu, likusiais tyrimo metais ly¢iy proporcija buvo artima 1:1. Per visa tyrimy laika
M. arvalis populiacijoje dominavo jaunikliai (65,5 %), lytiSkai nesubrendg individai ir
suaugéliai sudaré apylyges dalis (15,85 % ir 19,61 % atitinkamai). Saltesnémis Ziemomis
M. arvalis populiacijoje dominavo suaugéliai (nuo 50 iki 90 % pelény). Siltomis

ziemomis vyravo jaunikliai, kurie sudarydavo apie 70-90 %. Sie populiacijos struktiiros
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skirtumai buvo statistiskai patikimi (y*=12,6 ir daugiau, p<0,001). Jaunikliai vyravo
nevegetacinio periodo pradzioje, t.y. rudeni. LytiSkai nesubrendusiy individu skaiCius
prad¢jo didéti vasario ménesi. Brendimas tgsdavosi iki kovo — nuo §io ménesio didé¢jo
suaugeliy dalis (3 pav.).

M. arvalis kiino svorio ir ilgio rodikliai Saltuoju mety laiku buvo susije su individy
amziumi (MANOVA, F,15=105,84), lytimi (F,s90=40,71), sezonu (Fg,50=15,74) ir
meénesiu (Fy;1150=15,49, visi p<0,0001). Jaunikliy svoris didéjo nuo lapkricio iki sausio,
vasario ménes] sugauty individy svoris buvo maZzesnis. Spalio ménesj svorio vidurkis
buvo 14,1 g ir iki balandZio ménesio padidé¢jo tik 0,9 g. Kuino ilgio vidurkio sumaZzéjimas
uzfiksuotas ménesiu anksciau — sausi. Kova pelény jaunikliy augimas atsinaujindavo.

Lytiskai nesubrende M. arvalis individai nustoja augti — tai t¢sési ir vasario, ir kovo
ménes] (8 lentel¢). Augimo atsistatymas buvo stebimas tik balandzio ménesi. LytiSkai
nesubrend¢ M. arvalis, sugauti balandZio ménesi, buvo vidutiniSkai 8 % lengvesni
(18,5+0,30 g), negu sugauti spalio ménesi (20,1£1,05 g). Suaugéliai Saltuoju mety laiku
neaugo.

M. arvalis augimo Saltomis ir Siltomis Ziemomis palyginimas parod¢, kad jaunikliai
buvo didesni Saltomis, negu Siltomis Ziemomis. Ju svoris (atitinkamai, 15,6+0,68 g ir
14,5+0,07 g, p<0,05) ir ilgis (atitinkamai, 87,7+2,36 mm ir 81,5£0,24 mm, p<0,01)
skyrési patikimai. Saltomis Ziemomis lytiskai nesubrende individai neaugo ilgesni laiko
tarpa. Siltomis Ziemomis sugauty M. arvalis individy svorio vidurkis buvo 18,5+0,33 g,
ilgio — 89,8+0,88 mm, Saltomis — atitinkamai, 16,9+0,29 g ir 87,4+0,95 mm. LytiSkai
nesubrendusiy individy svorio vidurkis Saltomis ziemomis buvo patikimai mazesnis
(p<0,001).

M. arvalis dauginimasis Saltuoju metu buvo daug aktyvesnis, negu C. glareolus.
Lapkri¢io ménesi dauginimosi pozymiuy turéjo 100 % suaugusiy M. arvalis patiny, kovo
meénes] dauginimosi pradZia uZregistruota 30 %, balandZio ménesi — 58 %. M. arvalis
pirma besiveisianti patelé sugauta kovo ménesi (8 dieny embrionai kovo 25 dieng); i§ 19
suaugusiy pateliy balandzio ménesi {vairaus amziaus embrionus tur¢jo 14, ty. 74 %
pateliy.

Apibendrinant galima teigti, kad M. arvalis dalis smulkiyjy Zinduoliy bendrijoje
Saltuoju mety laiku didéja, pavasari jie tampa dominantais. Taip vyksta dél gero Sios
rusies individy i§gyvenimo (netgi SalCiausiomis ziemomis), ankstyvos dauginimosi

pradzios ir didelio veisimosi intensyvumo pavasarij.
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Apodemus flavicollis populiacijos rodikliai

2004-2009 metais Saltuoju metu buvo sugauta 214 A. flavicollis individy, kurie
sudaré vidutiniSkai 11 % i§ visy sugauty smulkiyju zinduoliy. Minimali 4. flavicollis
dalis buvo 2008/2009 metais — 7,0 %, maksimali 2007/2008 metais — 18,5 %.

A. flavicollis populiacijoje nevegetacinio sezono metu ly¢iy proporcija buvo artima
1:1, 18skyrus 2006/2007 m., kada patinai sudare¢ 70,59 %. Populiacijos amZziaus struktiira:
jaunikliai sudaré maZiausia populiacijos dali (2004/2005 ir 2005/2006 m. jaunikliy
nepagauta visai), dominavo suaugéliai — 2004/2005 m. sudar¢ net 70 %, kitais tyrimo
metais lytiSkai nesubrendusiy bei suaugéliy gausumas buvo panasus.

A. flavicollis gausumas ir dalis smulkiyju zinduoliy bendrijoje pavasariop
akivaizdZiai maZ¢jo, nuo mazdaug 25 % rudeny, iki 4-6 % Ziema ir ne daugiau kaip 2 %
pavasari. Taigi lyginant su gruodzio ménesiu $iy peliy dalis bendrijoje sumazéjo daugiau
kaip deSimt karty. Santykinis 4. flavicollis gausumas tyrimo vietoje buvo nedidelis,
vidutiniSkai 2,24+0,55 ind./100 sp./p. Jis buvo didziausias rudens pabaigoje ir
sumazeédavo pavasari.

A. flavicollis jaunikliai buvo sugaunami nuo spalio iki sausio ménesio ir sudarydavo
ne daugiau kaip 25 % visu sugauty Sios rusies individy. Didzigja tyrimo periodo dalj
suaugeliai populiacijoje sudarydavo per 50 %. Lytiskai nesubrendusiy individu dalis
didédavo nuo sausio; balandzio ménesi ji pasiekdavo 80 % (4 pav.).

A. flavicollis kiino svoris ir ilgis Saltuoju mety laiku buvo susij¢ su individy
amziumi (MANOVA, F,39,=39,11), lytimi (F;,;97=8,63), sezonu (Fs 394=6,83) ir ménesiu
(F12.304=6,14, visi p<0,0001). 4. flavicollis suaugeliy kiino svoris ir ilgis nuo spalio
ménesio iki pavasario nuolatos didéjo. Kovo ir balandzio ménesi buvo sugaunami tik
pavieniai suauge individai. Maziausias suaugusiu 4. flavicollis individy spalio — vasario
meénesiais svoris buvo 26,5-34,5 g, didZiausias — nuo 49,5 iki 55,5 g.

Spalio — gruodzio ménesiais lytiSkai nesubrendusiu 4. flavicollis kiino svoris
nevir$ijo 30 g. Sausio ménesi §ios amziaus grupés peliy svoris buvo 3 g (apie 10 %)
mazesnis negu spalio ménesi, kiino ilgis — didesnis. Maziausias lytiSkai nesubrendusiy
individy svoris spalio — sausio ménesiais buvo 16,5-25,4 g, didZiausias — 29,5-42,0 g.

Nuo spalio iki sausio meénesio A. flavicollis jaunikliy maziausias kiino svoris buvo
15,5-23,0 g, didZiausias — 25,0-34,5 g ribose. GruodZzio ir sausio ménesi jaunikliy buvo
sugauta labai nedaug, vasario — balandzio ménesi jaunikliy nesugauta.

Suaugusios A. flavicollis buvo sugaunamos rudeni, ziema ir pavasari (balandzio

ménesi gausumas maziausias). Ju svorio vidurkis buvo apie 40 g — tai rodo, kad Sios
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pelés galéjo daugintis. 2006 mety lapkri¢io ménes] buvo sugauta néscia patelé (su 6
embrionais) ir vienas patinas su spermatogenezeés (dauginimosi pradzios) pozymiais.
2007 mety spalio pabaigoje i§ 19 suaugusiy pateliy SeSios buvo besiveisian¢ios. 2008
mety lapkri¢io ménesi neuzregistruota né vienos besiveisian¢ios patelés. 2009 mety

sausio ménesi buvo sugauti du dideli patinai su spermatogenezés pozymiais.

ISVADOS

1. Sukcesijos pieva — jaunuolynas — miskas metu kinta smulkiyjy Zinduoliy bendrijos
biologiniai rodikliai. Pievai tampant misku risiy skai¢ius sumazéja ir pasikeicia
risiy dominavimo seka: Microtus sp. (M. arvalis, M. agrestis), C. glareolus,
A. flavicollis, S. araneus, A. agrarius pievoje 1 C. glareolus, S. araneus, M. arvalis,
M. agrestis jaunuolyne ir | C. glareolus, A. flavicollis, S. araneus medyne. DidZiau-
sia smulkiyju zinduoliy bendrijos ivairové uzfiksuota pievoje (H=2,95), mazesné
jaunuolyne (H=2,61), maziausia medyne (H=2,04). PolidominantiSkiausia bendrija
buvo pievoje, monodominantiskiausia — medyne (atitinkamai ¢=0,14 ir 0,37).

2. Bendras biotopo, vietos, mety ir riiSies poveikis smulkiyjy zinduoliy gausumui
(°=0,81, Fa96505=3,47) ir biomasei (1"=0,62, F1¢; 249=2,46) yra patikimas (p<0,001).
IS ju, biotopo itaka smulkiyjy Zinduoliy gausumui yra didesné negu ju biomasei.

3. Smulkiyjy Zinduoliy vidutinis santykinis gausumas maziausias buvo pievoje,
18,1942,27 ind./100 sp./p. (gausiausi buvo Microtus genties pelénai, maziau gausiis
C. glareolus, A. flavicollis), didesnis jaunuolyne — 22,72+2.25 ind./100 sp./p.,
(C. glareolus — 7,59+0,96), didziausias medyne — 23,91£2,77 ind./100 sp./p.,
(C. glareolus — 15,54+2,35 ind./100 sp./p.). Smulkiyjy Zinduoliy vidutiné biomasé
pievoje buvo 399,0+68,6 g/ha, jaunuolyne 424,1£83,1 g/ha ir medyne 367,9+50,9
g/ha.

4. Smulkiyjuy zinduoliy bendriju biologiniai rodikliai pievos — misko savaiminés
(pievai uzaugant) ir indukuotos (uzsodinant miSka) sukcesijos metu skyrési.
Savaiminés sukcesijos metu vidutinis santykinis gausumas buvo didesnis pievose
(26,04+4,15 1r 15,14%2,40 ind./100 sp./p., p=0,027), mazesnis medyne (11,02+2,52
ir 28,93+42,98 ind./100 sp./p., p=0,002), jaunuolyne nesiskyré. Savaiminés
sukcesijos metu smulkiyju zinduoliy ivairové buvo pastovesne (H=2,54-2,61),
medyne — patikimai didesné, jame maZiau dominavo C. glareolus. Savaiminés
sukcesijos metu smulkiyju Zinduoliy biomasés pokyciai buvo maZziau iSreiksti.

Vykstant indukuotai sukcesijai Microtus genties pelény biomasé pievoje ir
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jaunuolyne nesiskyré, medyne buvo maziausia, C. glareolus biomasé didéjo (visi
p<0,005).

5. Nevegetacinio periodo metu smulkiyjy zinduoliy rasiy jvairové nesikeité iki
pavasario, sumazédama tik balandzio ménesi (nuo 9-12 iki 4 rusiy). Per ziema
dominavusius C. glareolus pakeit¢e M. arvalis, ypa€ sumazejo A. flavicollis dalis
(nuo 25 % 18 visy smulkiyju Zinduoliy rudeni iki 2 % pavasari). Ziema tyrimo
vietoje dauginosi M. arvalis (kovo ménesi — 30 % patiny).

6. Vykstant pievos—jaunuolyno—miSko sukcesijai smulkiyjy Zzinduoliy jvairoveés
pokyciai nesumazina jy gausumo ir biomases, tod¢l mitybinés salygos jais

mintantiems plésriinams nepablogéja.
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