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Clearcutting is an important part of forest management and substantially changes the living conditions of wildlifc.
This study was performed in clearcuts of the mixed spruce-deciduous forests in Northwestern and Central Lithuania.
There were 771 sample plots in 1,825 hectarcs. Hares [cast preferred cuts at the first successional stage (1_,:0.00, G=0.00).
Haures uscd these arcas while runnng to other places. More advanced stages of regencration were preferred; especially the
coppice of the 1™ age class. The older coppice was less preferred whereas hares preferred the ccotonces and interval
spaccs ([_,.=l420—1.63, G=0.45) (r=0.743, P=0.021). Diffcrcnces between mountain hare (Lepus timidus L.) and brown
hare (Lepus europacus Pallas, 1778) were not investigated becausce there was only onc occurrence of the mountain harc.
The changes in hare distribution from the random to clumped showed the random into clumped onc rcflect the changes
in favourability of thc living conditions. The first casc of changes in the cutover importance is “an unchanged status”,
the sccond is the “prevalence of the foraging conditions™, and third casc in changes is “mixed status of the arca wherc

both foraging and rcfuge arc fulfilled.
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Introduction

The clearcutting is commonly used to manage
forests although 1t can produce noticeable changes in
the living conditions of wild animals, including her-
bivores because of the obvious change in forage
abundance. According to classic ecology theory (Odum
1986, Ricklefs 1990), the richness of environment in-
creases through succession and the peak is in the
climax stage. However, the intensive forest manage-
ment including the clearcutting is a certain disturbance
because the local animal populations could reduce in
the size and number. In the meanwhile, populations of
animals that prefer the more open lands stabilize or
increase. | oxamined how temporal and qualitative
changes in cutovers influenced the hares. I noted that
brown hares (Lepus europaeus Pallas, 1778) occurred
10 both open lands and forests and therefore may
benefit from clearcut. The brown hare is an important
component of the Lithuanian fauna. This game spe-
cies settled in Lithuania long ago, and in the 20" cen-
tury hare has become widespread in conjunction with
an expansion of the forest fragmentation, However,
since the 1970s the brown hare population substan-
tially decreased 3 times. Changes in land-use practice
and further habitat alteration, also other human fac-
tors acted together with natural factors. As the brown

hare population 1s a natural and indispensable element
of the forest ecosystem and adjacent lands, the weak-
ening and further loss of the species would affect other
components of ecosystem through the chain reaction
and feedback principle. This 1s the matter for the con-
tinuity of investigation of the different sides in the
brown hare ecology and their settling in the forests.
The question 1s how the successional variation of clear-
cuts influences the occurrence and area use by the
brown hare in the mixed forest.

Materials and methods

The study was performed in the non-vegetative
period on cutovers of the mixed spruce-deciduous
forests. The investigation represented 3,459 hectares
of the total territory, including 2,416 hectares of the
mixed spruce-deciduous forests in North Western
Lithuania, 56°05' N, 21°57"' E, and 1,043 hectares in the
Central Lithuania, 55°34' N, 24°06 E. The first area
belongs to the Zemaitija (Samogitia) highland geobo-
tanical complex of the southern taiga of the Baltic
province’s mixed spruce and deciduous forests. Ac-
cording to the phytocoenological terminology it is
Picetum-Pinetum-Betuletum-Fraxinetum-myrtillosum
and myrtillo-oxalidosum stands. The dominant tree
species are Picea abies (47%), and Pinus sylvestris
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(26%) are mixed with deciduous species Betula ver-
rucosa (13%), Alnus incana (4.4%), and Quercus robur
(4.1%). Occasional natural meadows are interspersed
between forests, hills, bogs, lakes and springs. Ac-
cording to the functional purposes, the total territory
is divided into the several functional zones such as
recreational (2.3%), protective 14.5%), conservation
including strict nature rescerve (4.8%) and reserves
(43.3%), and commercial zone (35.1%), where investi-
gation has been done. The study area belongs to a
climatic sub-region with about 27% of winters with
unstable snow cover and long-term mean depth of
snow cover is 20 cm. During snowy winters the depth
of snow cover reaches 0.70 — 1 m. This 1s critical to
hares that make trouble for their moving and feeding.
The spring is late. Because of the specific geograph-
ical locality, there is surplus of the moisture, and long-
* term precipitation on average comprises more than 850
mm while the rain factor is 41-54. The surplus mois-
ture 1s accompanicd by more cool weather when the
long-term average temperature is 11°C in the vegeta-
tion period. The west and southwest winds prevail.
These carry along the air mass of the sea. The unsta-
ble weather and total climatic situation of the area
potentially 1s unfavourable for hares especially for the
youngsters (an absence of the permanent burrows and
dependence of the body temperature on the age). The
second study area belongs to the mixed deciduous with
spruce forests in the North district of Nevezys basin
of the region of Central Plains. According to the phy-
tocoenological terminology it is Betuletum — Picetum
— Alnetum - acgopodiosum, oxalido - nemorosum and
carico -mixtoherbosum stinds. The dominant tree
species are Betula verrucosa (43.6%), Picea abies
(14.2%), Alnus incana (11%), Populus tremula (10.7%),
Quercus robur (9%) and Fraxinus excelsior (8.3%).
The middle-aged stands as well as sub-mature and
mature stands prevail (38.5%, 22.2% and 20.7% respec-
tively) while the young plantation comprises 18.6% of
the total forest area. This arca belongs to the II-nd b
climatic sub-region where the winters with unstable
snow cover make up 10%, thaws 45%, the long-term
average depth of snow cover is 20 ¢cm and the long-
term annual precipitation is 679 mm.

The forage and shelter conditions in habitats were
estimated by the belt transect route method while the
route unit was 4x100 m. On the ground of the given
data, I calculated the frequency of occurrence of hares
on the studied area I=JV /nLG, where N, refers to
the frequency of finding out of hare living tracks, nlL
is the number of route units (meter), and G is the co-
efficient of animal aggregation as a unit of the ratio
of a single and group tracks. The additional method
of sample plots was used while the plot arca was 20

m?, and the index of food utilization U= C/4 (%),
where C is consumption of food and 4 is total number
of food, was calculated. In accordance with the con-
sumption all foods were distributed into the classes
of preference: A — most preferred, 5 - 4 points (level
of the consumption is high 96-100%, and good 76-
95%, respectively), B — preferred moderately, or alter-
native, 3 — 2 points (level of the consumption is sat-
isfactory 51-75%, and weak 26-50%, respectively), and
C — least preferred or uneatable, I — 0 points (uneat-
able 0%, and bad 1-25%). The last mentioned catego-
ry of foods corresponds to “stuffing” and pastime
food, after A. Leopold (1933). Tree shoots were divid-
ed into three classes by the diameter of used shoots
such as the [-rst class with diameter =4 mm, Il-nd class
— 5-7 mm, and Ill-rd class — 8-10 mm (Grigel, Moody
1980). Data of the weather conditions have been col-
lected by the measurements of the local weather-sta-
tions. The index of the weather inclemency was cal-
culated by Bodman formula §, = (71— 0.004 7°) x (I +
0.272 V), where S_refers to the weather inclemency,
T° is an air temperature, and ¥ is the speed of wind.
The total number of the sample plots was 771 on the
total area 1,825 hectares.

Results

In the non-vegetative period, the winter condi-
tions considerably influenced the frequency of occur-
rence of hares on the cutovers. The weather condi-
tions turn a limited factor. The main factorial indica-
tors of the frequency of occurrence are the air tem-
perature (1= -0.51 + 0.19), weather inclemency S_(r= -
0.78 £ 0.11), depth of snow cover, H ¢cm (r= -0.92
0.08), precipitation, mm (r= -0.56 + 0.30), and the du-
ration of sun lightness, h (r = 0.46 + 0.25, p<0.05). The
frequency of occurrence reaches /. = 23.0 -62.0 and
animal grouping G >1 under the conditions of inclem-
ent weather and deep snow cover in closed habitats
while the frequency of occurrence on the open areas
is only /.= 0.69 and G = 0.24. That shows sporadic
track of animals on the open areas. In the meantime,
the {requency is positively related to the thermal fac-
tor, weather inclemency and depth of snow cover in
the closed habitats (r=0.24 £ 0.09, r = 0.30 £ 0.20 and
0.14 £ 0.04 respectively). The factor of the duration
of sun lightness is important for the hare occurrence
in the closed forest (r = 0.83 £ 0.31, p<<0.05) and rela-
tion between hare occurrence and precipitation 1s sim-
ilar as on the open area.

The cutover of the first succession stage, i.e. have
been recently cut, is least preferred by hares ([—;,-—0,00,
(G=0.00) (Figure 1). Hares use these places while run-
ning to other places leaving sporadic pellets or pellet
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groups in the places of the acceptable grassy cover
of the yester season. Hares prefer Compositae (Artem-
isia campestris, Artemisia absinthium, Tanacetum
vulgare, Tussilago farfara, Cirsium spp., Cichorium
intybus, Taraxacumn spp., etc.) (preference reached 93-
100%), Leguminosae including Medicago falcate
(100%), Trifolium spp. (98.5%), and less Lupinus
polyphyllus (30.0%), Gramineae including Dactylis
glomerata (93%), Phleum pratense (90.5%) and other
(for choice, 76.4%). The scattered living tracks of hares
were found.
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Figure 1. The frequency of occurrence (/) of hares on stud-
icd area of the different succession stages

The edges of the above-mentioned cutovers were
used more intensively (1_1=O.OI—O.O6, G=0.04,r=0.83 +
0.16, p<0.05) because of the nearness of possible ref-
uges depending on the ambient stand conditions such
as the species composition, age, forest site type, clo-
sure of canopy, undergrowth state, etc. The frequen-
cy of occurrence is closely linked with the density of
undergrowth and the closure of canopy of the stand
avoiding the densc thickets as well as the forest hab-
itats with thin undergrowth (r =0.53 £ 0.08, h = 0.61,
P<0.05). Hares prefer the neighbouring stands with the
grouped distribution of undergrowth both thicket and
mean dense one. In these cases there are favourable
shelter and feeding conditions. Stands with grouped
distribution of the undergrowth have been preferred
as the edges of cutovers and neighbouring stands.

The 2™ stage of succession, that is the first sap-
ling stand, aged until 5 years, 1s more significant for
hares’ foraging (/,=0.46, G=0.04). Hares use these ar-
cas mostly at the end of non-vegetative period (Feb-
April) and in December. The hare occurrence
is more scattered because of the species-specific lin-
ear character of the foraging along the food source

The further succession stage of the regenerated
area (the second sapling stand, aged until 10 years)
is most preferred because of the realization of both
foraging and shelter conditions U_;_ 14.40, max 24.0 and

ruary -

G=0.20, lim 0.20-0.81). Grouped distribution of the food
source is favourable for hares (r =0.74 £ 0.21, P< 0.05).

The older thick young stands (pole stand) are less
preferred while hares prefer the ecotones und interval
spaces (/.= 1.63, max 2.65, G = 0.45) then r= 0.743,
P=0.021.

The habitat use positively related to the tree den-
sity, meanwhile, negatively — to their height (21.5 m).
7 species of fodder trees, shrubs and subshrubs be-
long to the A utilization class including 5 tree and
shrubs species as well as 2 subshrubs, 9 species — of
B class, 7 — of C class (Table 1). I'iie bark is less pre-
ferred and is used from February to the second part
of March as well as in winter while there are no snap
thermal fluctuations. The shoots are used from Novem-
ber to May and marginally in summer and autumn.
Dried grasses of the yester season are acceptable in
the green winter using the overground parts of plants.
In snowy winters hares use acceptable dried parts of
grasses over the snow cover (Table 1). Hares get the
most food from 2 - 4-year-old woody plants until their
herght i1s less than 1.5 m. Hares choose annual shoots
and bark of older trecs in the reduced foraging condi-
tions and because of snowfall. Thus under such feed-
ing conditions, the willows are used until 8 year-old,
other species — until 2-4-year-old while annual shoots
and bark of the fall or felled trees — since 10 year-old
within ithe feeding space of hares (Table 2). Hares
prefer thinner shoots (I-rst and II-nd classes of diam-
eter, <4 mm and 5-7 mm in diameter, respectively (Ta-
ble 3).

Discussion and conclusions

The indicators of the deviation from the optimal
living conditions are values of indices ff; land G =
0.1. Values G =< 0.1 indicate the scattered visiting of
hares, G=0.2 — 0.5 — are the mcan values, and G=0.5
— are high values. The noticeable grouping of animals
shows a deviation from the optimal conditions. The
index of grouping 82/ /. <1 indicates the random dis-
tribution of hares (criterion of the significance of ra-
tio 8% 1_, = (=) 1). Changes towards the clumped dis-
tribution are revealed while the index of grouping is
82/ 1> 1=3.41-6.77, confidence p’ = 0.011-0.069, the
dispersion 6?=16.12 — 24.13, standard deviation & -
4.01 —4.91, in the preferred places depending on the
favourability of foraging and shelter conditions. The
changes of the hare distribution from random to
clumped show the favourability rate of the foraging
and shelter conditions on the corresponding area. The
intermediate habitats with single tracks of hare activ-
ity interpose into the areas of the clumped distribu-
tion of hares while the dispersion of the mean frequen-
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Table 1. Character of the utilization of food in brown hare
on the cutovers during the non-vegetative period

X ‘ Preference Utilization
Plant species -
partof plant | age | share, | points | cluss
Go |
Pine Pims sylvesiris shoots, 2-8 | 28.0 2 B
needles
| Spruce Picea abies shoots, 24| LS 1 C
| needles =
Quk Quercus riubur shoots, 1-3 | 953 5 A
| burk ]
| Ashi Fraxinus excelsior shoots, 23| 358 2 B
| burk
Aspen® Popidus tremida shoots, 1-3 | 98.5 5 A
- | bark i
Aspen** Populus tremula bark, 131762 1 4 A
shoots . |
Aspen®™® Populus tremuda | bas k, =10 I 52.9 3 B
- | shoots 1 | e
| shoots | 131190 | 2 (
shoots >3 | 452 2 B |
Jshoos [ 1alssal 4 | A |
slioots 1-3 | 048 3 B
tder Alnus gluninosa | shoots 2 13 | T
Surines aucuparia | shoots 1 23 20 | 1 C
Goat willow Salix caprea bark, 1-3 | 663 3 B
shoots
Common sallow Salix cineria shools | 131 9506 5 A
shools 13741 | 4 B
Alder buckthom Frangula alnus shoots 23 | 153 1 C
Sea buckthom Hippophae rhamnoides shoots 2-3 123 1 C
VIS VErTeosa shoots 2-3 | 32.1 2 B
Green broom Cyrisus scoparius ibove- 1 1(0.0 5 A
= ground part |
LBlack currimnt Ribes nigriom | [-3 ] 28.0 2 B
| Raspberry Rubis idaciis shoots 2 Jest 99.0 3 A
Bilberry Vaccinium myrtillus*** shoots 1 2.9- 1-4 C-A |
L | 763 |
Dried yesteryeur grisses. Compositae steins, [ ]93.0-| 45 A
Chenopodiaceae | remains of 1 100.0 3 B
Cruciferae leaf 1 66.3 2 B
Carex spp. stems, seed | 1 | 283
(un.\'ru:\uuu stems, sced 1
Leguminosae -
stems, leaf
stems, leal
stems, leafl

* - growing trec,

** - felled or fall tree left on the cutover:

**#% . dcpending on the snow cover in the non-vegctative
period

Table 2. Feeding space parameters of the woody plants con-
sumed by the brown hare

Feeding space parameters

8.3+ LOhj

Height from the ground, (h) m

Shoot: - diameter of shoot, optimal / lim,ecm | 0.2/02-1.0
- class [

Bark: - width from | tree, cm?’, lim 10-50
- height from the ground, (H)m 0.5-07

L

Table 3. Diameter and height from the ground of the trec
shoots consumed by the brown hare

Tree species — _I’nram_etc’rs_ -
diameter, lim height from the
enl ground, lim m
Qak Quercus robur 0.1-0.0 20-100
Ash Fraxinus excelsior 0.1-04 30-60
Aspen Populus tremula 0.2-04 20-100
Birch Betula spp. 0.1-04 20-120
Willows Salix spp. 0205 15-120

cy of occurrence is more than the average value. In
this case the relations between hares are non-antago-
nistic, animals disregard the individual distances and
different behavioural acts are contemporised (Belova
2001). The hares are undisposed to keep lasting rela-
tions and their distrisution is significant on the level
less than 5%. This distribution shows the significant
influence of the habitat factors and unevenness of the
habitat. The evidence of random distribution Is re-
vealed in the favourable places with intervening tran-
sitive biotopes. That is appreciable by the above-men-
tioned confidence values of the grouping index.

The differences between mountain hare (Lepus
timidus L.) and European hare (Lepus europaeus Pal-
las, 1778) have not been found because of scattered
cases of occurrence of the mountain hare in the stud-
led territory. There, the average densities of the both
mountain and brown hares made up 0.4 and 22 ani-
mals per 1,000 hectares on the investigated area re-
spectively.

Hares get the most food from the 2-4-year-old
woody plants until their height is less than 1.5 m. Age
of the cutover is just a convenient way of keeping track
of succession. Usually, shoots of older trees are less
acceptable for the hare because of the limit of feed-
ing space, and really, shoots of these trees are not
used. In the case of the reduced foraging conditions,
the utilization of shoots of the older birch reaches
45.2% and should be classified to B preference class.
Meanwhile, the height of trees is probably a better
index of habitat conditions than age. Use of the stuff-
ing and pastime food and prevailing of the alternative
food, is the indicator of feeding decompensation while
the foods of B and C preference classes comprise 50,9%
in the hare feeding. The increase of shoot diameter in
the point of bite is the indicator of inauspicious for-
aging (r=0.6 £ 0.07).

The results of this study show that the changes
in the importance of cutovers depend on the regener-
ation on the stand. First, the main status of the area
does not change and the main species remain the same.
In this situation the area could be used both for the
foraging and for cover. Second, foraging conditions
could become prevalent if the preferred deciduous
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species predominate. The third possible case in the
changes in the importance is the intermediate, when
the area became of the mixed status such as “forag-
ing — refuge” status. The brown hare 1s the succes-
sional species that prefers forest of the secondary
succession, and euritopic animal because of usc a
forest, ecotones and open areas.

This investigation indicates that the changes in
the brown harc ecology testified the species adapta-
biltty in the changed living conditions. It is important
to continue research revealing causes of the decline
of hare population and possibilitics to adapt in the
various habitats.
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BPEMEHHASI BAPUALIMS] UCIIOJIB30BAHUSIN JIECOCEK 3AUIIEM-PYCAKOM

(LEPUS EUROPAEUS PALL.) B JIMTBE
0. benosa

Pesioae

Jlccocekn cnaomneix pyboK 3MAUHTEILHO WIMCHAIOT KH3HCHEbC yenosus 3sepeit. MecieioBanns nposeiensl Ha
BLIPYOKAX PABHOR cTajiun cyKilecun B mecax (enepo 3ananuoit u [eurpansroit JIureer. Oblce KOJMUCCTBO ONBITHLIX
nnotastox 771 ia mouany 1825 ra. Menee Beero 3aMiem-pycakoM NPEfOYHTArOTCS BIPYOKH ITEPBOH CTaIHH CYKLCCHH
(MHZICKC BCTPCUACMOCTH /7,=0.00, xoabuinent arperaiun ¢=0.00). 3Bcpu HCMOML30BANYM TaKIC TCPPUTOPHH B KAUCCTEE
MCPCXOJIHBIX MecTooOHTanKi. CReyomas cTaaus nocice noca/ikd KyanTyp Goaee rnpeanoynTacmas, ocobCHHO MOCAKH
necHsIX KynuTyp o [0-1eyicro sospacta. MoJTOJ(HAKY CTapUICro BO3PAcTa MCHEC MPCANOYTHTEILHBI, TOMIA KaK 3aiubl
KOHIICHTPHPYOTCS Ha DKoTORAX # mpoeserax (I=1.20-1.63, G=0.45) (r=0.743, P=0.021). HuikaTopos OTKJIOHCHHA OT
ONTHMATBHBIX YCIOBHH S8IAIOTCS TT0Ka3aTC/IH 1_,5 [ n G = 0.1, Takoit k0dhpHUHCHT arperaruy yKa3blBacT Ha OJHHOYHEIC
noceuicns asepeft, G= 0.2-0.5 — cpejinne noxazareny, u G 2 0.5 — suicokue noxasares arperuposanus. Ho onnospemeinio
MOCICIUTHE HBISETCS TAIOKE B TTOKABATCICM OTKIOHCHHS OT onTumyma. Mijeke rpynnuposanus &/ /. <I yxassisacr wa
CIydaiiioe pacnpeaciCHUC 3aHICB (KPHTCPUH 3naunMocTH cootromerus 8%/ / = (s ) 1). Mamenenus pacupejeneus ot
CIy4aiiloro 10 rpymnmoBoro MOKa3bIBACT KATCIOPHIO OIATOMPHATHOCTH KOPMOBBIX W 3aUMTHEIX YCIOBHII Ha OTpEneNeHHoH
reppuTopyu. TpH DTOM 3HAUMMOCTB BBIPYOKH MOXCT OCTAThCs MPEXHCH, BO BTOPOM ciyuac npeolaaainT KOPMOBLE
YCJIOBHSA, U H3MCHCHHUS B TPCTHCM HAIIPABICHHH BBIPAXKCHBI KOMITUICKCHEBIM IPOSBICHIEM KOPMOBBIX H 3aIHTHBIX YCIOBHH.

Kinouesnie clionpa: 3as1-pycax, NCCOCCKH, CYKICCCHS, 3ITaUCHHUC
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