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ЕРРЕСТ ОР FELLING ON ТНЕ DISTRIBUTION ОР RODENTS
AND THEIR PREDATORS IN А TRANSITIONAL MIXED FOREST

ABSTRACT: ТЬе inf1uence of felling оп the
distribution of rodents and their predators in а

transitional coniferous-deciduous forest in north­
егп ВеlаПlS was investigated in relation to stand
age, forest type, апд soil richness. ТЬе study was
conducted in two areas differing Ьу top-grounds
(сlау апд sand soils) апд, iп turn, hаviпg differ­
ent habitat carrying capacities. Three forest parts
were investigated; 1) 10%,2) 20-30%, апд 3) 40­
60% соуегед Ьу recent clearcuts. Three age classes
of the clearcuts, патеlу 1) less than 2 years old, 2)
2-5 years old апd 3) 6-12 years о1д, were consid­
ered. In total, we оЬtаiпеd data оп sшаll l"оdепt

пuшЬегs in 84 clearcuts, апd the data оп ргеда­

tors - in 67 clearcuts апд the woodland parts
differed Ьу lоggiпg rate. Eventually, we Ьесате

сопviпсеd that felling gепегаllу led to ап iпсгеаsе

iп the аЬuпdапсе апd species richness of rodents
апд their pretiators апд that was attributable iп

the clearcuts ageti ир to 12 years. First, 10gging
leti to higher депsitiеs of ApOliemus шiсе, the гед

[ох Vulpes vu/pes L., weasel Mustela nivalis L.,
tawny 0\'11 Strix aluco L., сошmОI1 buzzard Buteo
buteo L. and addel" Vipera lJaus I~. AIso, with the
iпсгеаsеd lеlliпg l"ate MicrotllS voles апd the lопg­

eareti 0\\'1 Asio otllS L. penetrated in trallsitional
woodlallds. Тоо illtel1sive forest hап'еstillg (шorе

tllall 40% of recellt cleal"cuts) lee! [о [Ье declille in
the рорulаtiопs оЕ several predatory species SUCll
as the pine marten Martes martes L., Тепgшаlш's
owl Aegolius funereus 1~., Игаl owl Strix uralensis
Pall., апd руgшу owl Glaucidium paSSeril111m I~.

ТЬе decline in rodent predators found in the соп­

ditions of too illtепsivе lоggiпg rate ,\,as different
in the woodlands оп sand and clay top-grounds.
In the conditions of clay soil too intensive felling
led to the pronounced decline of а шагkеdpart of
the юdепt ргеdаtшуguild inhabitillg woodlands,
апд the species densities decreased to the level
that was lower than the iпitiаl опе. Conversely, in
iпitiаllу реюг habitats iп [Ье woodland оп sandy
deposits, logging оЕ апу rate led to the increase
in пuшЬегs of rodents апд their predators сош­

рагед to lIndisturbed forest. BlIt шоdегаtе log­
gillg was [Оllпд to Ье the шоst [ауошаЫе for the
сошmUllitу there.

КЕУ WORDS: rodents, сагпivorеs, гарtшs,

loggillg, clearcut

I.INТRОDUСТЮN

С]еаг cutting is ап important form of
mап-mаdе disturЬапсе in wооdlапds. As а

resu]t, the majority of recent clearcuts look
like gгаsslапds that are gradually tгапs­

formed into уоuпg forests due to паturаl [е­

fогеstаtiоп апd/ог forest рlапtаtiоп. Iпdееd,

fеlliпg impacts поt опlу forest рlзпt сот­

munities, but it also disturbs апimаl рориlа­

tions inhabiting wооdlапd (Напssоп 1978,
1994, Wolk Е. апd Wolk К. 1982, ]еп­

sеп 1984, Kirkland et al. 1985, Аksепоvа
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and Buljuk 1986, Hakkarainen et al.
1996, Bryja et al. 2002). Particularly, this
affects rodents as sшаll herbivores and, in
turn, their predator guild (Hansson 1978,
1994, Wolk Е. and Wolk К. 1982, Jеп­
sen 1984,Kirkland etal. 1985,Aksenova
and Buljuk 1986, Hakkarainen et al.
1996, Bryja et al. 2002).

However, it is worthwhile to get to know
whether timber harvest has only а negative
effect оп the community of rodents and their
predators ог whether there is sоше positive
effect оп the species diversity and density.
Such positive inf1uences оп rodents (Н а n s ­
son 1978, Wolk Е. and Wolk К. 1982,
Bryj а et al. 2002) and their predators (Hak­
karain еп et al. 1996, Petty 1999, В ryj а et
al. 2002) in а forest-clearcut interface with
increasing of species diversity and Ыошаss in
recent clearcuts аге known in the literature.
Nevertheless, to date, по study has siшultа­

neously addressed the responses of ап entire
сошшuпitу of rodents and their predators
to clear cutting. Могеоуег, published studies
оп the issue were mostly сопduсtеd in Ьогеаl

coniferous woodlands in Sweden (Hansson
1978,1994, Kirkland etal. 1985, Hakkara­
inen etal.1996)andFinland(Jensen 1984,
Sami et al. 1998) and in шоге пешorаl pine­
deciduous (шоstlу broad-Ieaved) woodlands
(Wolk Е. and vVolk К. 1982, Аksепо­
уа and Buljuk 1986, Bryja et al. 2002),
but попе of thеш related to the transitional
boreo-nemoral coniferous-deciduous (most­
Iy small-leaved) woodlands of the Ешореап

forest zone. In оиг study, we шеаsurеd the ге­

sponse ofthe entire rodent and predator сош­
munityto tiшЬегharvest. Taking iпtо account
previouslyobtained results оп the сошшuпitу
of rodents and their predators in transitional
,"voodlands in northern Belarus (Sidorov­
ich et al. 2003а, Ь, 2005, 2006), we predicted
that fellinginf1uence оп the сошmuпitуstruc­
ture varies relating to clearcut age, habitat type
(centre сошрагеd to edge ofclearcut) and type
oftop-ground (sand or clay). Respectivelу, the
reseaIc11 design established was applied to test
the аЬоуе hypotheses.

2. STUDY AREA

Ош study took place in погthеrn BelaI­
us, iп шixеd сопifегоus-sшаll-lеаvеd forests,

where the шоге southerly deciduous (шоstlу

broad-leaved) forests шегgе with Ьогеаl со­

niferous forests. Сошшоп deciduous trees
include the black alder Alnus glutinosa L.
апй grey alder А. ineana L. МоепсЬ, birches
Betula pendula Roth, В. pubescens and aspen
Populus tremula L., whereas there аге few
шаstiпg broad-leaved trees such as the oak
Quercus robur L., liше Tilia cordata Мill.,

шарlе Acer platanoides L. and ash Fraxinus
excelsior L.

Jn the transitional шixеd forest in north­
еrn Веlагus t11ere is а divегsе ргеdаtогу guild
of rodепt сопsuшегs that шаil11у consists of
the weasel Mustela nivalis L., pine шагtеп

Martes martes L., red [ох Vulpes vulpes L.,
Ural 0\",1 Strix uralensis Pall., tаwпу owl S.
alueo L., Теl1gшаlш's owl Aegolius funereus
L., руgшу owl Glaucidium passerinum L.,
сошшоп buzzard Buteo buteo L., and adder
Vipera berus L. Сопсеrniпg rodel1t species,
the Ьапk vole Myodes glareolus Schr. апd sev­
егаl шоusе species of gепus Apodemus аге

сошшоп il1 the woodlal1d, апd the species
compose the шаiп paIt of the forest rodent
сошшuпitу (Sidогоviсh et al. 2003 а, Ь).

Microtus voles, шоstlу livil1g iп ореп gIass­
lands, Iarely оссш iп forest habitats of tгап­
sitiопаl wооdlапds.

In Еuroреап woodlands, presence of
masting broad-leaved forests, ,"vhich peri­
odically produce а big ашоuпt of nourishing
seeds that аге iшрогtапt for rodепts, leads to
а рrol1оuпсеd cyclicity iп гodel1t populations
il1habiting such ,"voodlands O<:;drzejewska
а n d Jt; d rz е j е wski 1998). In tгапsitiопаl

woodlands that аге prevailed Ьу conifeIous
and small-leaved trees, food supply fot" ro­
dents is шагkеdlу шоге stable оп multiаппu­

аl scale. TheIefore, il1 the transitional ,,,,ood­
lапds the bank vole апd otheI" foIest rodent
species Ьауе only sеаsопаl f1uсtuаtiопs ,,,,ith
по гесuпеl1t cycles of оutЬгеаks and cIashes
Ot;drzejewski and Jt;drzejewska 1996,
Sidorovich et al. 2003а, 2005).

This study was сопduсtеd in sешi-паtu­

гаllапdsсареs of northern Belarus. ТЬеге is а

rather dense riveI" пеtwork, пuшегоus glacial
lakes, large torests and bog есоsуstешs оп

[ough glacial tепаiп, whereas а шап-шаdе
paIt (villages and fields) constitutes only
8-14% of the lапdsсаре. The data Ьауе Ьееп

collected in two aIeas suЬstапtiаllу differing
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in top grounds originated [гот the last gla­
ciation that resulted in considerably different
carrying capacities оЕ the community habi­
tats (Solovej е! al. 2001,2003).

The first study агеа is situated оп the
иррег reaches of the Lovat River (Gorodok
district, Vitebsk region, NE Belarus; 55°N,
31°Е) апd covers ап агеа of approximately
300 km2

• Surface ground deposits аге rich iп

clay, which ensures good water supply апd

аЬuпdапt trace еlетепts, апd, сопsеquепtlу,

rich soi] (hereafter "clay" агеа). Plant сот­

munities in the "clay" агеа have а high spe­
cies diversity апd productivity, апd l1<1bitats
with high саггуiпg capacity f(.)[ herbivores
dотiпаtе. Forest types, characterised Ьу

аЬuпdапt апd diverse vеgеtаtiоп (mature
forests dотiпаtеd Ьу spruce, medium-aged
deciduous forests апd black аЫег swamps)
make ир to 53% of the wооdlапd structure.
Тhегеfоге, species гiсl1l1еss апd рорulаtiоп

biomass of- rodепts iп the "clay" агеа аге l1igl1
(Sidогоviсh et al. 2003Ь).

The sесопd stШ1У агеа (Polotsk district,
Vitebsk гegion, сепtгаl 110rth оС Belarus;
55°N, 290

Е), соvегs ап агеа of approximately
250 km1

• Surface gГОUШl deposits сопsist оС

sапd mainly (hегеаftег "sапdу" агеа), with
clay опlу iп valleys оГ glacial lakes апd гiv­

ers. Soils of the агеа аге Ьаггеп because of
роог \yater supply. Тl1егеfоге, the wооdlапd

is dотiпаtе(l Ьу рiпе stands \yith уегу роor

ground vеgеtаtiоп,сопstitutiпgabout 60% of
1'orest оп с1гу land апс1 19% iп гаisеd bogs.
Сопsеquепtlу, а species-~100I" ПХlепt сот­

munity with vегу low biomass is сl1<1гасtег­

istic оЕ the "sашlу" агеа (Siс10гоviсh et al.
2003Ь).

Duriпg the study periOLI, as \уе]] as Ье­

t(ле, the \vоос1lапс1s in Ьоtl1 stuc1y агеаs were
iпtепsivеlу exploited Ьу humап to get tim­
Ьег. Tl1ere, timl)er hагvеst was \yic1esprea(l
апс1 ОССLlпеd iп псагlу all forest types. Clear
сuttiпg \yas tl1e 1110st сотmоп ргасtiсе оГ

tl1e local forestry, ашI епtiгеlу 10ggec1 агеаs

гапgеd f'rol11 1-100 11<1 (usua1]y 10-20 11<1).
SI1ape оЕ а cleat"cut \vas 1l10stly гесtапgJe ог

апу othcr. Also iп sOll1e places [оса! foгestry

(Ес1 selective tree hагvеstiпg. USLlally пеwlу

рlаппеd с1еагсut plots \уеге scatterec1 Ьу й)Г­

estry thгоugh tl1e \уооdlапL1s. 1n efTect гссспt

сJeагсuts iп the \vооd1апds аге iпtегsрсгsе(l

with either earlieI clearCLlts геt()гсstе(l l1atLl-

га]]у ог fогеst plantations ог uпс1isturЬеd{ог­

est types.
Iп пorthегп ВеlаГLlS, sеvегitу of winters

vaIies {гот уеаг to уеаг. SOl11e оЕ \viпtегs аге

rather mild with а fаiгlу short sпоwу pcriod
(I .5-2 топths), but the majoгityof them аге

quite severe, with а sпоw coveг гапgiпg Ггот

30 to 90 ст, аl1с1 аl1 air temperature of aboLlt
-20°С аПL1 10wer [ог sеvегаl weeks. Such hard
frost регiОL1S usually аltегпаtе with thaws
lastil1g [ог several weeks.

3. MATERIAL AND METHODS

The research dеsigп \vas establisheL1 to
геуеаl the vагiаtiоп iп the distгiЬutiопоЕ 1'0­

dепts and their preL1atoгs аlопg the gгаdiепt

of fеlJiпg гаtе and tаkiпg into ассоuпt the age
of clearcuts апd soil richness. We used fеП­

iпg гаtе ехргеssеL1 Ьу proportion of recent
сJeагсuts (tl1<1t 11<1уе Ьееп dопе [О!" tl1e last 7
ycars) as ап index of tl1e extent and intensity
оflоggiпg in the wооL11апds.We useL1 the age
of clearcuts as а gauge of habitat гесоуегу

time аис to геf(леstаtiоп. Soil richl1ess de­
tеппiпеs species divегsitу апа procluctivity
of рlапt сотmuпitiеs in forest habitats апd

clearcuts in course оГ tl1eir reforestation. In
Ьоth study areas we workecl in three parts of
the \voodlanL1s that had Ьееп chosen аlопg

the gга(liспtof felling Iate as follows: 1) 10%,
2) 20-30%, апcl 3) 40-60% covered Ьу ге­

сепt сlеагсuts. ТI1гее age classes of clearcuts,
пашеlу 1) less thап 2 years оЫ, 2) 2-5 years
olc1 апс1 3) 6-] 2 years olcl, \vere сопsiclегеd.

FеlJiпg plots agec1 оЫег thап 12 years lооkiпg

as suссеssiоп уоuпg forcsts \vere out of the
stL1L1y. Iп botl1 "сlау" апа "sапdу" study areas,
\ve iпvеstigаtе(l the model types of UПL1is­

turЬес1 forest (forest dотiпаtеd Ьу spГLlce iп

the "clay" агеа апcl <1гу land рiпе stапd il1 tl1e
"sапdу" агеа) аШl their clearcuts ofthe <1iffer­
ent age classes. Three types of transects \уеге

placed iп а paIticular fеlliпg агса: ]) \Уithiп

cleaгcl1t in tl1e сепtге (11ereafteI clcaIcut сеп­
tre); 2) iп есоtопе Ьеt\vееп fогеst апа clear­
cut (l1егеаftег c1earcut e<1ge or есоtопе); 3)
\vitl1iп Ul1Liisturbe(1 f(nest of tl1e sаше type as
it ha(l Ьееп [е]]е(l (l1ereafteI" l1пl1агvеstеLi f()Г­

est). IЪе tIапsесt il1 the сlеагсut ecotOI1C was
placeLi iп а ] О т \viL1e stripe tl1at overlappe(l 5
m iп tl1e cJearcLlt ап(I 5т iп unharvestej lor­
est. Tral1sects iп tl1e l111harveste<1 foгest \vere
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whсге 5 - 5impson's index оЕ diversity, Р,

- ргорогtiоп species i iп thc species struc­
turc of гоdепt соттuпitу.

situated at the distance approximately 300 т
from the clearcut edge. Length of the clear­
cut transects (i.e. centre and edge ones) "vas
chosen to Ье maximally possible for 10-20
Ьа clearcuts that аге соттоп in Belarus, and
it varied from 0.4 to 1.5 km, while transect
length in adjacent unharvested forest ,vas
about 1 km. These three transects were used
to estimate the abundance index of rodents
and register activity of rodent predators in
felling plots of different age in both "sandy"
апd "clay" areas. Additionally, to геуеаl ап

iпf1uепсе оЕ lоggiпg оп the density and dis­
tгiЬutiоп оЕ гоdепt predators, we did their
сепsus (see the used methods below) аlопg

the tгапsесts placed iп the three mentioned
wооdlапd parts diffегiпg Ьу felling rate. ТЬе
transects were 15 km long and сгоssеd the
whole variety оЕ habitats in such а forest part
апd were directed погthwагds to Ье гапdот.

Our апаlуsis епtаilеd тапу раiгwisе

сотрагisопs оЕ species richness and аЬип­

dance between: 1) different рагts of сlеагсut

(сепtге апd edge) and uпhагvеstеd fогеst

withiп the same study агеа; 2) the same parts
оЕ clearcuts оЕ diffегепt age classes within the
same study агеа; 3) woodland рагts differ­
iпg Ьу felling [ate. We did not make similar
comparisons between the "clay" and "sandy"
areas, because the соттuпitу is markedly
differently structured there (Sidorovich et
al. 2003Ь), while the purpose оЕ this study
was only to апаlуsе the impact of fe1ling оп

the same community, but initially diffег­

епtlу structured iп the areas characterized
Ьу diffегепt habitat caгrying capacity (S 0­
1оуе j et al. 2003). Statistical апаlуsis оЕ tЬе

data obtained was done using the Sреагтап

соггеlаtiоп (г) bet,veen species рагатеtегs

(аЬuпdапсе iпdех, activity геgistгаtiоп) апd

lоggiпg parameters (age of clearcuts, fеlliпg

rate); t-test of the diffегепсе Ьеtwееп two
means, and G-test [ог homogeneity of рго­

portional data (Sokal and Rohlf 1995).
We used Simpson's index (5) to estimate thc
diversity оЕ [odent species (К геЬ s 1998):

We used the simplified Morisita's index
(М) to ехатiпе stгuсturаl similarity (Krebs
1998). Overlap Ьеtwееп the species structure
оЕ гоdепt соттuпitiсs iп ЬаЬitаt j and k is
calculated as follows:

(2)

(3)

RAl = RC xlOO
dxst

wЬе[еP
1j

- ргорortiоп species i in tЬе species
stгuсturе of tЬе соттuпitу iп ЬаЫtаt j; P,k
- ргорortiоп species i iп tЬе species stгuс­

ture of tЬе соттuпitу iп ЬаЫtаt k; i = 1, 2,
3, ... , n; n - пuтЬег of гоdепt species.

Rоdепt пuтЬег was iпvеstigаtеd Ьу шар

trapping during tЬе post-reproductivc ре­

riod (latc Octobe!" - early November). As
it is соттопlу uscd (J~drzejewski апd

J~drzejewska 1996), еffiсiспсу of гоdепt

sпар trapping was applied as well-kпоwп [0­
dent аЬuпdапсе iпdех (Ьегсаftсг RAI) that
was ехргеssеd as follows:

where RC - пuтЬег of гоdепts captured Ьу

given питЬег оЕ sпар traps (st) апd duriпg

sпар tгаррiпg durаtiоп, d - sпар tгаррiпg

durаtiоп in days.
ТЬс пuтЬег of rodепts capturcd duriпg

100 sпар tгар-пigЬts was used as а proxy
of ['odcnt dепsitу; tЬе species ргорortiопs iп

tгаррiпg bags were applied to approximate
tЬеiг ргорогtiопs iп tlle liviпg rodепt сот­

тuпitу (Ьегсаfi:ег species structure оЕ tЬс

гоdспt соттuпitу). SuсЬ data оп rodспt

numbers тау Ье obtained during snowless
scason оп]у. 50 as tЬе data оп the distгiЬu­

tiоп оЕ ['odent ргеdаtогs wеге gathered Ьу

sпоwtгасkiпg iп vviпtсг, tЬе most relevant
data оп гоdепt пuтЬсгs could Ье gained
iп late аutuтп. Also, autumn (i.e. post-ге­
productive) data оп гоdепt пuтЬегs iпdi­

cate habitat differences in caгrying capacity
for [odents bctte!" due to higЬег пuтЬегs of
cacll species. То do гоdспt сспsus in а giv­
еп place, Егот 20 to 50 sпар tгарs were set
iп а liпе at approximately 5 т intervals Еог

three days апd checked daily. Fгiеd Ьгсаd

was used as bait. 1п total, we оЬtаiпеd data

О)
S=l- 2:(pJ
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оп smaH rodent numbers from 84 clearcuts,
where about 30,000 snap trapping were
completed.

We evaluated adder distribution using
visual censuses оп 3 т wide transects iп 53
clearcuts iп Мау. Тгапsесts were aHocated
еvепlу to clearcut сепtгеs, edges, and unhar­
vested forest, and were only performed un­
der suitable weather сопditiопs (PikuJik et
al. 1988).

Activities of Ied foxes, weasels, polecats
and рiпе martens in 67 felling plots were de­
tегтiпеd through sпоwtгасkiпg. For that in
wiпtег we соuпtеd the species trails оп the
same tIansects situated in the clearcut centre,
clearcut edge and uпhагvеstеd forest. Activ­
ity index of the species (hereafter PAI) was
calculated as toHows:

where РТ - the number ot' the species
trails crossed the tгапsесts, l -the transect
length ОП km) апd d - the пumЬег of days
passed since the last snowfall. As а result, we
obtained the average питЬег of trails per 1
km daily. This activity index was used as а

proxy of the species selection ofvarious habi­
tats in fеlliпg plots.

Similar counting of trails of red foxes,
polecats and pine martens was done along
the 15 km transects established iп the wood­
land fragments witl1 diffегепt felling rates.
Based оп these data, the species dепsitiеs

weIe estimated Ьу the Ргiklопskу's fОПl1ulа

(Ргiklопskу 1965, see J~dIZejewska
and J~drzejewski 1998 fш details). The
tOImula was adapted to the habitat сопdi­

tiопs of пшthеrn Be!arus involving data оп

daily mоvеmепt distапсе of red foxes апd

рiпе martens. Ву combining snowtracking
and гаdiоtгасkiпg studies, we estimated the
daily mоvеmепt distance of the species in
the variety of snow сопditiопs (Brzezinski
et al. 1992, Zalewski et al. 1995).

We conduced owl censuses аlопg the
same 15 km tгапsесts in late March and April
fоllоwiпg tl1e publisl1ed metl10ds (Holm­
berg 1979, Fuller and Mosher 1981,

РА! = РТ х 100
dxl (4)

Jоhпsоп et al. 1981), which are based оп

а species-specific tеrritшiа! са]] of owls. We
assumed that 600 m would Ье ап appropriate
сепsus transect width that was based оп ош

previous experiences of numerous attempts
to listen to such caHs at а distance. Along
census transects, we repeated calls of dif­
ferent owl species (the Ural owl, ta\vny owl,
Тепgтаlm's o\vl, pygmy ow! and long-eared
owl) every 600 ш. То са]] owls, we played а

tape witl1 owl caHs оп а tape-IесоIdеI. Owl
censuses were сопduсtеd from dusk until
about lат апd from about 3 аш until dawn
mainly Ьу опе person оп foot. The transects
were investigated twice, \vith а second control
census done in the opposite diIection. Опе
stop took about 15-20 minutes until territo­
rial calls of аН owl species were played. We
surveyed only under suitable vveather condi­
tions (with по rain ш strong wiпd). ТЬе fol­
lo\ving assumption was used. If а territorial
саН of ап individual owl of а particular spe­
cies was recorded at least twice in опе place
during tl1e iпitiаl апd sесопd сопtrol census,
опе active territory was noted, for which we
fштаНу stated the presence of а couple of
the owl species. The пеighЬоuriпg territories
of each owl species were separated опе from
апоthег оп the basis of simultaneous оЬ­

sеIvаtiопs of two ш тше calling iпdividu­

als. Thus, our estimates of owl dепsitу were
slightly iпflаtеd (in ап active tеrritшу theIe
тау Ье only опе iпdividuаl) but сотрыаЫе
because the same method was used in each
сепsus tral1sect.

То estimate пumЬегs of соттоп buz­
zaIds, we seaIched fш аН tl1eiI nests in each
fOIest fIagment, al1d thel1 checked the nests
in the bIeeding period. Additional роiпtеd

lопg-Iаstiпg (3-5 hours) visual оЬsеIvаtiопs

of tlyil1g coup!es with ш without tledglings
was helpful to detect seveIal extra pairs of the
species.

Doing census of \veasels, we counted
the species track сопсепtгаtiопs Ьу shuttle
inspecting of а particular plot (2-4 km1

) in
early winter in the conditions of little snow
cover. We did census of weasels only if there
was по snowfa]] for опе or two day. Weasel
tIack сопсеl1tIаtiОI1 was pIesumably accept­
ed as presel1ce of ап individual weasel.
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4. RESULТS

4.1 Rodel1ts а11д pt'edators il1 "clay" агеа

in connection vvith fогеst exploitation

Оvегаll in both the ul1harvested [ог­

ests dominated Ьу spruces апd clearCLlts,
,,,е captured eleven rodent species duriлg

sl1ap trapping ceI1SUS, incJudil1g the yelJow­
necked шоusе Apodemus fla1 Jicollis Melch.,
wood mouse А. sylvaticus [_., pygmy field
1110use А. microps Krat. et Ros., striped field
l110use А. agmrius РаН., соmmоп гаt Rattlls
nOr1Jegiclls Вегk., hагvеst 111011Se Micromys
minutus РаН., bank vole, СОПll110П уо]е Mi­
erotus aгvalis РаН., Ле]d vole М. agl'estis L.,
foгest dormouse Dryomys nitedula РаН., al1(i
ЫгсЬ П1Оusе Sicista betulina РаН. П~lblе lА).

ТЬе bal1k vole was t]le 1110st соmтОI1 spe­
cies iп clearcuts (63% of го<-leпts сарtuге<-~),

edge (78%) апd ul1l1aryestcd sрГtlсе fuгеst

(84%). lп с]еагсuts, уус аdditiuпаlJу сарttlге<-i

the t'ield yole al1d СОl11111ОП гаt; howeyeI'
these wеге поt captured jJ1 tlle uпhагуеstеd

sргuсе tогеst, while the fогеst dОГl11011sе \\ras
l11егеlу геуеаlеd in fairly old tогеst habitats
(ТаЫе lА). Also, соп1l11О11 voles were callgllt
ПlUCl1 тоге frequent]y il1 c]earctlts than iп

the uпhагvеstеdspl'tlec forests, ,vhel'e this 1'0­
dепt species \vas registered only а fevv times.
Tl1e шеаl1 I1шпЬег ofspeeies гееогдед il1 Оl1е

censtls transect iп а clearcut centre was 1.4
fold higher thап that il1 ап LшЬаt'уеstеd tor­
est habitat (2.9 versus 2.1; t = 3.74, Р = 0.0(1).
Неtегоgепеitуiп the species strllctuгe of the
гоdелt СОl11шuпitiеs assessed Ьу Siшрsол's

iпdех (5, see fОШ1ll1а 1) арреагед (о Ье high­
ег il1 the сlеаГСtlt сепtге соrпраге<-i to t]le il1i­
tial forest blotope dоmiпаtеdЬу sprtlces (.') =

0.52 yerstls S = 0.28). l_ookil1g at (Ье ro<-iel1t
species гiсhпеss iп сlеаГСtlts of diffегелt age
classes, tl1e fоllоvviлg diffеr'епсеs \.уеге tC)lll1(i.
Т!lе шеап лшпЬег ofspeeies гесогдеа in опе

сспstls tгапsесt in tlle сепtгеs of сlеагсuts

aged up to 2 уеагs апd 2-5 уеагs \.yas 1.3-1.4
fold 11igheI' соmрагеd to tl1at in the сепtгеs

of c]earcllts oldeI' thап 5 years (3.1-3.3 уег­

SLLS 2.4, t = 1.8-2.2, Р = 0.03-0.05). "'Ус (li<-l
поt fiлd siшilаг sigпifiсапt dit'fегеl1сеs il1
tl1e сlеаГСl!t edges оЕ diffегепt age classes (t
= 0.73-1.49, Р = 0.10-0.26), whегс the I11еаl1

ПШllЬег ot' го<-iеl1t speeies гесогdеd il1 Оllе

сепsus tгапsесt vагiеd [1'0111 2.3 (о 2.6. Species

рmрогtiОI1Sil1 rodents iпhаЬitil1gtJle сепtгеs

and edges of сlеагсutsof diffeгentage classes
алd tlпhагvеstеd foгests wеге уегу siшilаг:

the cel1tres ofclearcuts of diffегепtage classes
- the unharyested sрГllсе fогеsts (Могisitа's

iпdех М =0.92-0.98, see fогmulа 2; G-test =
4.4-16.6; Р = 0.12-0.95); the clearcL1t сепtге

- tlle clearcut есоtоле (М = 0.93-0.99; G­
test = 2.6-13.3, Р = 0.28-0.99); the сlеагсut

есоtопе - tl1e L1пhагуеstеd sргtlсе torest (М
= 0.99; G-test = 1.3-3.6, Р = 0.97-1.00); Ье­

tweel1 the cel1tres of c]earcllts of (tit'fel'el1t age
elasses (М = 0.97-0.99; G-test = 3.6-7.7, Р =

0.73-0.98); betweel1 t]le cleareut есоtопеs of
dif{егепt age classes (М = 0.98-0.99; (;-test =
1.5-4.2, Р = 0.96-1.00).

Similагlу to tlle гоdепt species гiсh­

11eS5, the аЬшкiапсе il1dex of rodents (RA I;
sec tom1ll1a 3) in 110th the сепtгеs alld ('со­

tOl1es ot- clcarcLlts оЕ аН age classes ,vas
higlleг tI1,\11 that il1 tl1e tlпhагуеstеd SРПlCе

Югеsts CI~1Ые 1А): сlеагсut сепtгеs - 1.2-1.6
fold (t = 0.80-2.66, Р = 0.01-0.22), cleal'cut
есоtoпеs - 1.1-1.7 to]d (t = 0.29-3.13, Р =

0.003-0.42). ТЬе гоdепt ПtlmЬегs iп fеlliпg

plots \vas tоuпd to Ье аiffеl'епt ассогdiпg to
c]earcLLt age. Меап score of гоаепts captuгed
рег 100 Sl1ар-tгар-пights (RAJ) iп the сепtгеs

оЕ сlеагсuts aged 2-5 уеагs was fоuпd (о Ье

1.2-1.4 fold h igher thап that iп botll the сеп­

t,'es of сlеагсuts oldeI' tllaП 5 уеагs аl1д aged
up to 2 уе,lГS (statisticaHy поt sigПifiсапt, t =

0,77-1.48, Р = 0,09-0.25). Аmопg clearcllt
ecotOl1es t]le 11igl1est аЬLLпdапсе iпdех оЕ го­

dепts \vas fОLLЩl iп Iogging plots up to 2 уеагs

old СОl11рагеа to tI1at о{ oldel' age classes (t =

1.79-1.91, Р = 0.05-0.07).
Сагпiуоге actiYity (РА], See fОГПlLllа 4)

\vas 11igheI' iл the clearclLt есоtопеs сош­

раге<-l to (Ье cleaIClLt сепtгеs ашt Ul1hагvе5t­

е<-l sргuсе fогеsts (Fig. 1): the гед fox - 1.5­
2.3 t'old тоге fгеquепtlу (! = 1.33-2.62, Р =

0.01-0.09), \vease] - 1.5-2.3 to]d (! = 2.20­
2,32, Р = 0.02-0.03), pil1e тагtеп - 1.2-2.0
fold (t = 0.31-0.84, Р = 0.22-0.38). Iпсiicеs

оЕ сагпivоге actiyity reconied in lоggiпg

plots о[ difТегеl1t ages ууеге 110t sjgl1ifiсапt

(t = 0.23-1.05, Р = 0.17-0.42). Сопsidегil1g

tl1e уагiаtiОIl iп il1dices оЕ гodellt аЬLLпdапсе

(НАТ) alld сагпiуоге actiyity (РА!) thгough

tl1e vагiоus l1Jbitat5 арреагеа iп tl1c \"оод­

lalld affected ')у lоggiпg (i.e. сепtге апd e<-lge
ot' сlеаГСLLts ot- ditТегеl1t age classes, l1пl1<1Г-



ТаЫе 1. Rodent abundance index (RAI, formu]a 3) estimated in djfferent nabitat types in relation to telling in woodlands оп clay and sand tор-gгщшds,October
1999-2003. Меап number of individuals captured per 100 snap trap-nignts. its standard deviation (SD) and пшnЬегofcensus plots investigated (п) are given.
А. "Clav" area

Unharvested Central part of clearcuts aged as: Clearcut ecotone aged as:
Rоdепt species sргuсе forest ир to 2 years 2-5 years > 5 years lIP to 2 years 2-5 years >5 years

(П=61) (11=8) (п=8) (п=8) (п=5) (11=6) (п=5)

Field striped mOL1se 0.06±0.53 1.2±2.31 0.3± 0.96

Yellow-necked 1110use 2.9± 3.25 8.4± 6.23 11.2± 6.46 6.0± 5.89 5.6 ± 5.04 6.3 ± 2.92 4.3 ± 3.7

Pig111y fieki П1011sе 0.02± 0.17 0.8±2.19 0.2± 0.46 0.3± 0.63
:лJ

vVood тоше 0.3±0.63 0.8±1.64 0.3± 0.61 0.3± 0.96 0.7 ±1.03 0.2 ± 0.54 о

о...

Bank vole 18.1±10.18 16.4±15.36 21.1 ± 12.3 18.3±11.28 29.5 ± 7.27 22.7 ± 9.17 18.8 ±9.12
(1)

~
Harvest тОВБе 0.2±0.97 0.2±0.40 1.2±2.41 0.5±1.27 0.2 ± 0.49

ел

о-

Fielд vole
::1

0.3± 0.59 0.5± 1.01 0.2 ± 0.42 0.6 ± 1.28 о...

С:оттоп vole 0.02± 0.09 0.4± 0.39 0.2± 0.50 0.6 ± 1.47 5"-
~.

С:ОПlтОI1 ,"at 0.2 ± 0.46 "'""Q
f'orest dопnоusе 0.05± 0.37 "'"(1)

о...

Вiгсh mOL1se 0.02± 0.09 :е;.

о

Pooled аыldаl1сеe 21.7± 11.3 28.5± 9.73 35.0± 13.55 25.5±12.73 36.7 ±10.22 29.8 ±14.77 23.3±11.94 "'"ел
NL1mber of species 9 8 8 6 5 4 3 ::1

r;

rъ

в. "Sal1dy" area '">-;
r;

Ul1harvested Cel1tral рагt 01' clearcUl aged as: ClearcL1t ecotol1e agel1 as: ~

'"Rodel1t species pil1e forcst l1р [о 2 years 2-5 уеагs l1р to 2 уеагs > 5 уеаГБ "'"> 5уеаГБ (П=10) 2-5 уеагs (п=3)
(1J

'"(п=23) (11=6) (11=7) (11=3) (11=3) ел

Ficld striped mouse 0.1 ± 0.49

YcllO\V-l1есkеd П1О1Isе 0.17 ±0.83 0.5 ± 1.09 2.2 ± 2.08 1.3±1.12 0.9±1.56 0.9±0.78 0.9 ± 0.75

Pigmy field I110l1Se 0.1 ± 0.49 0.4± 0.93 0.4±0.75

Wood тоше 0.12 ±0.56 1.0±1.55 1.2 ± 2.08

Вапk vole 1.35 ±1.58 1.2 ± 1.98 2.4± 2.71 3.6 ± 2.08 0.9 ± 1.56

Harvcst тОВБе 1.0 ± 1.31 0.6 ± 1.35 0.4 ± 0.75

Field vole 0.4 ± 1.02 0.4 ± 0.68

С:О111111О11 vole 0.8± 1.07 0.1 ± 0.41 0.9 ± 1.56

Pooled abulldance 1.б4±1.9 0.5 ± 1.09 6.8 ±4.92 5.9 ± 6.2 0.9 ± 1.56 6.6 ± 3.59 1.8 ± 2.04 v.>......

Nl1mber of specics
ul

3 1 8 6 1 6 2
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vested fo1'est), we found out positive correla­
tions between the indices: weasel - l' = 0.67,
Р = 0.05; the 1'ed [ох - statistically ~ot sig­
nificant, 1', = 0.37, Р = 0.41; pine ma1'ten - г

'
=

0.88, Р = 0.005.
Th1'ee diffe1'ent t1'ends in changes of den­

sities of 1'odent p1'edato1's in the woodland
pa1'ts diffe1'ently affected Ьу logging we1'e
found (ТаЫе 2). The fi1'st опе was the density
iПС1'еаsiпg wit11 а highe1' 1'ate of fеlliпg. This
t1'епd was att1'ibutable to the 1'ed [ох (the iп­

c1'ease was 1.4 fold), weasel - (1.8 fold), taw­
пу owl (2.5 fold), 10ng-ea1'ed owl (12.0 fold),
соmmоп buzza1'd (3.1 fold), adde1' (5.9 fold).
Anothe1' t1'епd was ап opposite опе, ,vhеп

species density dec1'eased with highe1' fеlliпg
1'ate. Such 1'esponse was demonst1'ated Ьу the
И1'аl owl (2.1 fold). The third [гепа was ап

increase of species density in the mode1'ately
logged wооdlапd fragment compared to the
less disturbed forest, but ,vhen the fеlliпg

rate Ьесате highe1', its рорulаtiоп dec!ined
to the dепsitу !eve! t!blt ,yas !owel' thап iпitiаl

опе. The pine ma1'ten, polecat, Tengmalm's
ow! and pygmy ow! showed such features
(ТаЫе 2). If ,уе considet' the above ргеdаtо1'У

species а!tоgеthег, ап iПС1'еаsе in пumЬегs of
гоdепt ргеdаtогs about 2.5 fold was found,

12 11- Red fox

10 D -Weasel
.?-
'(ij
"о - Pine marten
Е 8
.у

ф
о- б
~
(ij

~
4

2

О

whi!e соmра1'iпg the forest fragments having
!ess than 10% of [ecent сlеагсuts апd 40-60%
of [ecent clearcuts.

4.2. Rodents and predators in "sandy" а1'еа

iп connection with forest exp!oitation

In total, in pine stands апd thei1' clearcuts,
eight 1'odent species we1'e captured during
the census Ьу means of sпар-tгарs (ТаЫе

lВ). The species wеге as follows: the yellow­
necked mouse, wood mouse, pygmy field
mouse, striped field mouse, harvest mouse,
bank vole, соттоп vole, апd field vole. The
Ьапk vole was опе of the p1'edominant го­

dent species: in сlеагсut cent1'es (20% of 1'0­
dепts captured), сlеагсut ecotones (48%) and
uпhагvеstеd рiпе foгests (82%) (ТаЫе lВ).

Апоthе1' species fгеquепtlу composed the
[odent соmmuпitу in the "sапdу" а1'еа was
the yello,y-necked mouse: iп clea1'cut сепt1'еs

(51 %), clea1'cut edges (29%) апd 1111ha1'vested
рiпе forests (10% of гodeнts captured). Gen­
егаllу, Ьапk voles we1'e тоге оftеп caught
in the рiпе stапds (82 versus 20%; G-test =

41.29, Р <0.01), while Apodemus mice iп

the clearcuts (67 ve1'sus 18%; G-test = 30.22,
Р <0.01). In the clearcuts, we also captured

Unharvested Clearcut center Clearcut ecotone
spruce forest

Fig. 1. I)i{{егепсе in the l\sage о{ okl sprl\ce \I!oods ашi thei]' clearcl\ts Ьу геа {oxes, ,yeasels апа рiпе

шагtепs iп the \I!ооdlапd о{ the "clay" агеа. Еагlу wiпtег о{ 1999-2003. The habitat lIsage \I!as estimated
as the predator activity (РАТ, {ОГП1111а 4), i.e. the СОLlпts о{ the species trails crossed the tгапsесts ре]' 1
km ааау.
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the pygmy field mouse, striped field mOllSe,
harvest mouse, соттоп vole and field vole
(ТаЫе lВ). Heterogeneity ш the species
strllctнre of rodent communities assessed Ьу

Simpson's index (S, see formula 1) was mostly
higher in the c]earcut centres (0.75 in the sec­
ond age class and 0.80 in the third age class)
compared to the initial pine forests (0.31),
with the exception of the recent clearcuts
aged up to 2 years (О), where merely yellow­
necked rnice were snap-trapped. Consider­
ing the rodent species richness in the logging
areas ир to 2 years old, the rnеап number of
rodent species revealed per опе census tran­
sect was 4.5 fold lower in the clearcut сеп­

tres (0.2 versus 0.9; t = 2.4, Р = 0.01) and 1.1
fold lower in the clearcut ecotone (0.8 ver­
sus 0.9; statistically not significant t = 1.1,
Р = 0.17) than that in the unharvested pine
forests. Conversely, the rnеап питЬег of го­

dent species that was revealed рег опе census
transect was markedly higher (2.1-2.5 fold)
in the logging areas older than 2 years than
in the unharvested forests: clearcut centres
(2.1-2.3 versus 0.9; t = 2.96-3.85, Р = 0.001­
0.006); clearcut ecotones (1.9-2.0 versus 0.9;
t = 0.51-3.90, Р = 0.001-0.31). Species рго­

portions in rodents inhabiting the centres
and edges of clearcuts of different age classes
and llnharvested forests were fairly dissirni­
lar (with some exceptions): the centres of
clearcuts of different age classes - the ип­

harvested pine stands (Morisita's index М =

0.12-0.78, see formula 2; G-test = 1.6-196.7,
Р <0.001); the clearcut centres - the clearcut
ecotones (М = 0.63-0.81; G-test = 50.7-51.4,
Р <0.001, with the exception of the clearcuts
ир to 2 years old); the clearcut ecotones of
different age classes - the unharvested pine
stands (М = 0.12-0.89; G-test = 42.4-196.7,
Р <0.001); between the centres of clearcuts of
dШегеl1t age classes (М = 0.34-0.81; G-test =
30.5-142.1, Р <0.001); betweel1 the clearcut
ecotones of differel1t age classes (М = 0.20­
0.81; G-test = 52.1-172.2, Р <0.001).

Patterns of rodel1t аЬUl1dапсе iпdех

(RAI, see formula 3) across habitat types il1
the logging areas generally matched those of
species гiсhпеss (ТаЫе Ш). III the clearcuts
ир to 2 years old the rodel1t аЬuпdапсе iпdех

was 3.2 fold lo\ver iп the centres (t = 1.91, Р =

0.04) al1d 1.8 fold lower in the ecotol1es, but
statistically поt significallt (t = 0.75, Р = 0.25)

('j
'!)....
('j
~

'>, <"1
('j

~

o;r---'nО·-оО~о;<"l~ ('!
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than in the unharvested pine forests. The ro­
dent abundance index RAI in the clearcuts
aged 2-5 years compared to the unharvested
pine forests appeared to Ье higher: clearcut
centres - 4.3 fold (t = 2.70, Р = 0.01); clearcut
ecotones - 4.1 fold (t = 2.35, Р = 0.03). The
further trend in the rodent abundance index
(RAI) ,,,,as gradual decreasing with reforesta­
tion (ТаЫе lВ).

Low-disturbed fragment of the pine­
dominated woodland, having less than 10%
of recent clearcuts (done [ог the last 7 years),
was rarely populated Ьу tl1e predatory species
eating rodents (ТаЫе 2). lntensive logging
led to а marked increase in the numbers of
rodent predators in the woodland (ТаЫе 2).
ТЬе majority of the predatory species ге­

sponded absolutely positively оп intensive
forest exploitation. When there were 40%
and higher of recent clearcuts, the red [ох

density was found to Ье 2.6 fold higher than
that in fairly undisturbed pine forests; simi­
larly, the weasel density increased in 3.6 fold,
the tawny owl density - in 6.7 fold, the long­
eared owl density - manifold (the owl species
was not detected in the slowly exploited pine
forests), the adder - 5.0 fold. Modest rate of
logging of the pine-dominated woodland,

when there were 20-30% of recent clearcuts,
favoured pine martens, polecats, Tengmalm's
owls, Ural o,"vls, pygmy owls and соттоп

buzzards. These species J'esponded with the
decreased densities to the increased [еll­

ing rate, but only the density of pygmy owls
dropped to the level that was lower than the
initial опе. lп the woodland in the "sandy"
агеа, the pooled increase in rodent preda­
tor densities was about 2.9 fold, while сот­

paring the forest fragments having less than
10% of recent clearcuts and 40-60% of recent
clearcuts.

Сопсеrпiпg the obtained results оп the
index of саrпivоге activity (PAI, see formula
4) in relation to logging (Fig. 2), the follow­
ing data ,"уеге gained. Trails of red foxes and
weasels were тоге frequently found in the
clearcuts compared to lo,,,,-disturbed pine
stands: сlеагсut ecotone, the red [ох - 2.3
fold (t = 1.79, Р = 0.06); clearcut centre, the
red [ох - 2.8 fold (t = 1.93, Р = 0.05); clearcut
ecotone, the weasel - manifold (the species
was not detected in undisturbed pine forests
in the "sandy" агеа); clearcut centre, the wea­
Беl - mal1ifold. Considering the var-iation
in indices of rodent abundance (RAI) and
саrпivоге activity (PAI) through the various

10 11- Red fox

~ 8 D -Weasel
'ф

-о - Pine marten
Е
.у

6т-

"-
Ф
Q.
(f)

.~ 4
+-'
.у

u
eu
~

2

о

Clearcut ecotoneClearcut centreUnharvested
pine stand

Fig. 2. Differel1ce il1 thc usagc of old pil1c stands and thcir clcarcuts Ьу rcd foxcs, weascls and pinc mаг­
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(PAI, tormula 4), i.c. thc COUl1ts of t]lC spccics trails crosscd thc tral1sccts рсг 1 km daily.
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habitats арреагеа in the woodland affected
Ьу logging О.е. centre апа edge of clearcuts
of different age classes, unharvested forest),
\'\Те fоuпd positive соггеlаtiопs Ьеtwееп the
indices, but шегеlу that [ог the рiпе шагtеп is
statistically sigпifiсаl1t (г, = 0.85, Р = 0.(2).

5. ШSСUSSЮN

Ош results suggest that clear сuttiпg

gel1erally leads to ап increase il1 the l1uшЬегs

апd species richness of rO(lents апd their
predatoгs iп stands ир to 12 years. 5iшil'1Г ге­

sults \уеге gained il1 Ьorе'1l сопifегоus woo(l­
lands il1 5сапdiпаvi'1 (Н а n ss о п 1978, 1994,
Hakkarainel1 etl71. 1996, Sашi etl71. 1998)
as well as iп coniferous - broad-Ieaved forest
in e'1stern Poland (\Volk I. апа \Volk К.

1982) апа погthеП1 Еl1glапd (Petty 1999).
Тhегеiп, а particular positive role of- сlеаг­

Cllt ecotones \v'1s evidently shоwп (J е п s е п
1984, Напssоп 1994, Lidicker 1999).

1п сleаГСllts agea оЫег th'1П 12 уеагs,

\vhich look like а уоuпg Sllссеssiоп forest,
пеgаtivе сhапgеs in the сOlШl1lШitУ шау

l1арреп th'1t \voula сопsist оГ а аесliпе iп

the species ricl1l1ess апd their РОРLLlаtiоп

dепsitу. Ош ргеliшiшну оЬsегvаtiопs ОНЕТ

tl1is iпfегепсе, bllt tl1is is а particLLlar qLLes­
tioll to cOlltillLle the stuay. СОl11iпg back to
the геvеаlеd resLLlts геl'1tiпg to the positive
iпf1LLепсе of lоggiпg оп гоdепts апd their
preaators, it Sl10llla Ье поtеd the fоllоwiпg.

First of all, lоggiпg led to I1igher L]епsitiеs оГ

Apodemus l11ice, the геа [ох, \veasel, tаwпу

o\vl, соттоп buzzard апd '1(Ыег. Also, with
the iпсгеаsеd fеlliпg rate IVlicrotus voles апа

the 10пg-еагеdowl репеtгаtе(] iп tгапsitiопаl

wооdl'1пds, wllеге'1S these species \уеге ratheI"
гаге bet()re the iпtеl1sivеГеlliпg. Nevertheless,
too iпtепsivе cleaI" сuttiпg (тоге tlып 40% оГ

(airly гесепt clearcllts) leL! to РОРLLlаtiоп ае­

clil1e of sеvегаl ргеdаtогу species. lЪоsе <Не

the рiпе т'1гtеп, Тепgm'1lm's owl, Uгаl о\уl

апd руgшу O\vl. 50, as '111 tl1ese species \уеге

Ггеquепtlу fоuпd пеstеd iп vагiОllS tгее holes,
опе of tl1e possible callses mау Ье 1iшitаtiоп

оГ sllitable пеstiпg sites iп tlle сопаitiоп of
small ргорогtiопоГоЫgго\vtll 11aviпg а 10t оГ
sllcl1 llOllo\vs. 5LLCll results \уеге ПUll1егiсаllу

оЬt'1iпеа оп o\vls (I"LlIlLlbcl'g 1979, Mik­
kola 1983, Mebs '1П(l Sсllеl'ziпgеl'2000,
5 с 11 е r z i п g е г 2003, '111(1 геfегепсеs tl1еl'еiп).

Оп the other l1апа, а aecгe'1sed Ьiошаss of
rodепts mау поt Ье tl1e cause, because we
tоuпd the I1igl1et" rodent Ыошаss iп the ша­

jority оГ clearcuts that Sllggests the iПСl'еаsiпg

pl'ey supply Гог rodепt prea'1tors with iпtеп­

sifуiпg of torest ехрlоitаtiоп.

Howevel', the аесliпе in гоdепt preaators
fОLLпd iп [Ье сопditiопsof too intensive log­
giлg rate was diffеl'епt in the wооаlалаs оп

sала ала clay top-gГОLLпds. 1п the солditiолs

of cl'1Y soil алd, iп tшп, ecologic'1lly rich iлi­

tial foгest habitats, too iлtепsivе felling lea to
the ргопоuлсеd dесliле of а marked part of
the rodent pred'1tory gllila iпhаЬitiпgwood­
l'1паs, '1па the species аепsitiеs decreased to
tl1e level that \vas lower thап the iпiti'1l опе.

That mау Ье explained Ьу several пеg'1tivе

Ьсtors. f'irst, habitats of iпtепsivсlу exploit­
eL1 \vooL1land \vith lo\v рroрortiоп of шаtше
forest patches аП(l ргеsепсе оГ а tew old trees
Ьесаl11е ШLLсh роогег sheltereL1, first of all
[ог o\vls, СОl11рагеа to ехtепdеd oblgrowth
slightly fгаgшелtеа Ьу сlе'1ГCllts. Also, iп

clearcLLts, especially iп large олеs, tl1ere is
ап Lll1f~lVOllrabIe strLLctLLre of sлоw соуег

that is о!tсп cl'uste(l ала usuallу h'1l'(ler th'1Л

that llлdег tlle (oгest сапору, '1па iп щсЬ

sпо\v сопаitiопs it is I1шсh hal'aer for preda­
tors to catch гоdепts (J ~dl'Zej e\vska апd

Jtz'(]rzeje\vski 1998). Солvеl'sеlу, iл iпi­

tially роог habit'1ts iп tllc \vооаlапа оп S'1п­

ау L!eposits, lоggiпg of апу rate сопditiолеd

plausibIy blghel" habitat саггуiпgcapacity [ог

the СОl11l11LLпitу of гоdепts '1пd theiI" рге(lа­

tors, апd the species dепsitiеs \уеге I1igher
iп iпtепsivеlу exploite(l forest thап iп LLпаis­

tшЬеd forest. Bllt, пеvегthеlеss, lПLK1erate

lоggiпg '1ppeared to Ье the 1110st Гаvошаblе
foг the сотшuпitуtherc too.

\Уе {Olшd l11arkedly diffегепt age-re­
l'1tea tгепаs iп the СOlшпuпitу stгuсtше iп

clearcLLts iп [Ье wооаlалаs оп sапа аl1(] clav
top-grounas. 1п clearcllts оп ricl1 cl'1Y so{l
rather I1igЬ species diversity апа biol11ass of
ЬегЬаl vegetation llsLlally арреагеа iп а уеаг

aГteг tе1liпg. Тlы! t~lVОLLгеа гоаепts mostly
Ьеiпg hегЬivогоus imшеdiаtеlу '111(1, iп tшп,

tlleir preaatoгs. 1л сопtГ'1st, iп clearcuts 011
S'1пау soil, tlle lblbitats of а уегу роог qLLality
iпсlLl(.liпg тапу ореп sапd l'1yers \vеге t()Ш1LI

аuгiпg the t'iгst уе'1ГБ '1ftcr tЬе lоggiпg. SllC!l
l1пt~lVОШ'1Ые Ilabitats \уеге lыгаlу poplllate(l
Ьу го(!епts апLi, llепсе, \уеге lыгLilу LlseLi Ьу
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rodent ргеdаtогs. Но\уеуег, with time (dur­
ing 3-5 years after the logging) herbal veg­
etation covered such clearcuts, \-yhile а grassy
covering was almost absent il1 former pine
stands that mostly had mosses al1d lichens
in the forest floor. We hypothesize that \vhile
loggil1g heavy forestry machil1es get sal1d
mixed wit!1 гешаiпs of the tепеstгiаl veaeta-. ~

tюп and tree Ьгапсl1еs. Such organic шаt-

ter mixed with sand layers keeps water and
gradually produces chemical substal1ces соп­
tainil1g l1utrient elements available faI' herbal
vegetatian. In effect, grass appears in such
clearcuts, al1d, consequently, rodel1ts рори­

late thеш, which, in turn, attract predators.
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