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Abstract. the diet of wolves Canis lupus L. was assessed Ln tKe WLJry 1atLonal Park Ln 1ortK�(astern Poland, wKLcK oYerlaSs 
wLtK tKe 1atXra 2000 sLte �2stoja WLJLerska�. 7Ke content oI a total oI 149 scat saPSles was collected Ln 2017 and analysed 
Ln order to deterPLne dLetary coPSosLtLon. WolYes SrLParLly Ieed on wLld XnJXlates, wKLcK Pake XS 7�.4� oI Iood ELoPass. 
'esSLte tKe Iact tKat wLld Eoar Sus scrofa l. and red deer Cervus elaphus l. dominate in the ungulate community in the study 
area, tKe SrLPary Srey sSecLes was oEserYed to Ee roe deer Capreolus capreolus L. wLtK �9.��, wKLle red deer and wLld Eoar only 
constLtXted 18.7� and 8.�� oI tKe Iood ELoPass, resSectLYely. $ddLtLonally, EeaYer Castor fiber L. was IoXnd to Ee an LPSortant 
Srey (10.9�) as well and lLYestock accoXnted Ior 1�.1� oI all ELoPass consXPed. 7Ke lLYestock eaten Ey wolYes also LnclXded 
carcasses of domestic animals illegally disposed of in the forest. We therefore conclude that decisions on the management of the 
wolI
s Iood Ease wLtKLn Srotected areas, sXcK as natLonal Sarks or 1atXra 2000 sLtes, sKoXld Ee Sreceded Ey LntensLYe local stXdLes.
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1. Introduction

Wolves Canis lupus l. prey mostly on large ungulates (new-
soPe et al. 201�) EXt, reJLonally, Pay sSecLalLse Ln otKer Iood 
soXrces ('arLPont et al. 200�� 'alerXP et al. 2018). MoreoYer, 
wolves display seasonal and multiannual dietary shifts depend-
LnJ on tKe dynaPLcs oI SoSXlatLon nXPEers oI tKeLr SotentLal 
Srey (6LdoroYLcK et al. 200�� MerLJJL et al. 2011). 7KereIore, 
wKen SlannLnJ actLons to Srotect wolYes Ln natLonal Sarks (-aP-
rozy 2015) or in natura 2000 sites (Diserens et al. 2017), the 
knowledJe oI not only tKe dLstrLEXtLon, nXPEers and dePo-
JraSKLc SaraPeters oI SoSXlatLons EXt also tKe sSecLes µIoraJ-
LnJ Sattern¶ Ls necessary (-ĊdrzejewskL et al. 2010).

7Ke wolI¶s dLet coPSosLtLon Kas Eeen e[tensLYely stXdLed 
Ln Poland (-ĊdrzejewskL et al. 1992� ĝPLetana and .lLPek 
199�� 1owak et al. 200�, 2011). 7Ke Pajor Srey are larJe 
wLld XnJXlates (on an aYeraJe, 8�.�� oI tKe Iood ELoPass 
consumed), including red deer Cervus elaphus L. Ln tKe ¿rst 
Slace, Iollowed Ey roe deer Capreolus capreolus l. and wild 
Eoar Sus scrofa L. ,n soPe areas, KoweYer, EeaYers Castor 

fiber L. are also LntensLYely KXnted Ey wolYes (1owak et al. 
2011� -ĊdrzejewskL et al. 2012).

7Ke wolI SoSXlatLon LnKaELtLnJ tKe $XJXstyw )orest Ls one 
oI tKe Eest recoJnLsed SoSXlatLons Ln terPs oI Iood coPSosL-
tion. however, the north-western edge of the forest, protected 
Ln tKe WLJry 1atLonal Park (WP1) and tKe µ2stoja WLJLer-
ska¶ (PL+200004) 1atXra 2000 sLte, Kas not Eeen LnYestLJat-
ed (+arPXszkLewLcz 2011� -ĊdrzejewskL et al. 2012). $t tKe 
saPe tLPe, tKe area, PaLnly dXe to a larJe sKare oI lakes, dLI-
Iers consLderaEly IroP tKe rePaLnLnJ tracts oI tKe $XJXstyw 
)orest wLtK resSect to EotK toSoJraSKy and KaELtats.

7Ke aLP oI tKLs work was to deterPLne tKe wolI¶s dLet 
composition as well as the pattern of prey selection from the 
ungulate mammal community in the WPn.

2. Study area

7Ke WP1 (�4�02¶��¶¶1� 2��04¶20¶¶(), desLJnated Ln
1989, coYers an area oI 1�0.8 kP2 wLtK a IXrtKer 118.2 kP2 
IorPLnJ Lts EXIIer zone. $EoXt 94� oI tKe Sark land oYer-
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laSs wLtK tKe sSecLal area oI conserYatLon µ2stoja WLJLer-
ska¶ coYerLnJ 1�0.7 kP2. the area is considered a wetland 
of international importance under the ramsar convention 
and Ls also encoPSassed Ey tKe sSecLal ELrd SrotectLon area 
µPXszcza $XJXstowska¶ (PLB200002).

7Ke 1atLonal Park Ls located Ln tKe nortK�western Sart oI 
tKe $XJXstyw )orest Ln tKe PodlaskLe YoLYodesKLS. 7Ke Sark 
Ls larJely a Iorested area (���). 6cots SLne Pinus sylvestris 
L. stands SreYaLl Ln tKe Iorests (80�), wKLlst Ln sPaller Iorest 
e[Sanses, tKere doPLnates eLtKer 1orway sSrXce Picea abies 
L., Elack alder Alnus glutinosa *aertn., ELrcK Betula spp. l. 
or SedXncXlate oak Quercus robur L. ( àozLĔskL 2002). 7Ke 
rePaLnLnJ SortLon oI tKe Sark consLsts oI water EodLes (19�) 
and non�Iorest coPPXnLtLes (18�). 7Ke area rePaLns Xnder 
tKe LnÀXence oI contLnental clLPate cKaracterLsed Ey lonJ 
winters, which usually last from the third decade of novem-
Eer to tKe ¿rst decade oI $SrLl. 7Ke aYeraJe annXal tePSera-
tXre Ls �.� �&, and tKe aYeraJe annXal SrecLSLtatLon Ls �89 
PP (data Ior tKe years 2002–201�, SroYLded Ey tKe µWLJry¶ 
,nteJrated (nYLronPental MonLtorLnJ 6tatLon Ln 6oEolewo).

$EoXt 19 sSecLes oI larJe� and PedLXP�sLzed PaPPals 
KaYe Eeen recorded Ln tKe WP1, LnclXdLnJ IoXr sSecLes oI 
wild hoofed mammals, such as red deer, roe deer, european 
elk and wLld Eoar (-aProzy 201�). Lyn[ Lynx lynx .err. Ls 
anotKer larJe Sredatory PaPPal, ne[t to wolI (-ĊdrzejewskL 
et al. 2002E� 1LedzLałkowska et al. 200�). MonLtorLnJ Ser-
IorPed XsLnJ caPera traSs and JenetLc analyses Eacked XS 
Ey tKe '1$ PLcrosatellLte Parkers SroYLded eYLdence tKat 
the WPn area overlaps with the fragments of territories of 
tKe tKree wolI Sacks (RoPaĔskL et al. 2018).

3. Materials and methods

the wolf’s diet in the WPn was assessed through the 
analysis of 149 scats collected in 2017, including 101 scats 
saPSled dXrLnJ tKe aXtXPn–wLnter season (IroP 1 2ctoEer to 
15 april) and 48 scats sampled in the spring–summer season 
(IroP 1� $SrLl to �0 6eStePEer). 7Ke scats were JatKered 
across tKe entLre natLonal Sark ()LJ. 1), wLtKLn tKe terrLtorLes 
oI tKree Sacks oI wolYes (RoPaĔskL et al. 2018). 7Ke locatLon 
of every scat sample was positioned using the gPs receiver. 
Faeces were placed in paper envelopes, dried out and stored 
until the time of analysing. Dry scats were weighed and rin-
sed on a dense mesh, then dried up again and weighed. the 
Srey sSecLes consXPed Ey wolYes were LdentL¿ed Eased on 
tKe wasKed Iood rePaLns sXcK as Eones, KaLr, KooYes, claws 
and teetK (LockLe 19�9� *oszczyĔskL 1974). 7Ke Srey sSecLes 
were LdentL¿ed to sSecLes and/or JenXs wLtK tKe aLd oI Lden-
tL¿catLon JXLdes ('zLXrdzLk 197�� 'eErot et al. 1982� PXcek 
1984� 7eerLnk 1991� 'e MarLnLs and $sSrea 200�) as well as 
oI tKe aXtKors¶ own coPSaratLYe PaterLals. ,n case oI doXEt, 
the microscope hair preparations were made.

7Ke Iood coPSosLtLon was e[Sressed as (1) SercentaJe oI 
proportion of scats containing respective food categories in 
tKe total nXPEer oI all tKe scats collected and (2) Sercenta-
Je oI ELoPass oI LndLYLdXal dLet LtePs Ln relatLon to tKe total 
ELoPass oI Iood consXPed Ey wolYes. 7Ke ELoPass was de-
terPLned Ey PXltLSlyLnJ tKe dry Pass oI a JLYen cateJory oI 
Iood rePaLns Ey tKe IollowLnJ dLJestLELlLty coeI¿cLents: Pe-
dLXP�sLzed PaPPals, �0� XnJXlates, 118� and Slant PaterLal, 
4 (-Ċdrzejewska and -ĊdrzejewskL 1998). 7Ke LeYLns IorPXla 
(19�8) was Xsed to calcXlate tKe EreadtK oI Iood nLcKe:

     1
B = –––––,
pi2گ      

where
pi is the percentage of proportion of every prey category in 
tKe total ELoPass oI Iood consXPed.

7Ke LeYLns Lnde[ assXPes tKe YalXes IroP 1 (wKen only 
one food item is consumed) to 3 (when an animal evenly 
uses all food categories). the prey was grouped into the fol-
lowing categories for the purpose of calculations: (1) wild 
ungulate mammals, (2) domestic animals, (3) small wild 
mammals.

7Ke Iood selectLYLty was calcXlated Eased on tKe -acoEs 
formula (1974):

      r – p
D = –––––––––––,

      r + p – 2rp
where 
r Ls tKe SroSortLon oI a JLYen Srey sSecLes Ln tKe total nXPEer 
oI wLld XnJXlate PaPPals kLlled Ey wolYes and p is the pro-
portion of a given prey species in the wild ungulate community.

D Lnde[ assXPes tKe YalXes IroP 1 (IXll SreIerence) to í1 
(complete avoiding). the share of respective ungulate mammal 
sSecLes Ln tKe wolI¶s dLet was eYalXated Eased on tKeLr IreTXen-
cy Ln scats. ,I cerYLds coXld not Ee LdentL¿ed to sSecLes, tKe con-
trLEXtLon oI resSectLYe Srey sSecLes Ln scats was eYalXated Eased 
on the species proportion found in those samples where it was 
evaluated. Data on the species composition of wild ungulate 
mammals in the WPn was received from camera traps recor-
dings. in the present study, we used recordings from 54 camera 
traSs aYaLlaEle IroP �2 locatLons oYer tKe entLre natLonal Sark 
area� tKe detaLls oI caPera traSs LnstallatLon were reSorted Ey 
RoPaĔskL et al. (2018). 7Ke total PaterLal ePEraced 10,2�4 
caPera�traSs�days, collected IroP -anXary to 6eStePEer 2017, 
which contained 5,119 recordings (2,933 independent events) 
wLtK �,149 wLld XnJXlate PaPPals reJLstered.

4. Results

the analysis of scat content revealed that the food niche of 
wolves in the WPn was relatively narrow (B   1.�7). 7Key are 
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specialised in hunting wild ungulate mammals, which consti-
tXted 7�.4� oI tKe Iood ELoPass consXPed. Roe deer was tKe 
Post IreTXent Srey, and Lts SroSortLon Ln tKe wolI¶s dLet was 
twLce as KLJK as tKat oI red deer, �9.�� and 18.7�, resSec-
tLYely. WLld Eoar was tKe tKLrd Post sLJnL¿cant Srey, wKLlst 
(XroSean elk was only sSoradLcally consXPed. BeaYers were 
an LPSortant e[tra Srey Ln tKe wolI¶s dLet and SroYLded Ior 
as PXcK as 10.9� oI tKe Iood ELoPass consXPed. +are was 
rarely consXPed, wKereas sPall rodents and ELrds were only 
an LnIreTXent Srey. 6cats oI wolYes IroP tKe WP1 contaLned 
rePaLns oI a cow, a Joat, SLJs and doJs, and tKeLr coPELned 
contrLEXtLon Ln tKe Iood ELoPass was 9.��. 7Lny SLeces oI 
SlastLc were IoXnd Ln one oI tKe scat saPSles (7aEle 1).

the wild ungulate mammal community in the WPn eva-
luated using camera traps recordings consists of four spe-
cLes. WLld Eoar was tKe Post IreTXently recorded (n   2,808 
LndLYLdXals), tKe second Post aEXndant was red deer (n = 

2,273) and roe deer (n 8��), wKLlst (XroSean elk was least 
IreTXent (n   202) (7aEle 2). )roP tKe aEoYe XnJXlate coP-
munity, wolves tended to select roe deer, for which the ivlev 
selectLon coeI¿cLent was D   0.7��. 7Ke rePaLnLnJ sSecLes 
were kLlled to a lesser deJree tKan was tKeLr contrLEXtLon to 
tKe Srey coPPXnLty, wKat was corroEorated Ey tKe neJatLYe 
YalXes oI tKe selectLon coeI¿cLent (7aEle 2).

5. Discussion

several earlier studies provided evidence that red deer is
Post IreTXently KXnted Ey wolYes Ln nortK�eastern Poland 
and is a prey of preference in the wild ungulate mammal 
coPPXnLty (-ĊdrzejewskL et al. 1992, 2000, 2002a� 2kar-
Pa 199�� -Ċdrzejewska et al. 1997). )Lrst analyses oI tKe 
wolI¶s dLet coPSosLtLon Ln tKe $XJXstyw )orest Ln tKe years 
2000–200� KaYe also sKown tKat red deer Ls tKe Srey oI Sre-

Figure 1. $rea oI WLJry 1atLonal Park wLtK locatLons oI col-
lected wolf scats
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Ierence (-ĊdrzejewskL et al. 2012). +oweYer, a later rese-
arcK Pade wLtK tKe Xse oI a larJe nXPEer oI scats (n �7�), 
collected in the years 2005–2009, yielded results indicating 
tKat wolYes Ln tKe $XJXstyw )orest cKose to Srey on roe 
deer, wKLcK contrLEXted to 2�� oI tKe wolI¶s dLet (+arPXsz-
kLewLcz 2011). 2Xr stXdLes SroYLde eYLdence tKat tKe aEoYe 
trend Pay Ee contLnXed, EecaXse roe deer was also a Pajor 
component of the wolf’s diet in the WPn in 2017.

BeaYers are a sLJnL¿cant Srey LteP (10.9� oI Iood ELoPass) 
for wolves in the WPn, and this share in the wolf’s diet was 
KLJKer tKan tKat oI tKe wolYes lLYLnJ Ln tKe entLre $XJXstyw 
)orest. 7Ke latter sKare ÀXctXated IroP 4.�� to 8� oI tKe 
Iood ELoPass Ln tKe years 2000–2009 (+arPXszkLewLcz 2011� 
-ĊdrzejewskL et al. 2012). (arlLer, EeaYer was LndLcated as a 
prey item in the wolf’s diet in numerous forests located in the 
wKole lowland Sart oI Poland, Ln EotK tKe east (-ĊdrzejewskL et 
al. 2012) and tKe west oI tKe coXntry (1owak et al. 2011). 7Ke 

larJest contrLEXtLon oI EeaYer Srey Ln tKe wolI¶s dLet was re-
corded Ln tKe RoPLncka )orest, tKat Ls, 1�.4� oI Iood ELoPass, 
Iollowed Ey tKe 6kalLska )orest (1�.4�) and tKe .nyszyn )or-
est (24.��) (-ĊdrzejewskL et al. 2012). BeaYer Ls lackLnJ only Ln 
tKe Srey oI wolYes lLYLnJ Ln tKe &arSatKLans (ĝPLetana, .lLPek 
199�� 1owak et al. 200�� -ĊdrzejewskL et al. 2012).

'oPestLc anLPals, LnclXdLnJ EotK lLYestock (cattle, Joats 
and SLJs) and Sets, sXcK as doJs, coPSrLsed 9.�� oI tKe Iood 
ELoPass LnJested Ey wolYes Ln tKe WP1. 7Ke aEoYe YalXe Ls 
lower tKan tKat reSorted earlLer Ior tKe entLre e[Sense oI tKe 
$XJXstyw )orest, wKLcK reacKed IroP 1�.7� to 1�.�� oI Iood 
ELoPass, as was deterPLned Ln tKe years 2000–2009 Ey +ar-
PXszkLewLcz (2011) and -ĊdrzejewskL et al. (2012). 7Ke scat 
analysLs does not enaEle tKe LdentL¿catLon oI wKetKer tKe Srey 
consXPed Ey an anLPal was a KXnted Srey or a carcass IoXnd. 
WolYes are known to Ieed on carcasses LnclXdLnJ dead lLYestock 
LlleJally dXPSed Ln tKe Iorest (-ĊdrzejewskL et al. 2002a). +alI 
SLJ carcasses KaYe Eeen recorded Ln tKe WP1 (M. RoPaĔskL, 
XnSXElLsKed data). LLkewLse, +arPXszkLewLcz (2011) reSorted 
wolves foraging on carcasses of horses, pigs and cows illegally 
dLsSosed oI Ln YarLoXs Sarts oI tKe $XJXstyw )orest. 7Ke Iact 
that residues of domestic animals were detected in wolves’ scats 
Ln wLnter, Eeyond tKe norPal JrazLnJ season, testL¿es to wolYes 
IoraJLnJ on carcasses oI dead anLPals (+arPXszkLewLcz 2011).

the meta-analysis of the wolf’s diet over the entire range 
oI wolI occXrrence reYealed tKe lack oI relatLonsKLS Eetween 
the dietary diversity and the degree of anthropopressure 
(1ewsoPe et al. 201�). 7Ke Lncreased Xse Ey wolYes oI 
doPestLc anLPals and waste dLsSosed Ey SeoSle was only 
IoXnd Ln tKe case oI decreased nXPEers oI tKe wLld XnJXlate 
PaPPal SoSXlatLons (6LdoroYLcK et al. 200�� 1ewsoPe et 
al. 201�). 7Ke Iood dePand Ior wolYes Ln Poland can Ee 
IXlly secXred EecaXse oI tKe LncreasLnJ nXPEers oI JaPe an-
LPal SoSXlatLons LnclXdLnJ red deer, roe deer and wLld Eoar 
(BorowLk et al. 201�). 7Ke conÀLcts wLtK lLYestock IarPLnJ 
KaYe Eeen lLPLted Ey LntrodXcLnJ YarLoXs daPaJe SreYentLon 
PeasXres dXrLnJ cattle JrazLnJ (1owak et al. 200�� 1owak 
and Mysłajek 200�).

Table 1. 'Let coPSosLtLon oI wolYes Ln WLJry 1atLonal Park  

Food item
total

B >�@ 2 >�@

red deer Cervus elaphus 18.7 18.1

roe deer Capreolus capreolus �9.� ��.9

Moose Alces alces 0.7 1.3

&erYLds XnLdentL¿ed Cervidae 8.1 10.7

WLld Eoar Sus scrofa 8.3 13.4

Wild ungulates total 75.4 7�.�

goat Capra aegagrus hircus 0.5 0.7

cattle Bos sp. 4.� 1.3

Domestic pig Sus scrofa domesticus 2.0 1.3

Domestic dog Canis lupus familiaris 2.3 4.7

Domestic animals total 9.5 8.1

european hare Lepus europaeus 4.1 �.0

Beaver Castor fiber 10.9 14.8

small rodents 0.1 4.7

small mammals total 15.1 25.5

Birds aves + 0.7

Plant material + 4.7

Plastic + 0.7

1XPEer oI scats 149

BLoPass oI consXPed Iood >kJ@ 138.9

)ood nLcKe EreadtK B 1.�7
2 – sKare oI scats >�@, B –  sKare oI total ELoPass consXPed >�@. (�) &on-
trLEXtLon to dLet �0.0�� 

Table 2. Prey selectLon Ey wolYes IroP tKe wLld XnJXlate 
coPPXnLty Ln WLJry 1atLonal Park 

species r p D

WLld Eoar Sus scrofa 1�.7 4�.� �0.�14

Moose Alces alces 1.7 3.3 -0.327

red deer Cervus elaphus 2�.� 37.0 -0.237

roe deer Capreolus capreolus 55.0 14.1 0.7��

r – IractLon oI a sSecLes aPonJ all wLld sSecLes kLlled Ey wolYes [%], p – 
fraction of species in the ungulate community [%], D – selectLYLty Lnde[ 
aIter -acoEs (1974)
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this study indicates that wolves in the WPn also prey on 
doJs. 'oJs, as doPestLcated Sredators, are known to neJatL- 
Yely LnÀXence tKe local wLldlLIe (.raXze�*ryz and *ryz 2014� 
WLerzEowska et al. 201�). $ctLons aLPed at redXcLnJ tKe nXP- 
Eer oI doJs Ln Iorests are laEoXr�LntensLYe and costly, wKLlst tKeLr 
physical elimination through catching or hunting encounters a 
sXEstantLal socLal oSSosLtLon (+olPes et al. 201�). 7Kat Ls wKy 
wolves preying on dogs that penetrate the natural environment, 
and Srotected areas Ln SartLcXlar, sKoXld Ee treated as SroYLders 
oI a desLraEle ecosysteP serYLce (Mysłajek 2014).

7Ke JenetLc strXctXre oI wolYes Ls correlated, Ln tKe Eroad 
geographical scale, with the prevailing environment and the 
Srey tySe, wKLcK can Ee e[SlaLned Ln terPs oI a natal KaELtat 
SreIerence LndXctLon (PLlot et al. 200�� &arPLcKael et al. 2007� 
MXsLanL et al. 2007). +oweYer, dLIIerences were locally 
recorded Ln dLetary coPSosLtLon Eetween tKe adjacent Sacks oI 
wolves and even amongst respective individuals (Urton and 
+oEson 200�� 'arLPont et al. 2009). &KanJes Ln tKe Iood coP- 
SosLtLon oI tKese Sredators Pay also Ee sKaSed Ey cKanJes Ln 
the size of potential prey populations (Darimont and reichmen 
2002, MerLJJL et al. 2011). 7KLs ePSKasLses tKe sLJnL¿cance oI 
systematic research on the wolf's diet composition, as such stu-
dies should provide vital information necessary for managing 
EotK wolI¶s SoSXlatLon and SoSXlatLons oI tKeLr SotentLal Srey. 
7Ke latter Ls oI SartLcXlar LPSortance Ior tKe natLonal Sarks and 
1atXra 2000 sLtes, wKere conserYatLon Slans are deYeloSed Ey 
takLnJ Lnto accoXnt tKe LssXe oI wolYes, and, Ln Sarallel, KXntLnJ 
or reduction of wild ungulates is done.
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