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t GUHRECORAY2¢URWUS MR RO a@i¢ i f iy 0 Yo SV i ce LT § Vet @101 Hijl UL
AC2RI GijWUc W GHRYGURILG KW2RU! AUt §{é Rill & ULy KR TV K a
bi~Rt 2t RGOt t RIWIqWeE T OW=MNY b

OoMels 0 Y 2 Rq R

G 1) WIT épadajicizl RYqQUR A QI 2 W RiGiforinese gl M B 2 W; 3t ¢ i Wl 3¢
zastoupena deseti druhy: krutihlav obecnyJynx torquilla A WT § 2 Bicuslbanad), C LU bl

I e Uc¢ Wl RitLE MAdIS&UALL T ¢ q IDrydtdplisl mMamds) pistrakapoud velky

bl ¢t ¢ GY ®I dyrigees R W aul ¢ t ¢ GY 2D. Lhediusy, tstepka@oud) R LW bl

Hj G Y 6 KDH Idupd@ds),bstrakapoud maly D. minoms W ¢ W T ¢ q O Ridoides KRG t qLC
tridactylus) (Hudec, Ep ¢ t+ q UDAU= MMP b

Datloviti ptaci (Picidaes LUIGK IJT + q¢ 2 2 TR W Gil tehovk iwzmerstastt £ 2@ GR U2
Gzce souvisi s bohatstviml ¢ U UERIFEE! LR # vLekitcheDiky tomuy Ize datlovité

2l 2T RqWTet YWRUT Rt CqVYlibul~URTE 22 &RYi2 if IR ILR2ILI ARG FUMT
Angelstam 2006;Drever et al. 2008)0Wé WG Y | Y 2 U C UjRUR Tt ReCUD AR T ¢1byicil N 2
21 AU¢T 2 TR WU R AsomARI UY AlGgd VIRBITMOLIR AT URRUHAR WA st q C2
qll RqY!l Re lWWGY WHIIGDAUT R2 Y q lW¢ L{dioksply Chaptiel 1896, Y | R¢ WU 1J
Gorman 2004; Pechacek 2006)Typicky natalni rozptyl se pohybujedo 12 km od

mista vylihnuti (Pechacek 2006) Hnizdadatlovitych mohou byt od sebe vzdalena

FaqvY2t! WGWql g We W ¢t qY WHeth¥ce KAsBre200%; Bmiti ponB ! 2 T R2 C
§Ga Wq] Uij W 2 qRApAIze G REZRIGUN G W LIT ¢ 0 WRwtéhlWT | 2 6 g LU
1994). Datloviti také t H#6 G IJWI 3¢ Ne TRWU ¢ U @G e Ol @aojhRCUIAL 1 dpLLUl LI
a1 q2ij 6 Yrdsh.krdy2ugjej obyvajiciho (DufouPelletier 2020).

111
<



V lesnich ekosystémech maji datloviti ptaci nezastupitelny ekologicky vyznam.

Dutiny,t qqJ1 ij W2! q2CKIUTRAWY GVYel RWTc¢t YW apddhaR Waj WG

se zejména otzv. sekundarni dutinodruhyA LUT D TRHEG T W2 DZ t ! qI2 W6 Yt GYI
T ¢t bpitdllan nedostatkem dutin (Newton 1994Y0W1 ~ JARW HWAYHI ¢ qiij W T
2!l 2T R2ZETRHERW q! qYW T 2 qRU! W Guespéided)l 4 anGiyliyY +! O RHTt
(Lepidopteras Ol U W GaqCt glW Tt Ye Wl qV WUPatidady K IBjskaviti T LI + DX VY
(Muscicapidae), brhlikovit (Sittidaeb Al Ge WaRrigi¥a®) R @ holubovit

(Columbidaeb IOW ~ IJARLW Y ¢ 2 AW 2! 21 R2 cMufdfeR Melveskayi®@ U! LW GC qf
(Sciuridae), netopyroviti {/espertilionidae) a plchoviti Gliridae) (Korpiméaki 1984;

Kirby, Drake 1993; Johnsson 1993; CzeszczewikValankiewicz 2003; Wesolowski

Rowinski 2004, 2012). Vyznamnym druhem p¥ W Y61 YT JUCW + GYa T 1J
t ¢Gl Y+! GRAtDHSWHI Yet glWHet Y2DHS WOt W2 JWt qKL
t qUI DAUTWWGY2¢T Y2 CUW U dahlJAhgelAre etld. 12028 Mrivdlld JWaq URTt
q] H6qYWT R2YT RAGsWI Y2U] I WGKRt GR2¢ TRUWTt WI UNea i
YI N¢ URY O ¢ et@al=RENCEGafMMOULGY 6 G T 2 W2 YI H! Wl 2 qRUWT I
Teaquauwl Wl UDAWt ql DAUTWWT VT RUDZA W2l HUG W20t C
D21 YGt t DAGS Wi It Kadinski¥t@l201D) Datlovi ptérdaké GK T + q¢ 2 2 TR LW
RITJCGURWI I 26! WGI YWWRKIURWY!I NcURYt GgWl Yt qYe AR
b Wt 3T UC WY W GRéhenep)Rritthipriisiy iBmyodHytauR L Rikisirophita)

a houby fFungi (Johansson 2021).

Datloviti ptaci jsou kompetiq) Y iej@rilmezi sebou, ale imezi ostatnimi obratlovci.
AKRqYOGUYt qUWI ¢qigWTWWUeEGKREt O0¢T WUWNeqR2Uj Wt YI
s¢l 2RUNUWLNGT T OWE WAG] T ] GCotvils Honkeduld RUZ]! IETCAN] o \RLLLF
Teaqda! W W1 Ojj WAWOY 2] W2! q Ndverkyobdard (Btiwug Wilddtigic ¢ Ut 130 L
GY6Ye WGKRW2 ! t+ Yt DAE WAMI NXanilFa (&2 i 6 20@ @RS E R AT WR WS
b aql ¢t ¢GYel g WL EGRGqG6 A LSirakdpBus 1@LkY, tvothdulduirovyhakiR al ¢ Ue
podminky vhodné pro vyskyt saproxylickych bezobratlych R 2 Y T(iRrblydQydke

1993), T RGIUWNGK BY RIR avRAIR2 y 2 T 1J W R W Ytaky, cdikyARIDEEII Y 2 R q
potravni nabicce (Smith 1997). Tytot @ ¥lel®lqgické vazby K ¢ Hafovité mezi

RUOT Rt CqVYl ! WUt YGYNRHAL DAHGS W A G yhadkgi indikaterét G ¢ 1 WT ¢
T et Y2DHOWE WG Y q V. ANMRpEGiULAGY 20tV 2¢CTURIWIA ¢ WRUT Rt
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G g We WHWGH WNRAGT ! Wt Wt 2 UT €1 U RthB2000;2RqHRrgeY 2 DA 6 LT |
Angelstam 2006).

Zpracovanal |J Wi3e daleGY T | VY thbyad R LiéuRy datlovitych G g C dagem

T 13yn) strakapoudem velkym a datlikem a K$Ry@. Ostatni druhy datlovitych,

211t ! gqge TRERW t 1J Wkdithlby >obhddny, RILG 2 101 dUd Uil e W, A1 a 1 uc
bl ¢t ¢cGYeayl HTRIGYR T, WG ¥t q Nk UyRktakapgudl Ky q

jsou z ekologického hlediskaU 1 G ij U] LW 2éDa& WeTd Or 2 W2ddip Gjf WGYT WqUij W
UDAY WTt Ye waUijclyq 2T RIEGUIL T 136G W 1 Wigostdiad@lailioc WWH] 6 13 G

studia.

2¢qlla @t 30 GREMW WT | 2pfo tdsdnialutil. Jegniél sel ¢t apWkUEEN]

(Fagus sylvaticg, borovid lesni (Pinus sylvestri9, smrk ztepily ¢ LT driihyRdHg

Rost 1990; Johnsson 1993; AngelstajrMikusinski 1994; Ahlén Tjemberg 1992 in

~Rt et RUt t RWND®OP b IOWA | ITWIMLT ¥R coUallAGE Fsrc Ll CRENY 2nR (710 LH
pohybuje se mezi 3640 cm (Johnsson 1993; AhlénTjemberg 1992 in Mikusinski

1995). Preferuje stromys ] t T RO WA KA B AU RAE DX dEap niR @& LU

62t qDf WGY! Ymiminmhlzgdldk Brieredétické ztraty, tak i riziko predace

(Puverel 2019.s UT WUOWGCI WI ¢ qlgWGYqKWHz2 TUWAaRqWt WI Rt G
0] UR WhniddkiRiltezonami, U] t q 131 ij2W A HNRRGEE6 YPE to 7 hdiska

BUWI DUqRAt Wt GY! ! WEWGYT qe WGKWT B2 WURAWRWIE GC | ¢
Y G] q VY2 U URIgqtb& 6 URATHIWUIRAAMH 6 CARW 2 WIT R2DAS6 AW Yt G ¢ |
nedavno uschlych stromech (Rolstadet al. 2000; Boccaet al. 2007; Wesolowski

2011).

Strakapoud velky Y Gl Y qRLWT ¢ q {i 22 KRILpFO2tdotild idditie 2 T WR WY ql Ya! 1O
212¢T Ut CquWG!l YRUUqW 2qRULWY gl ¢t ¢GYel cW2IGYt ij6YI
HOWUWAY WWRI WR Rokud sefedn’ o 6 RIENDE d$Fakoji€distrakapoudi s

GUWUWROGWG!I gadj I WdWsccUt YOUWNPOP=ZLOWAI YW qt CURLU
20Rt qf Uij W2 WGY! Yt qUBSAWE T JWTH Ye UWptHEsRdD,j W ql YO
strakapoud tesa dutiny GK 1J T rd@quiirz + a WR H ¢nmbdidn BOtmHébda et al.

2017).Sql ¢t ¢ GYel W20t DAUt RG U] BG LA WDIHS TEKERIGq 2 ijJtHE
2 GKIJT UY eynae se IGHEIK R © (uschlidlduby, které UIJTt Ye Wt WW 6 URAT
b gl ¢t cBYelIRAGERHS W 2 A#6ij WI KIJ2 YWHI A! WAql CRRUWTt g



qj 1 t DA We WUndterialéni ptbDebrhil dutin (Glue Boswell 1994; Smith 1997;

~ RH 6 ¢Miktfiien 2003). ¢ WI YAT RO WYT WT R U D 6UiTT d o XiDYIR Ryop DEIL
| YAGeT 21Uz !qd IYRZc UDAS WY ql ¢ (JE¥ &R UL 2 10 RA DI bi ~
~RUqaqRUNVUWZMMOb IOWEqI ¢t ¢GYel W20t DAUT ¢t qVY WY AT
NOYPbLIOWEq! YOG! W26YT Uij Wt DWEURAT jJ URWT!Y Ye WT ¢t qV
URAT URHS Wt ql YGgWAH! GYW2! 21T ROYWTRIT W2KGKIT HE Y
SURARPREBRWUNIT W= N W Bdswell 11994; Sriithi 19073. Idbjem hnizda u
strakapouda velkého se pohybuje v rozmezi 3183,7 | (Carslonet al. 1998; Remmet

a. ZMMZ b OW ¢é | aystRdIradlzeritgsR MKieni (cca 80 %) mij Uj W Tjee q R U LW

2 0Rto@jlL2] q2 RAGIOWAKRHGRI U] WI 2] WgKWqRU! W6 URAT
2RI RqUIGUDHG WT Wnt qUHG W K (Ckavifldila. 2OIR Bebda® 6 ¢ WT L
2017).

éDAUcC O W ¢claqiyYz2RADEA LICH E WISIH ML EBIEIDE 6 H &

je prokazovan opakovdl J(Overgaard 1970; Torok 1988; Mikusinski 1995; Fagit al.

2005; Alder, Marsden 2010; Floweret al. = MN M b IOWAKUIHIGIYR H# 6 WHRG JUij W2
Y H#6 1 ¢ U]disddldelrai omezené.Z pohledu ochrany lesa Ize datlovitéptaky

hodnotit I 2 ] iy pohledu. Prvnimuhlem pohledujeGY Wt YAY2 CURWI K12 URL
datlovitymi ptaky, pK RW 6 G T CORHGY GK & 2llqla Y1 HjHHMGEBR AT URHG L
Magelssen 2006).Druhym thlem pohledy TIJW Gl T ¢ T UR W ob@tbovitill T ¢ qd Y 2
GYGe¥2ZWR2ya TRW2! HI ¢UijjWt t eGRU! WI R2YT RAG g ALWT ¢
RIWWt gT Ag Wit Rt qYIT | ¢2DAWGYT t YI URWe WT KP2Yt ¢AUI
GY6YeWGYWt YAY2d KWRRRENMA LY & WE BavnhiFdjidh f MR Y @ R
¢DAUcGU] TWRWGY Wt YAWUR WG ¢ Dallovai ptaciRybithseramlU G K R Wa 13}
t JW 6 URAdvpld$tRc W'n CAR LW T ul2UW cReclili IRayf YA K132 ¢ AW ! H#E T
Tl 26Y2i 0LW (uYzhsthupbnilftagrentayanychat | ¢ TY2 DA 6 WT Ct qRWGY
selekci 0 JARW Gl WT ¢T URG W ¢ Wt Y3 GIiMgrin 20R) Mrapévé t 1J 0 W bi 7
Act qYe GUURW T Ye GUDHGSW + ql YGgwt ywOew TWT UYqOR
NYGRcUYThWN®Y 6 Wc ¢ Ubdylh Middi KepriarBenaoali A& Adravgich T 1J
TCtqUHSW ! YagaWwW?2] qWR U ¥todytGLY TUD T Rabdbipicky ¢ 2 A] W2 |
nebot ql Y@! WGt WAIDDIRG W6 e A WG R VY THILINRPY S 6 Ws Y
1993; Smith 1997; Harderser2004).
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Potravni naroky datlovitych T+ Ye W2 Wt Yedcel e Wt WGEYT ¢l ¢2t ! WYH
GONT ¢cTRWGYql ¢22WUC6YT U] WGKRWGYGS! HaWGYWTt GLIU
BUWI NRET ! W JWA¢ 8] KR WU aneEhdditkW LN BRR ta (Y ¥AaLof L 113100 t1I5L
AYWU] t YORt ¢cwWt aY2CURHSWUCY G JIGaTHBIRILE Fatt @K BE p
poslouchaji,t WWHRGO IO WGKIJt U] WYt ¢cGRAY2¢ qlIt YKRY qloll~Yé6
U GKRt G¢T WGYAY!I Y2 CURG WA @260 R2INES sCMRuiEd ¢ 1T &
GchijllGY6! AH! W G Camnpoddiust gNUbtteYd ee al N Y Nb HOW 2 | 2 6! Wt W2
GaGYqUVYt qRUWa] ¢ W& KT RUWRG WR YHGHIN @.IPle & wf211IJE @R Y1 a
200Rt Yt q llobjei B A b R LiGIkoFRREE Ct & WeNBl Bt WUN®Y Y HOW-
zavislé nalarvach,T RT RHE R W2 1XUEN KRRttt & W4l TWAWI 6 t DA WG ¢
F Og WAIIDT WT 1 2 61 rdl fngch Rdrojich btravy (Koenig 1986)Také ba
6 URAT J UR WIv tempieMatBiéhadeBi#hoT W2 YdeT U] Wt ! UARGSI YURAY 2
2DZ t! qaWUNT2] qWRSEYWAaUYT t q2 R Wiadderdtall2eod)B| Bt LN ¢
CWGYT Buhtdmd Y2 Rq BAdy &6 TE ¢ HAc T U RILGSL2 tGoRY2qi20 OY T t q
GYql ¢ 2! WHpG MitnoliniddRisézoy bl [ ¢ ! q U= MMOb IOWAKRLIWT Yt qc¢ c
A2l WeTUWRWeEHa2UT ¢cUHWDWIT ¢ qi Y2RqDHAGAWRYT WTWW20D
VY HT Y HR W 820 ReAl sRBaRABALd velky, pro ziskavani potravy2 I3 W+ G RWIIUij & W
porostu, zejména habr obecny(Carpinus betulus) alipu malolistou (Tilia cordata).
Potravu sbiranizko nallR |1 YT OX @Hitien®. Zatimco, v mimohnizdnim obdobi,
2 | 2 Iviee2siirk ztepily a dub letniPotravu sbiravysoko, na tenkych nebo uschlych
2] ahdFranski 2023.

EWGYaql ¢2] WT ¢qiY2RqDAE WP 6 § WA WD ROE @eNaayEe wi |
(Coleopterab # LU GApRddideay, tiplicovitych (Tipulidaes A LW G | ¢ Rotinitidag)lL bi

srpic (Mecoptera) a1 11 2CGdgcditea) (Pettersson 1983 Torok 1988 WOWE Ya T Ct qR U
potravy datlovitych TIJ WU ¢ GK Rt 0 ¢ T LU$aFeldadarthidriadk WobRA LIV 20Dl 6DAL G ¢
GWARWUOWT2DAU0Uca U] TWRWI R2YT RWUIj WWt gT HUWqYGYdg
Nuortevaet a. N®Y Nb OW? ¢ qi Y2 RqRWI Yt CI, KR RRIRAGILLE Y T 1J q
BINRES DAUN® S Ob OW ¢ GK Rt fijeschademulotittjecind Yaeyd ZAIES 0 Y 6 K A1
20 minut a celkem 3@50 larev za den. Dva tydny stary strakapoyd GY q KIJHz2 T 1J LU
GKRHGOGRI U] W=PWNWGYql ¢ 2t YAOIRDI BUBEG@RBihikdidgeh WT 1JT Uc¢ |
1979 in Nuortevaetal. N ®Y Nb tOWs 3T OV W 2n¥ & albZII0 T euats e &1

AKIJY Oijj WET ¢ TUWYW2adR22 WGqCt g WU ¢, 4dbd Vz&cadiAeH 1J WL Y KR

M



YAUHU] W AJWKRHR A WArtdrtpeod)Eejrménadddaul)il tvid (Y R ¢ qi Y 2 R
ptaci zredukovat 0 19® Y WE AWT ¢t q Y Wt WWT T UeCdUZORSRBOAMR T U] LY LU
et al. 2011). Samice strakapouda velkéhoe T W T R,I204 @& C |R2q T Ratigvgit Y WWAT | Y
héalky vinatky jlmové Eriosoma lanuginosumA Wt T ! WGYT RI ¢ TRWUWTWU W ¢ @
i jejich medovici (Londei 2022. VG Y q | ¢ 2] W GapdinggoiR 2 DB HEAMOry LLI

jenWt £T AR6 WUCE¢ GKRt @ ¢ [Foddidata @ R IRAUTAIA WFYHARIEIT YJI) dlE Y A R a
pro ochranu lesa(Véle, Modlinger 2017)

ugl Y 8dalRidae) q It ¢ K RaerdrgbRemide)lhbpavoukovcei (Arachnida) jsou

T YGRUCUqURWY 0YT t Yo WGYql ¢2! Wl ¢ qiRt ¢ Wa-KRGI t qij
Calcerrada, Luque 2006). ? ¢ q 0 Rt WIqIKRIGE TIIDZGYT WqU] W RW HIWIG ¢
GKIUAGUYT DURWt gl Y2AY2RaqDAGS We WTWWGY2¢T Y2 CUWA¢¢ W
MMMb HOW~ Y| ,cAcCiRRd RUFUEHIFSted Ry Y q] WT ¢ qi Rt p&@ WGYT Jq
UUGKRUODHG6 W20 R2IJHGIOWELW I Yt qVYe HRAOUPA T jelichUYt qRLW t
Act qY2 GUURW2 WTRT WaURT t 2 Wl ¢ qiRt g FHARYU Wae Yl HaR
tegl Y2RSGRE WETAmH 6 W G 1t RHE G HOW élfahdémickstidphpuldti I GRT 130 R
t & | Y, débghuji datlici srovnateinych 6 2+ q Y aq AW A Y jeicHd kiésEjiciT 2 T 1

Us Gl RAt Yo ARRIGYRT 2! WWR F 6HOE?2] + Taj NEdt GIAd gy K R H e R L
t 2 0RWA2 DA UDA Walll R qét blRGE)UR gothddtethasiviysokbut R G LW bI [ ¢
¢cHa Ul ¢cUBRUWE § WWH6HERAT URW 62t qYaqcecWT ¢ qiwt gW2AI §
b1 Y2UCURLWY WGY! Yeéhgt gUHSIBELIKGSKItA ppdirdvl Rején Yesnim

Gl Yt KI&T BRWR UG RIS MU0 prafl B Ma Ti ek (Imbeau, Desrochers
SMMZbOW WT2RHUDWGYql ¢2! WUeHSECARWUC WG q2 DAHGS L
(Romero-Calcerrada, x 2 ve JW=ZMMZ b AWc G UW2! 2T R2ClWqgct ij Wl YA
Preference stiY O gje u datlikazavislanal Y Im@Rlobi. VGY AT URG WT,doVie We T WG i

v lesich s listnatymi stromy a na rozpadajicich se stromech. Od pozdniho léta do

T ¢t Uij 6 Yjjich cpodtravu a2 YKRIW qij 6] KW 2 DB ¢ sblignplh& YT t YI UFR
T 136 0 RT.Ov/tottd m@tidobi, vyrazrj preferuje druhy vazané na smrk ztepily

Vzimnich mj + RERAYA@ Y2 RW GKIWT UYt qU] W2 0IUE 1ad 1Y D RF & H#dl
0] t RAEGY ql ¢ 2] WGKW24CI ¢ TRWGce!I 2! W KI2Yt ¢cAUij6YL
Hl Ye HRW¢ WGe2Ye HRWbI[ ¢! qU=ZMMO6 WAIJHGrAohddt W=MMIMb
t gl Y2RRWGKUT t q¢ 2V 2 ¢ gduGyijuid j! LER66and L Yyt LaGrYegr ReLRG2l C |
ul Rt qRUW=MMNb WY EERT RAT Ui ¢! YEKRAGRT U] WMA S Wt
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t YKRt qAWTc¢t YWTt Ye Waqlt ¢ KRaliRogi Ri6 I G HNUA G E B Ca #]
ul Rt gRUWN®®Z b OW 7] 613G WHDGY!I YT URdatikd) byiolJT Y2 CUR
ATRWq] UYAWT UW VW2 WGY q l(Gagrppata)d Tl R thEMIAIEIR dIT RRALR )
I YWNNLWRIIG DO RE e W Y qaRUKOWGI ¢t aqWweGTIagl RI1IAT 1L @ adi (RR
t 13 W) en&ilhRizdnim a mimohnizdnim obdobimMezi pohlavimi, nebyl prokazan

rozdil. Potravad 0 C | j€otpdobnaT ¢ t Y We LUIN¥ $trefjieéhikipré datlik2 | 24 R 2

k lovu potravy je zastoupeno 2 RHIJWIT | e g AWONIT Wt YolRevild TOW!E t 2
qlt ¢ KRITYRURIpDBG A6 qY W aql YaWwHEe Waij O] AwllT Wt Yo Rt
TYtOGCT CWGYql ¢2URWGI 13 13JHID GHUEGHT Rd LR, jaksiag O 161G ¢ 2LV a
bl YOUHRSWeADHSCT Ut AW=MMMNb 1O

2¢qa Wl W1 UDAUT WWGY q ktal2200R)LM celé)EtiRsi domingi ¢ jkho 7 Y B H ¢ LW
GYql ¢2] WAl ¢ 2 IhiadeRa tdd ICAndpgnbtdgsLiA larvy saproxylickych

HI Yet gtoWé] qUBREs SRR &iANI6 0 RT U¢ aq DA drtychlt RHE G A LL ¢
stromechbl~ Rt 2t RUt t RWN®®Pb IOWAKRW §CU)] URWGY ql ¢ 2! LW
et a. Z=MNPb IOW ~JARW TG & tlopK FER &k & 2 LIUCHAMBNGtES Y 2+ t DAL
herculeanus), mravenec lesni Formicat GOb A WG DX Y T IpsYypagtighdy) t Y 2 DAL b
DX YT | Ye g dbkti¥ntattiss DAl &1 Y MdndeRatul dppL), kousavec korovy

(Rhagium inquisitor A LI G R Siréxd RGIHOL! Alllbt SHpkriaRderbratdd sl ¢ W H] 0 Yt ¢ Al
HK I1JA $lipdH satzeburgb W b~ Rt 2t RUt t RIWN®DOPb OWAIL, g 0] | UDAL
datlimimlajaty, TWWGKRHGRT U] WTZWNAWAYT WYT GY2RI CW2RAND
cW2D2YTVY2CUW q¢T ReWa!l ¢2V0U0RgWq2YKRW2] qWRU2 Wei @
Gl ¢2P0URVDWT RTRARW2 Wt ¢ DUNHG L Hatid TY13 15 GOmEYAOR 1Kl T R H
GKUT D2WRAGWE Yt GYT CKt ¢! WOWT CT YeHRWI | 26! W] ¢ @ LW

Strakapoud velky lovipotravu GK IJT 122 W& ¢ WWWRHG WGY ! Y qUHG AlWl¢c 61w
pasekam (Rolstadet al N®dP b IOWA Y ql ¢ 22 Wi Y2 RWU¢ WT R2 DAS WR Wi
(Rolstad et al. 1995; Osiejuk 1998; Smith 2007). Jehopotrava A¢ 6 | Ue TIJW & WR H 1]
(Aphidoidea), T 2 Ye t KR 0 ijOgilibnida),t tCH MIGLE &l (M¥ridaB)amotyly a

brouky (Torok 1988)Dominantni zastoupeni vpotravj s$trakapouda velkéhg maji

zejménabrouci, ale takét JG W U¢ WWR WUt We WOt qe¢l IOWEWRG WU e WWR
TUTRES6Wt ql ¢2! WGYWHWGDAU]! Yt We&§t RUTa2t WNPDY b HOW
b q KT U RdudbadaRHUNIUGNNZ 2 T R2 ¢ TRWWR W ! Ut WGKR G RWLW2 I
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eta. =MNT b OWAYql ¢ 2URLWHAGS Y 2,¢eUdRdiaktanizocatiocv@gked ¢ W2 10t
Gict qRARqYa AWt qI CWt DWaj] URW2 WAC2RY 0Yt qRWUE Wi

Moderni lesnictvi YT WA¢T Cat 2 WT 2 ¥BARRGHE MY @ bdi ¥FRARR il G
AGgt YH! W6 YeYddatout&piaiy® Ct q oY A Y0 2 TUWAWUWAHYp WTt Ye
GK R q VY tmwdh @ Rozkladajicich se strongtOlW é W6 Y1 GYT CKt t DHG Wa It R
ij U] Wal g2 iy 2<uoeidt RE6 WHAHIIA A Cet aldb08)Datofidlibii It Y O
| q2ij W ql Ya! WY WG g A Ve W27 WR (GIU IETKLILF NDEFSCLLG 1J1 R
Tet,gipl W2 WHAWDAACH ¢6Y2DHG6 WG Ut @tRaHPO0RE SravtidRiH 6 Wbl ¢ O
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ARTICLE INFO ABSTRACT

Keywords: Norway spruce (Picea abies) is one of the most important target trees in forestry. In Central Europe, it is grown
Bark beetles primarily in forest plantations. However, the distribution area of this tree species is declining due to climate
Woodpeckers

change and trends toward sustainable forest management. The question how artificial habitats such as planta-
tions influence the native biota is still unclear. We aimed to investigate the influence of spruce plantations on
bird communities at the country level. We focused on birds in relation to biotic, stand and land use character-
istics. We studied bird communities (including woodpeckers) throughout the Czech Republic. All sites were
situated in mature spruce forest plantations. Birds were sampled using the point count method, and nine envi-
ronmental predictors were considered to potentially affect the bird community. Our results indicate that the
representation of deciduous trees (within stands and in the surroundings) and longhorn beetles (as prey) have a
predominant effect on the species richness of birds, including woodpeckers. The effects of longhorns and de-
ciduous trees in the stand were positive, while deciduous forests in the surroundings had a negative effect. We
also found several species associated with spruce, even in plantation forests. An important finding regarding the
future management of spruce stands is that bird communities exhibited a strong relationship with spruce, even
outside of its native range. Admixture with deciduous trees was favorable at the stand level, while at the
landscape level, there is the need for adequate spruce-dominated forests, and deciduous forests may serve as
obstacles. We argue that plantations cannot only be seen as tree farms or green deserts but also be used for
biodiversity management. Nevertheless, it is important to leave deciduous trees within the stand until the end of
the rotation period, as birds find food and nesting places in these trees.

Canopy openness
Longhor beetles
Landscape cover

1. Introduction questions is recognizing how such artificial habitats influence the native

biota.
Tree plantations are the most important source of timber products. The Norway spruce (Picea abies) is one of the most important eco-
Therefore, they generate large amounts of money (Carle and Holmgren, nomic trees in Europe (Surminski, 2007). For this reason, since at least

2008; Cubbage et al.,, 2010). Plantations are often considered green
deserts (Acosta, 2011; Qui, 2014). Nevertheless, foresters that use sus-
tainable methods of silviculture to manage forests can use the resulting
income to improve the actual state of the forests (Brockerhoff et al.,
2008). Two of the most important questions related to such forests are as
follows: What is the optimal representation of forest plantations with
respect to more natural forest management approaches? Where should
they be located? One important part of any attempt to answer these

the end of the 18th century, the original deciduous forests have been
converted into spruce plantations. Currently, spruce plantations grow on
a large part of Central European forestland (Spiecker, 2003); for
example, in the Czech Republic, spruce has a greater than 50% repre-
sentation in forests (MZe, 2018). Plantations are often grown outside the
natural distribution of spruce in habitats with inadequate soil and cli-
matic conditions. This causes the spruce trees to be susceptible to biotic
and abiotic damage (Spiecker, 2003; Cassagne et al., 2004; Drever et al.,
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2006; Neuner et al., 2015; Holusa et al., 2018). Therefore, spruce is a
commercially important tree but is also one of the most endangered
because of abiotic (e.g., windstorm, drought) and biotic (bark beetles,
defoliators) threats. Spruces planted in plantations cause undesirable
environmental conversion. This can be reflected by a change in the
composition of plant and animal assemblages (Saetre et al., 1997;
Barbier et al., 2008; Hordk et al., 2019). Many studies have indicated
that nonnative coniferous trees have a lower species diversity and
abundance than native ones (Fahy and Gormally, 1998; Cassagne et al.,
2004; Barbier et al., 2008), which is inconsistent with the visions of
modern sustainable forestry (European Commission, 2003). These facts
and arguments, and in particular the conservation of biodiversity, have
driven the call for the replacement of spruce monocultures with native
tree species (Soucek and Tesal, 2008). Nevertheless, the effect of spruce
forest substitution may not always be clearly negative. Some studies
have shown that the presence of spruce can also have a positive effect on
biodiversity (Irwin et al., 2014; Hordk et al., 2019). It was recently
claimed that sustainable modern forestry must not only conserve
biodiversity but also provide economic services (Bengtsson et al., 2000).
This is important for spruce plantations in Europe than for most of other
trees (Surminiski, 2007; Carle and Holmgren, 2008; Sisak and Novotny,
2016).

One way to determine the influence of management on biodiversity
is the use of taxa that are well known and potentially sensitive to
environmental changes (Siddig et al., 2016). Birds in particular are
sufficient taxa frequently used in ecology. They are sensitive to forest
habitat alterations and microhabitat structure, and their ecology is well
known (Roberge and Angelstam, 2006; Evans et al., 2009; Eglington
et al, 2012; Irwin et al., 2014). Moreover, because of their good
mobility, they often respond quickly to changes in forests (Hansson,
2000). They are especially good predictors of changes in land use at a
landscape level (Hausner et al., 2003). The composition of the bird
community depends on tree species composition and the habitat quality
features derived therefrom, such as physiognomy, productivity, and
surrounding area composition (Hausner et al., 2002). Birds in temperate
forests are often highly specialized on deciduous or coniferous trees, and
some species are even dependent on spruce presence (Mikusinski et al.,
2018).

‘Woodpeckers are a special group of birds. Their species richness is
often closely correlated with the richness of other birds at the stand
level, and therefore, they can be used as an indicator of overall bird
richness (Mikusiniski et al., 2001; Roberge and Angelstam, 2006; Drever
et al., 2008). Among birds, woodpeckers are relatively poor disperses.
Adults often stay in one area throughout their whole life. Many species
are territorial. Furthermore, they do not leave their breeding territories
even during winter (Winkler and Christie, 1995; Gorman, 2004;
Pechacek, 2006). Their typical natal dispersal is relatively short
(Pechacek, 2006; Ciudad et al., 2009; Gil-Tena et al., 2013). The nests
can be often used repeatedly (Smith, 1997; Pechacek, 2004). The
abandoned cavities of these birds are used by many other animal species
(Newton, 1994). The black woodpecker (Dryocopus martius), a creator of
large cavities, is considered a keystone species of European forests
(Johnsson, 1993; Kosinski et al., 2010).

For these reasons, forest managers should pay attention to birds.
Birds serve many functions in ecosystems, such as acting as predators,
scavengels, seed dispersers, seed predators and pollinators. In summary,
they can be considered ecosystem engineers (Whelan et al., 2008). In
Europe, long-term studies and explorations of population trends have
shown significant losses of forest birds of up to nearly 20% (Gregory
et al., 2007; Virkkala, 2016). For example, Gregory et al., (2007)
considered habitat alteration caused by forest management to be one of
the main causes of the decline in boreal forest birds. Unfortunately,
Mahon et al. (2014) predicted a further decline in the abundance of birds
in coniferous forests in the next 100 years. The causes of the decline in
bird species are climatic and habitat changes and their combinations
(Virkkala, 2016). The causes of declines observed in specific regions
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cannot be generalized or extrapolated to a wider geographic scale. In-
dividual regions differ in terms of species pool, abiotic factors, habitat
types and the interscale interaction of processes in space and time (Wells
et al., 2011; Wiens, 2011). Therefore, further studies are needed to
understand how and why bird species dynamically respond to local and
landscape-scale forest attributes (Wells et al., 2011). This fact, related to
the declining area of spruce plantations, was the main reason for the
focus of owr study. The specific aim of our work was to evaluate the
influence of Norway spruce plantations on bird communities at the
country level. This study is timely because in the context of climate
change, there has been an intensive reduction in spruce plantations as a
result of drought. There has also been an uncontrolled increase in the
abundance of phloeoxylophagous insects, which cause large-scale
dieback of spruce forests (Knizek and Liska, 2020). Specifically, we
focused on the occurrence of birds in relation to the biotic, stand and
land use characteristics of Norway spruce forest stands. Contrary to the
tropics, there is still insufficient knowledge about the impact of tree
plantations in temperate regions on birds.

2. Methods
2.1. Study area

Forests cover approximately one third of the area of Czech Republic
(=~34%). More than one half of all forests are with the Norway spruce
(~54%), most of which are plantations. Native spruce usually occurs at
high altitudes (approximately from 700 m a.s.l.). These forests are
generally without timber production and located in protected areas
(MZe, 2018).

We studied birds in Norway spruce plantation forests. Therefore, we
excluded sites where the Norway spruce was potentially native
(Nozicka, 1957; 1972). The aerial distance between the individual areas
was always greater than 35 k. All patches were situated in mature (i.e.,
with an age of 100 =+ 10 years) stands. Finally, we studied birds at 43
sites distributed throughout the Czech Republic (Fig. 1).

2.2. Bird sampling

Birds were sampled using the point count method from the center of
the stand (Horak et al., 201 3). All individuals that were seen or heard 20
m from the center (with the exception of birds flying overhead) were
recorded within 15-minute intervals. The radius of 20 m allows us to
maximize the number of recorded species and eliminates the possibility

Fig. 1. Distribution of the studied sites of bird communities with dominance of
the Norway spruce (Picea abies) in the Czech Republic.
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that some birds (e.g. inhabiting tree-top canopy) cannot be detected. It
also allowed exactly described habitat attributions (Sdlek et al., 2010;
Hostetler and Main, 2016). In the case of the plantation forests, a larger
radius could contain the surrounding stands (Hoiak et al., 2019) — the
maximum allowed width of the commercial plantation stand in the
Czechrepublic is twice of the average tree height (MZe, 2018). Each site
was sampled twice during spring 2018. This is according the bird
mapping methodology (Bejcek and Stastny, 2014) and allowed to visit
all sites by the same person (i.e. avoid potential sampling bias).
Counting was carried out from dawn until the late morning and only on
days with suitable weather conditions (no rain, no temperatures
exceeding 20 °C).

2.3. Environmental parameters

We used nine environmental predictors classified into three
categories:

The first category included biotic factors and reflected the relation-
ships between the birds and the abundance of potential prey. For this
purpose, we placed a bundle consisting of six freshly cut spruce branches
(bound as a ladder) in each stand (Véle and Hordk, 2018). The bundles
were placed on the stem of a Norway spruce in the middle of the stand (i.
e., the sampling point for birds). The upper edge of the bundle was
located at a height of approximately 3.5 m above the ground. The
bundles were activated (placed) in the middle of March and deactivated
(replaced) in the middle of May. Immediately after deactivation, we
peeled off the bark and counted the numbers of bark beetle (Scolytinae;
mean = 12.1, min = 0, max = 127) and longhorn beetle (Cerambycidae;
7.8, 0-76) larvae and adults in the laboratory. We also counted the
number of ant nests (Formicidae; 0.8, 0-7) (namely, Camponotus spp.,
Formica spp. and Lasius spp.) in each studied stand.

The second category of predictors included the stand characteristics
of the studied forest stands. Specifically, we studied canopy openness
(32.0, 22.31-49.84%), the number of damaged trees (3.7, 0-11) and the
amount of fresh deadwood (2.7, 0-30 m®). Canopy openness was
measured using a Sigma 4.5 mm 1:2.8 DC HS circular fisheye lens.
Photographs were taken at the time of the first bird monitoring near the
trees with bundles and standardized according to the tree in the north-
ern pait of the photograph and at 2 m above ground level. All photo-
graphs were then evaluated using Gap Light Analyzer 2.0. The numbers
of standing damaged trees and amount of dead wood were determined in
the same area that the bird monitoring took place (circle with a radius of
20 m). All spruces with broken branches, scraped bark, and other defects
were counted as standing damaged trees. Volume of deadwood was
determined by estimation, including all pieces lying on the ground (with
adiameter >5 cm) and the standing remnants of tree trunks. All standing
remnants were measured. The dimensions of wood lying on the ground
was measured on four transects and then recalculated on the whole
surface of the stands (Adolt et al., 2013).

The third category of predictors was related to land use. We measured
the representation of spruce (84.7, 50-100%) and deciduous trees (6.0,
0-50%) within each stand. Then, we used GIS to calculate the areas of
coniferous and deciduous forest cover in 2 (494.1, 7.3-1 170.1 resp.
38.3, 0-600.5 ha), 5 (2 119.5, 91.8-5 343 resp. 284.7, 0-4 157.1), 8 (4
762.4,127.5-10 357.3 resp. 695.6, 0-28 518.6), 10 (7 174.2, 174.9-294
141.5 resp. 1 049, 0-9 158.6) and 15 (15 205, 597.8-31 122.7 resp. 2
330.1, 0-16 497.8) km radii (EEA, 2016).

2.4. Statistics
All statistical analyses were performed in R.
2.4.1. Spatial autocorrelation
For analysis of the spatial autocorrelation of dependent variables, we

used the package spdep. We used the global Moran'’s I and significance
testing using 199 permutations. All dependent variables that were
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significantly influenced by space were used in subsequent statistical
computations with autocovariates. Specifically, each autocovariate was
used as an independent variable (de Frutos et al., 2007).

2.4.2. Spatial partitioning

We analyzed the abovementioned land uses of forest cover using
spatial partitioning (Fig. S1). We computed the cover of each indepen-
dent variable in five circular areas with centers at the observation point.
We used 1adii of 2, 5, 8, 10 and 15 km. The radii used were optimal for
analyses for birds (from 2 km). They have the best response to the largest
radius and at lower distances we would analyze stand structures and not
land use (Hordk et al., 2013). We avoided overlaps between and among
landscapes of observation points (to 15 km). Thus, we used independent
landscapes (Hordk et al., 2016). First, we used the package HH for
computation of the variance inflation factor (VIF) to assess potential
multicollinearity between land uses. As we did not observe multi-
collinearity (VIF > 2) among independent variables, we used all forest
cover types in spatial partitioning.

The species richness was tested for normality using combination of
histogram and Shapiro-Wilk test. We fit generalized linear models
(GLMs) for particular radii with the observed species richness of birds as
the dependent variable and three forest cover categories. The radius
with the best whole-GLM adjusted explained variance (Hordk et al.,
2016) was then used in subsequent analyses (Fig. 51).

2.4.3. Generalized linear models

We used the observed species richness of birds (Gaussian distiibu-
tion) as the dependent variable and three categories of independent
variables in the GLMs (biotic factors, forest stand characteristics and
land uses). We excluded coniferous forests at 15 km due to multi-
collinearity (VIF = 3.18) with biotic factors and stand characteristics.
The independent variance of individual variables explained by the cat-
egories was computed using variance partitioning (Zasadil et al., 2020).

For best-subset GLM selection, we used the packages nlme, pgirmess
and MASS. Model selection was based on the criterion of AAICe < 2.
Only these models received substantial support and were considered
when making inferences (Burnham and Anderson, 2002).

Finally, 12 GLMs were compared (Table S1). A comparison of
reduced deviance between models was performed using ANOVA with a
X2 distribution. As the AAIC did drop significantly (P > 0.05), we chose
the GLM with the best AICc.

We used the package car for visualization of the selected GLM.
Pearson residuals were used, and the relationships between the depen-
dent and independent variables (with relationships with all other in-
dependent variables included in final GLM) were visualized. For the
analysis of woodpeckers, we used a GLM with a quasi-Poisson-
distributed dependent variable. We used GLMs with a binomial distri-
bution for dependent variables in individual species analyses. We
analyzed only species with five or more observations.

3. Results

We observed 28 bird species (Table $2). The mean number of species
per locality was greater than seven (min = 4; max = 11). Fringilla coelebs
was the most frequent, with 39 occurrences. Regarding the occurrence
of woodpeckers, Dendrocopus major was the most frequent and was
observed at 33 localities, Dryocopus martius was observed at seven lo-
calities, Picus viridis was observed at five localities, and Picus canus was
observed once.

3.1. Bird community

The variance explained by the overall GLM (i.e., with all predictors
included) was 42.7%, and the GLM was significant (F = 2.56; P =
0.025). The species richness of birds was the most influenced by the land
use category, followed by the biotic factor category, while the stand
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category was the least important (Table 1). Specifically, birds in the
spruce plantations were positively influenced by the amount of possible
prey in the form of longhorn beetle larvae. We observed a negative effect
of deciduous forest coverage within 15 km (Fig. 2).

Longhorn beetles and deciduous forests in the surroundings had
significant effects (Table S3) and, furthermore, were present in all best-
subset GLMs (Table S1). The results after GLM selection of independent
variables indicated that increasing the number of longhorn beetles had a
positive effect (t = 2.75; P = 0.009) and the coverage of surrounding
deciduous forests had a negative influence (t = —3.50; P = 0.001) on
bird species richness. The land use characteristic of deciduous trees was
included in six GLMs, and Norway spruce was included in five. Canopy
openness was included in seven GLMs, and the other two variables were
included in no GLMs. The biotic characteristic bark beetles was included
four times, while ants were never included (Table S1).

3.2. Woodpeckers

The number of woodpecker species was the most influenced by the
number of longhorn beetles and the representation of deciduous trees in
a stand. Increasing values of both variables significantly increased the
number of woodpeckers (Table 2).

3.3. Species responses

We found significant responses for one woodpecker. The black
woodpecker (D. martius) was positively associated with the representa-
tion of deciduous trees in a patch (t = 2.44; P = 0.021).

Significant responses of other bird species were as follows: the
common firecrest (Regulus ignicapillus) was negatively influenced by the
number of bark beetles (t = —2.42; P = 0.022). The European robin
(Erithacus rubecula) was positively associated with ant nests (t = 2.15; P
=0.040) and the amount of fresh deadwood (t = 2.76; P = 0.010). The
common chiffchaff (Phylloscopus collybita) was negatively affected by
the area of deciduous forests in the surroundings (t = —3.44; P = 0.002)
and favored increasing canopy openness (t = 2.30; P = 0.029). The
Eurasian blackcap (Sylvia atricapilla) was positively associated with the
number of bark beetles (t = 2.34; P = 0.026) and representation of
spruce (t = 2.13; P = 0.041). The common wood pigeon (Columba pal-
umbus) was negatively affected by the representation of spruce (t =
—2.26; P = 0.031).

Other abundant species, i.e., D. major, P. viridis, Turdus philomelos,
Fringilla coelebs, Parus ater, Regulus regulus, Parus major, Sitta europaea
and Troglodytes troglodytes, were not influenced by the studied charac-
teristics. The rest of the species were not analyzed due to the small

Table 1

Relationship of bird species richness with the environment of the Norway spruce
plantations in the Czech Republic. GLM with normal distribution of the depen-
dent variable was used, significant P-values are shown in bold.

Category  Ind. Variable t Est. SE P
-

Biotic 0.164  Bark beetles ~1.36  -1.24e %% 223"  0.185
Longhom 2.20 3.68¢ %% 1.65¢%  0.036
beetles
Ants -0.10 -2.21e°*  216e "  0.919

Stand 0.070  Canopy 1.84 7.43e % 4.04e7%  0.076
openness
Fresh —0.02  -7.73¢ %% 4.05¢ %  0.985
deadwood
Damaged 0.50 4727 9.43¢7 0620
trees

Land use  0.277  Spruce 1.48 3.08e % 2.08e % 0149
Deciduous 1.98 6.50e ** 329e % 0.057
Deciduous 362 -263¢ % 727¢ %  0.001
15 km
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number of occulrences.
4. Discussion

Our results indicated that the representation of deciduous trees and
the number of longhorn beetles had a predominant effect on the species
richness of birds, while the coverage of deciduous forests in the sur-
roundings had a negative influence.

Altogether, we observed 28 bird species. It is not easy to compare this
amount of species with other studies. The structure of managed and
natwral spruce forests is considerably different, and the number of
recorded species depends on the character of the studied plots, which
can be strongly heterogeneous (Leso et al., 2019; Bujoczek et al., 2020).
Nevertheless, we can see that some authors that studied akin ecosystems
found highly diverse number of species. Salek et al. (2010) found 43
species of birds in a similar habitat of secondary spruce forests. How-
ever, the comparison is difficult as they also studied forest edges. Edges
were prefeired by more than half of the species recorded in all treat-
ments. Higher number of species was presented by Felton et al. (2014) —
i.e., 36 species — from mature stands of the managed spruce plantations
in southern Sweden. Less comparable are data from the natural spruce
forest, which are generally found at higher altitudes — Saniga (2009)
found 46 species of birds in three areas in the natural spruce forests in
Slovakia and Bujoczek et al. (2020) observed 17 bird species in mature
spruce stands in Poland.

4.1. Influence of deciduous trees and prey

We evidenced a positive effect of longhorn beetles (Cerambycidae),
which can serve as prey for birds. It is known that in spruce stands,
longhorns mainly attack weakened trees or can weaken healthy trees
(Evans et al., 2004). Such trees are also susceptible to attack by other
potential pests, such as defoliators (Evans et al., 2004; White, 2015).
Therefore, their feeding activity should increase the total prey amount
and leads to higher abundance of insect predators and parasitoids
(Hedgren, 2007). As in the case of abovementioned defoliators, other
insects can be additional bird food. The impact of bark beetles was not so
significant, despite the fact that their ecological impact is similar. The
possible reason is delayed reaction of bird predators to enough prey
(Kuno, 1987) and longer development of longhorn beetles (compared to
bark beetles; Kiistek and Urban, 2013). Several indirect factors could
also have influence — such as dying of trees due to insect infestation,
which is associated with changes in undergrowth and shrubs and which
is particularly suitable for ground-nesting species (P1zepiora and Ciach,
2020). However, the positive effect of the low canopy closure was not
demonstrated and the occurrence of ground-nesting species was rare.
Therefore, the variable of the abundance of long horn beetles can be
considered as important factor.

We found a positive effect of deciduous trees within the stands
dominated by Norway spruce. The most likely reason is that the pres-
ence of deciduous trees can increase the number of other resources. Each
tree species provides a different food source for birds (Holmes and
Schultz, 1988). It has also been shown that deciduous vs. coniferous
trees provide different microclimates and food resources for arthropods
(Ozanne, 1999). As shown by this study, arthropods associated with
trees should be an important part of the prey of not only woodpeckers
but all birds — even seed-eaters that feed insects to their brood (Wilson
et al., 1999). The composition of tree species within stands can indi-
rectly affect which bird species successfully exploit the habitat and, thus,
affect the structure of the bird community (Holmes and Schultz, 1988).
We observed only one negative relationship (C. palumbus) with spruce,
which can be explained by poor conditions for the construction of nests
on spruces. Columba palumbus belongs to a larger group of birds that use
both deciduous and coniferous trees (Girard et al., 2004). To increase
the number of bird species and the number of individuals, the presence
of deciduous trees is necessary (Jansson and Andrén, 2003; Felton et al.,
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