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U3Boa: Y pagy cy NpuKasaHu pe3ynTtatv AeHAPOKAMMATONOLLKE aHaM3e pacTa jese Ha no-
Apydjy nnaHunHe bopja, BocHa u XepuerosuHa. MoTpedHU nogaLm cy y3eTn Ha 2 1OKanuTeTa,
a y3opKom je odyxsaheHo yKkynHo 60 cepuja pagujanHor npupacta (15 foMMHAHTHKUX cTadana
o NIOKaNNTeTy ca No ABa U3BpTKa). MpoBeseHa je cTaHAapAHa AeHAPOXPOHOOLWKA 0dpasa
aHanu3a nogartaka npumeHom copreepa Coffecha n Arstan. JodujeHa je npenMmunHapHa peru-
OHaJ/IHa XPOHO/I0TKja jene 3a Noapyyje nnaHuHe bopja, aykmHe 137 rognHa (1878-2014. roan-
Ha). JlodujeHun pesynTaTn KopenaLmMoHe aHanuse namehy nHaeKca pagujanHor npupacra ge-
dUHUCaHe xpoHoNoruje, ca jeaHe cTpaHe M NafaBnHa U TemnepaType No Meceunma, ca gpyre
CTpaHe, NoKasanu cy Aa Behe KoNMYMHe NafaBuHa y n1eTo uspaxkeHo nosehasajy npupacr jene,
a fa nosehare TemnepaType y OBUM MeCeLMMa He U3a3nBa 3HauYajHy peayKumjy npupacra.
PesyntaTtv npumeHe FAl MHAgEKCa cylue y HaBeAeHe CBpXe NOoKa3aau Cy la MHTEH3MBHMUje cylue
Y N1eTHUM MeceLMma MOTy M3a3BaTu 3HaYajHy peayKuMjy NpMpacTa jesie Ha AaTOM Noapyujy.

KmbyuHe peuu: jena, npmpact, AeHAPOKAUMaToNnoruja, bopja, bocHa 1 XepuerosuHa

YBOA

Mako ofajy yTUCak usparkeHe CTaTUYHOCTU U
HenpoMeH/bUBOCTH, CTabna y Lymama 1 npurpaa-
CKMM UM rPagCcKUM 30Hama cy NOAN0XKHA CTaSIHUM
npomeHama, Koje ce, Nopes oCcTasnor, n3paxasajy
My NpOMeHamMa gMMeH3uja cTadana uam nojeau-
HUX HMXOBUX eleMeHaTa pacTa (MpeyHuKa, BUCH-
Ha, 3anpemuHe, KpoLWHbM UTA.). HenospaTHo nose-
harbe gumeH3unja ctabana UAM HEKOr Herosor
Zenay oppeheHom BpemeHCKOM nepuogy, npema
Crtajuhy nByukosuhy (2016), HasuBa ce pacT
(YyKynaH BpemMeHCKM neproa) nav npupact (pacty
nepuoay oa, 1 unv BuiLLe rognHa, a Makby of, YKyn-
He cTapocTy).

Y OKBMPY aHa/M3e NPOMeHa YCc/108Ba cpeanHe
1 nocneamua TMX NPOMeHa Ha JbyZe U HUXOBO
OKpY!Kerbe, UCTPaXKMBakby Bese namehy ytuuaja
KAMMe, Kao dbaKTopa cpeguHe 1 pacta 1 npupacta
LWYMCKMX cTabana v wyma npunaga nocedbHo me-
cTo. 3601 HM3a CcBOjUX cNeuUdUUHOCTM (er3akTHOCT
Mepetba, YCKa Be3a ca KIMMaTCKUM U ApyrMm eKo-
NowKkum daktopmma, MoryhHOCT NpuKyn/baka
rnoAaTaka v BULLE BEKOBA YHA3a UTA.), UCTPAXKK-
Bakba pacTa M npupacta ctadana y fedsbuHy cy of,
HapOuYMTOr 3Hayaja 3a aHanu3y U aeduHUCare
npupoae peakuuje ctabana Ha U3MEHE OCHOBHUX
ycnosa 3a pacT (Stajic et al. 2014, 2015). UcTpa-
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JKMBakbMMa Koja NpoyyaBajy fed/bUHCKM unum pa-
ANjanHW NPUPaCT, HUXOBE roAULWHE, CPesHOpPOoY-
He W AyropoyHe Bapujaunje, Kao U yTuuaje
PasIMUUTUX EKONOLIKUX U OCTanX daKTopa Xu-
BOTHEe cpeAuHe, KOju YC/I0B/baBajy HUXOBe TOKO-
Be, daBe ce UCTpaXKMBa4M M3 061acTM pacTta 1 Npo-
M3BOAHOCTU LIYMa U AEHAPOXPOHONO03M, aNu U
Pas3NNUUTL UCTPANKMBAYN U3 CPOLHMX U NOBE3AHUX
LIYMAPCKUX AUCLMMNINHA, Kao LTO cy AeHAPOXPO-
HO/I0TUja U AeHAPOKIMMATONOINjA, a/ln U AeHAPO-
ekosoruja, geHaporeomopdonoruja uta. (Stajic
2010). Npema Byukosuhy et al. (2005) “... aex-
[APOXPOHO/IOrHja je HacTana NPUMEHOM AaTupatba
MapKaHTHUX, YIIAaBHOM YCKMX rof0Ba, T3B. KapakK-
TEPUCTUYHUX FrOA,0Ba, KopUWherem XPOHONOLLKOT
pefocnena rogosa TUMMYHOT 33 BPCTY, PErMOH,
crtapoct v nopekno ...”. Ctajuh (2010), umtnpajy-
hun pagose Schweingruber (1983)uCherubini
et al. (2004), HaBoAM Aa ce AEHAPOXPOHONOMMja
“...0aBu UcTpaxkMBarbemM pacta ctadana 1 Herosor
oAHOCa Npema yc/0BUMA CpearHe, Y 3aBUCHOCTU
oA, npoctopa U BpemeHa...”. Smith un Lewis
(2007) HaBoge pa je peHAPOXPOHONOTUja HayKa
Koja ce 6aBu AaTMpareM M NPoyYaBakbeEM roam-
LIHUX C/10jeBa pacTa (npupacTa) y LWyMCKOM ApBe-
hy 1 KOyHY.

Y oKBUpPY AeHAPOXPOHONOTHje, n3andepeHLm-
pana ce (nog)aucumMninHa Koja ce Ha3uBa LeH-
APOKAMMaTO/IOrMja U Koja ce, y CyLTuHU, dasupa
Ha yTBphuBamy Bese usmehy rpahe n BenmunHe
pagujanHor npupacrta v KAMMaTCKUX enemeHaTta u
HUX0BUX Bapujaumja. Speer (2010) Hanomue
0a je AeHAPOKAMMATONOIMja Aeo Wupe HayvyHe
OVCLUNAMHE 3BaHe MasleoOKANMMaToN0ru1ja, Koja
OCMM NPCTEHOBA NPUPACTa, 33 MPOyYaBake KAume
KOPWUCTK 1 3anuce U3 NefeHuKa, genosuumje ce-
AMMeHaTa, Kopasa v NojeauHUX cTeHa, yKkasyjyhu
Ha HeH nporpecusHo Behu 3Hauaj ycnes akTyanu-
3auMje v jayarba rodasiHe CBECTU O KIMMATCKUM
npomeHama U HbMUXOBOM UCMO/baBakby KPO3 Npu-
CYTHE PasnuuTe eKCTpeMHe NPUPOAHE Nnojase, ca
pPa3’opHUM YyTULAjUMa Ha Jby[e U hUXOBE KUBOTE.

Jena je buna npegmet UcTpakmBarba y Behem
Opojy AeHAPOXPOHONOLWKNX OAHOCHO AEHAPOKIM-
MaTONOLWKMX CTyAMja Ha nogpy4jy bankaHa u
Espone. Y BocHu u XepuerosuHu u Cpdujn jena
HUMje MHOTO UCTPaXKMBaHa y oBoM cmucay. Y bocHu
M XepLeroBmHU, yTMLaj Bapujaumja KAMMATCKUX
eflemeHaTa Ha NpupacT jesie UCTPAXKMBaH je y me-
LUOBWUTMM CacTojuHama OYKBeE, jesie U cMmpuye y npa-
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wymmn flom (Castagneri et al. 2014), pok je y
OeHAPOKAMMaTONOWKoOM cmucay y Cpduju jena
HeucTpaxeHa. Nlpema npeanMmMHapHUM nogaum-
ma [lpyre MHBEHType LyMa Ha BeJIMKUM MOBpPLUM-
HaMa 3anpemuHa yKynHe ApBHe mace jene y BUCo-
Kum wymama je 38.780.852 m3 uan 18%
3anpemMuHe yKynHe ApBHEe mace CBMX BPCTa ApBe-
ha Ha nogpyujy Penydnuke Cpncke. Jena je y bo-
CHU U XepLueroBuHM 3acCTyn/beHa y MeLoBUTUM
wymama dykse U jene, Te y Wymama dyKBe, jene un
CMpYye U BP0 PeTKO YUCTUM LWymama jene
(Ballian, Halilovi¢ 2016). Ob6uyHa jena y rop-
CKOM Mojacy rpagm WymcKe 3ajefiHuLEe ca CMPYOM
M noHeKas ¢ benmm dopom, Te ca SykBom, YmHehu
TaKO Haj3HA4YajHWjy WYMCKY 3ajeaHuuy y bocHU n
XepuerosuHu - 3ajeaHnuy SyKoBo-jenoBmx Wyma
(Stefanovié¢ 1977, Stefanovic¢ et al. 1983,
Beus 1984).

Nmajyhu y Buagy aa je Ha nogpydjy Penydnunke
Cpncke, ogHocHO bocHe n XepuerosuHe, jena jes-
Ha 0f, Haj3acTyN/bEHNjUX U HAj3HAYaAjHNjUX BPCTA
Apseha, ucTparkMBarba pagujasHor npupacTa cra-
bana jene, Kao dMoMHAMKATOPA HUXOBE BUTANHO-
CTW U peaKuuje Ha NpomeHy daKTopa cpeauHe,
MMajy HarnaleH NpMBpeaHU U eKOMOLKM 3HAYaj.
Tora, um/b oBOr paga je podbujatbe OCHOBHUX —
npeanMmMHapHUX casHaka O AeHAPOKANMATONO-
LUKOM OA3MBY jene Ha 2 IoKannTeTa y OKBMpYy no-
Apydja nnaHuHe bopja 1M noteHumjany ulpage
jegHe permoHanHe XpoHOJIOrnje 3a A4aTo noapyuje.

MATEPUJAA 1 METOA PAAA

Moapyyje ncTpaxmeara je nnaHnHa bopja y
3anagHom aeny Penydnuke Cpncke, BuX (cavka
1). HbeH HajBuMLWwKM BpX je Bennka Pyrwesumua (1.078
m) W Hanaswu ce y ceBepo3anasHoOM AeNy NiaHUHe.
Bopja je yrnaBHoM u3rpaheHa o marmaTcKkumx cTe-
Ha. MNpeoBnagasajy melwoBMTe cacTojuHe jene u
OyKBe, a jaB/bajy Ce M YMCTe cacTojuHe jene. YTBp-
THeHo je npucycTBo TPU acouujaumje: jena ca pe-
6payom Blechno-Abietetum (Ht. 1938) Ht. in
Cestar 1967, jena ca okpyrnoancHum dpohem
Galio rotundifolii-Abietetum M. Wraber 1959 n
Rusco hypoglossi-Abietetum Bruji¢ 2004. Takohe
je notpedHo HarnacuTM ga nogpydje naaHuHe
bopja npeacTas/ba rpaHMYHO noapyye apeana
jene npema cesepy.
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Y3opum (M3BpTUM) CY Y3€TU U3 ABE CACcTojuHe
Ha nnaHuHKM Bopja (CnmKa 1), y Kojuma cy nocTa-
B/beHe ABe orneaHe nospwuHe (50 m x 50 m), y
HMXOBMM OYYBAHUM U XOMOTeHUM aenosuma. Ha
NpBOj OrneaHoj NOBPLWMHM, ¥ acounjaunju Rusco
hypoglossi-Abietetum Bruji¢ 2004. Ha gucTpuy-
Hom Kamducony, yTBphHeHn dpoj ctadana no xekta-
py je 732, TemesbHULa 45,7 m?/ha 1 3anpemuHa
590,2 m3/ha. Ha apyroj ornegHoj NoBpLWUHK, Y
acouujaumnju Galio rotundifolii-Abietetum M.
Wraber 1959 Ha eyTpuuHOom Kamducony, yTephe-
Hu &poj ctadana no xekTapy je 588, Teme/bHULA
28,7 m?/ha v 3anpemuHa 273,7 m?/ha.

Y cBpxy aHanu3se yTuLaja KAMme Ha npupact
jene lNpecnepoBnm CBPAJIOM, KOHCTPYMCAHUM 33
y3MMatbe Ayrmx y3BpTaka, dyweHo je no 15 gomu-
HaHTHWX cTabana jene (ykynHo 30 ctadana) ca no
OBa u3BpTKa (yKynHo 60 cepuja pagujanHor npm-
pacta). NoTtpedaH 6poj ctadbana 3a dywere je
oppeheH nonasehu og npenopyka seher dpoja
ayTopa, Npema Kojuma je MMHMMaIHA BeanymHa
y30pKa 3a ycrnocTas/batbe KBa/IMTETHE MOjeAMHau-
He XxpoHonoruje ctanuwTa 15 aydehwux cradana,
YKOZIMKO ce U3 cBakor cTadna y3mmajy no Asa us-
BpTKa (Luckman, 2007, Fritts 1976, Accetto
1977, Levanic, 1996).

HaKoH npuKyn/batba, NOTPedHU y30puUn cy
npocneheHun y nadopatopujy, NocTaB/beHU 1 3ane-
N/beHU Ha yKned/beHe ApBeHe Hocave. HakoH WwTo
ce Ienuio ocywnao, NPUCTyNmIo ce odpaam y3o-
pakKa, O4HOCHO NpunNpemu U3BPTKa (OpyLuerby) ca
SpYCHVMM Nanupom, y Uu/by LITO NpeLmsHUjer me-
persa BennunHa npupacta. OdpaheHu ysopum cy
CKEHMpPaHW Kopulwherwem CKeHepa BUCOKUX Nep-
dopmaHcu (Epson Perfection V30 Photo). Mepetbe
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Cnuka 1. Monoxaj nnaHnHe bopja n ornegHMx nosp-
lwmHa/nokanuteTa

LWMPWUHA pagujanHOr NPMUPACTa je U3BPLUEHO KopU-
wherem nmueHumnpaHmx copteepa CooRecorder
7,6 n CDendro 7,6.

XpoHosioruje jene no N10KaAMTETUMA Cy Pa3BU-
jeHe nonasehu og nogartaka 0 eMNUPUJCKUM BENU-
YnHamMa pagujanHor npupacta. lNposepa KopekT-
HOr faTuMparba CBaKe Be/WYMHE npwupacTa,
O[HOCHO TA4YHOCTU NpUAOAABakba AaTe BeNMYMHe
npupacta ,,nMpaBoj“ KaneHAapcKoj rogMHU npose-
JEeHa je MOCTYMKOM T3B. YHAKPCHOI AaTupara
(eng. crossdating). YHakpcHO gaTtupatbe je u3Bp-
LIEHO BU3YeNHO U Nomohy CTaTUCTUUKUX MeToAa Y
OKBWPY CMeLuMjan3oBaHor CTaTUCTUYKUX Nporpa-
ma ,Cofecha” (Holmes, 1983, Grissino-Mayer,
2001) Koju omoryhaBa KBanuUTaTUBHY KOHTPOJY
NPUKYMN/bEHNX Cepuja LWMPUHA NPCTEHOBA NpuUpa-
CTa U yKasyje Ha eBeHTya/He Npodaeme y AaTupa-
Yy M Mepetby (Stajié¢ 2010).

CTaHzapavsaumja (oetTpeHpoBatbe) cepuja Hu-
30Ba NPCTEHOBA NpUpacTa y CyLUTUHU NpeAcTaB/ba
eIMMUHUCakbe T3B. CTapoCHOr TpeHaa. CTaHaap-
Au3aunja cepuja HM30BaA NPCTEHOBA NpUpacTa je
M3BpLIEHa NpMmeHoM nporpama Arstan, Kopu-
wherem T3B. rNaTKMX KyOHUX cnnajHoBa (er.
smoothing cubic spline). Pesyntart o6paae y npo-
rpamy Arstan cy cepmje nHAEKca pagujanHor npu-
pacTa, OAHOCHO TPW BEp3mje XPOHONOrMja MHAEK-
ca pagmjanHor npupacta (ctaHgpagapgHa - STD,
pesuayanHa - RES n apctaH — ARS xpoHonoruja) u
cBeodyxBaTHWN NPUKa3 pesy/TaTa CTaTUCTUYKE aHa-
nuse. Y oBom nporpamy cy od1MKoBaHe npoceyHe
XpOHO/IOTMje NoKanuTeTa cnajakbem u ynpoceya-
BakbeM NOjeAMHaAYHNX Cepuja y jeAHY XPOHONOrujy
TeXHUKOM Kopuwwherba TEXMHCKE cpeguHe nyTem
Takujese dukBagpaTHe PyHKLMje, KOja je npojek-
TOBaHa Aia CMakbM YTULAj U3010BaHUX BPEAHOCTU
M3BaH MHTepBana nogataka (Cook, 1985, Cook,
Holmes, 1986). 3a nopehetrbe ca KNMMaTCKMM Na-
pameTpuma KopuwheHa je ARS xpoHonoruja uH-
OeKca pagujanHor npupacta.

3a oueHe moryhHOCTV yapyKMBara goduse-
HUX XPOHONOTKja NpUpacTa no JAoKanuTeTUma y
pernoHanHy XpoHoNOorujy 3a noapyyje naaHuHe
Bopja KopuwheHu cy koedurumjeHT Kopenauuje (r)
1 KoedbULMjeHT noayLapHOCTM (MCTOCMEPHOCTH)
HUW3akba BEIMYMHA NpUpacTa AN UHAEKCa npupa-
cta-GLK (Huber, 1943; Eckstein, Bauch 1969),
KOju Cy Mepa cTeneHa ciarakba HM30Ba cepuja uam
XPOHO/I0TUja Y NOCMATPaHOM UHTEPBaNy.
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3a aHanuM3y yTuuaja KAMMaTCKMX enemeHaTa
Ha Be/IMYMHe pajujanHor npupacta Kopuwhenu cy
nojaum ca perMoHasHe MeTeopOosIOLWKe CTaHULe
[0b0j, 3a nepunog og 1951. go 2014. roguHe. MNo-
MeHYTU yTULLAj aHaIM3MpPaH je NPMMEHOM Kopena-
umje (1) usmehy meceuHmx TemnepaTtypa U naga-
BMHa U ARS xpoHosoruje nHaekca pagujanHor
npupacta 1 (2) nogaTaka o FAl uHgeKcy cywe u
ARS xpoHoOnoruje nHgeKkca pagnjaaHor npmpacra.

PE3YATATHU NCTPAJKABAIHA

OCHOBHE KapaKTepUCTUKE U AEHAPOXPOHOO-
LWIKO-CTAaTUCTMYKM NapamMeTpu aHaNM3npaHuXx ce-
puja eMNUPUJCKUX BEAMYMHA pPaaujasHOT npupa-
CTa NO /SIOKaNTETMMA-OIIeAHMM MOBPLUMHAMA
(OM) npukasaHu cy y Tabenu 1.

YKynaH 6poj mepeHux BefninHa pagujaaHor
npupacta (bp) je 1017 (OMN 1) 1 1592 (0N 2). Aput-
MeTuYKa cpeguHa (AC) nojeaMHauYHUX cepuja em-
NMUPUjCKMX BENMYMHA Npupacta nsHocu 3,54 mm
(0N 1) n 1,92 mm, (ON 2), a cTaHAapgHa aesuja-

uuja (CAO) je 1,667 mm (OMN 1) n 0,961 mm (ON 2).
Cepujcka Kopenaumja (CK) usmehy emnumpujckmx
BEJIYMHA U MacTep XPOHOJIOTUje pagmnjasHor npu-
pacrta mu3Hocu 0,444 (0N 1) n 0,434 (0N 2). Benu-
YyuHe yTBpHEHOT cpearber cTeneHa CeH3UTUBHOCTU
(MC) cy 13 kaTeropmje ocpefrbux» npema yny-
cteuma Grissino-Mayer (2001) n nsHoce og, 0,228
(0N 1) n 0,241 (0N 2). Bpoj youeHux xnpodnema-
TUYHWUX CEerMeHaTa»> ca Hef0BO/bHUM CTeneHor
cnararba TokoBa npupacrta (BMNC) y ykynHom dpojy
cermeHarta (bC) y cepujama npupacta je og, 2 oo 4
(tabena 1).

Ha rpadumkoHy 1 npukasaH je dpoj y3opaka u
T3B. AyOuHa y3opKa no Of. Pe3ynTaTtv nokasyjy Aa
je on,1972. roanHe Ha ode O 3adenexkeHo no 15
cepuja npupacra y y30pKy.

Ha rpadunkoHy 2 npuKasaHe cy npoceyHe em-
nupujcke cepuje pagujanHor npupacta (1) Ha oba
nokanuteta. YouaBa ce 3HaTHO Beha npoceyHa Be-
NNYMHA NpupacTa y Apyroj nonosmHU XX BeKa y
OZHOCY Ha NpeTXoAHu nepuoa. Ha ocHOBY TOKOBa
npupacTa U NO3HATUX Ca3Haka, 3a NPETNOCTaBUTH
je na je 3HATHO MarbK pagmjanHU NPUPacT y NPBUX

Tabena 1. OcHOBHe KapaKTepUCTUKe U AeHAPOXPOHOIOWKO-CTAaTUCTUUKMN NapameTpy eMMUPUjCKUX cepuja

pafujanHor npupacra

on bp BC bncC CK AC Makc ca AK1 MC
1 1017 33 2 0.444 3.54 15.48 1.667 0.802 0.228
2 1592 62 4 0.434 1.92 14.58 0.961 0.752 0.241
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MpaduKoH 1. bpoj y3opaka (cepuja npcteHoBa NpMpacTa) No roguHama u NoKaauTeTMma
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IpadukoHn 3. ARS Bep3uje xpoHonoruje

100-TnHaK rogMHa *¥mBoTa ctadana nocneamua
HEMNOBOJ/bHOT MO/0Xaja NocMaTpaHux ctadana y
CacTojuHM y TOM nepuoay (HNp. 3acereHoCT), a He
jacHor yTuuaja KaMmatckor ¢pakTopa.

Kao pesyntaT npumeHe nporpama Arstan ae-
¢duHMCcaHa je ARS xpoHonoruja MHAEKca pagujan-
Hor npupacTa () - rpadukoH 3. OBa xpoHonoruja je
Jasbe KopuwheHa 3a nopehere ca KAMMATCKUM
napameTpmMma, O4HOCHO 3a aHaNM3y yTuuaja aHa-
NIU3NPAHUX KNIMMATCKUX MapameTapa Ha BeINYMHY
| (TpaduKoH 3).

Y cnepehoj basm npuctynuio ce aHanusm oa-
Hoca usmehy geduHUcaHUx xpoHonoruja no Of,
npv Yemy cy yrepheru r u GLK (tadena 2). U3Hoc r
namehy geduHucaHmx xpoHonoruja (0,515) je Bu-
COK Y CTaTUCTUYKM 3HaYajaH. BennunHa GLK koedu-
umjeHTa (0,848) je, Takohe, CTaTUCTUUKM 3HAYAjHAa.

Tabena 2. M3Hocu r n GLK KoedpuumjeHaTa

on r/GLK
r=0.5151, p = 0,000
ooz GLK = 0,848**
HanomeHa:

*- CTaTUCTUYKM 3HAYajHa BPeAHOCT y3 BepOBaTHO-
hy oa 95%

** - CTaTMCTUYKM 3HaYajHa BPegHOCT y3 BepoBat-
Hohy oz 99%

Monasehu og NpeTxo4HO NpUKasaHe aHanu3e,
YMju pesynTaTu Cy Nokasanu Aodpo noaynaparbe
AedUHUCaHNX XpoHoorKja 0da NoKanuTeTa, Npu-
CTYMWNO Ce U3paau NpeiuMmnHapHe permoHanHe
XpoHooruje jene 3a nogpyyje bopja nnaHnHe. Ha
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IpadukoH 4. PernoHanHa xpoHosoruja jene 3a nogpy4je nnaHuHe bopja

rpaduKoHy 4 npukasaHa je ARS Bep3uja oBe xpo-
Honoruje. MNpBa rognHa XxpoHoaorKje Nnpupacta je
1849, a nocnegrba 2014. roguHa, WTO 3Ha4YM ga
XpoHonorunje nsHocu 166 roguHa (nmMHmja "a" rpa-
¢du1KoHa 4). AKo ce 3a NoYeTaK XPOHOOTMje yame
roAMHa y Kojoj cy MpucyTHe MMHUMaHO 4 cepuje
pazujanHor npupacTta oHAa je NpBa rognHa XPoHo-
norunje 1878, a Ay*KmHa Taga naHocn 137 rogmnHa
(nnHKnja "&" rpadukoHa 4). MpoceyHa BeAMUUHA
WMHAEKCa pagujanHor npupacTa je Bpsio damncka 1,
CTaHAapAHa aesujaunja je 0,130, koeduumjeHTa
acumeTpuje je 0,36, a KoednuMjeHTa CN/bOLITEHO-
ctu je 5,058. Cpegrba ocemwmsocT je 0,138, a ce-
pujcka Kopenauuja je -0,106.

Y un/by fasbe oueHe KBaimTeTa U NoysaaHo-
T podujeHe xpoHonoruje 3a fasba AEHOPOKNU-
MaTO/IOLLIKA UCTPaKMBAHbA U3PAYyHATe CY BENUYU-
He KoeduumjeHTa EPS. BeanumHe oBor nokasaTesba
y NPBUM roAMHama U geleHnjama XpoHonoruje
(op 1878. roamHe ao 1950) cy ucnog aorbe rpaHu-
e NpPUXBaT/bMBOCTU U NOBEPEHA XPOHONOTW)a,
Koja npema Wigley et al. (1984) nsHocu 0,85.
MehyTtum, oa 1950-Tux rogmHa (oa Kaga nocroje

nofaum o nagaBMHama v TeMmnepaTtypu) BefiMumHe
EPS cy Behe og 0,85, ykasyjyhu Ha moryhHOCT Ko-
puwhera oBae aedpuHUCaHE XPOHOIOTWje 3a AeH-
APOKNMMATO/IOLLKY aHaNU3Yy.

Y cBpxy yTBphMBatba 3aBUCHOCTU NpUpacTa o4,
KAMMe npoBeeHe Cy KopenaunoHe aHanunse ms-
mehy MHAeKca paamjanHor npupacta U U3Hoca
nagasuHa v TemnepaType 3a aBryct, centemdap u
oKTobap npeTtxoaHe roguHe (Asr n, Cent n n OKT
n) U Nepuog oA anpuaa Ao oktodpa tekyhe rogm-
He (Anp T— OKT T). M3payyHaTh KoeduumnjeHTH Ko-
penauuje nsmehy nHaekca pagujanHor npupacra
1 NaflaBuMHa No MeceLMma NpukasaHu cy y Tadenm
3. CTaTUCTMYKM 3HaAYajHa NO3UTMBHA Kopenauuja
namehy aHanM3npaHux Bapnjadan Ha HUBOY 3Ha-
YajHocTu p < 0,05 yTBpheHa je 3a centemdap npeT-
XoAHe roguHe u jyn Tekyhe roguHe.

YtBpheHu KoeduumjeHTH Kopenauymje nsmehy
MHAEKca pajmjasHOT NpUpacTa U MecevyHux Tem-
nepaTtypa npukasaHu cy y Tadenun 4. CTaTUCTUYKM
3HaYajHa HeraTMBHa Kopenaumja nsmehy aHanmsu-
paHunx Bapmjadan Ha HMBOY 3HaYajHocTK p < 0,05
yTBpheHa je 3a centTemdap nNpeTxoAHe rogmHe.

Tabena 3. KoedpuumjeHTn Kopenaumje nsmehy MHAEKCa paamjanHor NpMpacTa 1 meceyHux nagasuHa.

Mecey,
Asrn Cenn OKTn Anp T Maj T JyH T Jynt ABrT Cenrt OKTT
r — koeduLMjeHT Kopenauuje
-0,0041 0,3534 0,0967 0,1238 0,2277 0,0444 0,2388 0,2229 0,0177 -0,0294
p - BpeaHoCT
0,975 0,004 0,451 0,334 0,073 0,730 0,049 0,079 0,891 0,819
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Tadena 4. KoedununjeHTn Kopenauuje nsmehy MHAeKca pasmjasHor NpupacTa U MeceyHux TemnepaTypa.

Mecey,
Asrn Cenn OKTn Anp T Maj 1 Jyn T ynT Asrt CenT OKTT
r — KoeduumjeT Kopenaumje
-0,0926 -0,4236 0,1004 0,0377 0,0008 -0,1572 -0,1009 -0,1645 -0,0501 0,0303
p - BpeaHoCT
0,478 0,001 0,441 0,773 0,995 0,226 0,439 0,205 0,701 0,817

Y uns/by fasbe aHanmse penaumja usmehy Kau-
Me M MpupacTa jesie 1 MMHUMU3UParbA edekTa
MYNTUKOPEIMPAHOCTN NaJaBMHa U TemnepaTtype,
WCTPaXKMBaH je n ogHoc namehy npenMmumHapHe
pervoHanHe xpoHonoruje npupacta jene u FAl ux-
AeKca cywe. YTepheHu KoedumunjeHT Kopenaunje
nsmehy aHanmsmpaHux Bapujadau 3a noapydje
bopja nnaHnHe nsHocu r = -0,27 1 CTaTUCTUYKM je
3HauajaH (p = 0,033).

AMCKYCHJA

Ha ocHOBY pe3ynTaTa aHa/nM3e NPUKaA3aHUX Ka-
paKTepUCTMKa U AEHAPOXPOHO/IOLIKO-CTaTUCTUY-
KMUX NMapameTapa cepuja paaujanHor npupacrta
MOKe Ce KOHCTaToBaTW Aa NogaLum o NpupacTy ca
nnaHuWHe bopja npeacTassbajy fodap maTtepujan
3a pa3Boj XPOHONOrMja No NoKanuTeTMma. Ha oda
JIOKanuTeTa yaeo npodiemaTuyHUX cermeHaTa,
O[LHOCHO CermeHaTa y Kojuma cepuje pagujanHor
npupacTa Hemajy Tako U3pakeH cTeneH noayaap-
HOCTM Y TOKOBMMA, je Y fl03BO/bEHMM FpaHuLaMa.
BenunuunHe ytepheHor cpearber cTeneHa CeH3UTUB-
HocTn (MC) cnokasyjy aa cy cepuje npupacra
"cpeare CceH3UTUBHe” npema ynycTBuma
Grissino-Mayer (2001) Ha aejcTBo dakTopa cpe-
avHe. M3Hocu ayTokopenaumoHnx koeduumjeHaTa
1. pega cy n3yseTHO BMCOKM, Nokasyjyhu aa je no-
TpedHO HeonxoAHO “ouncTUT” BEAUYMHE NpUpa-
cTa y Tekyhoj roavuu og,” nena sennymHe” npupa-
CTa YC/IOB/bEHUM YyTULLAjEM PA3IUYUTUX PpaKTopa
13 NpeTxoAHe AN NPeTXOAHUX roanHa. M3pasom
XpOHO/I0TMja NpupacTa U NpoBeAeHUM npoueay-
pama cTaHgapan3saumje, ynpoceyaBarba BeIMUMHA
npupacTa u ayToperpecMoHor MoAenoBata, ayTo-
Kopenalunja Kao Hexe/beHOo [ejCTBO, je CKOpo Y
NOTNYHOCTU €/IMMUHMUCAHA U3 BeAMYUHA Npupa-

CTa, a/n je M yMarbeH NpoceyaH HUBO CEH3UTUBHO-
CTV Npema AejcTBy PpaKTopa cpeanHe.

MpoBepa cTeneHa cnarakba TOKOBA MHAEKCA
paaujanHor npupacta y gedvHuUcaHe ABe XPOHO-
Jiorvje No NoKanMTeTMMa U3BPLLEHA je MPUMEHOM
KoedbuumnjeHaTa Kopenaumje (r) n koebuuujeHTa
noAyLapHOCTU (MCTOCMEPHOCTU) HU3akba BEIUYK-
Ha npupacTa — GLK. JodunjeHn BeanymHe oBUX Ko-
edunumnjeHaTa nokasasne cy Aa NocToju 3Ha4vajHO
noayaaparbe, O4HOCHO CAMYHOCT AedUHUCAHUX
XPOHOJIOrMja NpMpacTta no JIOKaAUTeTMma, WTo je
npy*unno moryhHocT nspaze perMoHasHe XpoHo-
noruvje 3a nogpydje bopja nnaHnHe. OBako gedu-
HUCaHa XPOHO/IOTMja UMa NPeIMMUHAPaH Kapak-
Tep, UMajyhun y Buay Aa je, Kako je To Beh peyeHo,
LmM/b oBor paga duno godujarbe OCHOBHMX Ca3Ha-
Ha O AEHAPOKAMMATONIOWKOM OA3MBY jene Ha
2 NOKannTeTa y OKBMPY Nogpyyja naaHuHe bopja.
[a je jena y ctamy 4@ 0AroBOpPU CIMYHO Ha Bapu-
jaumje KIMMaTCKUX eniemeHaTa Ha OBOM MOAPYYjy
nokasane cy godujeHe BeNMYMHE OCHOBHUX AEH-
OPOXPOHO/OLIKO-CTAaTUCTUUYKMX NOKasaTes/ba Ae-
duHMCaHe npennmmHapHe xpoHonoruje. Kao jea-
HOT OZ}, OCHOBHMX NOKa3aTe/ba J0BOJ/bHE Be/IMYMHE
y30pKa yHyTap pedepeHTHe XpoHooruje 3a Aodu-
jarbe cTadMAHOT M jacHOT 3ajeaHUYKOT KIMMATCKOT
CUTHaNa y KAMMATO/NIOWKUM UCTPArKMBaHMMA,
Butler et al. (2013) HaBoge EPS. KoedunumjeHT
EPS (expressed population signal) je nokasatesm
KOjU KBAaHTUOUKYje HMBO 3ajeaHUYKOr CUrHana
mehy cepujama npupacta kopuwheHnm 3a godu-
jarbe xpoHonoruje. EMnnpujckun ytepheHa u npu-
xBaheHa rpaHuyHa BennymHa EPS koeduumjeHTa
op 0,85 npeacTtas/ba rpaHuULy UCNOA Koje nocma-
TpaHa XPOHO/IOTUja MOYNHLE TYOUTU KOXEPEHTHM
3ajeHUYKM CUTHAN U NOYUHbEe JOMUHUPATU CUT-
Han nojeanHayHmx ctadana. CTora ce XxpoHonoruje
npupacta ca HUXKMUM BPegHOCTUMA Of, FpaHuyHe
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MOTYy KOPUCTUTU 3a AaTuparbe (HNp. y AeHapoap-
XEO/IOWKMUM UCTPAXKMBarUMA), anun 360r Bapuja-
OUIHOCTU HWCY Noy3aaHe 3a Kanmdpauujy ca Kau-
maTckum nogaumma (Briffa, Jones 1990; Speer,
2010). Osae aodujeHn pe3ynTatm CUrHaAU3Mpanu
cy Aa, npema Bennvama EPS, pa je jaunHa 3ajea-
HUYKOT CUrHana y NPBUX HEKONIMKO AeLeHnja He-
3ag0BosbaBajyha. OBO ce moske 08jacHUTM NpUpo-
[0M OBOT MoOKasaTe/ba, a/ln U YNHEHULIOM A3 je
OH YCKO Be3aH 3a T3B. AyOuHY y30pKa, O4HOCHO
6poj BeANUMHA NpUpacTa Koju je yTBpHeH y CBAKOj
Ka/fieH4apCcKoj roanHun. Hanme, ayduHa y3sopka
KO, CBUX Cepuja npupacTa y XpOHONOrUju Huje
ncta, na 3dor cepumja Koje nmajy marou 6poj Benu-
YMHa NpuUpacTa U M3padvyHaTa YHaKpCHa Kopena-
uMja usmehy cepuja je y npsMm AeLeHnjama aa-
neko cnaduje msparkeHa. Mehytum, seanumHe
EPS 3a cermeHTe xpoHonorunje 1950-1990 n 1975-
2014. roanHa cy nsHag 0,85, Wwrto ce noknana u ca
nepuogmMma 3a Koje cy AoCTynHu oBae Kopuwhe-
HU KNMMATCKM nogaum. Ctora, oBa NpeMMmnHap-
Ha XpoHonorunja moxe dutn KopuwheHa 3a npe-
NMMUHAPHO 3aK/byuuBakbe O Npupoau Bese
umehy npupacTa jese U KAMMe gaTtor nogpy.ja.
Mnak, Ha JaToM Nofpyyjy cy HeonxoAHa HoBa uc-
TpaxmBakba OBAKBOT KapakTepa, wro he omoryhu-
TV jow penpeseHTaTUBHMUjM y30pak 1 nosehatu
jaumHy 3ajegHMYKOr curHana (BapujaHce) nsmehy
cepuja npupacrta y XpoHONOrnju.

Pe3synTtaTv npoBeaHMX aHanM3a ytmuaja kKamme
Ha npupact ctadana jene Ha 0BOM NoApyyjy noka-
3anu cy Aa ce nosehaHe KonnuMHe nNagasBuHa y
NeTHUM Meceumma (jyn) no3aMTMBHO oapasunse Ha
npupacrt, n3asuneajyhun HeroBo CTaTUCTUYKM CUTHU-
¢duKaHTHO nosehatbe y Tekyhoj rogmHu. OBo npou-
3/1a3U M3 JIOTUYHE YMbEeHULLE O NOTPedu CBaKe Bp-
cte apseha y oaHoOCy Ha BoAy y NeTHem aeny
BEreTaLMOHOr Mep1oaa, U TO y HajToNMjeM MeceLly
OBOr Neproaa, Kaga cy nafaBuHe HajMarbe JoCTyn-
He. M3paeH yT1Laj NagaBuHa je 3a O4eKnBaTy, jep
je jena BpcTa gpseha Koja 3axTeBa AocCTa Baare
(Dizdarevi¢ et al. 1987) n He nogHOCK CYBO 3€e-
msbuwTe M Basgyx (Cvjetic¢anin et al. 2016). Ko-
NIMYMHa NafaBnHa y Noapyyjy apeana U3Hocu npo-
ceyHo 1.000 - 2.000 mm, TaKo Ja cy v rpaHuue
pacnpocTupama jene y BefiMKom dpojy ciyyajesa
y3pOKOBaHe HeJ0CTaTKOM [0BO/bHE BAare.

Mopep, Tora, yTBpheHo je NO3UTMBHA Kopena-
LuMja ca KONMYMHOM MafaBMHA M HeraTUBHa ca
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TemnepaTypom y centemdpy npeTxogHe roguHe.
To NpakTMYHO 3HauM Aa jena Huje y CTaky Aa Tpnu
BULLE TemnepaType U Makbe KOIMYMHE NajaBuHa
Y KacHO NneTo NpeTxoAHe roguHe, LWTO MOXKe U3a-
3BaTM 3HAYaAjHO CMatbere NpMpacTta y HapeaHoj
rognHu. Y Hadeny, yTuuaj Bapujaumja tTemnepary-
pe Ha Bapuparbe BeNMYMHA NpupacTa jene je aa-
NIeKO Makbe U3parkeH Hero yTuuaj nagasuHa. Oso
je poHekne pasym/buso, Umajyhu y Buay aa ce
UCTParKMBaHWU JIOKAINTETU HaNase Ha pesaTUBHO
MaJi0j HAAMOPCKOj BUCMHM 3a jeny (y NpoceKy OKo
840 m.H.B.). Monasehu og jegHor onwiTe NpUxea-
heHor Hay4HOr NPUHLUMUNA Y AEeHAPOXPOHONOTUjU,
T3B. NPUHLMNa orpaHnyasajyhux (numutunpajyhmx)
dakTopa (Fritts 1976, Cook et al. 1990) 3a ove-
KMBaTW je oa du ce yTuuaj TemnepaTtype 3HaTHO
BUMLUE MCNO/bUO fa Cy UCTPAXKMBAHU NOKANUTETH
Ha BehUM HaAMOPCKUM BUCMHAMA, Tae je Temne-
paTypa LOMWHAHTHO orpaHuyasajyhu dakTtop 3a
pact v npupact ctadana. Mmajyhu y Buay aa ce
camo 12 % NoBpLUMHE YUCTUX U MELLOBUTUX LLIYMA
jene n cmpye U MeLWoOBUTUX LIYMA jene, CMmpye 1
OyKkBe y BOCHWU M XepLeroBMHU Hanasu Ha Haa-
MOPCKOj BUCMHMN Mak0j og, 800 m (Matic et al.
1971), HeoNXo4HO je NPOBECTU OBaKBa UCTPAXKM-
Bakba M y npeosnahyjyhem geny oBakBux WwWyma Ha
BULIMM HaZIMOPCKMM BUCUHAMA, KOje ce, npema
NOMEHYTUM ayTOPMMa, Hasla3e Ha NPOCeYHOj Haa-
MOPCKOj BUCUHM og, oko 1100 m.

Y un/by eniMMmnHMUCarba nociegumue T3B. My/TU-
KO/IMHeapHOCTH, 0AHOCHO MefycodHe Kopenauuje
namehy TemnepaTtype 1 nagaBuHa (BuLe Temne-
paType ycnoB/baBajy U Matbe nagaBuHe U odpHy-
TO, LUTO CBE MOXKEe OMECTU Ba/IUHO 3aK/byunBatbe
0 nojeAnHa4yHom (oABOjeHOM) yTWUajy OBa A4Ba
KMMaTCKa eleMeHTa Ha npupact ctadana) 3a oue-
Hy penauuja usmehy KaMMe 1 Npupacta Kopucre
ce MHAEKCU cylle, Y KOjuMa cy <)KOMOMHOBAHMU>
MCTOBPEMEHO NoJaLM O NagaBuHama U Temnepa-
Typu. Og, dpojHUX MHAEKCA Cylue Koju ce npume-
HYjy Y TOMeHYTUM aHann3ama, 3a oBAe nposeje-
Ha ucTpaxmsarba Kopuwhet je FAI (Forest Aridity
Index) nHgekc cywe. OBaj MHAEKC NpeAcTaB/ba
04HOC NpoceyHe TemenpaType y MeceLy jyny v as-
rycty U cyme nagaBuHa o4 Maja A0 aBrycra, Koja
KOpecnoHAMpa ca HajUHTEH3UBHUjUM NEPUOLAOM
pacTa v NpoayKLuje opraHcKe maTepuje Koz, LWym-
cKux ctadana (Fuhrer et al. 2011, Moricz et al.
2018). 3a oBAe UCTPaXKMBAHO Moapydje npoceyHa
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roauwra sennynHa FAl nHaekca y nepmoay 1953-
2014. rogmHe n3Hocu 4,86. Pesyntatu nposeaeHe
Kopenauuje nsmehy FAl nHaeKca cylie u MHAEKca
paaujanHor npupacra (r = -0,34) nokasanu cy ga
ce ca noseharbem MHAEKCA cylle CTaTUCTUYKM 3Ha-
YajHO cmakbyje Aed/bUHCKM NpUpacT jene.
[obujeHun pesyntaTv o npupoam AeHAPOKAUM-
TaoNOLWKe peaKkuuje jene Ha nogpyyjy bopja nna-
HUHE KOMHLUMAMPAjY Ca pe3yaTaTMma UCTParkmnBa-
wa Castagneri et al. (2014), odaB/beHUM Ha
noapyuyjy npawyme Jlom. MomeHyTn aytopu cy,
C/IMYHO HaLIMM pe3ynTaTMma, yTBpauaun aa sehe
nagaBuHe y eTHHUM Meceuuma “Beoma npujajy”
jenu, nsasmeajyhu sHavajHo noseharbe npupacTa.
Takohe, Castagneri et al. (2014) nocebHo ano-
cTpodupajy UnkbeHuULy Aa ce youyeHo noseharbe
TemnepaTtype y nociefre Tpu AeleHuje Huje
0Apasnsio Ha 3HAYajHO CMakbeHe Npupacta.

3AKAYYIIA

JeHapoknnmaTonoLwka aHaansa pacra jene,
Koja uma 3a uusb yTBphrBarbe KapakTepa ytuuaja
KMMATCKUX NapameTapa Ha paamjanHu npupacr,
ypaheHa je 3a noapyuyjy nnaHuHe bopja y BocHu
1 XepueroBmHW. PesyntatM aHanvse TOKOBA U
AEeHAPOXPOHONOLWKO-CTaTUCTUYKUX NapameTapa
cepvja npupacTa Nokasaau cy Aa NPUKYN/bEHN U
odpaheHu y3opak npeacTaB/ba NPUKNaZaH U cTa-
TUCTUYKM JOBOJBHO KBaIUTETAH MaTepujan 3a pa-
3BOj IOKA/IHWUX (MacTep) XpoHoNorMja paanjanHor
npupacra no orieAHMM NoBpLIMHaMa (floKanuTe-
TMMA). YTBpHEHO je Aa cy TOKOBM NpUpacTa y OKBU-
py fedUHUCAHMX TOKATHUX XPOHONOTMja NPUANY-
HO C/IMYHM, Te CTOra M [a MOCTOjU CTAaTUCTUYKK
3HayajHoO cnarawe (ycknaheHocT) dopmupaHmnx
XpoHos0ruja, Wro je omoryhunno uspasy npenvmm-
HapHe pervoHasiHe XPOHOJIOTUje jene 3a noapyyje
Bopja nnaHuHe. JedurHucaHa xpoHonoruja npupa-
CTa, Ca AOBO/bHOM CTaTUCTUUYKOM Noy3gaHolwhy u
jAQYMHOM 3ajeJHUYKOT CUTHANA Y PaCTy, je YKyMnHe
ay*uHe 137 rognHa (1878-2014. roamHa).

lpoBeneHe MaTeMaTUUKO-CTaTUCTUUKE aHaNN-
3e ogHoca usmehy npenMmuMHapHe pernoHanHe
XpoHonoruje (cepuje MHAEKCa pagumjanHor npupa-
CTa) ¥ MEeCeYHUX U3HOCa NafaBMHa U TemenepaTy-
pe nokasasne cy Aa sBehe KOAMYMHE MagaBuHa Y
KaCHO /1eTo NPeTXoAHe roAMHE U Y TOKY N1eTa TeKy-

he roamHe n3a3uBajy 3HavyajHo noseharbe npupa-
cTa jene. Ca gpyre cTpaHe, BULLE NIeTHe Temnepa-
Type He U3a3unBajy U3paxKeHo CMatbere npmpacTta
Tekyhe roguHe. MehyTum, go Tora A40/1a3n camo
npuankom noseharba TemnepaTtype y TOKy cen-
Temdpa nperxogHe rognHe. C 063Mpom Ha oBe
pesynTate, MOXe ce NpeMMUHAPHO U3BECTU U
3aK/byyaK [a eBeHTya/IHO CMakbere MajasBuHa
ycnoB/beHo noseharbem Temepatype y NeTbum
meceLMma He d1 1U3a3Basio 3HaYajHUje CMatberbe
npupacta jene, cyrepuwyhu ga jena y osom no-
OPYYjy MOXKe NpeTpneTy N3BeCHN HUBO CMakbeHa
KO/IMYMHe NafaBuHa 1 nosehare Temenparype, a
[, TO He N3a30Be 3HaYajHUjy peayKumjy npupacTa.
Mnak, pesyntatm npumeHe Kopenaunje nsmehy
MHAEeKCca paanjanHor npupacta n FAl nHaekca
cylle noKasanu cy Aa Yy C/yyajy MHTEH3UBHUjUX
Cyla y IeTHMM MeCeLMMa jela MOXKe A0XKUBETU
3HaYajHO peayKoBakbe BeIMYMHA NpupacTa.

leHepanHo, OOMjeHM pe3ynTaTu cyrepuily Aa
pacT jene Ha nogpyd4jy niaHuHe bopja BuLwe 3aBu-
CW 04, BapujaLmja KOANMYMHE NaaBUHA Hero Bapu-
jaunja Temnepatype. OBe ce moXKe AeN0M U oYye-
KuBaTu, umajyhu y Buay penatmsHoO many
HaZLMOPCKY BUCUHY OBA A,Ba JIOKANIUTETA HA KOjUM
jena pacte y oaHocy Ha Leo apean jene y BocHu n
XepueroBmHM, anm 1 YUHbEHULY Aa je Yy NuTaky
BpcTa apseha Koja 3axTeBa gocta Bnare. C 063u-
pom Aa je 3a nnaHuparbe v nposohere 038M/bHUX
M MyNITUANCUUTNIZIMHAPHUX UCTPAXKMBAHba O peakK-
LM1ju jene Ha U3MeHe KIMMATCKUX YC10Ba Ha oBAe
aHaIN3MPaHOM NOAPYYjYy HEONXOAHO MPUKYMUTU
HU3 NPeMMUHAPHUX Ca3Hakba, L0OUjeHN NOYETHM
pe3ynTaTn Beoma Cy WAyCTPaTUBHU U CBPCUCXOA-
HW. Mnak, noTpebHO je NPOBECTM HOBA UCTPaXKMBa-
Ha penauuje namehy K1MmMe 1 pacTa jene Ha BuLLe
ApYrux 0KanuTeTa 0BOr NOoApyYja, anu U npume-
HUTU U HU3 APYrMX MEeTOAO0/MOWKMX npoueaypa
KOjuMa ce goaaTHo “ocBeT/baBa” Npupoaa npupa-
CHe peakuuje jene Ha BULIeAELLEHNjCKe MPOMEHe
TemnepaTtype M nafasuHa, KAao Haj3HaYajHMjuX
KNIMMaTCKMUX efieMeHara.
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Abstract: This paper presents the results of a dendroclimatological analysis of the growth of
fir trees in the Borja mountain area, Bosnia and Herzegovina. The required data were taken
in 2 sites, and the sample covered a total of 60 series of radial increment (15 dominant trees
per site with two cores). Standard dendrochronological processing and data analyses using
the Coffecha and Arstan software were performed. The preliminary 137-years long regional fir
chronology for the Borja mountain area was obtained. The obtained results of the correlation
analysis between the radial increment index of the defined chronology, on the one hand, and
the monthly precipitation and temperature, on the other, showed that higher summer pre-
cipitation significantly increased the increment of fir, and that the increase in temperature in
these months did not not cause a significant increment reduction. However, the results of the
FAI drought index application for the stated purposes have shown that more intense droughts
in the summer months can cause a significant reduction in the increment of fir in a given area.

Key words: fir, increment, dendroclimatology, Borja, Bosnia and Herzegovina

INTRODUCTION

Although they give an impression of expressed
staticity and invariability, the trees in the forests,
suburban and urban zones are subject to constant
changes, which are expressed in changes in the
dimensions of trees or their elements of growth
(diameter, height, volume, crown, etc.). According
to Staji¢ and Vuckovic¢ (2016), irreversible in-
crease in the size of a tree or some part of itin a
certain period of time is called growth (total time
period) or increment (growth in the period of 1
year or more, and less than the total age).

In the context of the analysis of changes in the
conditions of the environment and the conse-
qguences of these changes on people and their sur-
rounding area, the research of the link between
climate impact, as a factor of the environment,
and growth and the increment of forest trees and
forests has a special place. Because of their speci-
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ficity (exactness of measurement, close connec-
tion with climatic and other ecological factors, the
ability to collect data and several centuries back,
etc.), research of the growth and diameter incre-
ment of trees are of particular importance for ana-
lyzing and defining the nature of the reaction of
trees to changes in the basic conditions for growth
(Staji¢ et al. 2014, 2015). The research of diame-
ter increment, its annual, mid-term and long-term
variations, as well as the impacts of various envi-
ronmental factors that determine its flows, is con-
cerned with researchers in the field of forest
growth, but also various researchers from related
disciplines, such as dendrochronology and dendro-
climatology, as well as dendroecology, dendrogeo-
morphology, etc. (Staji¢ 2010). According to
Vuckovic¢ et al. (2005) “...dendrochronology was
created by the application of dating markant,
mostly narrow tree-rings, the so-called character-
istic ring, using the chronological order of annual
rings typical of species, region, age, and origin... “
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Stajic¢ (2010), quoting papers by Schweingruber
(1983) and Cherubini et al. (2004) states that
dendrochronology “...is concerned with the study
of the growth of trees and its relation to environ-
mental conditions, depending on space and
time...”. Smith and Lewis (2007) pointed out
that dendrochronology is a science that deals with
dating and studying annual growth layers (incre-
ments) in forest trees and shrubs.

In the framework of dendrochronology, a (sub)
discipline called the dendroclimatology is differen-
tiated, which is based on determining the relation-
ship between the structure and the size of radial
increment and climatic elements and their varia-
tions. Speer (2010) notes that dendroclimatology
is part of a wider scientific discipline called paleo-
climatology, which, apart from annual rings, uses
glacial glossary, deposition of sediments, coral and
individual rocks to study the climate, indicating its
progressively greater significance due to the actu-
alization and strengthening of global awareness of
climate change and their manifestation through
the presence of various extreme natural phenom-
ena, with devastating effects on people and their
lives.

Fir was the subject of research in a number of
dendrochronological and dendroclimate studies
on the Balkan peninsula and Europe. In Bosnia and
Herzegovina and Serbia, fir has not been much ex-
plored in this regard. In Bosnia and Herzegovina,
the influence of variation of climatic elements on
the growth of fir was investigated in mixed beech,
fir and spruce stands in the forest of Lom (Cast-
agneri et al., 2014), while in dendroclimatic
sense fir in Serbia is unexplored. According to pre-
liminary data of the Second Forest Inventory on
large areas, the wood volume in high forests is
38.780.852 m?® or 18% of the total wood volume in
the territory of the Republic of Srpska. In Bosnia
and Herzegovina, fir is represented in mixed for-
ests of beech and fir and in beech, fir and spruce
forests and very rarely in pure forests of fir (Balli-
an,Halilovi¢ 2016). Fir in the mountainous zone
forms forest communities with spruce and some-
times with Scots pine and beech, making it the
most important forest community in Bosnia and
Herzegovina - a community of beech-fir forests
(Stefanovi¢ 1977, Stefanovié et al., 1983,
Beus 1984).

Bearing in mind that fir is one of the most
common and most important species of trees in
the Republic of Srpska and Bosnia and Herzegovi-
na, research of the diameter increment of fir trees,
as a bioindicator of their vitality and reactions to
the change of environmental factors, has an em-
phasized economic and ecological significance.
Therefore, the aim of this paper is to obtain the
basic - preliminary knowledge about the dendro-
climatological response of fir in 2 sites within the
area of Borja mountain and the potential of creat-
ing a regional chronology for the given area.

MATERIAL AND METHOD

The area of research is the Borja Mountain in
the western part of the Republic of Srpska, Bosnia
and Herzegovina (Figure 1). Its highest peak is Ve-
lika Runjevica (1,078 m) and is located in the
northwestern part of the mountain. Borja is most-
ly built of magmatic rocks. It is dominated by
mixed stands of fir and beech, and clean stands of
fir are also present. The presence of three associ-
ations was established: Blechno-Abietetum (Ht.
1938) Ht. and Cestar 1967, Galio rotundifolii-abie-
tetum M. Wraber 1959 and Rusco hypoglos-
si-Abietetum Bruji¢ 2004. It should also be noted
that the Borja mountain area represents the bor-
der area of fir in the north.

Samples (cores) were taken from two stands
on Borja Mountain (Figure 1), in which two sample
plots —SPs (50 m x 50 m) were established in their
preserved and homogeneous parts. On the first
sample plot, in the association Rusco hypoglos-
si-Abietetum Bruji¢ 2004 on the dystric cambisol,
the determined number of trees per hectare is
732, the basal area is 45.7 m?/ha and the volume
is 590.2 m3/ha. In the second sample plot, in the
association Galio rotundifolii-Abietetum M. Wra-
ber 1959 on eutric cambisol, the number of trees
per hectare is 588, the basal area is 28.7 m?/ha
and the volume is 273.7 m3/ha.

To study the influence of climate on fir incre-
ment, Presler’s borer was used for drilling 15 dom-
inant trees of fir (30 trees in total) with two cores
(total of 60 series of radial increment). The re-
quired number of drilling trees is determined
based on the recommendations of a number of
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Figure 1. The location of Borja mountain and the
sample plots/ sites

authors, according to which the minimum sample
size for establishing a quality individual chronology
is 15 trees, if two cores are taken from each tree
(Luckman, 2007, Fritts 1976, Accetto 1977,
Levanich, 1996).

After collection, the necessary samples were
forwarded to the laboratory, placed and glued to
the wooden carriers. After the glue was dried, the
processing of the samples, i.e. the preparation of
the core with sand paper (grinding) was initiated,
with the aim of making an accurate measurement
of the radial increment. The processed samples
were scanned using high performance scanners
(Epson Perfection V30 Photo). The measurement
of the width of radial increment was made using
licensed software CooRecorder 7.6 and CDendro
7.6.

Fir chronology by localities was developed
based on empirical radial increment data. Check-
ing the correct dating of each increment value,
that is, the accuracy of adding the given increment
in the “right” calendar year, was carried out by the
Crossdating procedure. Crossdating was done vis-
ually and using statistical methods within the spe-
cialized statistical program “Cofecha” (Holmes,
1983, Grissino-Mayer, 2001), which provides
qualitative control of the collected series of the
radial increment (tree-rings width) and points to

possible problems in dating and measurement
(Stajic¢ 2010).

Standardization of the radial increment series
was made using the Arstan program, by applying
smoothing cubic splines. The result of processing
in the Arstan program is the radial increment index
series, i.e. three versions of the radial increment
index chronology (standard - STD, residual - RES
and Arstan - ARS chronology) and a comprehen-
sive overview of the results of statistical analysis.
In this program, the average chronologies of the
sites are formed by averaging the individual series
into a single chronology using biweight robust
mean procedure, designed to reduce the influence
of isolated values outside the data interval (Cook,
1985, Cook, Holmes, 1986). For the comparison
with climatic parameters, the ARS chronology of
the radial increment index was used.

The correlation coefficient (r) and the coeffi-
cient of convergence - GLK (Huber, 1943; Eck-
stein, Bauch 1969), which are a measure of the
degree of agreement of series sequences or chro-
nologies in the observed interval, were used for
estimating the possibility of merging the obtained
local increment chronologies into the a regional
chronology for the Borja mountain area.

For the analysis of the influence of climatic el-
ements on the radial increment, data from the
regional weather station “Doboj” were used for
the period from 1951 to 2014. This impact was
analyzed by applying the correlation (1) between
monthly temperatures and precipitation and the
ARS chronology of the radial increment indices
and (2) the FAl index of drought and ARS chronol-
ogy of the radial increment indices.

RESULTS

The basic dendrochronological-statistical pa-
rameters of the analysed empirical radial incre-
ment values for the SP are shown in Table 1.

Table 1. The basic characteristics and dendrochronological-statistical parameters of empirical series of radial

increment 1
SP No NS NPS SC Mean Max SD AC1 MS
1 1017 33 2 0.444 3.54 15.48 1.667 0.802 0.228
2 1592 62 4 0.434 1.92 14.58 0.961 0.752 0.241
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Diagram 2. The averaged empirical series of increment by SP

The total number of measured radial incre-
ments (No) is 1017 (SP1) and 1592 (SP2). The
arithmetic mean (Mean) of individual series of em-
pirical increment values is 3.54 mm (SP1) and 1.92
mm (SP2), and standard deviation (SD) is 1.667
mm (SP1) and 0.961 mm (SP2). Serial correlation
(SC) between the empirical increment values and
the master chronology of radial increment is 0.444
(SP 1) and 0.434 (SP 2). The values of the mean
sensitivity (MS) are from the category of “medi-
um” according to the guidelines of Grissi-
no-Mayer (2001) and amounts to 0.228 (SP1)
and 0.241 (SP2). The number of “problematic”

(flagged) segments” (NPS) with an insufficient de-
gree of agreement between the series (low corre-
lation) in the total number of segments (NS) in
series is from 2 to 4 (Table 1).

Diagram 1 shows sample depth by SPs. The re-
sults show the sample depth of the longest radial
increment series in SP dates back to 1849 (SP2)
and to 1870 (SP1).

The averaged empirical radial increment series
(Ir) of both SP are presented in Diagram 2. A signif-
icantly larger average value of increment in the
second half of the 20th century could be seen
compared to the previous period. Based on the
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Diagram 3. ARS version of the chronology

obtained growth rates and previous knowledge, it
can be assumed that significantly smaller radial
increment in the first 100 years of the tree’s life
results from the unfavourable position of the ob-
served trees in the stand in that period (e.g. stag-
nation stage) rather than from the clear influence
of the climate factor.

As a result of the application of the Arstan pro-
gram, the ARS chronology of the radial increment
indices (1) was defined (Diagram 3). This chronolo-
gy will be further used for comparison with cli-
mate parameters, i.e. for analysing the impact of
analysed climate parameters on the forest growth.

In the next phase, the analysis of the relation-
ship between the defined chronologies in the SP
was initiated, with r and GLK being determined
(Table 2). The r-value between defined chronolo-
gies (0.515) is high and statistically significant. The
value of the GLK coefficient (0.848) is also statisti-
cally significant.

Table 2. Values of r and GLK coefficients

sp r/GLK
r=0.5151, p = 0.000
SP1/5P2 GLK = 0.848**

* - Statistically significant value with probability
of 95%

** - Statistically significant value with probability
of 99%

Starting from the previously presented analy-

sis, whose results showed a good matching of the
defined chronologies of both locations, the prepa-
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ration of the preliminary regional chronology of fir
for the Borja mountain region began. Diagram 4
shows the ARS version of this chronology. The first
year of the chronology of the increment was 1849,
and last one 2014, which means that the chronol-
ogy is 166 years (line “a” of Diagram 4). If the be-
ginning of the chronology takes years in which
there are at least 4 series of radial increments, then
the first year of chronology is 1878, and the length
then is 137 years (line “b” of Diagram 4). The aver-
age size of the radial increment index is very close
to 1, the standard deviation is 0.130, the skewness
coefficient is 0.36 and the kurtosis coefficient is
5.058. The mean sensitivity and the serial correla-
tion are 0.138 and -0.106, respectively.

In order to further assess the quality and relia-
bility of the obtained chronology for dendroclima-
tology researches EPS was calculated. The value of
this indicator in the first years and decades of
chronology (from 1878 to 1950) is below the lower
limit of acceptance and trust chronology, which
according to Wigley et al. (1984) is 0.85. Howev-
er, since the 1950s (since precipitation and tem-
perature data exist), the EPS is higher than 0.85,
indicating the possibility of partial use of the
above defined chronology for dendroclimatic anal-
ysis.

To detect the period of a year during which
precipitation and temperature correlated best
with the radial increment, correlation analyses
were performed between the radial increment in-
dices and precipitation and temperature for Au-
gust, September and October of the previous year
(Avg p, Sep p and Oct p) and April to October of
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Diagram 4. Regional chronology of fir for the Borja mountain area

the current year (Aprt - Oct t). The calculated cor-
relation coefficients between the radial increment
index and monthly precipitation data are shown in
Table 3. A statistically significant positive correla-
tion between the analyzed variables at the signifi-
cance level p<0.05 was found for September of the
previous year and July of the current year.

The determined correlation coefficients
between the radial increment index and monthly
temperatures are shown in Table 4. A statistically
significant negative correlation between the

analyzed variables at significance level p <0.05 was
established for September of the previous year.

In order to further analyze the relationship
between the climate and fir increment as well as
to minimize the effect of multi-correlation of
precipitation and temperature, the relationship
between the preliminary regional chronology and
the FAIl index of drought was investigated. The
determined coefficient of correlation between the
analysed variables for the Borja mountain range is
-0.27 and it is statistically significant (p = 0.033).

Table 3. Correlation coefficients between radial increment indices and monthly precipitation.

Month
Avg p Sep p Oct p Aprt May t Junt Jul't Avg t Sep t Octt
r— correlation coefficient
-0.0041 0.3534 0.0967 0.1238 0.2277 0.0444 0.2388 0.2229 0.0177 -0.0294
p - value
0.975 0.004 0.451 0.334 0.073 0.730 0.049 0.079 0.891 0.819
Table 4. Correlation coefficients between the radial increment index and monthly temperatures.
Month
Avg p Sep p Oct p Apr t May t Junt Jul't Avg t Sep t Oct t
r — correlation coefficient
-0.0926 -0.4236 0.1004 0.0377 0.0008 -0.1572 -0.1009 -0.1645 -0.0501 0.0303
p - value
0.478 0.001 0.441 0.773 0.995 0.226 0.439 0.205 0.701 0.817
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DISCUSSION

Based on the obtained dendrochronologi-
cal-statistical parameters of the series of radial
increment, it can be concluded that the used in-
crements series from the Borja Mountains repre-
sent a good material for the development of chro-
nologies per localities. At both locations, the
number problematic segments, i.e. segments in
which the radial increment series do not have such
a pronounced degree of “coincidence in flows” are
within the allowed range. MS values indicate that
the series of increments are “medium-sensitive”
to the effect of the environmental factors. The ACI
coefficient of row chronology was high, indicating
that it is necessary to “clear” the increment size of
the current year from the “part of the increment
size” caused by the influence of different factors
from the previous year(s). By developing the chro-
nology and the procedures of standardization, av-
eraging of increments values and autoregressive
modelling, autocorrelation as an adverse effect
was almost completely eliminated from the incre-
ment values, but the average level of sensitivity
was also reduced.

The checking of the level of radial increment
agreement into the defined two chronologies by
locations was made using the correlation coeffi-
cient (r) and the coefficient of convergence (GLK).
The obtained values of these coefficients showed
that there is a significant matching, or similarity of
the defined chronologies of growth between the
localities provided the possibility of producing a
regional chronology for the Borja mountain area.
This defined chronology has a preliminary charac-
ter, bearing in mind that, as already mentioned,
the aim of this paper was to obtain basic knowl-
edge about the dendroclimatic response of fir in
two locations within the area of Borja Mountain.
In that context, the obtained basic dendrochrono-
logical-statistical indicators of preliminary fir chro-
nology suggested that fir trees were able to re-
spond similarly to the variations of climate in this
area. According to Butler et al. (2013), EPS is one
of the basic indicators of a chronology sample
depth quality and a parameter that quantifies the
level of common signal among the increment se-
ries used to obtain a chronology. The empirically
determined and accepted limit value of the EPS
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coefficient of 0.85 represents the border below
which the observed chronology begins to lose a
coherent common signal and begins to dominate
the signal of individual trees. Therefore, the chro-
nology of radial increment with lower boundary
values can be used for dating (for example, in den-
droarheological researches), but due to variability,
they are not reliable for calibration with climatic
data (Briffa, Jones 1990; Speer, 2010). The re-
sults obtained here signalled that, according to the
EPS sizes, the strength of the common signal in the
first few decades was unsatisfactory. This can be
explained by the nature of this indicator, but also
by the fact that it is closely related to sample
depth or the number of increment values deter-
mined in each calendar year. Namely, sample
depth in all series in chronology is not the same
There are some series with a quite small number
of data in the first portion of chronology, and be-
cause of that such series have low calculated
cross-correlation between the series in the first
decades. However, the EPS values for chronology
segments 1950-1990 and 1975-2014 are above
0.85, which coincides with the periods for which
climatic data exist. Therefore, this preliminary
chronology can be used for preliminary conclu-
sions about the ""nature” of the relationship be-
tween fir growth and climate of the given area.
However, new research of climate- fir growth are
necessary in this area, which will allow for a more
representative sample and increase the strength
of the common signal (variance) between the se-
ries in chronology.

The results of the conducted climate-growth
analysis showed that the increased precipitation in
summer months (July) positively resulted in statis-
tically larger fir increment. This stems from a logi-
cal fact about the need of each tree species for
high water in the summer part of the vegetation
period, especially in the hottest month of this pe-
riod, when precipitation is at least available. The
pronounced effect of precipitation is to be expect-
ed because fir is a tree species that requires a lot
of moisture for growth (Dizdarevi¢ et al., 1987)
and does not tolerate dry soil and air (Cvjetic¢a-
nin et al., 2016). The average amount of rainfall in
the area of the fir distribution range in Bosnia and
Herzegovina is 1000 - 2000 mm, so that the distri-
bution of fir in a large number of cases is caused
by a lack of sufficient moisture.
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In addition, a statistically significant correlation
was found between the radial increment and pre-
cipitation (positive) and temperature (negative) in
September of the previous year. This practically
means that fir is not able to suffer more tempera-
tures and less precipitation in the late summer of
the previous year, which can cause a significant
reduction in the increment in the next year. Gen-
erally, the influence of temperature variation on fir
increment variation is far less pronounced than
the influence of precipitation. This is somewhat
understandable, bearing in mind that the sample
plots are at a relatively low altitude for fir (an av-
erage of about 840 m). Starting from a commonly
accepted s principle in dendrochronology, the so-
called principle of limiting factors (Fritts 1976,
Cook etal., 1990), it is expected to detect a signif-
icant increase in the influence of temperature on
fir growing at higher altitudes, where temperature
is the dominant limiting growth factor. Bearing in
mind that only 12% of the area of pure and mixed
forests of fir and spruce and mixed forests of fir,
spruce and beech in Bosnia and Herzegovina are at
an altitude lower than 800 m (Mati¢ et al., 1971),
it is also necessary to conduct such research in the
predominant part of fir forests at higher altitudes,
which, according to the mentioned authors, are at
an average altitude of 1100 m.

In order to eliminate the consequences of the
so-called multicolinearity, or mutual inter-correla-
tion between temperature and precipitation (high-
er temperatures also cause less precipitation and
vice versa, which can impede a valid conclusion
about the individual (separated) influence of these
two climatic elements on increment) for the as-
sessment of the relations between climate and
growth drought indexes should be used, in which
data on precipitation and temperature are “com-
bined” at the same time. Of the numerous drought
indexes used in dendroclimatological studies, the
FAI (Forest Aridity Index) drought index was used
for this research. This index represents the ratio of
average temperatures in July and August, and rain-
fall from May to August corresponding to the most
intensive period of importance for growth and
production of organic matter of forest trees
(Fuhreretal., 2011, Moricz et al., 2018). For the
research area, the average annual value of the FAI
index in the period 1953-2014 is 4.86. The results
of the correlation between the FAIl drought index

and the radial increment indices (r = -0.34) showed
that the increase of the drought index causes sta-
tistically significant decreases in the radial incre-
ment of fir.

The obtained results on the nature of the den-
droclimtological reaction of fir in the Borja moun-
tain region coincide with the results of the re-
search by Castagneri etal. (2014), carried out in
the area of the Lom virgin forest. These authors,
similar to our results, found that higher precipita-
tion in summer months was “very appealing” for
fir, and caused a significant increase in increment.
Additionally, Castagneri et al. (2014) specifically
pointed out the fact that the observed increase in
temperature in the last three decades did not have
a reflection on the significant reduction of incre-
ment values.

CONCLUSIONS

In order to determine the character of climatic
influence on radial increment, a dendroclimatic
analysis of fir growth was carried out in the region
of Borja mountain in Bosnia and Herzegovina. The
results of growth trend analysis and dendrochron-
ological-statistical parameters of radial increment
series reveal that the collected and processed
sample represents suitable and statistically suffi-
cient quality material for the development of local
(master) chronologies of radial increment at the
investigated locations (sites). It was determined
that the growth increment trends in the defined
local chronologies were quite similar, and there-
fore there was a statistically significant agreement
between the established chronologies, which ena-
bled the preparation of a preliminary regional
chronology of fir in the Borja mountain area. The
defined chronology of radial increment, with suffi-
cient statistical reliability and the strength of a
common signal in growth, has a total length of 137
years (1878-2014 years).

The conducted mathematical-statistical analy-
ses of the relationship between the preliminary
regional chronology (series of annual tree rings
indices) and the monthly sum of precipitation and
temperature show that higher amounts of precip-
itation in late summer of the previous year and
during the current year cause a significant increase
in the increment of the fir. On the other hand,
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higher summer temperatures do not result in a
significant decrease in the current year’s incre-
ment. However, this happens only due to the in-
crease in temperature during September of the
previous year. Having in mind these results, it can
be preliminarily concluded that the eventual de-
crease in the amount of precipitation caused by
the temperature rise in summer months would
not cause a significant decrease in the radial
growth of fir, suggesting that fir in this area may
endure some level of precipitation reduction and
temperature increase without a significant reduc-
tion in the radial increment. However, the results
of the applied correlation analysis between the
radial increment index and the FAl index of
drought showed that in the case of more severe
drought in summer months, fir may experience
significant reductions in increment size.

In general, the obtained results suggest that
the growth of fir in the Borja mountain area is
more dependent on the variation of precipitation
than the temperature. This can be partly expected,
bearing in mind the relatively low altitude of these
two sites where fir grows in comparison with the
whole altitudinal range of fir in Bosnia and Herze-
govina, but also the fact that it is a species of trees
that require a lot of moisture. Since it is necessary
to collect a series of preliminary findings for the
planning and implementation of serious and multi-
disciplinary research on the reaction of fir to
changes in climatic conditions in the analyzed
area, the initially obtained results are very illustra-
tive and practical. Nevertheless, it is necessary to
conduct new research of the relation between the
climate and the growth of fir in several other loca-
tions in this region, as well as to apply a number of
other methodological procedures that additionally
“illuminate” the nature of the increment reaction
to a multidecedal temperature and precipitation
changes, as the most important climatic elements.
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