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RIJEC UREDNISTVA

PARAFISKALNI NAMETI — POJAM I TKO IH TREBA PLACATI

Nova promjena u vezi s placanjema naknade za opéekori-
sne funkcije $uma, tretirane kao parafiskalni namet, potice
nas da opetovano progovorimo o tom problemu. Na Po-
duzetnickom portalu ¢itamo: Premda se sluzbeno zovu
»heporezna davanja“ u javnosti se ve¢ uvrijeZio termin ,,pa-
rafiskalni nameti; a popisan je 161 parafiskalni namet, koji
kazu naciji oduzima oko 2,5 % BDP-a. Detaljnije pak po-
jasnjenje prema definiciji Ministarstva financija kaze: ,,pa-
rafiskalni nameti su sva propisana obvezna neporezna da-
vanja koja pla¢aju poduzeéa sredi$njim tijelima drzavne
uprave, jedinicama lokalne i podru¢ne (regionalne) samo-
uprave ili drugim tijelima s javnim ovlastima, ako pri tome:
platitelj ne dobiva za uzvrat neku uslugu, dobro ili pravo
... Ako je tome tako zbog ¢ega se onda naknada za op-
¢ekorisne funkcije $uma tretira kao parafiskalni namet?
Naime, u ovome slucaju nesporno je da platitelj dobiva za
uzvrat uslugu, dobro ili pravo. To bi trebalo biti svima jasno
ako samo pogledaju Zakon o Sumama, gdje su navedene
opcekorisne funkcije Suma kako slijedi: 1. zastita tla, pro-
metnica i drugih objekata od erozije, bujica i poplava; 2.
utjecaj na vodni rezim i kvalitetu voda; 3. utjecaj na plod-
nost tla i poljodjelsku proizvodnju; 4. utjecaj na klimu i
ublazavanje posljedica klimatskih promjena; 5. zastita i una-
predenje ¢ovjekova okolisa; 6. stvaranje kisika, ponor
ugljika i procis¢avanje atmosfere; 7. rekreativna, turisticka
i zdravstvena funkcija; 8. stvaranje povoljnih uvjeta za div-
lja¢ i ostalu faunu te 9. povecan utjecaj zastitnih Suma i
$uma posebne namjene na bioraznolikost. U pojedinim
funkcijama imaju korist samo neki, a u nekima svi. Na-
knada za opcéekorisne funkcije Suma prvotno je iznosila
0,07 % od ukupnoga godisnjeg prihoda, 2010. godine pada
na 0,0525 %, a potom 2012. godine na 0,0265 % da bi 2018.
godine bili oslobodeni pla¢anja oni koji ostvaruju ukupni
prihod manji od 3 milijuna kn godi$nje. Sada se oslobadaju
placanja oni s ukupnim godi$njim prihodom manjim od
7,5 milijuna kn, a postotak pada na 0,024. Da bi nam bilo
jasnije, izracunajmo koliko je to novaca godi$nje — na 3 mi-
lijuna kn to je bilo 795,00 kn/god., a na 7,5 milijuna kn to
je 1.800,00 kn/god. (velik novac !?). Sagledavajuci kronolo-
giju smanjenja naknade za opéekorisne funkcije Sume i hi-
steriju koja vlada oko parafiskalnih nameta, ne bi nas izne-

nadilo da obnasatelji vlasti nakon parlamentarnih izbora
potpuno ukinu ovaj po nama potreban ekoloski progresivni
porez. Nazalost, ne bi bilo prvi puta da se radi populizma
povlace potezi koji nisu dobri ni za drzavu ni za drustvo.

Od glavnih gospodarskih djelatnosti: 1. proizvodnje drvnih
$umskih proizvoda, 2. proizvodnje Sumskog reprodukcij-
skog materijala i 3. proizvodnje nedrvnih $umskih proi-
zvoda, ocekuje se i dobit koja se upla¢uje u drzavni prora-
¢un. Sve to unato¢ netrzisnom poslovanju u prometu tim
proizvodima i nuznim potrebama pravodobnog i sveobu-
hvatnog rada na uzgojnim i zastitarskim radovima u Sum-
skom ekosustavu koji se Cesto ,,preskace®, kako bi dobit bila
¢im veda. Vise puta ukazivali smo da u Sumarstvu nema
dobiti, ako vratimo $umi ono $to smo joj uzeli, a da bi ona
bila u optimumu, ili slikovito receno ,vje¢na®“ O svakoj od
devet navedenih op¢ekorisnih funkcija ¢esto smo govorili,
potkrijepivsi nase rije¢i istrazivackim rezultatima. Brojke
su impresivne i najbolje se pamte. Govoreci, zbog manjka
prostora u rubrici, primjerice samo o njenoj hidroloskoj
funkciji, receno je kako niti jedan vegetacijski oblik ne
utjece tako djelotvorno na vodu kao $uma - ona uravnote-
zuje raspored vode u prostoru, ravnomjerno opskrbljuje
vodotoke i ublazava pojavu visokih vodnih valova, utjece
na ¢isto¢u vode i broj izvorista. Procjedivanjem vode kroz
zivo i rahlo $umsko tlo, ona u podzemne tokove ulazi pitka.
Ako uzmemo u obracun prosje¢nu godisnju koli¢inu obo-
rina u Hrvatskoj od 1200 mm i povr$inu Suma od samo 2
milijuna ha (ona je veca) racuna se da iz Sume istjeCe oko
13 milijardi tona pitke vode. Tko dobiva tu uslugu - svi
ukljucivsi i platitelja! Ovako bi mogli i o ostalim opéeko-
risnim funkcijama. E sada, neki kazu pisano je ve¢ o svemu
tome i re¢eno na mnogim Sumarskim skupovima, ali mi
$umari govorimo sami sebi — a mi pitamo kolegice i kolege:
servirani su vam podaci u ovoj rubrici i drugim tekstovima
- za$to to ne $irite medu poznanike, a oni politicki angazi-
rani $umarski stru¢njaci medu kolege politi¢are na lokalnoj,
regionalnoj pa i drzavnoj razini? Pitamo se, dali je pristojno
re¢i da ste se ,zavukli u misju rupu“? Vi odgovorite!

Urednistvo



EDITORIAL

PARAFISCAL LEVIES — DEFINITION AND WHO SHOULD PAY THEM

A new change referring to the payment of non-market
forest function fees, regarded as a parafiscal tax, urges
us to again discuss this problem. We read on the
Entrepreneurial Portal: Although officially called "non-
tax benefits”, the term “parafiscal levies" has already
become commonplace in the public, and 161 parafiscal
levies have been listed, which is believed to take away
about 2.5 % of the GDP from the nation. A more detailed
explanation according to the definition of the Ministry
of Finance states: "parafiscal levies are all prescribed
mandatory non-tax benefits paid by companies to central
state administrative bodies, local and regional self-
government units or other bodies with public authority,
if the payer does not receive a service, goods or right
in return ...". If so, then why is the non-market forest
function fee treated as a parafiscal levy? In this case it
is indisputable that the payer receives a service, goods
or right in return. It should be clear to everyone who
reads the Forest Act and where the non-market forest
functions are listed as follows: 1. protection of soil, roads
and other facilities from erosion, torrents and floods; 2.
impact on water regime and water quality; 3. impact on
soil fertility and agricultural production; 4. impact on
climate and mitigation of climate change; 5. protection
and improvement of the human environment; 6. oxygen
generation, carbon sink and atmospheric purification;
7. recreation, tourist and health function; 8. creation of
favourable conditions for wildlife and other fauna, and
9: increased impact of protective forests and special
purpose forests on biodiversity. Some of the functions
provide benefits only for some individuals, while other
functions provide benefits for all. The non-market
forest function fee initially amounted to 0.07 % of the
total annual income, in 2010 it dropped to 0,0525 %, and
then in 2012 to 0.0265 %, whereas in 2018 all those who
generated total income less than 3 million kuna annually
were exempt from payment. Now all these with a total
annual income of less than 7.5 million kuna are exempt
from payment, and the percentage has dropped to 0.024.
To make it clearer, let us calculate how much money it is
per year - at 3 million kuna it was 795.00 kuna/year, and
at 7.5 million kuna it was 1,800.00 kuna / year (what an
amount!). In view of the chronology of the reduction
of the non-market forest function fee and the hysteria
surrounding parafiscal levies, it would not at all surprise
us if, after the parliamentary elections, the government

completely abolishes this, in our view, necessary and
environmentally progressive tax. Regrettably, it would
not be the first time that populism takes steps that are
not good either for the state or for the society.

The main economic activities, including 1. production
of wood forest products, 2. production of forest
reproductive material and 3. production of non-wood
forest products, are expected to generate income which
is paid into the state budget. All this despite non-
market business moves in the trade of these products
and the necessary need for timely and comprehensive
work on silvicultural and protection operations in the
forest ecosystem, which are often "skipped" in order
to maximize profit. We have repeatedly pointed out
that there is no profit in forestry if we return to the
forest what we have taken from it so as to leave it in the
optimal state, or figuratively speaking, so as to make it
"eternal". We have often discussed every one of the nine
non-market functions listed above, corroborating our
words with research results. The numbers are impressive
and are easy to remember. Due to limited space in the
column, let us only take the hydrological function; no
vegetation form affects water as effectively as a forest -
it balances the distribution of water in space, evenly
supplies watercourses and mitigates high water waves,
and affects water purity and the number of water springs.
Water filtered through live and friable forest soil reaches
ground courses as potable water. If we take into account
the average annual rainfall in Croatia of 1200 mm and the
forest area of only 2 million ha (it is larger), it is calculated
that about 13 billion tons of drinking water flows
from the forest. Who receives this service? Everyone,
including the payer! We could continue in the same way
with other non-market forest functions. Some would say,
these issues have been treated at a number of forestry
conferences, but we foresters speak for ourselves - and
we ask our colleagues: you have been served information
in this column and in other articles - why do not you
spread it among your acquaintances, and why those
politically active forestry experts do not raise these issues
among their fellow politicians at the local, regional and
even state level? We wonder, is it polite to say that you
have "crawled into a mouse hole"? You answer it!

Editorial Board
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TESTIRANJE BIOLOSKE UCINKOVITOSTI
FEROMONA | KLOPKI ZA ULOV
MEDITERANSKOG POTKORNJAKA
Orthotomicus erosus (Coleoptera, Curculionidae)

TESTING OF BIOLOGICAL EFFECTIVENESS OF PHEROMONES
AND TRAPS FOR CATCH OF MEDITERRANEAN BARK BEETLE
Orthotomicus erosus (Coleoptera, Curculionidae)

Milan PERNEK', Marta KOVAC'*, Nikola LACKOVIC?

SAZETAK

U Sumama alepskog bora na hrvatskom Mediteranu u 2017. godini pojavio se mediteranski potkornjak (Orthoto-
micus erosus) u gusto¢ama populacije koje do tada nisu zabiljezene te se nikada prije nije smatrao znacajnim
$tetnikom na tom podrucju. Naglo povecanje populacije potkornjaka prirodni neprijatelji nisu u stanju pratiti, a
ishod je naglo povecanje susaca. U sklopu mjera zastite za suzbijanje mediteranskog potkornjaka u 2018. godini
u Hrvatskoj su postavljene feromonske klopke u svrhu monitoringa. Iako postoji viSe mogucnosti primjene
razli¢itih vrsta klopki i feromonskih pripravaka za mediteranski potkornjak, do sada nije istrazeno koja je razlika
u ulovima razli¢itih vrsta klopki niti koliko su selektivne. U 2019. godini na podru¢ju Park sume Marjan (Split)
na 196 ha $umske povrsine postavljeno je 40 feromonskih klopki. Usporedeni su parovi feromonskih pripravaka
Pheroprax i Erosowit, sustav triju klopki Triplet sa obi¢nom naletno barijernom klopkom te modificirana klopka
sa mokrim ulovom i obi¢na naletno barijerna klopka. Osim prosje¢nog broja ulova u feromonskim klopkama
posebna pozornost dana je selektivnosti. Od predatora u klopama su znacajnije su nadene dvije vrste, Tanasimus
formicarius i Temnochila caerulea, s tim da je T. formicarius u odnosu na T. caerulea bio u zanemarivim koli¢inama.
Rezultati ukazuju kako pripravak Erosowit u odnosu na Pheroprax pokazuje znacajno vece ulove, te je znacajno
selektivniji. Pheroprax ima vrlo visoke ulove predatora T. caerulea te se ne preporuca za prakti¢nu primjenu. Tri-
plet je u odnosu na obi¢nu naletno barijernu klopku pokazao tek neznatno bolje ulove, ali i nesto bolju selektivnost.
Triplet nije pokazao ocekivani u¢inak s obzirom na koli¢inu ulova koja je bila nesto visa u odnosu na obi¢nu
klopku, ali ne znacajnije kako bi se preporucila njihova primjena. Mokra varijanta klopke pokazala se losom, jer
ne donosi signifikantno vece ulove od obi¢ne naletno barijerne klopke, a dvostruko manje je selektivna. S obzirom
na dodatne troskove (adaptacija klopke, tekucina koja se mora mijenjati, sporije sakupljanje) ovaj tip klopke nije
preporucljiv za primjenu. Usporedbom ukupnih prosje¢nih ulova mediteranskog potkornjaka 2018. i 2019. go-
dine utvrdeno je da je broj potkornjaka u 2019. gotovo 5 puta manji u odnosu na 2018.

KLJUCNE RIJECI: Pinus halepensis, Erosowit, Pheroprax, Taemnochila caerulea, Thanasimus formicarius, klimatske
promjene.

' Dr. sc. Milan Pernek, Marta Kovac¢, mag. ing. silv., Hrvatski Sumarski institut, Zavod za zastitu Suma i lovno gospodarenie, Cvietno naselje 41, 10450 Jastrebarsko
2Dr. sc.Nikola Lackovi¢, Antuna Mihanovi¢a 3, 10450 Jastrebarsko
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INTRODUCTION

Ulancavanje nepovoljnih ¢imbenika kao $to su klimatske
promjene povezane sa monokulturom, te sekundaran na-
pad potkornjaka, uzrokom su pocetnog susenja alepskih
borova (Pinus halepensis Mill.) u Dalmaciji krajem 2016.
To je dovelo do pocetka gradacije mediteranskog potkor-
njaka, Orthotomicus erosus Wollaston (Coleoptera: Curcu-
lionidae: Scolytinae) u 2017. godini (Pernek 2018, Pernek i
sur. 2019). Ova vrsta potkornjaka moze u odredenim uvje-
tima prijeci u primarne $tetnike te poceti napadati i pot-
puno zdrava stabla, $to je poznato kod nekih vrsta potkor-
njaka (Wermelinger 2002). U mediteranskom podrucju
tome posebice pogoduje aridifikacija, buduci da se pobolj-
$avaju uvjeti za prezivljavanje, reprodukciju, voltinizam i
prostorno $irenje potkornjaka (Battisti i Larson 2016). Pri-
rodni neprijatelji nisu u stanju pratiti naglo povecanje po-
pulacije mediteranskog potkornjaka, stoga je rezultat naglo
povecanje suhih stabala. Ova do tada nezabiljezena pojava
na hrvatskom Mediteranu pojavila se u cijeloj Dalmaciji
juzno od Zadra sa blazim ili ja¢im intenzitetom, ovisno o
lokaciji. Mediteranski potkornjak se od tada gleda kao zna-
¢ajan Stetnik na tome podrudju (Pernek i sur. 2019), a tome
posebice pogoduju ambijentalne promjene (IPCC 2014), u
kojima mediteranski potkornjak nalazi uvjete za vecu re-
produkciju i razvijanje vi$e generacija godi$nje (Pernek i
sur. 2019). U sklopu mjera zastite za suzbijanje mediteran-
skog potkornjaka u 2018. godini u Hrvatskoj su na brojnim
lokacijama postavljene feromonske klopke u svrhu moni-
toringa. Primjena feromona u zastiti Suma spada u grupu
biotehnickih metoda koje se koriste spoznajama iz podrucja
ekofiziologije i etologije kukaca, odnosno njihovim naci-
nom reagiranja na fizikalne i kemijske podrazaje. Primje-
nom sintetski proizvedenih tvari nastoji se imitirati kemij-
ski podrazaj, odnosno imitirati prirodne feromone koje
kukci sami produciraju, a u svrhu odbijanja ili privla¢enja
drugih jedinki iste vrste (agregacija) (Bakke i sur. 1977).
Njihova primjena vrlo rijetko rezultira trenutnim smanje-
njem neke $tetne populacije (Pernek i Lackovi¢ 2011). Me-
dutim, shvac¢anje mehanizma komunikacije u biocenozi
potkornjaka moze biti vazno u primjeni zastitnih mjera.
Razlike u feromonskoj komunikaciji postoje izmedu geo-
grafskih podrucja, a isto je primijeceno kod primjene sin-
tetskih feromona (Grosman i sur. 1997), stoga testiranje
feromona ima prakti¢ni znacaj za gospodarenje Sumama.

Primjena feromonske klopke uzrokuje odredene promjene
u populacijama neciljanih organizama, stoga treba voditi
racuna o selektivnosti (Pernek i Lackovi¢ 2011). Poznato je
kako feromonske komponente kairomonski privlace pri-
rodne neprijatelje potkornjaka (Schroeder 2003, Pajares i
sur. 2004), zbog Cega je vazno dobro prouditi i valorizirati
utjecaj feromona u ekosustavu u $irem smislu. Velik broj
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slucajnih nepozeljnih ulova u gustoj mrezi klopki sigurno
bi mogao imati nepovoljne posljedice po ekoloski balans.
Primjerice, u svrhu bolje selektivnosti danas se rabe samo
crno obojene klopke (Niemeyer 1985). Komponente koje
imaju u¢inak kairomona na prirodne neprijatelje potkor-
njaka daju signal koji daje obavijest o prisutnosti hrane, te
dolazi do ulova veceg ili manjeg broja nepozeljnih vrsta. To
za feromonsku klopu moze biti pokazatelj kvalitete s obzi-
rom da bi komponente trebale biti izbalansirane da otpu-
$taju to¢no odredenu koli¢inu u vremenu (ratio rate) i da
su §to viSe selektivne. Testiranjem pojedinih komponenti
Pheropraxa’ otkriveno je kako na predatora Thanasimus
formicarius L. (Coleoptera, Cleridae) djeluje komponenta
ipsenol i ipsdienol, a manje (S)-cis-verbenol (Pavlin 1991).
Sli¢no bi moglo biti sa vrlo ucestalom predatorskom vr-
stom, Temnochila caerulea Olivier. (Coleoptera, Trogositi-
dae). Privlacenje ovih vaznih predatora u velikom broju u
feromonske klopke moze predstavljati problem za zastitu
$uma (Etxebeste i sur. 2012).

Vrlo je vazno znati kako feromonska klopka nije univer-
zalno sredstvo kojim se rjeSava problem potkornjaka, ve¢
je ona dio integrirane zastite koja kombinira sve raspolo-
zive metode zastite u cilju sprjecavanja ekonomskih Steta
uz $§to manje poremecaja prirodnih neprijatelja, $to manje
onecis¢enje okolisa te $to nizi utrosak energije (Maceljski i
sur. 1983). Davanje prevelike vaznosti feromonskoj klopki
kao profilaktickoj ili represivnoj mjeri moze u nekim slu-
¢ajevima biti kontraproduktivno, jer nepravilno i bezra-
zlozno postavljanje klopki moze izazvati nezeljene poslje-
dice, kao $to je privlacenje potkornjaka pojava dodatnih
Zarista.

U sklopu Izvjestajno prognoznih poslova (IPP) u Hrvatskoj
u 2018. godini postavljen je veci broj feromonskih klopki
za ulov mediteranskog potkornjaka diljem Dalmacije
(www.stetnici.hr). Ulovi su se jako medusobno razlikovali
s obzirom na lokaciju postavljanja, ali je zapazen iznimno
velik broj jedinki na nekim lokacijama koji je dosegao i do
30.000 jedinki tjedno (Pernek 2018). Takvi neuobicajeno
veliki ulovi otvorili su nova pitanja o0 mogué¢nostima pri-
mjene feromonske klopke kao dio integrirane zastite, od-
nosno njihovog koristenja u izlovu, $to znaci primjenu kao
kurativne mjere zastite, a ne samo za monitoring. Buduci
da se za mediteranskog potkornjaka do sada nisu postav-
ljale feromonske klopke nije poznato da li postoji razlika u
ulovima niti je poznato koliko su selektivne odnosno pri-
vlace li prirodne neprijatelje. Odgovori na ta pitanja ¢ine
osnovu u planiranju zastite Suma i neophodna su za Sumar-
skog stru¢njaka na terenu. Stoga je cilj ovog istrazivanja
usporedba razlicitih vrsta feromonskih pripravaka, klopki
i sistema klopki i utvrdivanje koja kombinacija daje najbo-
lje rezultate, te temeljem dobivenih rezulata davanje pre-
poruke za gospodarenje Sumama u uvjetima gradacije me-
diteranskog potkornjaka. Takoder se temeljem ulova u
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Slika 1. Lokacije klopki u Park Sumi Marjan 2019. godine
Figure 1 Locations of traps in Park Forest Marjan in 2019

feromonskim klopkama u 2019. te usporedbom s ulovima
iz 2018. procijennjuje populacijska dinamika mediteran-
skog potkornjaka.

MATERIJALI | METODE RADA
MATERIALS AND METHODS

Pokusi sa feromonskim klopkama zapoceli su u proljece
2019. godine, kada je postavljeno ukupno 40 feromonskih
klopki na lokaciji Park $uma Marjan. Ukupna povrsina park
$ume je 300.29 ha, a smjestena je na marjanskom poluo-
toku, krajnje zapadnom dijelu splitskog poluotoka. Pod ve-
getacijom se nalazi 196.24 ha ve¢im dijelom na sjevernoj
strani poluotoka, a ¢ine ga uglavnom $ume alepskog bora.
Velik broj klopki zahtijevao je planiranje dovoljnog broja
feromonskih pripravaka (200 komada), koji su se morali
propisno skladistiti u friziderima. Svi navedeni materijali
nabavljeni su prije pocetka izlaZenja prezimljujuc¢eg medi-
teranskog potkornjaka. Podaci sakupljeni u 2018. godini
(Pernek 2018) posluzili su za usporedbu i procjenu stanja
napada potkornjaka u 2019. godini i evaluaciju feromonske
klopke u zastitne svrhe.

Prilikom odabira mikrolokacije uzeto je u obzir da klopke
budu postavljene minimalno 20 m od prvih zdravih stabala
borova. Klopke su u svrhu usporedbe postavljene u paro-
vima (Slika 1):

POKUS 1

Klopka: jednostavna naletno barijerna klopka (NBK); fe-
romonski pripravak: Pheroprax (5) u usporedbi Erosowit

(5)

POKUS 2

Feromonski pripravak: Erosowit; klopka: Triplet (5x3=15)
u usporedbi sa jednostavnom NBK (5);

POKUS 3

Feromonski pripravak: Pheroprax ; klopka: jednostavna
NBK mokra (5) u usporedbi sa suhom klopkom (5)

Razmak izmedu klopki u paru bio je oko 20 m.

Prvi pokusni par (POKUS 1) ¢inilo je 5 NBK klopki za koje
je koristen feromonski pripravak Pheroprax (BASF) (Slika
2) koji se obi¢no koristi za pracenje populacije smrekovog
pisara (Ips typographus L.). Opisan je ranije u Izraelu kao
feromon koji sluzi za ulov mediteranskog potkornjaka
(Mendel 1988). Drugih 5 feromonskih pripravaka su ¢inili
Erosowit (Witasek) (Slika 3) koji je sintetiziran u svrhu pra-
¢enja populacije mediteranskog potkornjaka, a koristen je
u 2018. godini (Pernek 2018).

U drugom pokusnom paru (POKUS 2) usporedivana je ra-
zlika u ulovima tzv. Triplet klopke, odnosno 3 NBK pove-
zane u jedan sustav (Slika 6) na ukupno 5 lokacija s jedno-
stavnom NBK.

U tre¢em pokusnom paru (POKUS 3) koristena je metoda
»suhog* ulova (5 klopki) $to je zapravo jednostavna NBK,
i ,mokrog“ ulova (Slika 7 i Slika 8) (5 klopki). Za sve klopke
koristen je feromonski pripravak Pheroprax. Ova uspo-
redba dvaju tipa klopki testirana je iz razloga kako bi se
istrazilo da li potkornjaci izlaze van iz lovne posude, te tako
smanjuju stvaran rezultat ulova (Pernek i sur. 2003). U
Klopke s ,,mokrim* ulovom u lovnu posudu je stavljena te-
kuéina (mjesavina vode i deterdzentskog sredstva). Teku-
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Slika 2. Feromonski pripravak Pheroprax Figure 3 Pheromone preparation Erosowit Slika 4. Suha feromonska barijerno naletna
Figure 2 Pheromone preparation Pheroprax Slika 3. Feromonski pripravak Erosowit klopka (Theysohn)
Figure 4 Dry flight barrier pheromone trap
(Theysohn)

Slika 5. Suha lovna posudica feromonske klopke

Slika 6. Naletno barijerne klopke u sustavu Triplet
Figure 5 Dry catching vessel of pheromone trap

Figure 6 Flight barrier pheromone traps in Triplet system

Slika 7. Mokra feromonska barijerno naletna klopka

Slika 8. Mokra lovna posudica feromonske klopke
Figure 7. Wet flight barrier pheromone trap

Figure 8. Wet catching vessel of pheromane trap
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Tablica 1. Vrste i broj feromonskih pripravaka i klopki postavljenih na
terenu

Table 1 Types and number of pheromone preparations and traps set in the
field

Broj klopki Broj klopki

Vista ol pokusu
BARIJERNO NALETNA KLOPKA 1 5
EROSOWIT (E)
BARIJERNO NALETNA KLOPKA 1 5
EROSOWIT (T)
BARIJERNO NALETNA KLOPKA 1 5
PHEROPRAX (P)
TRIPLET BARIJERNO NALETNIH 3 15
KLOPKI EROSOWIT (TP)
BARIJERNO NALETNA KLOPKA 1 5
PHEROPRAX-suha (S)
BARIJERNO NALETNA KLOPKA 1 5
PHEROPRAX-mokra (M)
ukupno 40

Tablica 2. Frekvencija broja dana izmedu dva sakupljanja ulova iz fero-
monskih klopki

Table 2 Frequency of the number of days between two catches collection
from pheromone traps

Broj dana Frekvencija

5 1(4%)

6 1(4%)

7 12 (46%)
8 3(11%)
9 2 (8%)

10 2 (8%)

1 0

12 0

13 0

14 4 (15%)
22 1(4%)

¢ina se mijenjala u razdoblju u vremenskim razmacima

kada se sakupljao ulov.

Sve vrste klopki koristene u pokusima su navedene u Ta-
blici 1, a uhvacene jedinke u klopkama stavljene su prilikom
sakupljanja u etanol (70 %) i spremljene u bocice, radi
ocuvanja uzoraka i daljnje laboratorijske analize.

Sve klopke i feromoni postavljeni su 23.3.2019. godine, a
prvo sakupljanje obavljeno je 30.3.2019. Ukupno je obav-
ljeno 26 sakupljanja kroz godinu, sve do 7.11.2019. nakon
¢ega nije vise bilo ulova.

Nakon $to su postavljene sve klopke na za to posebno di-
zajniranim Zeljeznim stupovima koji su zabijani u tlo, po-
stavljeni su feromonski pripravci sukladno predvidenom
planu (Slika 1.). Potkornjaci ulovljeni u klopke sakupljali
su se u plasti¢ne posudice s poklopcem na kojem se ispisala
lokacija, vrsta klopke i datum, kako bi se u kasnijoj labora-
torijskoj obradi ispravno zabiljezilo.

D

Klopke su se praznile u pravilu svakih 7 dana (46%), ali su
iznimke bile u nekoliko navrata. Najmanji razmak bio je 5
dana, a najve¢i razmak dogodio se u rujnu/listopadu (13.9.-
7.10.) kada je izmedu sakupljanja ulova bilo 3 tjedna (Ta-
blica 2). Ipak najve¢i broj podataka nalazi se izmedu 5 i 10
dana (81%) (Tablica 2), §to je s obzirom na relevantnost
podataka zadovoljavajuce.

Analiza ulova iz feromonskih klopki napravljena je u labo-
ratoriju za entomoloska ispitivanja Hrvatskog Sumarskog
instituta (Jastrebarsko). Kukci su prvo razvrstavani po tak-
sonomskim kategorijama i osuseni kako bi se olaksalo bro-
janje. Po taksonomskim kategorijama kukci su identifici-
rani prema dostupnim morfoloskim klju¢evima (za
potkornjake - Pfeffer 1995). Brojanje razvrstanih ulova
odradeno je ru¢no.

Druga vazna metoda za utvrdivanja broja potkornjaka u
uzorku je razvijena u okviru ovog projekta. Potkornjaci su
drzani u 70% etanolu do zasicenja. Izdvojeni su svi veci
kukei npr. strizibube, jednakokrilci i prirodni neprijatelji T.
caerulea i T. formicarius. Isti su izdvojeni u posebne petri-
jeve posudice te ru¢no izbrojeni.

Sadrzaj kutijica, nakon $to su izdvojeni neciljani ulovi, je
prosipan kroz sito veli¢ine oko Imm te je odmah premje-
$ten u petrijevu posudicu i vagan analitickom vagom Sar-
torius, BD ED 100 (ATL 224-I) to¢nosti 0,0001 g i to za
svaku posudicu, odnosno datum i poziciju klopke posebno.

Kako bi se evaluirala to¢nost vaganja i odredio broj potkor-
njaka 50 kutijica je izdvojeno po principu slucajnosti te su
vagani, a zatim su isti i ru¢no izbrojeni te usporedivani s
brojem dobivenim vaganjem. T-testom je dokazana to¢nost
navedene metode te se podaci mogu smatrati vjerodostoj-
nim.

Vaganjem je utvrdeno kako je u 1g oko 153 alkoholom za-
si¢enih potkornjaka. Vaganje je obavljeno uvijek kada je
bilo vise od 200 potkornjaka u uzorku. Kada ih nije bilo
200, brojanje je obavljeno ru¢no.

Istrazivanje efikasnosti kombinacija metoda postavljanja
klopki i feromonskih pripravaka provedeno je tijekom
2019. godine s ciljem dolaska do odgovora na niz pitanja
vezanih za optimalnu primjenu pripravaka i klopki. Postav-
ljanjem vi$e paralelnih pokusa radi usporedbi vrsta i diza-
jna klopki, trazeni su odgovori na sljedeca pitanja:
i) postojili razlika u feromonskim pripravcima Ero-
sowit (E) i Pheroprax (P);
ii) postoji li razlika u ulovima s obzirom na sustav po-
stavljanja klopaka (Triplet (TP) usporedno sa NBK
(D)
iii) postoji li razlika u ulovima s obzirom na nacin za-

robljavanja potkornjaka u posudama (,,mokra“ (M)
vs. »suha“ (S));
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Tablica 3. Deskriptiva i rezultati parametarskih testova izmedu ulova sa feromonskim pripravkom Pheroprax (P) i Erosowit.(E) Testovi sa statisticki

znacajnim rezultatom su istaknuti.

Table 3 Descriptive and parameter test results between catches with the pheromone preparation Pheroprax (P) and Erosowit (E). Tests with statistically

significant results are highlighted.

Varijabla
Variable

Broj opazanja

Minimum Maximum

Observations

P 130 0,000 5142,000

E 130 0,000 10134,000

iv) postoji li razlika u selektivnosti (Erosowit vs. Phe-
roprax; te ,,mokra“ (M) usporedno sa ,,suhom® (S));

v) postoji li razlika u ulovima klopki izmedu godine
sakupljanja 2018. i 2019. godine.

Utvrdivanje signifikantnosti razlika u iznosima ulova iz-
medu parova kombinacija upotrjebljenih metoda i fero-
monskih pripravaka provedeno je parametarskim statistic-
kim testovima odstupanja srednjih vrijednosti i rasipanja
podataka.

REZULTATI
RESULTS

Razlika u ulovima izmedu pripravaka Erosowit
i Pheroprax — Catch differences between Erosowit and
Pheroprax

Usporedbom ulova dviju vrsta feromonskih pripravaka
ukupno je u 5 klopki ulovljeno 57.614 jedinki mediteran-
skog potkornjaka (36,4%) sa feromonom Pheroprax, te
100.762 (63,6%) jedinki sa Erosowitom. Utvrdeno je kako
postoji signifikantna razlika u koli¢ini ulova, te su se ulovi
razlikovali kroz cijelu godinu (Tablica 3, Slika 9).

Std. deviation

443,185 795,826 -2,282 0,299
[129,129] [129,129]
775,092 1454,537 0,012 <0,0001

Slika 9. Box-Whiskers dijagram distribucije veli¢ina ulova sa feromon-
skim pripravkom Pheroprax (P) i Erosowit (E). Parametarskim testom
utvrdene su statisticki znacajno vece srednje vrijednosti ulova i varija-
bilnost u veli€ini ulova sa feromonom Erosowit.

Figure 9 Box-Whiskers catch size distribution diagram for phero-
mone preparation Pheroprax (P) and Erosowit (E). The parametric
test found statistically significantly higher mean values of the catch
and variability in size of the catch with the Erosowit pheromone.

Najveci ulov Pheropraxom zabiljezen je 3.8. kada je pro-
sjecno ulovljeno 1.678 jedinki mediteranskog potkornjaka

Slika 10. Usporedba prosjecnih ulova potkornjaka Orthotomicus erosus u klopkama sa pripravkom Pheroprax i Erosowit.
Figure 10 Comparison of the average catch of bark beetle Orthotomicus erosus in traps with preparation Pheroprax and Erosowit
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Tablica 4. Deskriptiva i rezultati parametarskih testova izmedu sustava Triplet (TP) i pojedinacneNBK (T). Testovi sa statisticki znacajnim rezul-
tatom su istaknuti.

Table 4 Descriptive and parameter test results between Triplet system (TP) and single flight barrier trap (T). Tests with statistically sig-

nificant results are highlighted.

Varijabla

Broj opazanja

| Maximum
Observations

. Minimum
Variable

TP 130 0,000 9610,000

T 130 0,000 7632,000

po klopki, dok je Erosowitom najvise ulovljeno 13.7. kada
je bilo 4.294 jedinke potkornjaka po klopki (Tablica 3). Pro-
sjecno je Pheropraxom po klopki kroz ¢itavo razdoblje sa-
kupljanja ulovljeno 443, a Erosowitom 775 jedinki medite-
ranskog potkornjaka. Najvedi broj ulovljenih jedinki u
jednoj Pheroprax klopki zabiljezen je 22.6. kada je ulovljeno
5.142 jedinke mediteranskog potkornjaka, a najve¢i broj u
jednoj Erosowit klopki zabiljezen je 29.6. kada je ulovljeno
10.134 jedinke mediteranskog potkornjaka (Slika 10).

Razlika u ulovima izmedu sustava klopki Triplet i
pojedinacéne naletno barijerne klopke — Catch
differences between traps in system Triplet and
single trap

Usporedbom ulova dviju vrsta feromonskih pripravaka
ukupno je u 5 klopki ulovljeno 111.357 jedinki (54,5%) sa
Triplet sustavom, te 93.096 (45,5%) jedinki sa NBK. Sred-
nje vrijednosti ulova izmedu dvaju modela postavljanja
klopki nisu se statisticki znacajno razlikovali, iako je model
postave u triplet imao znacajno vecu varijabilnost u veli¢ini
ulova (Tablica 4).

Najveci ulov sustavom Triplet zabiljezen je 30.3. kada je
prosje¢no ulovljeno 3.728 jedinki mediteranskog potkor-

Mean Std. deviation

856,592 1540,067 0,805 1,498
[129,129] [129,129]
716,123 1258,461 0,421 0,023

Slika 11. Box-Whiskers dijagram distribucije veli¢ina ulova izmedu
modela postavljanja klopki u Triplet (TP) i pojedinacne NBK (T). Param-
etarskim testovima utvrdeno je da nema statisticki znacajne razlike u
srednjim vrijednostima ulova dok je varijabilnost u veli€ini ulova
znacajno veca sa modelom postave u Triplet.

Figure 11 Box-Whiskers catch size distribution diagram between
the trap system Triplet (TP) and single flight barrier trap (T). Para-
metric tests found that there is no statistically significant difference
in the mean values of the catch, while variability in size of the catch
was significantly higher with the trap system Triplet.

Slika 12. Usporedba prosjecnih ulova potkornjaka Orthotomicus erosus u tri sustava feromonskih klopki; TP-Triplet, T- pojedinacna klopka
Figure 12 Comparison of the average catch of bark beetle Orthotomicus erosus in two pheromone trap systems; TP- Triplet, T- single trap
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Tablica 5. Deskriptiva i rezultati parametarskih testova izmedu sustava klopke sa posudom za mokri ulov i suhi ulov. Testovi sa statisticki znacajnim

rezultatom su istaknuti.

Table 5 Descriptive and parameter test results between trap system with vessel for wet catch and dry catch. Tests with statistically significant results

are highlighted.

Std. deviation

Varijabla Broj opazanja - .
. ) Minimum Maximum
Variable Observations
M 130 0,000 8144,000
S 130 0,000 3772,000

njaka po klopki (Tablica 3). Prosjecno je Tripletom po
klopki kroz ¢itavo razdoblje sakupljanja ulovljeno 856 je-
dinki. Najveci broj ulovljenih jedinki u jednoj Triplet klopki
zabiljezen je 29.6. kada je ulovljeno 9.610 jedinki medite-
ranskog potkornjaka (Slika 11).

Razlika u ulovima ,,mokre” i ,suhe” klopke — Catch
differences between ,wet” and ,,dry” traps

Usporedbom ulova dviju vrsta feromonskih pripravaka
ukupno je u 5 klopki ulovljeno 67.938 jedinki (57,3%) sa
mokrom NBK, te 50.708 jedinki (42,7%) sa suhom NBK.
Srednje vrijednosti ulova izmedu dvaju modela postavlja-
nja klopki nisu se statisticki znacajno razlikovali, iako je
model postave sa posudom za mokri ulov imao znacajno
vecu varijabilnost u veli¢ini ulova (Tablica 5).

Najveci ulov mokrom NBK zabiljezen je 13.7. kada je pro-
sje¢no ulovljeno 2.815 jedinki mediteranskog potkornjaka
po klopki, dok je suhom NBK najve¢i ulov bio 3.8. kada je
bilo 3.772 jedinke potkornjaka po klopki (Tablica 3). Pro-
sje¢no je mokrom NBK po klopki kroz ¢itavo razdoblje sa-
kupljanja ulovljeno 522, a suhom NBK 390 jedinki medi-
teranskog potkornjaka (Slika 14).

522,600 1057,496 1,166 1,991
[129,129] [129,129]
390,062 749,515 0,245 <0,0001

Slika 13. Box-Whiskers dijagram distribucije veli¢ina ulova izmedu
modela postavljanja klopki sa posudom za mokri ulov (M) i posudom za
suhi ulov (S). Parametarskim testovima utvrdeno je da nema statisticki
znacajne razlike u srednjim vrijednostima ulova dok je varijabilnost u
veli¢ini ulova znacajno veca sa posudom za mokri ulov.

Figure 13 Box-Whiskers catch size distribution diagram between the trap
system with wet catch (M) and dry catch (S). Parametric tests found that
there is no statistically significant difference in the mean values of the
catch, while variability in size of the catch was significantly higher with the
wet catching vessel.

Slika 14. Usporedba prosjecnih ulova potkornjaka Orthotomicus erosus u mokroj (M) odnosno suhoj (S) naletno barijernoj klopki.
Figure 14 Comparison of the average catch of bark beetle Orthotomicus erosus in wet (M) and dry (S) flight barrier trap
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Slika 15. Larva predatorske vrste Tha-  Slika 16. Imago predatorske  Slika 17. Larva predatorske vrste ~ Slika 18. Imaga predatorske vrste

nasimus formicarius vrste Thanasimus formicarius ~ Temnochila caerulea Temnochila caerulea

Figure 15 Larva of the predatory species  Figure 16 Imago of the preda- ~ Figure 17 Larva of the predatory Figure 18 Imago of the predatory

Thanasimus formicarius tory species Thanasimus formi-  species Temnochila caerulea species Temnochila caerulea
carius

Selektivnost feromonskih klopki — Selectivity of Oba nabrojana predatora vrlo su Cesta i nalaze se u

pheromone traps ulovima feromonskih klopki. Vazan predator Aulo-

nium ruficorne Olivier (Coleoptera, Zopheridae)
iznenadujuce je bila u vrlo malim koli¢inama u ulo-
vima. Poznavanje predatora vazno je kako bi se pri-
likom sakupljanja ulova izbacili natrag u prirodu, te
tako imali pozitivan u¢inak na smanjenje populacija
potkornjaka.

U ovom istrazivanju referirali smo se na predatore
T. formicarius, koji se hrani potkornjacima kao
imago i kao li¢inka (Slika 15 i 16), te na T. caerulea
(Slika 17 i 18), najvazniju vrstu koja se najcesce na-
lazi u feromonskim klopkama.

Tablica 6. Razlike u ulovima predatora Temnochila caerulea i Thanasimus formicarius izmedu razli¢itih tipova feromonskih klopki
Table 6 Differences in catches of Temnochila caerulea and Thanasimus formicarius predators between different types of pheromone traps

Prosjecan ulov predatora po klopki i

Broj ulova Thanasimus formicarius

Broj ulova Temnachila caerulea sakupljanju
Klopka/feromon Number of Thanasimus formicarius " !
catches umber of Temnochila caerulea catches  Average catch of predfators pro trap and
collection
NBK
PHEROPRAX 21 2.985 23
NBK
EROSOWIT 37 1.546 1
TRIPLET
EROSOWIT 1200 S
NBK MOKRA
PHEROPRAX 522 1

Slika 19. Ukupni prosje¢ni ulovi jedinki Orthotomicus erosus u feromonskim klopkama u 2018. i 2019. godini (od 30.3. do 6.7.)
Figure 19 Total average of catches of Orthotomicus erosus in pheromone traps in 2018 and 2019 (from 30.3. t0 6.7.)
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Slika 20. Prosjecni ulovi potkornjaka Orthotomicus erosus u feromonskim klopkama kroz razdoblje lovljenja u 2018. i 2019 godini (od 30.3. do 6.7.)
Figure 20 Average catches of bark beetle Orthotomicus erosus in pheromone traps through the hunting period in 2018 and 2019 (from 30.3. t0 6.7.)

Dok se T. formicarius javio u ulovima u feromon-
skim klopkama u zanemarivim brojkama, vrsta T.
caerulea bila je relativno cesta (Tablica 6). U klop-
kama sa feromonima Pheroprax i Erosowit ukupno
ulovljeno 64 jedinki T. formicarius, dok je jedinki
T.caerulea bilo 4.531. Predator koji je obi¢no cest u
asocijaciji sa mediteranskim potkornjakom A. rufi-
corne (Mendel 1990, Sarikaya i Ibis 2016) iznimno
je rijetko naden u ulovima.

Razlika u ulovima 2018. i 2019. godine — Difference
in catches in 2018 and 2019

Kako za 2018. godinu postoje samo podaci od 30.3. do 6.7.
to je period u kojem je napravljena usporedba ulova. Uspo-
redene su pozicije klopke koje su bile iste i u 2018. i 2019.:
5 feromona Erosowit i 5 Pheroprax. Model klopke bio je
jednostavna NBK. Sukladno rezultatu doslo je do znacaj-
nog pada broja ulova mediteranskog potkornjaka u 2019.
u odnosu na 2018. godinu (Slika 19).

Prosje¢ni ulovi u feromonskim klopkama u 2018. godini bili
su signifikantno ve¢i u ve¢ini datuma sakupljanja, za Phero-
prax 3 puta, a za Erosowit 5 puta ve¢i (Slika 19 i Slika 20).

RASPRAVA
DISCUSSION

Feromonske klopke kao dio integrirane zastite Suma sluze
iskljucivo sustavu monitoringa te daju sliku i uvid u popu-
lacijsku dinamiku potkornjaka. Iako se koli¢ina ulova u ra-
zli¢itim tipovima klopki moze bitno medusobno razlikovati
ipak se vidi stanje populacije potkornjaka, $to ukazuje na
to da broj jedinki u ulovima nije toliko bitan. Feromonske
klopke uglavnom nemaju kurativou funkciju (Vaupel
1991). Ipak, u ulovima se Zeli dobiti veci broj ciljanih ku-

kaca jer se oni na taj nacin iskljucuju iz populacije. Medu-
tim, puno je vaznije kod feromonske klopke njezina selek-
tivnost, bududi da se isklju¢ivanjem predatora iz populacije
onemogucuje njihov pozitivan utjecaj u prirodi (Weslien i
Regnander 1992). To moze i¢i do te krajnosti da broj pre-
datora u ulovima bude toliko velik, da s obzirom na njihov
prehrambeni potencijal radimo vise $tete nego koristi
(Baier 1994).

Do sada koristeni feromoni i klopke za mediteranskog pot-
kornjaka koristeni su sukladno navodima iz literature
(Mendel 1988) ili iz istrazivanja i osobnog iskustva ste¢enog
u prvim godinama gradacije (Pernek 2018). Rezultati uka-
zuju opravdanost takvog istrazivanja s obzirom na geograf-
ska podrudja i razlika vezanih uz to (Grosman i sur. 1997).
U ovom istrazivanju pratila se razlika u ulovima ciljanih
kukaca (mediteranskog potkornjaka) i neciljanih (selektiv-
nost na predatore) na temelju kojih se daju savjeti za buduéi
monitoring. Postavljanje klopki na istom mjestu iz godine
u godinu daje nam uvid u kretanje ili trendove populacije
i daje prostora stru¢njacima da ispravno i na vrijeme pro-
vode mjere zastite. Prezentirani rezultati usporedbe fero-
mona i klopki za ulov mediteranskog potkornjaka prvo je
takvo istrazivanje u Hrvatskoj koje treba dati neke odgovore
$umarskim stru¢njacima na terenu.

Erosowit je feromon koji se kroz gotovo ¢itavo razdoblje
lovljenja pokazao boljim u odnosu na Pheroprax, imao vece
ulove, ali je bio i bitno selektivniji. Time se taj feromon u
kombinaciji s jednostavnom NBK pokazao kao najbolje rje-
$enje za primjenu u praksi.

Sto se tice Triplet sustava od njega se treba ocekivati da daje
ulove vece od jednostavne NBK, buduc¢i da su troskovi po-
stavljanja i sakupljanja puno veci od cijene samih klopki i
feromona. Medutim Triplet je, iako neznatno, pokazao bo-
lje ulove, ali i nesto bolju selektivnost. Stoga se i Triplet su-
stavi mogu preporuciti za primjenu.
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Nadalje, mokra varijanta klopke pokazala se losom jer ne
donosi signifikantno vece ulove, a manje je selektivna. S
obzirom na dodatne troskove klopke (adaptacija klopke,
tekucina koja se mora mijenjati, sporije sakupljanje) ovaj
tip klopke nije preporucljiv za primjenu.

ZAKLJUCGCI
CONCLUSIONS

Erosowit je feromon koji pokazuje znacajno bolje rezultate
u ulovima i selektivnosti u odnosu na Pheroprax, te se pre-
poruca njegova primjena.

Pheroprax nije dovojno selektivan za mediteranskog pot-
kornjaka te se ne preporuca za prakti¢nu primjenu.

Triplet klopki lovi tek nesto vise od obi¢ne klopke, ali je
nesto selektivniji te se u odredenim uvjetima moze prepo-
ruciti.

Mokre klopke ne love znacajno vise od obi¢ne NBK, ali su
manje selektivne, a uz to manipulacija s njima zahtijeva
znacajno viSe troskova. Zbog toga se njihova primjena ne
preporuca.

Najbolja feromonska klopka za prakti¢nu primenu je jed-
nostavna NBK sa feromonskim pripravkom Erosowit.

U odnosu na 2018. uslijedio je znacajan pad ulova u fero-
monskim klopkama u 2019., $to ukazuje na trend
smanjivanja populacije mediteranskog potkornjaka.
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In the Aleppo pine forests at the Croatian Mediterranean in 2017, a Mediterranean bark beetle (Or-
thotomicus erosus) appeared in population densities that had not been recorded before and until then
was not considered a significant pest in that area. Natural enemies are not able to follow a sudden in-
crease of the bark beetle population, which results in rapid increase of drying trees. As a part of the
suppression of the Mediterranean bark beetle in 2018, pheromone traps have been installed in Croa-
tia for monitoring purposes. Although there are multiple options for applying different types of traps
and pheromone preparations for the Mediterranean bark beetle, so far the differences in catches of
different types of traps and their selectivity have not been investigated. In 2019, 40 pheromone traps
were placed in the Forest Park Marjan (Split) on 196 ha of forest area. A pairs of pheromone prepara-
tions Pheroprax and Erosowit were compared, a system of three traps (Triplet) with a single flight
barrier trap as well as the modified wet flight barrier trap with a regular flight barrier trap. In addition
to the average number of catches in pheromone traps, particular attention was given to selectivity. Two
predator species Tanasimus formicarius and Temnochila caerulea were found in traps, with T. formi-
carius in insignificant quantities relative to T. caerulea. The results indicate that Erosowit exhibits sig-
nificantly higher catches compared to Pheroprax and is significantly more selective. Pheroprax has a
very high catches of T. caerulea predators and is not recommended for practical use. The Triplet had
only slightly better catches compared to the single flight barrier trap, but also showed slightly better
selectivity. The Triplet did not show the expected effect due to the amount of the catch, which was
slightly higher than in the single trap, but not significantly in order to recommend their use. The wet
flight barrier trap turned out not to be satisfactory as it does not produce significantly higher catches
than a regular flight barrier trap, and is twice less selective. Given the additional costs (trap adapta-
tion, fluid that needs to be changed, slower collection), this trap type is not recommended for use.
Comparing the results of the catch in 2019, the number of bark beetles was found to be almost 5 times

lower than in 2018.

KEY WORDS: Pinus halepensis, Erosowit, Pheroprax, Taemnochila caerulea, Thanasimus formicarius,

climate changes.
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INTERRELATIONS OF VARIOUS TREE VITALITY
INDICATORS AND THEIR REACTION TO CLIMATIC
CONDITIONS ON A EUROPEAN BEECH

(Fagus sylvatica L.) PLOT

MEDUOVISNOST RAZLICITIH INDIKATORA VITALITETA
STABALA | NJIHOV ODZIV NA KLIMATSKE UVJETE NA
PLOHI OBICNE BUKVE (Fagus sylvatica L.)

Miaden OGNJENOVIC!, Tom LEVANICZ, Nenad POTOCIC', Damir UGARKOVIC3, Krunoslav INDIR’,

lvan SELETKOVIC'

SUMMARY

Interrelations of various common beech vitality indicators (crown defoliation, foliar chemistry, radial growth) as
well as their possible dependencies on climatic conditions were investigated over the course of 12 years in a ma-
ture and healthy beech stand. Our results confirm the importance of temperature variables for defoliation, as high
temperatures during spring and summer months induce the increase of defoliation. The same negative influence
was observed with high maximum temperatures and low precipitation during previous year summer months.
Phosphorus, calcium and magnesium nutrition of beech trees suffers from high temperatures during current year
summer and benefits from more precipitation. High temperatures in current year May positively influence beech
radial growth, while a wide range of minimum temperatures during March and June has a negative effect. In sum-
mary, high summer temperatures and low precipitation were shown to have a negative effect on all vitality indi-
cators, and for defoliation and nutrition this effect can last into the following year.

KEY WORDS: defoliation; foliar nutrition; radial growth; drought; vitality

INTRODUCTION
uvoD

The dieback of trees can be complex in its nature, therefore
the reasons for the deterioration in the vitality of certain
species or stands can be found in specific interactions of
stress factors. A common feature of stress impact is the une-
conomical use of nutrients and water, leading to alterations
in storage patterns in trees, soils and on the ecosystem level

(Augustin and Andreae, 1998). At the tree level, this is usu-
ally described as decline or dieback processes, influencing
tree condition or vitality, which can be assessed through the
use of tree vitality indicators such as defoliation, increment,
or foliar nutrition.

European beech (Fagus sylvatica L.) is a dominant broad-
leaved tree species in European forests, and on the Med-
vednica massif. Although common beech is a tree species
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adapted to various conditions, it grows best in areas marked
by moderately warm summers and high amount of precipi-
tation (Seletkovi¢ et al., 2003a).

Climate change and other global changes are supposed to
greatly influence the forest ecosystems in Europe (Askeyev
et al., 2005, Kellomaki and Leinonen, 2005, de Vries et al.,
2014). The forested area is expected to expand to the north
and contract in the south (IPCC, 2007). Climatic conditi-
ons, especially extreme climatic events such as drought are
regarded as critical in the process of forest tree decline, as
they govern the water relations (Zierl, 2004). Direct effects
of climate change include responses of vegetation to tem-
perature and/or precipitation; indirect effects occur prima-
rily as soil-mediated phenomena, such as the influence of
precipitation on soil moisture regimes (Watson et al., 1998).

Defoliation is a non-specific symptom of tree vitality widely
used in forest practice (Poldk et al., 2006) and forest health
monitoring, most notably the UNECE International Co-ope-
rative Programme on Assessment and Monitoring of Air
Pollution Effects on Forests (ICP Forests), a pan European
forest monitoring program. Dobbertin and Brang (2001) de-
monstrate that tree defoliation assessed in 5% steps is a use-
ful parameter to predict year-to-year tree mortality. Typically,
the defoliation of trees will change from year to year and will
rise sharply under heavy stress (such as drought), often not
in the same, but the following year (Potoci¢ et al., 2018). Trees
are also known to be able to recover from leaf loss, the inter-
val for the return to pre-stress values depending as much on
the environmental conditions as on the tree species (Prpi¢
and Seletkovi¢, 1992, Potoci¢ et al., 2008).

The cycling and uptake of nutrients have been shown to be
critical processes for the health of a forest ecosystem. It is
clearly evident from previous research that nutrition has a
profound multifarious influence on the vitality of trees
(Hallenbarter et al., 1999). Loss of nutrients from the
system, disruption of nutrient cycling and uptake, or im-
balances in nutrient status may be associated with declines
in forest productivity and stability (Nilsson et al., 1995).

Trees respond to environmental stresses, among others,
with increment decrease (Dobbertin, 2005). Growth reduc-
tion is a consequence of a reduced photosynthetic activity
due to limitations in the environment and result in altered
carbon allocation. In extreme situations, such as long la-
sting drought, growth reduction can lead to mortality (Mc-
Dowell et al., 2011). Radial increment is sensitive to envi-
ronmental conditions and local and/or regional climate
(Fritts, 1976) and as such it can be used as an indicator of
tree vitality.

Landmann et al. (1995) consider the results of various
research dealing with tree decline lacking as they concen-
trate only on stands exhibiting great loss of vitality. As with
any other influence on a forest ecosystem, climatic change
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would have a stronger impact on a previously stressed fo-
rest stand exhibiting poor vitality than on a forest growing
in near-optimal conditions. On the other hand, climate
change might have a bigger economic impact on optimal
sites than on extreme, less fertile sites. Therefore, it is cru-
cial for practical silviculture and forest management to be
aware of the potential reaction of beech to climate change
in order to plan mitigation measures to preserve the eco-
nomic value of beech forests. Furthermore, in contrast with
data from large-scale monitoring, case studies are able to
provide more data from a limited area, therefore more pre-
cisely showing the ecosystem response to a specific set of
climatic factors present in the research area (Seletkovi¢ et
al., 2009).

We hypothesise that climate has a significant influence on
common beech vitality indicators (crown defoliation, foliar
nutrition and radial growth). Higher temperatures and
lower precipitation as well as extreme climate events sho-
uld result in in higher defoliation values and reduced
growth. Climate influences the absorption of nutrients, as
well as physiological processes within the tree and therefore
the effect should be observed on the nutritional status of
beech trees. We also expect that it is possible to observe the
interconnections between these vitality indicators. There-
fore, the aims of this paper are to (i) investigate the interre-
lations of common beech vitality indicators as well as their
(ii) dependencies on climatic conditions in a mature and

healthy beech stand.

MATERIAL AND METHODS
MATERIJAL | METODE

Research area — Podrucje istraZivanja

Intensive monitoring plot Sljeme, a part of ICP Forests Le-
vel IT programme (plot number 103) is situated in a Euro-
pean beech - silver fir (Abies alba Mill.) community (Festuco
drymeiae — Abietetum Vukeli¢ et Baricevi¢ 2007), at 954 m
altitude on a south-exposed slope of Medvednica massif,
located in the northwest Croatia (Figure 1). The plotis 1 ha
(100 x 100 m) in size. Soil type is dystric umbric cambisol
on greenschist parent rock (Potocic et al., 2003). The plot
is also a part of UNESCO’s Man and the Biosphere Pro-
gramme (since 1981), when all forest management opera-
tions were stopped. The western part of the Pannonian area
of Croatia is encompassed by the climate type Cfwbx”
according to Koeppen's classification (Segota and Filipéi¢,
2017). For this climate type precipitation should occur uni-
formly throughout the year, with the smallest amount in
winter, and precipitation maximums occuring in spring and
late summer. According to modelled climate data from E-
OBS gridded dataset (Haylock et al., 2008) for the period
(1950 - 2007), annual mean temperature for our research
plot was 10.8 °C, and annual precipitation was 929.6 mm.
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Figure 1. Location of the study site. Photograph of a European beech - silver fir community (a). Positions of the intensive monitoring plot (black

square) and forest areas (shaded polygon) (b).

Slika 1. Lokacija istrazivacke plohe. Fotografija sastojine obiéne bukve te obicne jele (a). Polozaj plohe intenzivnog motrenja (crni kvadrat) i Sumskog

podrucja (osjencani poligon) (b).

Meteorological data — Meteoroloski podaci

We used climate data from E-OBS gridded dataset (Haylock
etal., 2008). Values were extracted using R statistical envi-
ronment (R Core Team, 2016) with “raster” (Hijmans,
2016) and “rgdal” (Bivand et al., 2017) packages. From the
daily dataset we calculated mean monthly temperature
(mt), mean monthly minimum temperature (min_m),
mean monthly maximum temperature (max_m), absolute
monthly minimum temperature (min_a), absolute monthly
maximum temperature (max_a), and monthly sum of pre-
cipitation (pr). Furthermore, we calculated the quantile
range of the central 90% region (0.95-0.05 quantile) of
monthly maximum and minimum temperatures (max_Q
and min_Q) to investigate the influence of extreme tempe-
rature variability on vitality indicators, our assumption be-
ing that increased variability of monthly extreme tempera-
tures induces physiological stress that can be detected
through vitality indicators. This dataset was also used to
generate Standardised Precipitation Index (SPI) and self-
calibrating Palmer drought severity index (scPDSI), which
are standard indices for quantifying and reporting meteo-
rological drought. Standardised Precipitation Index (McKee
et al., 1993) was calculated for the period 1951-2008 on a
time scale of three months. To calculate SPI and scPDSI we
used R programming environment and package “SPEI”
(Begueria and Vicente-Serrano, 2017) and “scPDSI” (Ruida
et al., 2018), respectively. Values of SPI above 2 indicate
extremely wet conditions, under -2 extremely dry conditi-
ons, and normal conditions range from 0.99 to -0.99. Va-
lues of scPDSI lower than - 1 indicate moderate drought
while values lower than -2 indicate severe drought.

Defoliation assessment — Procjena osutosti

Defoliation of sample beech trees on the plot was assessed
annually according to the ICP Forests Manual (Eichhorn

etal, 2016) in the period 1996-2007. The same two observ-
ers performed assessments in late August/early September.
Each year 45 trees were assessed but only 29 beech trees
that were assessed every year in this period were used in
the sample.

Sampling and chemical analysis of foliage —
Uzorkovanje i kemijska analiza biljnog materijala

Each year the same five trees were sampled from 1997 to
2007. Samples were taken from the upper third of the crown
in mid-September. Collected samples were combined in the
laboratory based on equal dry mass. Samples of foliage (100
leaves per sample) were dried at 105 °C, ground and
analysed for total nitrogen (N) content at Leco CNS 2000
analyser (ISO-13878,1998). The analysis of other elements
content required sample drying, grinding and wet dige-
stion. Phosphorus (P) was determined on UV/VIS spectrop-
hotometer PE Lambda 1A, potassium (K) on flame photo-
meter Eppendorf and calcium (Ca) and magnesium (Mg)
by atomic absorption spectroscopy on Perkin-Elmer Aa-
nalyst 700 (Rautio et al., 2016).

The established procedure for the interpretation of foliar
analysis is based on the comparison of element concentra-
tions with limit values as according to Raitio (1993). For
evaluation of foliar nutrient concentrations, we compared
them to the critical values statistically derived from van den
Burgss literature compilation which are close to a general
optimum range, indicating health and intact resistance
mechanisms of these tree species (Mellert and Géttlein,
2012).

Tree-ring measurements — Izmjera Sirine godova

We collected cores from all 29 beech trees that were assessed
for defoliation in autumn 2007 (last fully formed ring was in
2007). Each core was mounted and sanded to a high polish
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Figure 2. Mean monthly temperature (red line), sums of monthly precipitation (blue line), mean scPDSI (orange line) and mean SPI (purple line)

from March to August on plot “Sljeme” in the period 1996 - 2007.

Slika 2. Prosjecna mjesecna temperatura (crvena linija), suma mjesecnih oborina (plava linija), prosjecni scPDSI (narancasta linija) te prosjecan SPI
(ljubitasta linija) od oZujka do kolovoza na plohi Sljieme za period od 1996 do 2007. godine.

following standard dendrochronological procedures (Stokes
and Smiley, 1968). The cores were then digitized using
ATRICS system' (Levanic, 2007) and annual radial growth
was measured to the nearest 0.01 mm using WinDENDRO
software. Each tree ring series was then visually and statisti-
cally crossdated using PAST-4. We used the COFECHA pro-
gram (Holmes, 1983, Holmes, 1994) to check for errors in
dating. Tree growth almost universally shows a non-climatic,
age-related biological growth trend that must be removed

before any dendroclimatological analyses. Individual tree-
ring width series were therefore standardised to remove long-
term trends (Cook, 1985) using a smoothing loess function.
To calculate index chronologies each year’s ring width was
divided by that year’s fitted value to give a dimensionless in-
dex with a mean of 1. This procedure removed non-climatic
trends due to tree age, size and the effects of stand dynamics
(Cook, 1985). Index values were also pre-whitened using an
autoregressive model selected on the basis of the minimum
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Figure 3. Overall defoliation trend of common beech trees (Tau = 0.62, Sen’s slope = 0.962, p= 0.005, orange line) and annual overall mean
defoliation (black line). Vertical bars denote 95% confidence intervals. Years that do not share the same letter are significantly different.

Slika 3. Trend osutosti stabala obi¢ne bukve (Tau = 0.62, Sen's slope = 0.962, p= 0.005, narancasta linija) te godisnji prosjek osutosti (crna linija). Ver-
tikalni linije oznacavaju interval pouzdanosti od 95%. Godine koje ne dijele isto slovo statisticki se znacajno razlikuju.

Table 1. Potassium and calcium ratio in beech leaves in the period 1994 — 2007.
Tablica 1. Omjer kalija i kalcija u liS¢u bukve u period od 1994. do 2007. godine.

Year

1994 1995 1996 1997 1998 1999

Godina

K/Ca

K/Ca 0.59 0.66 0.50 0.53 0.56 0.52

Akaike Criterion and combined across all series using bi-
weight robust estimation of the mean to exclude the influ-
ence of the outliers. ARSTAN produces two types of output
chronologies - a standard chronology (STD) and a residual
chronology (RES) containing only high-frequency variations
(no autocorrelation) (Cook, 1985, Cook et al., 1990). For the
purpose of this research, we used RES chronology, which
represents a robust estimate of the arithmetic mean and con-
tains no autocorrelation (Cook, 1985). After detrending, the
Expressed Population Signal (EPS) was calculated to assess
the common forcing (e.g. climate) in tree-ring width chro-
nologies. An EPS of 0.85 or higher is generally accepted to
be high enough to show that analysed tree ring series repre-
sent the common forcing mechanisms of a larger population
of trees (Briffa and Jones, 1990).

Data analyses — Analiza podataka

Defoliation trend was tested by Mann-Kendall test (Mann,
1945, Kendall, 1948) and the slope was estimated according
to Sen (1968). In order to establish if defoliation statistically
differed during the investigated period we performed one-
way analysis of variance. Prior to the analysis, defoliation

2000

2001 2002 2003 2004 2005 2006 2007

0.75 0.85 1.20 1.01 0.77 0.36 0.51

data was checked for normality and homoscedasticity. Since
the data did not adhere to the latter assumption we applied
the Welch’s ANOVA (Welch, 1951). To specify differences
between years we conducted the Games-Howell test
(Games and Howell, 1976). For the trend analysis we used
the “EnvStats” package (Millard, 2013), while the package
“userfriendlyscience” (Peters, 2017) was used to conduct
ANOVA and the subsequent post-hoc test.

Bootstrapped Pearson’s correlation coefficient calculated in
the package “treeclim” (Zang and Biondi, 2015) was used
to identify dependency between the residual chronology
and climate variables for the period 1950-2008 and to iden-
tify dependency between defoliation and climate variables
for the period 1996-2007.

Because foliar nutrition data followed a non-normal distri-
bution we used Spearman’s rank correlation coefficient to
assess how foliar nutrition relates to climate variables and
other vitality indicators. We also tested if previous year de-
foliation was correlated to current year residual chronology
and vice versa. Additionally, we tested if previous year cli-
mate variables were correlated to current year vitality indi-
cator values. All analyses were conducted in R statistical

ATRICS stands for Automated Tree-Ring Image Capturing System, system was developed at Slovenian Forestry Institute for use in dendrochronological laboratory



Figure 4. Foliar nutrient status of beech trees. Horizontal, dotted lines
represent the normal range of foliar concentrations of macronutrients
according to Mellert and Géttlein (2012).

Slika 4. Stanje ishrane stabala bukve. Horizontalne isprekidane linije pred-

stavljaju normalni raspon kancentracija makroelemenata prema Mellert and
Gottlein (2012).

environment (R Core Team, 2016) with a probability of type
Ierror of a = 5%. Plots were produced using “ggplot2” pack-
age (Wickham, 2009).

Table 2. Basic statistical data regarding tree-ring series.
Tablica 2. Osnovni statisticki podaci analiziranih izvrtaka

Mean
Prosjek

Year

Godina

arithmetic mean — aritmeticka sredina 16 1.319
standard deviation — standardna devijacija 17 0.381
median (50" quantile) — medijan (500g kvantila) 76 1.249
interquartile range — interkvantilni raspon 28 0.488
minimum value — minimalna vrijednost 44 0.878
lower hinge (25" quantile) — donji kvartil (25%) 64 1.043
upper hinge (75" quantile) — gornji kvartil (75%) 92 1.530
maximum value — maksimalna vrijednost 103 2.483
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RESULTS
REZULTATI

Climate conditions — Klimatski uvjeti

High mean temperatures and low precipitation were pre-
sent especially in years 2000 and 2003, while high temper-
atures in 2007 were not coupled with low precipitation (Fig-
ure 2). Considering the ranges of SPI and scPDSI, water
deficits on the research plot could have been expected es-
pecially in 2000 and 2003. The scPDSI index also shows the
possibility of drought in 2007.

Defoliation — Osutost

There is an increasing statistically significant trend of
defoliation throughout the observed period (Figure 3).
Statistical differences in mean defoliation were established
between survey years (Df = 11; MS = 480.3; F = 7.7; p <
0.001). Defoliation was higher in the years following a
drought year than in drought years but these differences
were not significant. However, defoliation in year 2004 was
significantly higher than in the years prior to 2003 drought

(Figure 3).

Nutritional status — Stanje ishrane

Based on the foliar concentrations, plot Sljeme provides
satisfactory nutrition for beech trees. Some differences in
element values depending on the sampling year are evident.
These differences are especially interesting if the values fall
below limit values (Figure 4). Ca and Mg deficiency was
recorded in drought years (Figure 2). We found that the ra-
tio of K and Ca in beech leaves was high in years 2000, 2003
and 2004 as shown in Table 1.

Tree ring width - Sirina goda

Beech chronology spans the period from 1904 to 2007 (103
years, Table 2). Since the purpose of this study was not to re-
construct climatic patterns but to evaluate effects of climate

Standard Mean 15t order
deviation Skewness Kurtosis sensitivity autocorrelation
Standardna Asimetrija Kurtosis Proslecna  Autokorelacija

devijacija osjetljivost ~ prvog reda
0.566 0.629 3.748 0.339 0.524
0.138 0.602 2.546 0.057 0.181
0.545 0.512 3.029 0.339 0.528
0.108 0.349 1.085 0.092 0.243
0.407 -0.081 2.083 0.254 0.060
0.482 0.311 2.603 0.293 0.375
0.590 0.661 3.688 0.384 0.619
0.921 3.024 15.082 0.430 0.878
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Table 3. Expressed population signal and Signal-to-noise ratio statis-
tics, together with within and between tree-ring series correlations.

Tablica 3. Izrazeni signal populacije, omjer signala i Suma te korelacije un-
utar i izmedu serija

effective number of cores

efektivni broj jezgri et LA
effective chronology signal iy 0314
efektivni signal kronologije dip ’
SEERSIUERED gy 8.460
omjer signala i Suma
e>.(prevsse.d Populatlon sngpal EPS: 0.894
izraZeni signal populacije
RBAR Standard
Number  Prosjecna deviation
Broj korelacija Standardna
izmedu serija devijacija
all series RBAR:
prosjecna korelacija izmedu 231 0.278 0.253
svih serija
within-trees RBAR:
prosjecna korelacija serija 12 0.367 0.146
unutar stabla
between-trees RBAR:
prosjecna korelacija serija 219 0.273 0.257

izmedu stabala

on vitality indicators, for growth data we selected only a rel-
atively short common period 1950-2007 for the analysis. EPS
value of beech chronology within studied period (1950-2007)
was 0.894, which is well above threshold of 0.85 and Signal-
To-Noise ratio is also quite large — 8.460. (Table 3).

Interactions — Interakcije

The results of bootstrapped Pearson’s correlation indicate
a significant influence of extreme temperatures on beech

Table 4. Bootstrapped Pearson'’s correlation coefficients for correlations
between defoliation and monthly climate variables during the vegeta-
tion period (March - August). Only significant results are shown (p <
0.05). Abbreviations for months of the year in lower case denote previ-
ous, and in upper case font current sampling year.

Tablica 4. Bootstrap Personov korelacijski koeficijenti za korelacije izmedu
osutosti i mjesecnih klimatskih varijabli za vrijeme vegetacijske sezone
(OZujak — Kolovoz). Prikazani su samo znaCajni rezultati (p < 0.05).
Skracenice za mjesece u prethodnoj godini navedene su malim slovima, a
za mjesece U trenutnoj godini velikim slovima.

Climate variable Month r
Klimatska varijabla Mijesec r
Pr june -0.637
max_a june 0.573
july 0.747
max_a MAR 0.737
JULY 0.610
max_m JULY 0.597
max_Q MAR 0.810
min_Q MAR 0.623

defoliation (Table 4), as well as a significant negative influ-
ence of precipitation in June of the previous year.

Results given in Table 5 indicate complex interactions be-
tween foliar mineral concentrations and climate variables
of the current and previous year. Overall, a general pattern
can be observed where current year temperature variables
are mostly negatively correlated to foliar mineral concen-
trations, whereas precipitation and drought indices are pos-
itively correlated regardless of nutrient in question. Addi-
tionally, we noticed that most climate variables of summer
months (June and August especially) are negatively corre-
lated to nutrient concentrations, whereas climate variables
during spring months are positively correlated. However,
similar patterns cannot be observed when comparing foliar

Figure 5. Growth (a) and residual growth (b) of individual beech trees (grey lines) and the mean value (red line) in the period 1908 — 2007.
Slika 5. Rast (a) i rezidualni rast (b) individualnih stabala obi¢ne bukve (sive linije) te prosjecna vrijednost (crvena linija) u period od 1908. do 2007. godine.
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Table 5. Spearman’s rho and corresponding p values for correlations between foliar nutrient concentrations and monthly climate variables during
the vegetation period (March - September). Only significant results are shown (p < 0.05). Abbreviations for months of the year in lower case
denote previous, and in upper case current survey year.
Tablica 5. Spearmanov rho i pripadajuéa p vrijednost za korelaciju izmedu koncentracije biogenih elemenata i mjesecnih klimatskih varijabli tijekom veg-
etacijske sezone (0Zujak — Rujan). Prikazani su samo znaCajni rezultati (p < 0.05). Skracenice za mjesece u prethodnoj godini navedene su malim slovima,
a za mjesece u trenutnoj godini velikim slovima.

Element Climate variable Month rho(p)
Element Klimatska varijabla Mjesec rho(p)
N Pr aug -0.699
sept -0.606

min_a aug 0.636

min_Q may -0.692

max_m aug 0.643

SPI sept -0.748

max_a MAR 0.580

K Pr july -0.602
min_a june 0.641

max_Q apr 0.662

max_m APR -0.606

max_Q APR 0.637

AUG -0.644

Mg min_a mar -0.630
min_Q apr 0.581

july 0.634

max_a apr 0.648

max_Q july 0.592

SPI june -0.827

july -0.578

Mt JUNE -0.701

min_m JUNE -0.689

max_m JUNE -0.809

max_a JUNE -0.578

SPI MAR 0.732

MAY 0.620

mineral concentrations with climate variables of the previ-
ous year.

Correlation analysis based on residual tree ring width chro-
nology and climate data reveals a positive correlation be-
tween tree-ring width and multiple temperature-related
variables, mostly in May of the same year, and a negative
correlation between tree-ring width and the range of min-
imum temperatures in March and June of the same year
(Figure 6).

DISCUSSION
RASPRAVA

The region of south-eastern Europe represents one of the
most vulnerable hotspots with expected intensification of
severity and duration of droughts and heat waves. As the

Element Climate variable Month rho(p)
Element Klimatska varijabla Mjesec rho(p)
P pr APR 0.860
mt AUG -0.622

max_m JUNE -0.580

SPI APR 0.790

MAY 0.678

JUNE 0.692

scPDSI APR 0.713

MAY 0.727

Ca pr aug 0.594
mt mar -0.776

may -0.650

aug -0.622

min_m mar -0.825

may -0.671

aug -0.790

min_a mar -0.685

may -0.734

max_m mar -0.811

may -0.685

aug -0.587

max_a aug -0.678

pr AUG 0.622

mt AUG -0.769

min_m AUG -0.839

max_m AUG -0.748

max_a AUG -0.748

effects of climate change on forests in Southern Europe will
potentially be stronger and more rapid than in the rest of
Europe, this area represents an ideal model for studying the
impact of changing climatic conditions. This region is al-
ready faced with a high frequency of drought events; after
2000, significant droughts and heat-waves were observed
in 2002, 2003, 2007-2008, 2011 and 2012 (EEA, 2012).
Analyses of meteorological data (Gaji¢-Capka et al., 2015)
show that in Croatia a change in the temperature and pre-
cipitation regime is already present. In the decade 2001—
2010 alone, four drought events occurred, and only 13 be-
tween 1961 and 2010 (Spinoni et al., 2013). In the future,
Croatia is expected to be even hotter and drier (Cindri¢ et
al., 2010, Mihajlovi¢, 2006).

Our results suggest that drought was to be expected on the
research plot in years 2000, 2003 and 2007; 2003 was also
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Figure 6. Correlation between residual tree ring width and climate variables from previous year April to current year September. Coefficients sig-
nificant at the 0.05 are identified by a solid line. Vertical bars denote 95% confidence intervals. Abbreviations for months of the year in lower case

denote previous, and in upper case current survey year.

Slika 6. Korelacija izmedu rezidualne Sirine goda te klimatskih varijabli od travnja prethodne godine do studenog trenutne godine. Ispunjene linije oznatavaju
znacajne koeficijenti pri razini od 0.05. Vertikalni linije 0znatavaju interval pouzdanosti od 95%. Skracenice za mjesece u prethodnoj godini navedene su

malim slovima, a za mjesece u trenutnoj godini velikim slovima.

reported as very dry in most of Europe, with adverse im-
pacts on vegetation (Gobron et al., 2005). These results cor-
respond to the more general observations of drought in
Croatia in 2000 and 2003 (Cindri¢ et al., 2010, Mihajlovi¢,
2006)

The results of defoliation assessments seem to show a one
—year lag effect, with defoliation rising in the year follow-
ing a drought year. These results are consistent with previ-
ously reported findings (Graf Pannatier et al., 2007). De-

spite a wide range of ecological conditions present on ICP
Forests Level I beech monitoring plots all over Europe, a
similar rise in mean plot defoliation above the trend line
was recorded in 2001 and 2004 (Timmermann et al., 2017).
However, not every rise in defoliation of a tree should be
equalled with the permanent decrease of vitality. Crown
defoliation is obviously a product of tree crown status from
the past several years of growth, which can be misleading
if used as a stress indicator when assessing current vitality
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(Polék et al., 2006). This can be seen clearly from our re-
sults.

The negative influence of precipitation in June of the pre-
vious year, coupled with the aforementioned influence of
summer temperatures in the previous year, may point to
the lasting effects of drought on defoliation through diver-
gent mechanisms. The example for this is the uninterrupted
rise in defoliation from the dry 2000 until 2004 - the years
2001 and 2002 were warm, but with plenty of precipitation;
still, the defoliation continued to rise through the dry 2003,
reaching peak values in the cool, moist 2004. Similarly,
(Kralicek et al., 2017) documented significant effect of tem-
perature in July and August of previous year on beech de-
foliation. Severe drought limits leaf area production by re-
ducing the number and viability of leaf buds and thus the
tree’s ability to recover an efficient crown development after
resuming normal water availability (Bréda et al., 2006).
Drought during the year of bud formation decreases the
number of new leaves formed in the bud and the new stem
segments present. Drought then influences the number of
leaves, leaf surface area, and twig extension the following
year when those buds expand (Coder and Daniel, 1999). In
beech trees, all leaves are completely preformed in winter
buds, so the number of leaves is predetermined in the pre-
ceding year (Uemura et al., 2000). On the other hand, de-
foliation can be related to drought events of the current year
through a change in intensity of physiological processes
such as (slower) leaf expansion or (enhanced) senescence
of older leaves (Jackson, 1997), but our results do not show
this effect: neither SPI nor scPDSI correlated with defolia-
tion in the current year. This may be because the assess-
ments of defoliation were performed during summer, when
the effects of drought may have not occurred yet.

We found that drought affects mostly the foliar concentra-
tions of Ca and Mg, and the ratio of K to Ca. According to
Bergmann (1992), the uptake of Ca is negatively affected
by irregular water supply and, in particular, by prolonged
dry periods. Acting as a counterpart to K, Ca plays a key
role in the stomatal movement and regulation of water bal-
ance of trees (Raghavendra et al., 2010). Ca and K are also
competing for uptake and the lack of Ca in dry years can
often be associated with enhanced K uptake (Wallace and
Mueller, 1980).

While foliar composition is directly related to weather con-
ditions in the current year through the functioning of up-
take mechanisms, the links of current mineral element fo-
liar concentrations and last year’s weather conditions have
to be considered through storage and remobilization mech-
anisms which are increasingly recognized as one of the key
processes in nutrient conservation in plants and in nutrient
cycling in ecosystems (Achat et al., 2018). To maintain
growth under a permanently fluctuating availability of soil
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nutrients, plants use various strategies to optimize nutrient
acquisition - nutrient transporters, soil exploration by
roots, root exudation, and remobilization of nutrients from
storage (Maillard et al., 2015). For mobile nutrients, espe-
cially N, remobilization from reserves is very important, as
shown in the multiple dependencies of N foliar concentra-
tions on the climate variables of the previous year late sum-
mer and autumn months, reflecting the storing of N after
the period of intensive vegetative growth is finished (Table
5). In case of elements that are generally not remobilized,
such as Ca, we should not consider the effects of storage
and remobilization processes: rather, as the growth of roots
is dependent partly on the Ca availability (Emanuelsson,
1984), climate conditions in the previous year may modu-
late the uptake capacity of trees in the current year. How-
ever, this effect was not recorded in our study. Also we
found no correlations of previous year climate variables and
current year P leaf concentrations, although P can be used
from reserves stored in the root (Marschner, 2002). Perhaps
this is due to the generally very good P nutrition of beech
on this site.

Jonard et al. (2010) found that beech defoliation levels were
associated with lower foliar Ca and Mg concentrations in
a study in Belgian Ardennes, but this relation could not be
confirmed in our study: no significant relationship was ob-
served between defoliation and foliar nutrient concentra-
tions. According to Simon and Wild (1998), if the concen-
tration of a certain element remains in the normal range,
the decrease in mineral nutrition should be regarded more
as a consequence than as the cause of damage. If, on the
other hand, the concentrations are inadequate, we can sus-
pect nutrition to be the cause of tree decline. Therefore, the
lack of P, Ca and Mg caused by drought in year 2003, may
have resulted in enhanced defoliation in the following year
(i.e. the lag effect on defoliation).

The growth of trees is a key ecological parameter of forests
and thus of high importance as an indicator of forest con-
dition (Dobbertin et al., 2013). Trees generally respond to
environmental stresses by increment decrease as a conse-
quence of a reduced photosynthetic activity and altered car-
bon allocation. Most tree ring studies have observed that
trees predisposed to die have lower mean growth rates or
greater growth sensitivity to climate in the years proceed-
ing mortality (McDowell et al., 2008). It is clear from our
analysis that May average, minimum or maximum monthly
temperature plays an important role in the tree-ring forma-
tion of the beech. May is critical month for the growth of
beech on Medvednica massif, in particular for beech that
grows above 800 m a.s.l. Above average temperature in May
has a positive influence on tree growth as well as on the tree
phenology (Tikvi¢ et al., 2006), this was observed not only
at Medvednica massif, but also in Slovenia (Prislan et al.,
2019, Cufar et al., 2008) Bosnia and Herzegovina
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(Stjepanovic et al., 2018), Italy (Piovesan et al., 2005) or Ser-
bia (Stojanovic et al., 2018). Favourable May temperature
initiate cambium activity and radial growth can start. Con-
trary, below average temperature in May negatively influ-
ences tree growth and hinder cambium development which
leads to narrower radial increments in particular year
(Dulamsuren et al., 2016, Zimmermann et al., 2015). Ac-
cording to our study precipitation is less critical for beech
growth at the Medvednica massif, this could be mainly be-
cause precipitation is sufficient for the growth of beech and
temperature is not so high that lower amount of precipita-
tion would lead to serious occurrences of drought, this find-
ing is in accordance with Prislan et al. (2018) who found
similar lack of response in beech in Slovenia.

Similar to other indicators of vitality such as defoliation or
foliar composition, radial growth of trees is an integrative
variable of tree response (Seidling et al., 2012). Studies on
growth of beech show that it is strongly drought limited
(Jump et al., 2006). Several authors state that tree ring width
is frequently smaller during years following a severe
drought (Le Dantec et al., 2000, Battaglia et al., 1998), but
we found no evidence in our data that would support this.
Rather, radial growth was linked solely to temperature var-
iables, possibly revealing the shortcomings of an intensive
case study in comparison with a study based on a larger
number plots with diverse conditions.

The core of our interest was, however, in disentangling the
relations of growth and other vitality indicators. Only a few
authors report on the relationship between tree growth and
defoliation, and the patterns are not always uniform (Dit-
tmar et al., 2003, Rybnicek et al., 2015). Often the studies
relating crown condition and tree growth suffer from the
fact that the data is provided from different groups of trees
and therefore is plot-related rather than tree-related (Se-
idling et al., 2012). We used the same trees for tree-ring
analysis and for defoliation assessments, which enabled us
to make direct comparisons. Despite our sampling strategy,
we did not record any significant relationship between ra-
dial growth and defoliation. This could be explained by a
very narrow range of defoliation values on our plot, since
several authors reported on the relationship between radial
growth and defoliation but using a wide range of defolia-
tion values in their studies. Solberg (1999) found consider-
able growth depressions for Norway spruce already at slight
levels of defoliation, and Drobyshev et al. (2007) reported
that radial increment of oaks in Sweden was highest in trees
with healthy crowns. Information on the relation of radial
growth and defoliation for common beech is largely miss-
ing, Seidling et al. (2012) state that increment and crown
defoliation represent only partially the C allocation or C
assimilation of a tree, hence a functional relationship of
these parameters might not exist. However, Bréda et al.
(2006) found that severe and long drought produced stress

symptoms (premature leaf fall, yellowing), resulting in large
number of individuals being in a weakened condition, with
low radial growth. Dittmar and Elling (2007) related de-
creasing increment of beech in Switzerland to defoliation,
suggesting that increment decline preceded crown decline.
Our study, however, could not confirm this conclusion,
even when taking into consideration various combinations
of current and previous year observations.

The relation of growth and tree nutrition has also been ex-

tensively studied, mostly in studies dealing with character-
ization of forest soil productivity or stand fertilization/lim-
ing experiments (Fox et al., 2007, Sikstrém, 2002) with
varying results. Improved nutrition is reported to have a
positive effect on tree vitality and growth in some studies
(Mohamed et al., 1993, Van Praag and Weissen, 1976). Sim-
ilarly, several studies (Spohn et al., 2018, Yang et al., 2016)
found that beech has a high metabolic flexibility to cope
with low soil P stocks by growth adjustment. However we
can expect long-term negative effects of prolonged drought
(enhanced vulnerability to stresses, reduced growth) on
beech trees, as the effects of low P are similar to drought-
induced decreased stomatal conductance (Zavisi¢ and
Polle, 2018). Nys (1989) found that the addition of CaCO;
had a positive effect on the nutrition, defoliation and incre-
ment of beech in the French Ardennes. While liming in
Belgian Ardennes improved foliar Ca and Mg status of
beech trees and significantly limited the decline in crown
condition triggered by the summer drought in 2003, it had
no effect on basal area increment (Jonard et al., 2010). Com-
pared to fertilization experiments, the analysis of naturally
occurring mineral foliar concentrations is more demand-
ing in that the differences in nutrient status are smaller and
more difficult to detect. In our study K concentrations cor-
related to residual tree ring chronology, although this rela-
tion was not particularly strong. It is unlikely that this is
due to any direct negative K effect on growth, but rather
shows the elevated uptake of K and restricted uptake of Ca
in hot and dry years. This is important because Ca has a
direct influence on the capacity of plants to regulate the in-
tensity of transpiration (Berkowitz, 1998) and tree water
deficits can reduce radial growth as well as bud production
(Bréda etal., 2006). Therefore, although we could not relate
radial growth to precipitation directly, there is some evi-
dence of indirect linkages of nutrition, growth and defolia-
tion patterns.

CONCLUSIONS
ZAKLJUCCI

In this study, we were able to determine that high maximum
temperature variables of current year early spring and
summer months, as well as previous year summer months
caused an increase of defoliation. Low precipitation during
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June of the previous year also caused an increase of defo-
liation, indicating that defoliation status depends on the
climate conditions through various mechanisms that influ-
ence tree vitality. Beech was especially sensitive to drought
or warmer than average years appearing in succession.

A similar relationship was observed between climate condi-
tions and foliar nutrient concentrations where high tempe-
ratures during current year summer months negatively in-
fluenced nutrient uptake. Furthermore, we established that
P and Ca concentrations in beech leaves are sensitive to the
lack of precipitation. Temperature variables and precipitation
in the previous year influenced the nutritional status of beech
trees in the current year, although the results differed accor-
ding to element in question and month of the year.

High temperatures in May positively influenced beech ra-
dial growth, while a wide range of minimum temperatures
during March and June had a negative effect. Precipitation
was shown to have no apparent effect on beech radial
growth, perhaps due to the growth resilience of a healthy
beech stand, maintaining radial growth in spite of less than
ideal conditions.

Although we were not able to detect direct, significant links
among vitality indicators, they all reacted to temperature
variables within a current, or the previous year. The nega-
tive correlation of K to radial growth points to the effects
of K/Ca antagonism in dry years and underlines the impor-
tance of nutrition for the health status of beech.

Overall, both high summer temperatures and low precipi-
tation were shown to have the most negative effect, influ-
encing the vitality of beech trees also in subsequent years.
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Meduovisnosti razli¢itih uobicajenih indikatora vitaliteta obi¢ne bukve (osutost kro$nje, stanje ishrane,
$irina goda) kao i njihove mogude ovisnosti o klimatskim uvjetima istrazivani su tijekom razdoblja
od dvanaest godina u zreloj i zdravoj sastojini bukve na plohi intenzivnog motrenja br. 103 (Sljeme).
Ploha se nalazi u sastojini bukve i jele (Festuco drymeiae — Abietetum Vukeli¢ et Baricevié 2007) na
Medvednici, na 954 m nadmorske visine i juznoj ekspoziciji.

Nasi rezultati potvrduju vaznost temperature za osutost, jer visoke temperature tijekom proljetnih i
ljetnih mjeseci utje¢u na porast osutosti. Isti negativan utjecaj je zabiljezen u slucaju visokih maksi-
malnih temperatura i niske koli¢ine oborine u ljeto prethodne godine. Bukva je bila osobito osjetljiva
na susne godine ili natprosje¢no tople godine koje se pojavljuju u nizu.

Ishrana bukovih stabala fosforom, kalcijem i magnezijem losija je u slu¢aju visokih temperatura tije-
kom ljeta tekuce godine, a pobolj$ava se porastom oborine. Takoder, u nasem istrazivanju utvrdili smo
negativnu korelaciju koncentracije kalija u li$¢u sa $irinom godova. Smatramo kako se ne radi o neg-
ativnom ucinku kalija na rast bukve, ve¢ o posljedici slabijeg usvajanja kalcija u susnim godinama.

Visoke temperature u svibnju tekuce godine pozitivno utjecu na prirast, dok siroki raspon minimal-
nih temperatura tijekom oZujka i lipnja ima negativan u¢inak. Nije utvrden izravan utjecaj oborine na
§irinu goda.

Ukratko, visoke ljetne temperature i niske koli¢ine oborine negativno utjecu, izravno ili neizravno, na
sve istrazivane indikatore, a kod osutosti i ishrane taj efekt moze biti znacajan i u sljedecoj godini.

KLJUCNE RIJECI: osutost; stanje ishrane; $irina goda; susa; vitalitet
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RESPONSE OF BLACK ALDER (Alnus glutinosa (L.)
GAERTN.) TO SELECTIVE THINNING OF VARIOUS
INTENSITIES: A HALF-CENTURY STUDY IN
NORTHEASTERN SLOVENIA

0DZIV CRNE JOHE (Alnus glutinosa (L.) Gaertn.) NA RAZLI(VJITE
INTENZITETE SELEKTIVNE PRORJEDE: PEDESETGODISNJA
ISTRAZIVANJA U SJEVEROISTOCNOJ SLOVENIJI

Simon LENDVAI', Jurij DIACI?, Dusan ROZENBERGAR?

SUMMARY

Pure black alder stands are specific and require adapted silvicultural models. To determine the best intensity of se-
lective thinning in such stands, research plots were established in Polanski Log in 1967. Three thinning intensities
were selected: control, moderate and high. These stands are presently in a mature phase. In 1967, 1973, 1979, 1983,
1993, 1998 and 2018 diameter at breast height was measured and social status, vitality, tendency, silvicultural role,
crown length and overall quality were estimated. The differences in black alder responses to thinning intensities were
analysed and the results were compared with recommendations for selective high thinning and newer crop tree sit-
uational thinning models. Diameter increments were lower than expected regardless of thinning intensity. In mod-
erately thinned plots and control plots diameter increment was the same (0.33 cm/year); high intensity thinning plots
showed higher increment (0.37 cm/year). Dominant trees had slightly higher increment regardless of thinning model.
Compared to thinning models with a lower number of crop trees, density and basal area of studied stands were sig-
nificantly higher and diameter increments lower. We attribute the small diameter increments and small differences
among thinning models to insufficient intensity and partially to inconsistent thinning. The results indicate that thin-
ning must be of higher intensity and the largest-diameter trees which display the best vigour, quality, tendency, and
which have well formed, long crowns, must be promoted from the beginning.

KEY WORDS: black alder (Alnus glutinosa (L.) Gaertn.), thinning, diameter increment, traditional selection model,
situational thinning model

INTRODUCTION faVOL.lred with removal of comPeting inferior' tree's. The
UVOD density f)f crop tree decreases Wlth.age and their grld. may

adapt with each new entry (Schidelin, 1934). Conventional
In central Europe the selective thinning is a widespread  black alder thinning models were based on long rotations,
practice for tending young and mature forest stands. With ~ sometimes longer than 100 years, which accelerated root
it, crop trees in regular spacing across the whole stand are  rot formation (Claessens et al., 2010). Authors of traditio-

! Simon Lendvai, dipl. ing. $um. (simon.lendvai@gmail.com), Vugja vas 20, 9242 Krizevci pri Ljutomeru, Slovenia
2 Prof. dr. sc. Jurij Diaci (jurij.diaci@bf.uni-lj.si), Doc. dr. sc. DuSan RoZenbergar (dusan.rozenbergar@Dbf.uni-lj.si), University of Ljubljana, Biotechnical Faculty, Department
of Forestry and Renewable Forest Resources, Vetna pot 83, 1000 Ljubljana, Slovenia



@

Table 1: Principal guidelines of different thinning models
Tablica 1: Osnovne smijernice razlicitih modela prorjedivanja

Source Final no. of crop trees /ha
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First thinning Rotation (years) Target diameter (cm)

lzvor
Nemesszeghy (1986)
Raus (1975)

Konacni broj stabala/ha

300-350, 160 selected
trees/odabranih stabala

Traditional models
with selection
thinning
Tradicionalni modeli
sa selektivnim

Mlinsek (1961)

prorjedivanjem Kecman (1999)
Newer models with ~ Fennessy (2004) 100-120
fewer selected trees

Noviji modeli s

manjim brojem Claessens (2004), 70-100

A Claessens et al. (2010)

Lockow (2003) 17

nal black alder thinning models in Slovenia (Mlinsek, 1961;
Nemesszeghy, 1986; Kecman; 1999) advocated shorter ro-
tations, 50-60 years (Table 1). Subsequent studies found
that thinning promotes too many crop trees, which requi-
res a significant investment of effort and reduces collective
stand stability (Spiecker and Spiecker, 1988; Schiitz, J.-Ph.,
1996; Arni¢ et al., 2018). Therefore, they started to develop
crop tree situational thinning, which involves one-off se-
lection of a smaller number of trees — which must be the
most vigorous and best-quality trees — and final or semi-
final spacing of crop trees (Ammann, 2013). Crop tree si-
tuational thinning focuses on favouring part of tree popu-
lation with the highest quality potential; in other segments
it is restricted to ensuring stand stability (RoZenbergar et
al.,, 2008; Arnic et al., 2018). Development of this thinning
method started in the 1990s (Claessens et al., 2010) but it
was not yet been tested for black alder stands in Slovenia.

Authors of thinning models with fewer selected trees (Table
1) recommend similar rotations as authors of traditional
models, but with less frequent measures (Lockow, 2003;
Immler, 2004; Claessens, 2004; Fennessy, 2004; Claessens
etal., 2010), and lower densities (70-120 trees / ha) whereas
Nemesszeghy (1986) and Rau$ (1975) recommend a final
density of 250-350 trees / ha, of which 160 are selected trees
/ ha. Most authors of traditional selection thinning models
and models with a smaller number of selected trees advo-
cate early thinning of alder stands, to be conducted no later
than year 10 or at 6 metres of branch free stem (Table 1).

In Slovenia, the stands of pure black alder are mostly lo-
cated in the Pannonian region, where they form larger for-
est complexes in Murska Suma, Crni Log and Polanski Log
(Brus, 2015). Polanski Log and Crni Log were studied in
the past by Mlinsek (1961) and Nemesszeghy (1986), who
contributed to a transition from coppicing to high forest
with regular thinning and the production of better-quality

Prva prorjeda
Year 8-10/
8.-10. godina
Year 10/
10. godina
Year 6-7/
6.-7. godina
At 6-7 m of branch free
stem/uzgojeno
6-7 m cistog stabla

Year 10, 6 m of branch
free stem/10 godini,

Ophadnja (godine) Ciljani promjer (cm)

50-60

50-70 50-60

uzgojeno 6 m cistog stabla

60-80

wood with larger diameter. Stand regeneration with cop-
picing was efficient, but the management method promoted
irregular stem growth and accelerated root rot infection.
After the Second World War it also turned out that black
alder forest can represent an important input for the wood
industry, and in recent years demand for high-quality black
alder wood has been growing (Utschig, 2003). It is therefore
important to develop optimal thinning models for manag-
ing such stands.

In 1967 sample plots were established in Polanski Log to mo-
nitor two different intensities (moderate and high intensity)
of selection thinning compared to a control (no thinning).
At present, the stands on these plots are mature and suitable
for analysis. This study therefore analysed the development
of densities, growing stock, basal area and diameter incre-
ments to determine the outcomes of different thinning in-
tensities. We wanted to determine which method is best for
pure black alder stands and the scope of differences between
tended and untended plots. The results were compared with
recommendations and findings of authors of traditional
thinning models, and thinning models based on a smaller
number of crop trees and less frequent intervention.

STUDY AREA AND METHODS
PODRUCJE ISTRAZIVANJA | METODE

Study area — Podlrucje istraZivanja

Floodplain forests of black alder (Alnus glutinosa (L.)
Gaertn.) account for just 0.4% (approx. 4708 ha) of total
forest area in Slovenia (Cater et al., 2001). The largest black
alder areas are found in Russia, Belarus and Ukraine (Per-
nar et al., 2012, quoted from Zalesov, 2008). The study was
conducted in Prekmurje, Slovenia’s north-eastern most re-
gion (Figure 1). Adjacent to Mala Polana is the Polanski
Log forest, which forms a 1,100-hectare complex of lowland
floodplain pure black alder forest.
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Figure 1: Location of Polanski Log on Slovenia map (left) and locations of sample plots in Polanski Log (right)
Slika 1: Lokacija Polanskog Loga na karti Slovenije (lijevo) i lokacije pokusnih ploha u Polanskom logu (desno)

The altitude of study plots is approx. 163-165 metres above
sea level. Although the terrain is typical lowland with small
differences in altitude, such small, barely perceptible diffe-
rences in altitude have a decisive impact on which species
will thrive there (Nemesszeghy, 1986). The Polanski Log de-
veloped on gley soils on substrate of Holocene alluvial depo-
sits of loam and clay (Lovrencak, 1991). In gley soils gro-
undwater is somewhere between 0-80 cm from surface all
year, only in summer does the soil dry slightly (Nemesszeghy,
1986; Raus, 1975). In depressions the groundwater comes to
the surface, where it is stagnant or slow-flowing and where
it remains longer than in slightly elevated areas (Wraber,
1951). These depressions are ideal black alder growing sites
(Mlinsek, 1961; Vukeli¢ and Raus, 1998). Prekmurje has a
sub-Pannonian climate with hot summers and cold winters.
Mean annual temperature for 1963-2017 from the nearest
meteorological station (Lendava, 190 m a.s.l.) was 10.5 °C,
mean annual precipitation for the same period was 797.4 mm
(ARSO METEQ, 2018). Although precipitation is relatively
low, 61% falls during vegetation period, which is favourable
for forest vegetation (Nemesszeghy, 1986).

Sample plots were established at four locations. Each plot
was divided into three 0.20 ha (40 x 50 m) fields represen-
ting different treatments: control, moderate thinning, high
intensity thinning. The fields were separated by a 20 m bu-
ffer zone. In moderately thinned fields the strongest com-
petitors of selected trees and some dominant trees of low
quality were removed. In high intensity thinning fields all
competitors and advanced regeneration of poor quality
were removed (Kecman, 1999). As well-established, the
thinning intensity decreased with the developmental stage
of stands. For example, the thinning intensity of 40-year-
old stands relative to the growing stock was approximately
13% and 20%, respectively.

Below is a brief description of each plot. Plot 4 is the oldest
plot with trees aged 100-105 years. It was included in the
experiment in 1967. In the subsequent years moderate and

high intensity thinning fields were carried out three times
(Table 2). After 1986 there were no more measures on this
plot because the area on which the plot is located was desi-
gnated a protected forest. After change of ownership it was
changed to its present status of forest reserve in which
logging is banned.

Plot 5 was formed in 1970 with the planting of two-year
saplings with a density of 10,000 saplings/ha (Table 2). The
trees are presently about 50 years old. Until age 12, when
the first thinning was performed in the thinned fields, gro-
und vegetation was cleared and removed. At stand age 18
the second and final thinning was conducted.

Plot 11 was established with planting of 10,000 saplings/ha
in 1963 (Table 2). First thinning was conducted at stand age
16 in the moderately thinned field and stand age 12 in the
high intensity thinning field. Subsequent thinning in both
fields was conducted at stand ages 38, 51 and 57. The final
thinning was also conducted in the control field, just before
the final measurement in 2018.

Trees on plot 12 are currently 66-72 years old, at the start
of the experiment they were approximately 17 years old.
Since then three thinnings were conducted in moderate and
high intensity thinning fields (Table 2). There were no me-
asures in the last 30 years.

METHODS
METODE

All trees in the fields were numbered and at each measure-
ment their diameter at breast height (dbh) was measured
using a diameter tape. Seven measurements were con-
ducted on the plots (1967, 1973, 1979, 1983, 1993, 1998,
2018), except on plot 5, where five measurements were con-
ducted (1975, 1980, 1993, 1998, 2018). Using IUFRO clas-
sification (Ouellet and Zarnovican, 1988), the trees were
classified at measurement by social position, development
class, evolutive trend, silviculural role, crown length and



@ Sumarski list, 7-8, CXLIV (2020), 367378

Table 2: Silvicultural measures on plots by treatment
Tablica 2: Sumskouzgojni postupci po plohama i tretiranju

Treatment/Tretiranje
Control Moderate High intensity
Kontrola Umjereno Intenzivno
No measures Thinning at stand age 52, 58 and 65 years
Plot 4 Bez intervencije Prorjeda u dobi od 52, 58 i 65 godina
Ploha 4 From stand age approx. 70 part of protected forest, eventually forest reserve (no measures)

0d priblizno 70. godine starosti sastojine ploha je ukljucena u sumski rezervat, kasnije ekoloSka stanica, bez intervencije
Planting in 1970, 10,000 saplings/ha

Plot 5 1970. godine posadeno je 10.000 sadnica/ha
Ploha 5 No measures Thinning at stand age 12 and 18
Bez intervencije Prorjeda u dobi od 12 i 18 godina

Planting in 1963, 10,000 saplings/ha
1963. godine posadeno je 10.000 sadnica/ha

Plot 11
Ploha 11 Thinning at age 57 Thinning at stand age 16, 38, 51 and 57/Prorjeda  Thinning at stand age 12, 38, 51 and 57/Prorjeda u
Prorjeda u dobi od 57 godina u dobi od 16, 38, 51 57 godina dobi od 12, 38, 51 i 57 godina
Plot 12 No measures Thinning at stand age 18, 29 and 39
Ploha 12 Bez intervencije Prorjeda u dobi od 18, 29 i 39 godina

quality (Table 3). In 2018, we also measured the height of = The collected data was processed using IBM SPSS Statistics
ten trees in upper stratum on each plot. Height was mea-  22.0 and R Version 3.5.2 (R Core Team, 2018). Results were
sured using Haglof Vertex IV instrument. presented separately for all living trees and for dominant

Figure 2: Diameter structure by plot and method at first and last measurement
Slika 2: Debljinska struktura po plohama i metodama rada pri prvom i posljednjem mjerenju
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Table 3: Classification of trees in plots
Tablica 3: Razvrstavanje stabala na plohama

1 — upper stratum (up to 1/3 of upper tree height)/gornji sloj (do 1/3 gornje visine stabla),

+ predominant/predominantna,
° dominant/dominantna,
— co-dominant trees/kodominantna stabla,

Social position
Pripadnost etaZi

2 — middle stratum (from 1/3 to 2/3 of upper tree height)/srednji sloj (od 1/3 do 2/3 gornje visine stabla),
3 — lower stratum (under 1/3 of upper tree height)/donji sloj (ispod 1/3 gornje visine stabla

Development
class

Vitalnost

1 — great vigour and responsiveness capacity of individual/velika vitalnost i spasobnost reakcije pojedinca,
2 — moderate vigour and responsiveness capacity of individual/umjerena vitalnost i sposobnost reakcije pojedinca,
3 — poor vigour and responsiveness capacity of individual//osa vitalnost i sposobnost reakcije pojedinca

1 — sociologically progressive tree (noticeable tendency to dominate)/socioloski progresivno stablo (primjetna tendencija za

. dominacijom),
Evolutive trend jom)

Uzgojna

e ukorak s okolnim pojedincima),

regresija u odnosu na okolne pojedince)
4 — crop (superior) trees/odabrana stabla
5 — indifferent trees/indiferentna stabla

6 — competitors/konkurentna stabla

Silvicultural role
Uzgojna uloga

Crown length
Duljina kro$nje

2 — sociologically stable trees (noticeable keeping up with surrounding individuals)/saciolo$ki stabilna stabla (primjetno da budu

3 — sociologically regressive (noticeable regression compared to surrounding individuals)/socioloska regresivna stabla (vidljiva

4 —long crown (> 1/2 of total tree height)/duga krosnja (> 1/2 ukupne visine stabla)
5 —average crown (from 1/2 to 1/4 of total tree height)/srednja krosnja (od 1/2 do 1/4 ukupne visine stabla)
6 — short crown (< 1/4 of total tree height)/kratka krosnja (<1/4 ukupne visine stabla)

1- trees without defects, with all characteristics to develop into logs of high standard/stabla bez pogreska, sa svim karakteristi-

kama da se razviju u trupce visokog standarda,
Quality
Kvaliteta

2 — trees that cannot be classified as highest quality; defects may affect log formation in the lower third to a smaller degree or
can be predicted to disappear/stabla koja se ne mogu svrstati u najkvalitetnije; nedostaci mogu u manjoj mjeri utjecati na

stvaranje trupaca u donjoj trecini ili se moZe predvidjeti da ¢e nestati,

3 — other trees/ostala stabla

trees, classified as the 100 largest-dbh crop trees per hectare.
To compare the diameter structure, we classified trees into
diameter classes (5 cm): 1 (0-4.9 cm), 2 (5-9,9 cm), 3 (10—
14,9 cm), 4 (15-19,9 cm), 5 (20-24,9 cm), 6 (25-29,9 cm),
7 (30-34,9 cm), 8 (35-39,9 cm), 9 (40-44,9 cm), 10 (45-49,9
cm), 11 (50-54,9 cm), 12 (55-59,9 cm), 13 (60-64,9 cm),
14 (65-69,9) and 15 (70-74,5 cm). The growing stock was
calculated using modified French tables for even-aged
stands (Schaeffer tariffs) as usual in Slovenia (Kotar, 2007).
We adopted the tariff class from the Slovenian Forest Ser-
vice. Diameter increment was calculated based on the diffe-
rence between the first and last diameter measurement.
Diameter increment was modelled with linear mixed-
effects model (LMM) where three repetitions (i.e. plots)
were considered as random factors. Final model was selec-
ted following a top-down approach (Zuur et al., 2009). For
model diagnostics of all model types, we examined con-
fidence intervals of parameters and analysed sets of graphi-
cal summaries proposed by Robinson and Hamann (2011).

RESULTS
REZULTATI

By design the plots were of different ages at the start of the
experiment, which made it possible to analyse the deve-
lopment of pure black alder stands from stand initiation to

over 100 years of age. In Polanski Log black alder stands
are regenerated by planting; study plots 5 and 11 had 10,000
saplings/ha planted (Figure 3). The first data on diameter
structure (Figure 2) is available several years after planting.
At stand age of approximately 7 years, most trees on plot 5
were in diameter class 1 irrespective of the thinning model.

For plot 11 the first data on diameter structure is available
at stand age approximately 13 years. At that point the ma-
jority of trees were in diameter class 2 and 3, with negligent
differences among thinning models. The next diameter
structure data is available for plot 12 at stand age 17. Irre-
spective of the thinning model, trees in diameter classes 2,
3 and 4 dominated. Between stand age 10 and 20, densities
on plots were between 1,500-2,985 trees/ha in high inten-
sity thinning fields and 1,920-3,630 in control fields (Figure
3). In the same period growing stock was 54-177 m*/ha in
high intensity thinning fields and higher in control fields,
109-213 m?*/ha (Figure 4). Basal area at this stand age was
12-22 m*ha in high intensity thinning fields and 18-26
m?*/ha in control fields (Figure 5).

Until approximately stand age 30, densities dropped to 625-
1,235 trees/ha in high intensity thinning fields and 1,305-
1,890 trees/ha in control fields (Figure 3). Growing stock
increased to 194-356 m*/ha in high intensity thinning fields
and 294-438 m*/ha in control fields (Figure 4). Basal area
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Figure 3: Change in number of trees over time by plot and thinning intensities
Slika 3: Promjene u broju stabala prema starosti sastojine na plohama s obzirom na intenzitet prorjeda

Figure 4: Development of growing stock over time by plot and thinning intensities
Slika 4: Razvoj drvne zalihe prema starosti sastojine na plohama s obzirom na intenzitet prorjeda
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Figure 5: Development of basal area over time by plot and thinning intensities
Slika 5: Razvoj temeljnice prema starosti sastojine na plohama s obzirom na intenzitet prorjeda

rose as well, to 21-34 m*/ha in high intensity thinning fi-
elds and 34-42 m*/ha in control fields (Figure 5).

At the end of rotation, at stand age 50-70, densities in high
intensity thinning fields were 295-690 trees/ha (Figure 3);
in control fields they were 370-790 trees/ha. At the end of
the rotation densities were very similar in control fields and
moderately thinned fields, but always lowest in high inten-
sity thinning fields. Growing stock at the end of rotation
was 277-458 m*/ha in high intensity thinning fields and
higher in control fields, 309-516 m’/ha (Figure 4). The

highest growing stock was recorded on plot 4, where it
exceeded 600 m’/ha in a moderately thinned field at stand
age approximately 80 years. Between first measurement and
the measurement in 2018, growing stock increased the le-
ast in high intensity thinning fields regardless of plot.
Between stand ages 50 and 70 basal area was even higher
23-41 m?/ha in high intensity thinning fields and 26-51
m?*/ha in control fields.

Development of pure black alder stands throughout the ro-
tation period can be monitored at plot 4. We found that

Figure 6: Annual diameter increment by tending model for all trees (left) and the 100 trees/ha with largest dbh (right) (circles=outliers)
Slika 6: Godisnji debljinski prirast prema metodama rada za sva stabla (lijevo) i najdeblja 100 stabla/ha (desno) (krugovi=outlier)
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growing stock and basal area started to decline or stagnate
after the stand was approximately 80 years old (Figures 4
and 5). At the start of monitoring of plot 4, at stand age ap-
proximately 51, most of the trees in moderately and high
intensity thinning fields were in diameter class 6 and 7 (Fig-
ure 2). The control field has a slightly higher proportion of
trees in diameter classes 4 and 5 compared to the thinning
fields; 51 years later, the control field still had a noticeably
higher proportion of trees in lower diameter classes. Re-
gardless of thinning model, most trees gained 3-4 diameter
classes. On other plots trees gained 3-4 diameter classes as
well, despite lower age.
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Annual diameter increment of trees in control fields and
moderately thinned fields was practically the same, averag-
ing 0.33 cm/year. In high intensity thinning fields it was
slightly higher, on average 0.37 cm/year (Figure 6). Using
statistical analysis, we determined statistically significant
differences among thinning models (x* = 29.540; p < 0.001).
There were statistically significant differences in annual di-
ameter increments between high intensity and moderate
intensity thinning fields (x*> = 120.744; p < 0.001) and be-
tween high intensity thinning and control fields (x* =
-119.383; p < 0.001). There were no statistically significant
differences between moderately thinned and control fields

Figure 7: Impact of stratum, vigour, tendency, silvicultural role, crown length and quality on annual diameter increment (circles=outliers,

stars=extreme outliers)

Slika 7: Utjecaj slojevitosti, vitalnosti, uzgojne perspektive, uzgojne uloge stabla, duljine kro$nje i kvalitete na godisnji debljinski prirast (krugovi= outlier,

2vijezde =ekstremni outlier)
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Figure 8: Results from linear mixed-effects models (a, b, c). Predicted diameter increment with 95% confidence intervals (grey area or error bars)
as a function of (a) thinning type, (b) diameter at the start of experiment and (c) vitality class at the start of experiment. (d) Measured diameter
increment as a function of trunk quality classes at the start and at the end of experiment (N = 1178).

Slika 8: Rezultati linearnih modela mijesanih efekata (a, b, c). Predvideni porast promijera s intervalima pouzdanosti od 95% (siva povrsina ili trake pogresaka)
kao funkcija (a) vrste prorjedivanja, (b) promjera na pocetku pokusa i (c) razreda vitalnosti na poCetku pokusa. (d) lzmjereno poveéanje promjera kao funk-

cija klase kvalitete stabla na po€etku i na kraju pokusa (N = 1178).

(x* =1.361; p = 0.954). In 2018 the mean tree heights per
treatment were 31.0, 31.6 and 30.9 m in control, moderate,
and high thinning intensity, respectively and were not sta-
tistically significant ()2 = 0.117; p = 0.943).

Average annual diameter increment was highest for predo-
minant trees (n=391), 0.43 cm/year (Figure 7), slightly
lower for dominant trees (n=555), 0.33 cm/year, and even
lower for co-dominant trees (n=207), 0.24 cm/year and
trees in the middle stratum (n=25), 0.11 cm/year (x> =
410.056; p < 0.001). The most vigorous trees (n=408) added
0.45 cm/year on average (Figure 7), moderately vigorous
trees (n=463) 0.12 cm/year less than the most vigorous
trees, and the least vigorous trees had diameter increment
of only 0.21 cm/year (x> = 649.661; p < 0.001). Sociologi-
cally progressive trees (n=391) on average grew faster (0.43
cm/year) than sociologically stable trees (n=555), which
averaged 0.33 cm/year (Figure 7) and sociologically regre-
ssive trees (n=232), which grew 0.22 cm/year (x> = 401,944;
p < 0,001).

Crop trees (n=572) had higher average annual diameter
increment than competitors (n=396) and indifferent trees
(n=210), 0.42 cm/year (Figure 7). Competitors grew 0.12
cm/year slower and indifferent trees 0.19 cm/year slower
than crop trees (x> = 448.172; p < 0.001). Trees with average
crown length (n=669) grew on average 0.41 cm/year (Fi-

gure 7), while trees with short crowns (n=508) grew 0.25
cm/year (x* = 497.668; p < 0.001). The results are similar
for quality (Figure 7): the highest quality (n=195) trees grew
fastest, 0.45 cm/year, while those of slightly lower quality
(n=539) grew 0.38 cm/year and trees of the lowest quality
(n=444) 0.26 cm/year (x* = 405,379; p < 0,001).

Among the largest 100 crop trees/ha the differences in an-
nual diameter increments varied little by thinning model
as well (Figure 6). The largest crop trees in control fields
grew slowest, 0.46 cm/year on average, followed by trees in
moderately thinned fields, which averaged 0.48 cm/year.
The largest crop trees in high intensity thinning fields grew
fastest, 0.50 cm/year. We did not detect statistically signifi-
cant differences in annual diameter increments among
thinning intensities (x* = 4.720; p = 0.094). But there were
statistically significant differences in annual diameter incre-
ment by vigour (x* = 33.586; p < 0.001), crown length (x> =
12.081; p < 0.01) and quality (x> =7.709; p < 0.05). We did
not however detect statistically significant differences in an-
nual diameter increment by stratum (x*= 3.360; p = 0.186)
and evolutive trend - tendency (x*= 3.360; p = 0.186).

For the 100 largest-dbh crop trees it was determined that
there are no statistically significant differences among thin-
ning models in stratification (x*= 8.084; p = 0,089), vigour
(x*= 3.354; p = 0.500), tendency (x> = 8.084; p = 0.089),
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crown length (x> =0.209; p = 0.901) and quality (x> =7.328;
p = 0.120). Regardless of thinning model, the majority of
these trees were in the predominant layer (73%), highly vig-
orous (85%), sociologically progressive trees (73%) with
average crown length (46%) or slightly lower quality (51%).

The regression model predicted that diameter increment
increased with thinning intensity (p < 0.001), diameter at
the start of the experiment (p < 0.001) and with vitality cla-
sses at the start of the experiment (p < 0.001). The effects
of the thinning intensity and vitality were weaker than that
of the initial diameter (Figure 8). The effect of thinning was
also reflected by the higher proportion of good and medium
quality trees between the beginning of the experiment and
year 2018 (49% vs. 62%). The differences in the diameter
increment between the three trunk quality classes also
increased (Figure 8d).

DISCUSSION
RASPRAVA

The densities, growing stock and basal area determined in
this study are in line with the findings and recommendati-
ons of Nemesszeghy (1986) and Mlinsek (1961), who de-
veloped a traditional selection model for black alder
thinning. As expected, the results correspond to a lesser
extend to recommendations of more contemporary models
with a lower number of selected trees and less frequent in-
tervention. Some authors of these models recommend ba-
sal area values after second or third thinning of 15 m?ha
(Claessens, 2004) and decrease of densities until stand age
20-30 years to 200-300 trees/ha (Claessens et al., 2010) or
selection of 300 trees/ha by stand age 18 (Immler, 2004).
On our plots, such densities were not even achieved at the
end of rotation, which Nemesszeghy (1986) recommends
be at stand age of 50-60 years (Table 1).

Statistical model used in the study (LMM) proved thinning
intensity, diameter at the start of the experiment and vita-
lity class at the start of the experiment as the most impor-
tant factors affecting the diameter increment. In all cases
the relation was positive. Trees in moderately thinned fields
and control fields had average annual diameter growth
increment of 0.33 cm/year, while trees in high intensity
thinning fields averaged 0.37 cm/year. The selected 100 lar-
gest-dbh trees grew faster, as expected. In control fields their
annual diameter increment was 0.46 cm/year, in modera-
tely thinned fields it was 0.02 cm/year higher, and in high
intensity thinning fields it averaged 0.50 cm/year. Malus
(2012) recorded similar annual diameter increment (0.34
cm) with dendrochronological analysis of cut trees in Po-
lanski Log. Claessens et al. (2010) report than in the best
growing sites, such as Slovenia, north Germany and south
France, black alder can reach a dbh of 40-50 cm in 40-65
years. This means that annual diameter increment should
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be at least 0.6 cm or even in excess of 1 cm. The trees in our
plots did not even achieve the annual diameter increment
values that Claessens et al. (2002) measured for dominant
trees at the end of rotation on less productive sites in Bel-
gium. There, dominant trees in non-thinned stands grew
0.4 cm/year and trees without competition 0.7 cm/year.

This shows that annual diameter increment of dominant
trees in our plots was at least 0.5 cm lower than expected
for black alder on such sites. At the same time, the differen-
ces among thinning models in this study were small, which
may indicate that predominant black alders are characteri-
sed by a similar diameter increment for extended periods
regardless of thinning measures. Favourable social diffe-
rentiation and small differences in growth patterns of pre-
dominant crop trees was also indicated for spruce, beech,
ash and maple by Ammann (2004). We also determined
that there were no significant differences among thinning
models in terms of stratification, vigour, tendency, crown
length and quality of dominant trees, whereby it is nece-
ssary to account for inadequate consistency of measures in
thinning fields: from two to a maximum of four thinnings
were conducted, whereas Nemesszeghy (1986) and Kecman
(1999) recommend from five to seven throughout the ro-
tation period. Still, such intervention frequency may not be
justifiable in today’s economic terms.

Excluding plot 4, where intervention started at a signifi-
cantly higher age, the first thinning on our plots was con-
ducted later, at stand ages 12-18. Subsequent thinning was
conducted at very different ages (Table 2) and even less in
line with the recommendations of authors of traditional
thinning models (Mlinsek, 1961; Nemesszeghy, 1986; Kec-
man, 1999).

It is also notable than in recent years thinning has not been
conducted systematically, as labour costs rose and wood
prices fell (Rozenbergar et al., 2008; Arni¢ et al., 2018). The
thinning delay was partially influenced also by the change
of ownership. In spite of all, the thinning performed exem-
plifies a representative situation from the past practice of
thinning of lowland forests. In the future it seems worth-
while to check the appropriateness of crop tree situational
thinning models for black alder in Slovenia.

We also attribute the low annual diameter increment to ex-
cessive densities, short crowns and developed epicormic
sprouts. As many as 43% of trees in the plots had short
crowns and there were no trees with long crowns at all.
There was also a high share (38%) of trees of the lowest
quality with developed epicormic sprouts. There may also
be other reasons not dealt with in this study. Malus (2012)
for example found that above-average irradiation and
above-average water levels reduced diameter increment of
black alder. Hydrological improvements may theoretically
affect growth as well, but Levani¢ (1993) ruled that out in
Polanski Log.
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This study shows that thinning on plots was not intense
enough and, to a certain extent, not consistent enough. In
the case of delayed start of thinning, as in our experiment,
two to four moderate (removal of strongest competitors)
or high intensity (removal of all competitors) thinning are
not enough to achieve satisfactory diameter increments.
Differences in annual diameter increments among thinning
intensities were not large, but it has nevertheless been
shown that regular thinning of high intensity must be car-
ried out and trees with highest dbh with the best vigour,
quality, tendency and with along, well-formed crown must
be promoted. Traditional selection thinning should result
in better growth, but also improved overall quality of the
stand, to some extent, showed also from our results. If the
cost of traditional selection thinning is too high, we recom-
mend trying crop tree situational thinning, which also has
a beneficial effect on collective stand stability.

CONCLUSION
ZAKLJUCAK

This study suggests that thinnings in black alder stands
should be carried out at an early stage. It is a light-demand-
ing species that quickly loses its ability to respond to silvi-
cultural measures. However, care should also be taken to
ensure that the natural branch shedding process in the
lower part of the trunk is not interrupted. The most vital
trees should be selected and favoured and the intensity of
thinning should be significantly higher than in this study,
e.g. up to 30% of the basal area. This study suggests that the
implementation of long-term silvicultural experiments
could be challenging, both due to knowledge progress and
socio-economic changes. However, the results of such stud-
ies provide direct insights into stand development and the
tree response to silvicultural measures and should therefore
be actively pursued now more than ever.

ACKNOWLEDGEMENT
ZAHVALA

We sincerely thank the Pahernik Foundation for financially
supporting this study.

REFERENCES
LITERATURA

o Ammann, P, 2004: Untersuchung der natiirlichen Entwick-
lungsdynamik in Jungwaldbestinden-Biologische Rational-
isierung der waldbaulichen Produktion bei Fichte, Esche, Ber-
gahorn und Buche. Dissertation, ETH Ziirich, Nr. 15761.

o Ammann, P, 2013: Erfolg der Jungwaldpflege im Schweizer

Mittelland? Analyse und Folgerungen. Schweiz Z Forstwes, 164:
262-270.

77

o Arni¢, D., ]. Kr¢, ]. Diaci, 2018: Primerjava izbiralnega red¢enja
in situacijskega red¢enja v bukovih letvenjakih na Menini. Goz-
darski vestnik, 76(2): 72-82.

ARSO METEOQ, 2018: Ljubljana, Agency of the Republic of Slo-
venia for the Environment, http://meteo.arso.gov.si/met/sl/ (Feb
2,2018).

Brus R., 2015: Dendrologija za gozdarje. 4. natis. Ljubljana,

Biotehniska fakulteta, Oddelek za gozdarstvo in obnovljive goz-
dne vire: 408 str.

Cater, M., L. Kutnar, M. Accetto, 2001: Slovenian lowland and
floodplain forests. In: E. Klimo, H. Hager (ed.), The floodplain
forests in Europe: current situation and perspectives, Brill, p.
233-248, Leiden, Boston, Cologne.

Claessens H., A. Thibaut, ]. Rondeux, 2002: Quelques résultats
prometteurs pour une sylviculture de Aulne glutineux en Wal-
lonie. Revue forestiere Francaise, 54(3): 259-270.

Claessens, H., 2004: Réflexion sur le détourage des feuillus a
croissance rapide. Forét wallonne, 71: 3-11.

Claessens, H., A. Oosterbaan, P. Savill, J. Rondeux, 2010: A re-
view of the characteristics of black alder (Alnus glutinosa (L.)
Gaertn.) and their implications for silvicultural practice. For-
estry, 83(2): 163-175.

Fennessy, J., 2004: Common alder (Alnus glutinosa) as a forest
tree in Ireland. Reproductive material, 8: 1-4.

Immler, T., 2004: Waldbauliches Konzept zur Pflege der Schwar-
zerle, In: J.Hamberger (ed), Beitrdge zur Schwarzerle, Bayer-
ische Landesanstalt fiir Wald und Forstwirtschaft (LWF), Fre-
ising, 42: 27-31.

Kecman, M., 1999: U¢inki razli¢nih pristopov izbiralnega
red¢enja na sestoje ¢rne jelSe (Alnus glutinosa (L.) Gaertn.) v
Polanskem logu. Diploma thesis, University of Ljubljana, Bio-
technical Faculty, Department of Forestry and Renewable For-
est Resources, self-published, Ljubljana, 108 p.

Kotar, M., 2007. Gozdarski priro¢nik. Biotehniska fakulteta,
Oddelek za gozdarstvo in obnovljive gozdne vire, 414 p.

Levanic¢, T., 1993: Vpliv melioracij na debelinsko rast in prira-
stek ¢rne jelSe, ozkolistnega jesena in doba v Prekmurju. Zbor-
nik gozdarstva in lesarstva, 42: 7-65.

Lockow, K.W,, 2003: Wachstum, Entwicklung, Bestandesbehan-
dlung und Ertragsleistung der Schwarz-Erle (Alnus glutinosa
(L.) Gaertn.) im nordostdeutschen Tiefland. Eberswalder Forst-
liche Schriftenreihe, 17: 76-100.

Lovrencak, E, 1991: Pedogeografska regionalizacija Pomurske
ravnine. In: Geografska problematika Severovzhodne Slovenije,
(Dela, 8), University of Ljubljana, Faculty of Arts, Department
of Geography, Ljubljana, p. 65-71.

.

Malus, A., 2012: Doloc¢anje vplivov okoljskih dejavnikov in
¢loveka na prira$¢anje ¢rne jel$e v Prekmurju. Diploma thesis,
University of Nova Gorica, School of Environmental Sciences,
self-published, Nova Gorica, 56 p.

Mlinsek, D., 1961: Rast in gospodarska vrednost ¢rne jelSe. Po-
murski tisk, Murska Sobota, 32 p.

Nemesszeghy, L., 1986: Crna jel$a v Prekmurju/Die Schwarze-
rlenwilder von Prekmurje. Pomurska zalozba, Murska Sobota,
88 p.

Ouellet, D., Zarnovican, R., 1988: Cultural treatment of young
yellow birch (Betula alleghaniensis Britton). Canadian Journal
of Forest Research 18, 1581-1586.



@ Sumarski list, 7-8, CXLIV (2020), 367378

o Pernar, N., E. Klimo, D. Baksi¢, I. Perkovi¢, M. Rybnicek, H. o Schiitz, ].-Ph., 1996: Bedeutung und Moglichkeiten der biolo-

Vavréik, V. Gryc, 2012: Akumulacija ugljika i dusika u sastojini gischen Rationalisierung im Forstbetrieb. Schweizerische
crne johe (Alnus glutinosa Gaertn.) u Podravini. Sumarski list, Zeitschrift fiir Forstwesen, 147: 315-349.
136(9-10): 431-444. o Spiecker, M., H. Spiecker, 1988. Erziehung von Kirschenw-

o R Core Team, 2018: R: A Language and Environment for Sta- ertholz, AFZ-DerWald, 20: 562-565.
tistical Computing. R Foundation for Statistical Computing, Utschig, H., 2003: Waldwachstumskundliche Charakterisierung
Vienna, Austria, http://www.R-project.org (accessed on 12th der Schwarzerle (Alnus glutinosa (L.) Gaertner). In: J. Ham-
December 2018). berger (ed.), Beitrige zur Schwarzerle, Bayerische Landesanstalt
o Raug, D., 1975: Suma crne johe (Frangulo-Alnetum glutinosae fir Wald und Forstwirtschaft (LWF), Freising, 42: 23-27.
Raus 1968) u bazenu Spacve. Sumarskilist, 99(11-12):431-444. |, vuykeli¢, J., B. Raus, 1998: Sumarska fitocenologija i Sumske za-
 Robinson, A. P, J. D. Hamann, 2011: Forest Analytics with R: jednice u Hrvatskoj. SveuciliSte u Zagrebu, Zagreb, 310 p.

An Introduction. Springer, pp. 339. « Wraber, M., 1951: Gozdna vegetacijska slika in gozdnogojitveni
« Rozenbergar, D., A. Ficko, ]. Diaci, 2008: Sodobno gojenje bu- problemi Prekmurja. Geografski vestnik, 23: 1-52.
kovih gozdov. Zbornik gozdarstva in lesarstva, 87: 77-87. « Zuur, A. E, E. N. Teno, N. J. Walker, A. A. Saveliev, G. M. Smith,
o Schédelin, W,, 1934: Die Durchforstung als Auslese- und Vered- 2009: Mixed Effects Models and Extensions in Ecology. Springer,
lungsbetrieb hochster Wertleistung, Haupt, Bern & Leipzig. New York, pp. 574.
SAZETAK

Podrugje poplavnih $uma crne johe (Alnus glutinosa (L.) Gaertn.) u Sloveniji ¢ini samo 0,4 % (pri-
blizno 4708 ha) ukupne povrsine sumskog zemljista (Cater i sur., 2001.). Vec¢i kompleks takvih sasto-
jina u Sloveniji su Crni i Polanski Log, a istraZivanje je provedeno na podrucju potonjeg (slika 1). Kako
Ciste sastojine johe odlikuju brojne specifi¢nosti, potrebno im je prilagoditi Sumskouzgojne postupke.
Da bi se utvrdio odgovarajuéi intenzitet prorjede takvih sastojina, 1967. godine u Polanskom Logu po-
stavljene su pokusne plohe. Od tada do 2018. godine na plohama je izvr$eno pet do sedam mjerenja. Sva
stabla na plohama su bila obroj¢ana. Izvrseno je mjerenje prsnih promjera i procjena sljede¢ih elemenata
na stablima: pripadnost etazi, vitalnost, uzgojna perspektiva, uzgojna uloga, duljina kro$nje i kvaliteta
(tablica 3). Svaka ploha bila je podijeljena u tri polja (40 x 50 m) s razli¢itim metodama rada: bez inter-
vencije, umjereno i intenzivno prorjedivanje. Uzgojni postupci koji su poduzeti tijekom pracenja pokusa
prikazani su u tablici 2. Danas su te sastojine u zreloj fazi razvoja, stoga smo u ovom radu analizirali re-
akcije crne johe na razli¢ite intenzitete prorjedivanja i dobivene rezultate usporedili s preporukama au-
tora tradicionalnih uzgojnih modela i modela koji se temelje na situacijskoj njezi $uma.

Ustanovili smo da se na plohama s intenzivnim prorjedivanjem gustoca sastojine koja je u dobi izmedu
50 i 70 godina i na kraju je ophodnje krece od 295 do 690 kom/ha (slika 3), dok se na plohama bez in-
tervencije ova vrijednost krece u rasponu od 370 do 790 kom/ha. Drvne zalihe u istom su se razdoblju
kretale u rasponu od 277 do 458 m*/ha na plohama s intenzivnim prorjedivanjem, dok su na plohama
bez intervencije bile vece, u rasponu od 309 do 516 m*/ha (slika 4). U to su se doba temeljnice nalazile u
rasponu izmedu 23 i 41 m*/ha na plohama s intenzivnim prorjedivanjem, a na plohama bez intervencije
u rasponu od 26 do ¢ak 51 m*/ha (slika 5). Tijekom cijelog razdoblja pracenja ploha, stabla su, bez obzira
na metodu rada, narasla za tri do Cetiri debljinska stupnja (slika 2). Na plohama s umjerenim prorjedi-
vanjem i onima bez intervencije, debljinski prirast stabala bio je skoro jednak (0,33 cm godisnje) (slika
6). Statisticki je znacajan veci debljinski prirast stabala na plohama s jako intenzivnim prorjedivanjem
(0,37 cm godisnje). Debljinski prirast dominantnih stabala bio je nesto ve¢i, od 0,46 cm godisnje na plo-
hama bez intervencije do 0,50 cm godi$nje na plohama s jako intenzivnim prorjedivanjem, ali statisticki
znacajne razlike izmedu metoda rada nisu utvrdene (slika 6). Medutim, otkrili smo da kod dominantnih
stabala ne postoje statisticki znacajne razlike s obzirom na njihovu slojevitost, vitalnost, tendenciju, du-
zinu kro$nje i kvalitete s obzirom na kori$tenu metodu rada.

U usporedbi s uzgojnim modelima koji su se koristili za manji broj odabranih stabla, gustoca i te-
meljnica ispitivanih sastojina je znatno veca, a debljinski prirast manji. Autori tradicionalnih i modela
s manjim brojem odabranih stabala zagovaraju rano prorjedivanje takvih sastojina (tablica 1). Vece
razlike nastaju u kona¢nom broju stabala po hektaru i u intenzitetu intervencije. Razlog malog de-
bljinskog prirasta i razlike izmedu metoda rada na nasim plohama pripisali smo nedovoljnom inten-
zitetu i djelomi¢no nedosljednoj provedbi postupka prorjedivanja. Ipak, ukazala se potreba za inten-
zivnim prorjedivanjem i pospjesivanjem rasta stabala najveceg prsnog promjera, vitalnosti i tendencije,
lijepo oblikovane i duge kro$nje (slika 7, slika 8).

KLJUCNE RIJECI: crna joha (Alnus glutinosa (L.) Gaertn.), prorjedivanje, godisnji debljinski prirast,
tradicionalni model sa selektivnim prorjedivanjem, situacijski model prorjedivanja
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SAZETAK

U radu su koristeni podaci izmjere 377 modelnih stabala smreke koja su mjerena u oborenom stanju na sirem
podrudju unutar drzavnih raznodobnih sastojina u Kantonu 10 (Hercegbosanski Kanton). Za odredivanje volu-
mena krupnog drveta stabala primijenjena je metoda sekcioniranja sa sekcijama nejednakih apsolutnih duzina
(najcesc¢e od 1 — 2 m). Za izravnanje veli¢ina volumena krupnog drveta od prsnog promjera i visine stabala prim-
ijenjena je metoda viSestruke regresijske analize. Za procjenu parametara koristenih funkcija, testiranje znacajnosti
njihovih razlika te provodenje raznih transformacija, kao softversko rjesenje koristeni su StatGraphics Centurion
XVIL. i Statistica 8.0. U cilju izbora ,,najboljeg“ modela za procjenu volumena krupnog drveta testiran je veci broj
poznatih dendrometrijskih dvoparametarskih volumnih funkcija. Kvaliteta izjednacenja i prikladnost testiranih
modela ocjenjivani su na bazi utvrdenih veli¢ina osnovnih statistickih pokazatelja za karakteriziranje jacine kore-
lacijskih veza. Najbolje ocjene parametara pokazao je model V,=a,+a,d, ;+a,h+a.d, ;h+a,d, 7+a, d, ;h uz utvrdeni
koeficijent determinacije: R* = 0,99 i veli¢inu standardne greske regresije S, =0,24 m’. Testiraju¢i znacajnost raz-
lika izmedu stvarnih volumena stabala iz uzorka i volumena tih istih stabala utvrdenih primjenom odabranog re-
gresijskog modela, utvrden je prosjecni postotak odstupanja od 0,44%. To znaci da su u prosjeku za 0,44% nizi
volumeni u odnosu na stvarne volumene na uzorku od 377 stabala smreke, $to ukazuje da je ovaj regresijski model
upotrebljiv za primjenu u prakti¢cnom radu, jer je taj prosjecni postotak manji od 1%.

KEY WORDS: smreka, volumen krupnog drveta, regresijski model, nelinearna regresija, dvoulazne volumne tablice.

uvoD
INTRODUCTION

Za procjenu zalihe u okviru uobicajenih poslova prilikom
izrade sumskogospodarskih osnova (SGO), zatim u reali-
zaciji godis$njih planova sjeca i praenju realizacije istih te
formiranja ukupnog prihoda u $umarstvu, kao znanstveno

uporiste koriste se volumne tablice i tarife. Medutim, po-
stoje indicije da se primjenom volumnih tablica i tarifa
koje se trenutno koriste u uredajnoj praksi u BiH (Drini¢
idr. 1990) dobivaju odredene razlike u koli¢ini drvne mase
krupnog drveta u odnosu na stvarno stanje tih volumena.
Kao uporiste u objasnjenju navedenih razlika stoji sazna-
nje da su one konstruirane na bazi volumnih koeficijenata

" Izv. prof. dr. sc. Besim Bali¢, e-mail: b.balic@sfsa.unsa.ba; lzv. prof. dr. sc. Ahmet Lojo, Izv. prof. dr. sc. Aida Ibrahimspahic, lzv. prof. dr. sc. Jusuf Music, doc.dr. sc. Admir
Avdagic, lzv. prof. dr. sc. Velid Halilovié: Sumarski fakultet Laniverziteta u Sarajevu, Zagrebacka 20, BiH - 71000 Sarajevo.
2 zv. prof. dr. sc. Ante Seletkovi¢, Sveuciliste u Zagrebu, Sumarski fakultet, Zavod za izmjeru i uredivanje Suma, SvetoSimunska 25, HR-10002 Zagreb, Hrvatska
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stabala preuzetih iz njemackih volumnih tablica stabala
koja potic¢u iz jednodobnih sastojina, §to upucuje na oprav-
danu sumnju da one daju nesto ve¢i volumen stabala od
stvarnog, jer su pri jednakim veli¢inama prsnog promjera
i visina stabala veci volumni koeficijenti stabala koja su
uzgojena u jednodobnim u odnosu na stabla koja poticu
iz raznodobnih i prebornih sastojina. Drugim rijecima, sta-
bla iste vrste drveca koja poticu iz jednodobnih sastojina
su punodrvnija u odnosu na stabla iste vrste iz raznodob-
nih i prebornih sastojina (Koprivica i Maunaga, 2008). To
se, naravno, nepovoljno odrazava na procjenu bilance
ostvarene i planirane proizvodnje drvnih sortimenata, a
samim tim i na planirane i ostvarene prihode koji su rea-
liziraju tijekom uredajnog perioda nekog $umsko-
gospodarskog podrucdja, $to kontinuirano stvara razne pro-
bleme u teku¢em poslovanju.

Poznato je da vecina nasih volumnih tablica sadrzi utabli-
Cene velicine razlicitih grafickih, pa i analitickih izjednace-
nja za koja nisu poznati parametri matematickih modela
funkcija izjednacenja, kao ni mjere pouzadnosti procjene
volumena. Utabli¢ene vrijednosti volumena kao takve nisu
prikladne za automatiziranu kompjutersku obradu poda-
taka. Iz tih razloga se namece kao potreba iznalazenje ma-
tematickih modela za procjenu volumena stabala kojim bi
se na jedan brz, jednostavan i, ponajprije, u¢inkovit nacin
uz dozvoljena odstupanja mogle pouzdano izracunati veli-
¢ine volumena krupnog drveta, kako pojedina¢nih stabala,
tako i ve¢ih kompleksa Suma (sastojina, gazdinska klasa
(GK), SGP...).

Zato je u fokusu ovih istrazivanja iznalazenje ,,najboljih*
regresijskih modela za izjednacenje volumena krupnog dr-
veta stabala smreke, kao zavisne varijable, od promjera i
visine stabala, kao nezavisnih varijabli.

Sumarski list, 7-8, CXLIV (2020), 379-391

MATERIJAL | METODE
MATERIAL  METHODS

Polazni materijal kao baza za izradu ovog rada predstavljali
su podaci izmjere 377 modelnih stabala izabranih na Sirem
podrudju unutar drzavnih raznodobnih sastojina u Kantonu
10 (Hercegbosanski Kanton). Odabrana stabla su mjerena
u oborenom stanju metodom sekcioniranja sa sekcijama
nejednakih apsolutnih duzina (najces¢e od 1 - 2 m).

Prilikom izbora modelnih stabala vodilo se racuna da u
uzorku budu zastupljena stabla svih debljinskih i visinskih
stupnjeva. Osim toga tezilo se da u uzorak budu zastupljena
stabla smreke iz raznih podruéja shodno njihovom propor-
cionalnom uces¢u u zalihi smrekovih stabala cijeloga pod-
rudja (Tablica 1).

Takoder je prikazana i distribucija broja modelnih stabala
po debljinskim i visinskim stupnjevima (Tablica 2).

Iz tablice 2 je razvidno da su izabrana stabla smreke u ras-
ponu od 10,0 cm pa do 110,0 cm prsnog promjera, te od 5
do 45 metara visine. Stabla su skoro ujednaceno distribui-
rana po debljinskim stupnjevima do debljinskog stupnja
67,5 cm, nakon ¢ega njihov broj opada, jer je i udio takvih

Tablica 1: Distribucije broja modelnih stabala smreke po opéinama
Table 1: Distributions of the number of model trees of spruce by municipality

Naziv opéine Broj modelnih stabala
Name of the municipality Number of model trees
Kupres 15
Livno 4
Glamot 144
Grahovo 126
Drvar 86
Tomislavgrad 2
Ukupno - Total 377
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Tablica 2. Distribucija ukupnog broja modelnih stabala smreke prema debljinskim i visinskim stupnjevima
Table 2. Distribution of the total number of model trees of spruce according to diameter and height degrees

Promjer (cm)

Diameter (cm) 1,5 17,5 22,5

Visina (m) — Height (m)

12,5 6 17
17,5 18 6
22,5 4 23 5
21,5 1 8
32,5 3 14
37,5 1
42,5 1
47,5
52,5 1
57,5
62,5 2
67,5
72,5
71,5
82,5
87,5
92,5
97,5
102,5
107,5
SUMA - Sum 6 40 42 74
%

stabala u osnovnom skupu znatno manji. Distribucija broja
stabala po visinskim stupnjevima je nesto druk¢ija, po
obliku je slicna normalnoj distribuciji, pri ¢emu je najvise
stabala zastupljeno u rasponu od 20-35 m visine, a najma-
nje u najnizem i najvisem visinskom stupnju.

Za odredivanje volumena krupnog drveta stabala primje-
njena je slozena Huberova formula (Bankovi¢ i Panti¢,
2006; Pranji¢ i Luki¢, 1997). Za izjednacenje veli¢ina volu-
mena krupnog drveta od prsnog promjera i visine stabala
primijenjena je metoda visestruke regresijske analize. Za
kreiranje regresijskog modela, ponajprije za utvrdivanje pa-

21,5 32,5 37,5 42,5
23 6,10
26 6,90
32 8,49
gl 8,22
15 32 8,49
12 32 8,49
20 25 6,63
16 1 22 5,84
17 12 30 7,96
13 15 28 7,43
5 19 26 6,90
9 14 2 25 6,63
1 2 10 13 3,45
1 4 8 13 3,45
1 & 2 6 1,59
1 1 1 9 2,39
1 1 0,27
1 1 2 0,53
0 0,00
1 1 0,27

109 Al 31 4

rametara modela koristen je programski paket Statistica 8.0
u okviru kojega je izabrana metoda nelinearne regresije
(Nonlinear Estimation) na nivou znacajnosti od 95%.

REZULTATI | DISKUSIJA
RESULTS AND DISCUSSION

Preliminarna obrada podataka — Preliminary data
processing

Prije pocetka obrade i kori$tenja podataka mjerenja prove-
dena je logicka kontrola unesenih podataka izmjere te iz-

Slika 1. Grafi¢ki prikaz uzduznog presjeka stabla za stablo smreke br.23. SGP“Livanjsko, GJ ,Troglav”, odjel 23., odsjek a sa ucrtanim pozicijama
promjera na sredinama sekcija (crveni trokuti) i funkcijom izjednacenja (zelena linija)

Figure 1. Example of a graphical representation of a longitudinal section of a tree (spruce tree No.23. SGP “Livanjsko”, GJ “Troglav”, Compartment 23,
Subcompartment a with marked positions of diameters at the middle of the sections (red triangles) and a smoothing function (green line)
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Slika 2. Primjer grafickog prikaza izravnanja ovisnosti polumjera stabla od njihove udaljenosti od debljeg kraja stabla parabolom VI reda.
Figure 2. An example of a graphical representation of the equalization of the dependence of the diameter of the tree on their distance from the thicker

end of the tree by a parabola of VI order

vréene potrebne korekcije. U cilju provodenja logicke kon-
trole, a posebice za obracun veli¢ina promjera u sredinama
sekcija jednakih relativnih duzina po metodama Hohenadla
i Altera za svako modelno stablo kreiran je jedan matema-
ticko-statisticki model uzduznog presjeka stabla, ¢ije kon-
turne linije (tzv. morfoloske krive stabla, Bankovi¢ i Pantic,
2006) zapravo predstavljaju ovisnost promjera stabla od
udaljenosti datog presjeka (promjera) od debljeg kraja sta-
bla, odnosno od visine panja. Izgled takvog jednog modela
predstavljen je na slici 1.

Kao $to se vidi iz uzduznog presjeka stabla konturne linije
stabla predstavljene crvenom bojom dobivene su spajanjem
promjera izmjerenih u sredinama sekcija iznad kojih su
upisane vrijednosti za udaljenost tih promjera od podnozja
stabla (kvadratic¢i sa numerickim podacima crne boje). Da
bi se dobile veli¢ine promjera na sredinama sekcija po Al-
teru i Hohenadlu koristena je krivolinijska korelacijska ovi-

snost promjera stabla od izmjerenih promjera iskazana pa-
rabolama viseg reda (IV, Vi VI reda). Na bazi izra¢unatih
parametara modela moguce je izra¢unati promjer na bilo
kojoj udaljenosti od debljeg kraja stabla (Koprivica i Mau-
naga, 2008). Ta ovisnost je na istom prikazu predstavljena
zelenom linijom, a §to je na slici prikazano ucrtanim pozi-
cijama promjera na sredinama sekcija (crveni trokuti) i
funkcijom izjednacenja (zelena linija).

Na slici 2, primjenom parabole VI reda dan je (kao primjer)
graficki prikaz izjednacenja ovisnosti polumjera stabla od
njihove udaljenosti od debljeg kraja stabla, sa pripadaju¢im
statistickim pokazateljima (funkcijom modela izjednaéenja
sa izraunatim parametrima i koeficijentom korelacije kao
pokazateljem jacine korelacijske veze). Utvrdeni oblik
izravnanja predstavljen je na slici krivuljom crvene boje.
Moze se zakljuciti visok stupanj suglasnosti empirijskog i
procijenjenog oblika modela izravnanja.
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Slika 3. - Oblici distribucija i grafikoni normalne vjerovatnoce varijabli ukljucenih u regresiju prije i nakon provedene Box-Cox transformacije za smreku
Figure 3 - The forms of distribution and normal probability plots of variables included in the regression before and after an Box-Cox transformation for spruce

Na taj nacin je za svako stablo proveden isti postupak i obav-
ljena provjera izmjerenih veli¢ina za promjere i duzine. Na
osnovi navedenog modela, izra¢unati su promjeri u sredi-
nama sekcija jednakih relativnih duzina po Alteru (Bankovi¢
i Panti¢ 2006) i to: dys3, d o1, d o167, @ o3, o5 o, & 05351 4
ooni d g95m> @ Na osnovi njih i volumeni stabala sa korom po

Hohenadlu (V =0, ZL%(dg,l +d?2, +d2 +d2, +d2,), Hohe-
nadlov praviobli¢nibroj f, , =0,2 (1+ K&3 + KS/S + K§,7 + K§,9)
te pripadajudi pravi i nepravi koeficijenti oblika stabla (Kra-
mer i Akga, 2007). Vrijednosti nepravog ili prsnog obli¢nog

broja (-volumnog koeficijenta) su izracunate po sljede¢oj for-
muli: f, ; = v/w gdje su: f, , - volumni koeficijent; v - volumena
stabla; w — volumen cilindra izracunat po formuliw =g, 5, - h.

Prije bilo kakvih izjednacenja, bilo je potrebno provesti test
normalnosti varijabli ukljucenih u regresijski model. To za-
pravo znacdi, da je na empirijske (stvarne) podatke izmjere
za promjere i visine stabala, kao nezavisne varijable i izra-
¢unate volumene krupnog drveta, kao zavisne varijable bilo
potrebno provesti test normalnosti i homogenosti varijanci.
U proceduri preispitivanja oblika distribucija zavisne i ne-
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Tablica 3. Rezultati Box-Cox transformacije za varijable prsni promjer, visinu i volumen krupnog drveta stabala smreke
Table 3. Results of the Box-Cox transformation of the variable diameter at breast height, height and merchantable wood volume of spruce trees

St.andardna
devijacija
Standard
deviation

Lambda Sredina

Varijabla

-variable ()

Mean

Donja granica
intervala pouzda-
nosti Lower
Confidence Limit

Gornja granica
intervala pouzdanosti
Upper Confidence
Limit

Formula za Box-Cox transformaciju

The formula for the Box-Cox
transformation

D, ;(cm) 0,517374 11,40557 3,44414 0,322304 0,715450 ((D, 5 ©4'737)-1)/(0,517374)
H (m) 1,431997 73,30219 28,86548 1,131460 1,740214 ((H11431997)-1)/(1,431997)
V; (m3) 0,261290 0,43416 1,31101 0,182494 0,341722 ((\V; 102612901).1)/(0,261290)

zavisnih varijabli koje su koristene za kreiranje modela re-
gresije, uoceno je da ti oblici znacajnije odstupaju od oblika
normalne raspodjele kao teoretskog modela, te s toga, u
cilju postizanja konvergencije obliku normalne raspodjele,
zahtijevaju postupak transformacije. Izborom procedure
Box-Cox transformacije (Box i Cox 1964) na originalne vri-
jednosti varijabli uzetih u regresiju, dobiveni su transfor-
mirani oblici distribucija, pri ¢emu se moze zakljuciti da su
rezultirajuce (transformirane) vrijednosti varijabli pri-
blizno normalno distribuirane (Slika 3).

Rezultati provedene Box-Cox transformacije za sve tri va-
rijable predstavljeni su u tablici 3.

Tek nakon izvr§ene transformacije varijabli provedeno je
testiranje prikladnosti veceg broja regresijskih modela za
direktno izravnanje volumena stabala u ovisnosti od prsnog
promjera i visine stabala.

Ovisnost volumena krupnog drveta o prsnom
promijeru i visini stabala smreke — Dependence of the
volume of big timber of breast height diameter and
height of trees spruce

Ako se krene od opce formule za volumen dubeceg stabla
v =g-h-f moze se zaklju¢iti da se mogu izraditi tablice
koje sadrze podatke o volumenima izra¢unatim po nave-
denoj formuli. Ovakve tablice nose naziv volumne tablice
(tablice drvnih masa, drvnogromadne tablice). Iz dane for-
mule takoder se vidi da je volumen funkcija tri velic¢ine:
prsnog promjera, odnosno temeljnice, ukupne visine i obli¢-
nog broja (volumnog koeficijenta) stabla. Ova viSestruka
ovisnost volumena je osnova za klasifikaciju volumnih ta-
blica, pri ¢emu se u tu svrhu koristi broj argumenata
(»ulaza®). Za argumente se uzimaju veli¢ine o kojima volu-
men najvise ovisi, a koje se mogu lako mjeriti ili dovoljno

Tablica 5: Oblici izraza i osnovni statisticki parametri testiranih dvoparametarskih modela za izjednacenje volumena krupnog drveta stabala sm-
reke u ovisnosti o prsnom promjeru i visini stabla

Table 5: Forms of expression and basic statistical parameters of the tested two-parameter models for leveling merchantable wood volume of spruce
trees depending on the breast diameter - d1,3 (cm) and tree height - h (m)

Matematicki oblik modela — Mathematical form of the model

Naziv modela — Model name

1.NASLUND: V;=b, d, ;?+b,d, *h+b,d, ;h*+b,h? 0,989 0,994 0,247
2.MEYER: V,=a,+a,d, ;+a,d, ;h+ayd, >+a, d, ;’h 0,990 0,995 0,245
3.SCHUMACHER-HALL: V,=ad, ;’h® 0,990 0,995 0,244
4.SPURR: V,=a(ds2h)° 0,990 0,995 0,640
5.TAKATA: V,=(d, 32 h)/(be+b, d;5) 0,637 0,798 0,589
6.DWIGHT: V,= ad, ’h ¢ 0,990 0,995 0,244
1.SPURR: V,=b,+b,d, ;h 0,648 0,805 0,243
8.SCOTT: V,=a+bd, *+dd, ;°h 0,948 0,974 0,629
9.NAGEL: V, = gfe"inid1.3)+bnih-1.3)-) 0,990 0,995 0,245
10. STOJANOVIC | DR. V;=byd, ;>+b,d, ;?h+b,d, ;h?+b;h? 0,989 0,994 0,247
11.BALIC I DR. V,=a,+a,d;+a, h+ a,d, ;h+a,d, ;>+a; d, *h 0,990 0,995 0,240
Legenda:

V/, = volumen krupnog drveta sa korom (m?), zavisna varijabla

d,; = prsni promjer sa korom (cm), nezavisna varijabla

h = visina stabla (m), nezavisna varijabla

a, ay a, a,aya,asb, b, b, b, by b, c, d, e f: parametri funkcija
R? — koeficijent viSestruke determinacije

R — koeficijent viSestruke korelacije

S,, — standardna greska regresije
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Tablica 6: Osnovni statistiCki pokazatelji regresijskog modela (11) za procjenu volumena stabala smreke
Table 6: Basic statistical indicators of the regression model (11) for estimating the volume of spruce trees

Vrijednosti parametara
modela - Values of model
parameters

Varijable u regresiji —

Variables in regression

Standardna greska — Stan-
drard Error of B

t(371)

Slobodni ¢lan — Intercept -3.43452034 0.162187 -21.1763 <0.001
13 anst, 0.20231789 0.040199 5.0330 <0.001
e 0.01277572 0.003092 4.1322 <0.001

i3 wanst. N granst 0.00051096 0.000447 2.1422 0.041

5 sranst 0.00437652 0.002108 2.0757 0.039

0k o ) e -0.00003774 0.000018 -2.0592 0.040

pouzdano odrediti iz mjerljivih elemenata, kao to su: pro-
mjer, visina, koeficijent oblika, duzina kro$nje, debljina kore,
starost i sl. (Bankovi¢ i Panti¢, 2006). Ve¢i broj argumenata
osigurava vecu to¢nost podataka u tablicama, ali i otezava
njihovu prakti¢nu primjenu. Uobicajena je izrada dvo-
ulaznih volumnih tablica, gdje se kao ulazi koriste promjer
stabla izmjeren na ,,prsnoj* visini (d, ;) i visina stabla (h) .

U cilju izbora ,,najboljeg” modela za procjenu volumena
krupnog drveta u ovisnosti o prsnom promjeru i visini sta-
bla testiran je veci broj poznatih dendrometrijskih dvopa-
rametarskih volumnih funkcija (Kramer i Akga, 2007; Ban-
kovi¢ i Panti¢, 2006; Pranji¢ i Luki¢, 1997) kao i model koji
je koristen za konstrukciju postoje¢ih dvoulaznih volumnih
tablica za jelu i smreku u BiH (Stojanovi¢ i dr. 1978). Kva-
liteta izjednacenja i prikladnost testiranih modela ocjenji-
vani su na bazi utvrdenih veli¢ina osnovnih statisti¢kih po-
kazatelja za karakteriziranje jacine korelacijskih veza, i to u
ponajprije na osnovi veli¢ine koeficijenta visestruke deter-
minacije (R?), veli¢ine standardne greske regresije (S,,), ve-
licine F-koli¢nika, znacajnosti koeficijenata regresijskog
modela te graficke interpretacije reziduala u odnosu na iza-
brani model izjednacenja. Rezultati testiranja s obzirom na
veli¢inu osnovnih statistickih parametara, kao i oblici testi-
ranih modela prikazani su u tablici 5, a oblici funkcija izrav-
nanja preuzeti su iz sljede¢ih radova: Schumacher i Hall
1933; Meyer, 1941; Néslund 1941, 1947; Stoate 1945;
Sputrr 1952; Hansen i Nagel 2012;

Najbolje ocjene parametara s obzirom na postavljene kri-
terije pokazao je model pod rednim brojem 11. koji je ko-
nacno i izabran za izrazavanje ovisnosti volumena krupnog
drveta stabala smreke o prsnom promjeru i visini stabala.

Osim toga, izabrani model sadrzi $est parametara, a za do-
bro izravnanje je potrebno minimalno Cetiri parametra
(Kruzi¢ 1993) pa se isti moze koristiti za sva stabla. Karak-
teristike izabranog modela prikazane su u tablicama (Ta-
blice 6 17) i graficki (grafikon 6).

Na temelju grafickog prikaza distribucije reziduala (grafi-
kon 6) moze se navesti da ne postoji znacajnije sistematsko
rasipanje reziduala, ve¢ su oni priblizno ravnomjerno ras-
poredeni oko izabranog modela za procjenu zavisne vari-
jable — volumena stabala. Dijagram razdiobe ostataka izrav-
nat je krivuljom parabole II reda, koja bi trebala pratiti
tendenciju sistematskog odstupanja i eventualnog grupira-
nja reziduala u odnosu na veli¢ine procijenjene modelom
regresije. Na grafickom prikazu vidljivo je da se krivulja
izjednacenja (koja je prikazana crvenom bojom) u cijelosti
poklapa sa X-osi, ¢ime je potvrdena tvrdnja o odsustvu si-
stematskog rasporeda reziduala u ¢itavoj domeni funkcije,
kao i tvrdnja o nepostojanju (odsustvu) korelacijske veze
izmedu veli¢ina reziduala i modelom utvrdenih volumena
krupnog drveta stabala smreke (Bankovi¢ i Panti¢ 1991;
Koprivica i Maunaga 2008).

Graficki prikazi izabranog regresijskog modela predstav-
ljeni su na grafikonima 51 6. Na bazi utvrdenih parametara
modela konstruirane su graficke predstave ovisnosti volu-
mena krupnog drveta stabala smreke u ovisnosti o visini u
rasponu variranja promjera stabala od 10 - 100 cm (kao
volumne linije za d=10, 20, 30, 40, 50, 60, 70, 80, 901 100
cm) —slika 5. Iz grafikona je vidljiv progresivan krivolinijski
(paraboli¢an) trend povecanja volumena krupnog drveta
sa porastom promjera stabala. To je logi¢no ako se ima u
vidu oblik utjecaja za promjer stabla, koji je u modelu iska-

Tablica 7. Rezultati analize varijance (ANOVA) za regresijski model (11) za procjenu volumena krupnog drveta stabala smreke
Table 7. Results of the analysis of variance (ANOVA) for the regression model (11) to estimate merchantable wood volume of spruce trees

lzvori variranja Suma kvadrata

Sources of variation

Stupnijevi slobode
Degrees of freedom

Sums of Squares

Sredina kvadrata
Mean Squares

Regresija — Regression 711.2229 6.0000
Ostatak — Residual 6.0882 371.0000
Ukupno — Total 717.3111 377.0000

118.5371
0.0164

1223.33 0.00



Slika 4. Dijagram razdiobe ostataka oko regresijskog modela za procjenu
volumena krupnog drveta stabala smreke

Figure 4. Diagram of dispersion residuals around the regression model to
estimate merchantable wood volume of spruce trees

Slika 5. Ovisnost volumena krupnog drveta stabla smreke o visini pri
razlicitim vrijednostima prsnog promjera

Figure 5. Dependence of merchantable wood volume of spruce trees on
height and at different breast diameter

zan linearnim i kvadratnim ¢lanovima. Osim toga, i u for-
muli za volumen dubeceg stabla (V=g,, h f, ;) promjer sta-
bala je iskazana kvadratnim ¢lanom.

Slika 6. Ovisnost volumena krupnog drveta stabala smreke o prsnom
promjeru pri razlicitim vrijednostima visine stabala

Figure 6. Dependence of merchantable wood volume of spruce trees on
breast diameter at different height sizes
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Isto tako kreiran je i graficki prikaz ovisnosti volumena
krupnog drveta stabala smreke u ovisnosti o promjeru sta-
bala u domenu variranja visina stabala od 5 - 50 m (kao za-
preminske linije za h=>5, 10, 15, 20, 25, 30, 35, 40, 45 i 50m)
—slika 6.

Uvrstavanjem velic¢ina izra¢unatih parametara u izabrani
model funkcije (11) dobiveni su sljedec¢i kona¢ni oblici
(transformirani i originalni) regresijskog modela za pro-
¢jenu volumena krupnog drveta stabala smreke u ovisnosti
o prsnom promjeru i visini stabala:

Vi on =((-3.4345205+0.2023179%((d, *17*7)-1)/
(0.517374)+0.0127757*((h!#19%7)-1)/(1.4319967)+
0.00051095%((d, 3177)-1)/(0. 517374)*(( h*'%57)-1)/
(1. 4319967) +0.0043765%((d, //7**-1)/0.517374)-
0.00003774%((d, *317374-1)/0.517374)2 *(h!-#19%7_] )
/1.4319967)%0.2612895+1)*3717

Kako je V, 3,=(0,2612895*V, ,,,.,+1)**”"” onda konacni
oblik regresijskog modela za procjenu volumena stabala
smreke na bazi originalnih veli¢ina zavisnih varijabli (pr-
snog promjera i visine) glasi:

V, a= 0,26128954*((((-3.4345205+0.2023179%((d,;51737)-
1)/0.51 7374+0.0127757*((]11»4319957)_1)

/1.4319967+0.00051095*((d, >*'7%7*)-1)/0.517374*((h*+157)-
1)/1.4319967+0.0043765%((d, ;**'7°7*-1)/0.517374)*-
0.0000377%((d, ;1737

1)/0.517374) (451997
1)/1.4319967)%0.2612895+1)382717189) 4 | j382717189

Na bazi dobivenog regresijskog modela moguce je izracu-
nati volumene krupnog drveta stabala i prikazati ih u formi
dvoulaznih tablica volumena stabala smreke.

Testiranje toénosti i upotrebljivosti regresijskog
modela — Testing the accuracy and usability of
established regression models

Volumne tablice sadrze podatke o volumenima stabala
odredenih dimenzija, pa ¢e pri njihovoj uporabi tabli¢ni
volumeni za pojedina¢na stabla manje ili vi$e odstupati od
stvarnih volumena. Koliko ¢e to odstupanje iznositi zavisi
od uskladenosti (istovjetnosti) oblika stabala na osnovi ko-
jih su izradene volumne tablice i stabala kojima se odreduje
volumen (§to su razlike u obliku vece, odstupanja su veca.
Ako treba procijeniti (odrediti) volumen samo nekoliko
pojedina¢nih dubecih stabala po nekim volumnim tabli-
cama, onda treba znati da volumen ocitan iz volumnih ta-
blica moze odstupati od stvarnog volumena za 10-15% i
tada su te tablice neuporabljive. Ove greske od 10-15% se
prilikom procjene (odredivanja) volumena sastojine sma-
njuju po poznatom obrascu , tako da su te tablice za sasto-
jinu ipak jo$ uporabljive (Pranji¢ i Luki¢ 1997).

Testiranje to¢nosti tablica, odnosno izabranog regresijskog
modela za procjenu volumena proveden je na istoj onoj



BALIC B. i dr.: MODEL ZA PROCJENU VOLUMENA KRUPNOG DRVETA STABALA SMREKE (PICEA ABIES KARST) NA PODRUCJU KANTONA 10...

bazi podataka koja je posluzila za kreiranje izabranih mo-
dela tj. na uzorku od 377 stabala smreke. Uporabljivost ta-
blica testirana je pomocu postotka odstupanja, koji se moze
izracunati po formuli (Bruce 1920, prema Pranji¢ i Luki¢
1997):

vs _vt

-100 gdje je V, - stvarni volumen stabla; V, -

P, = v,
volumen istog stabla procijenjen pomocu tablica (regresij-
skih modela).

Na bazi izracunatih postotnih odstupanja za svih 377 stabala,
utvrden je prosjecni postotak odstupanja pri cemu je dobi-
vena vrijednost od p, =0,44% . To zapravo znaci da se
primjenom navedenog regresijskog modela na uzorak od
377 analiziranih stabala u prosjeku dobivaju za 0,44% ma-
nji volumeni u odnosu na stvarne volumene. Prema Pranji¢
i Luki¢ (1997), ako je postotak odstupanja ve¢i od +1%, ta-
blice su neuporabljive. To ukazuje da je ovaj regresijski mo-
del uporabljiv za primjenu u prakti¢nom radu.

Kada su tablice izradene analitickom metodom, pomoc¢u
neke funkcije i kad je poznata standardna devijacija volu-
mena (s,), upotrebljivost tablica se moze ispitati i na sljedeci
nacin: obori se veci broj stabala srednjeg promjera i meto-
dom sekcioniranja im se odrede volumeni (v,), a zatim se
odrede volumeni tih stabala po tablicama (v,) i izra¢una
razlika aritmeti¢kih sredina Av =v_ - v, . Kako je poznata
standardna devijacija volumena (S,), veli¢ina t se moze

Av
S, \n
¢unata vrijednost ¢ manja od tabli¢ne £, tablice su upora-
bljive (Bankovi¢ i dr. 2003). Prema Pranji¢ i Luki¢ (1997),
ukoliko je broj stabala n > 30, usporedba se vrsi sa vrijed-
nostima u tablicama normalne distribucije, pa ako je:

izra¢unati po sljede¢em obrascu: t = . Ako je izra-

Yy Yy
Av<1,96-0,1-—=0,2-—

NN

Prema Pranji¢ i Luki¢ (1997), ukoliko su tablice konstrui-
rane racunskim putem, onda se prikladnost istih ispituje

utom slucaju tablice su upo-
rabljive.

o7

biometriskim metodama testiranja i to pomocu t-testa pa-
rova (t-Test Paired Two Sample for Means). Da bi se moglo
utvrditi u kojoj domeni variranja prsnih promjera su razlike
statisti¢ki znacajne, a u kojoj nisu, provedeno je testiranje
po debljinskim klasama po kojima se u BiH prikazuje struk-
tura svih proizvodnih parametara sastojina. Najprije su
provedena testiranja znacajnosti razlika izmedu stvarnih
volumena krupnog drveta (V,_stv.) i volumena utvrdenih
pomocu regresijskog modela (V; y,,) pri ¢emu su rezultati
testiranja prikazani u tablici 8. Rezultati testiranja ukazuju
da u svim debljinskim klasama kao i za volumene svih sta-
bala u uzorku, uzevsi ih zajedno, ne postoje statisticki zna-
¢ajne razlike izmedu stvarnih volumena krupnog drveta
(V,_stv.) i volumena procijenjenih primjenom kreiranog
regresijskog modela (V, ;,,). Na analogan nacin, provedeno
je testiranje znacajnosti razlika volumena procijenjenih pri-
mjenom kreiranog regresijskog modela (V, z),) i volumena
ocitanih iz dvoluaznih volumnih tablica - V,_Stoj. (Stoja-
novi¢idr. 1978). Rezultati testiranja prikazani su u tablici
9. Rezultati testiranja ukazuju da su u svim debljinskim kla-
sama, kao i za sva stabla u uzorku utvrdene statisticki zna-
¢ajne razlike. Za stabla tanja od 30 cm volumeni krupnog
drveta procijenjeni na bazi tablica Stojanovi¢ i dr. (1978) u
prosjeku su vedi, dok za stabla deblja od 30 cm u prosjeku
su manji u odnosu na volumene procijenjene na bazi kre-
iranog regresijskog modela. Ako promatramo sva stabla u
uzorku (tablica 13), onda volumeni stabala iz uzorka pro-
cijenjeni pomocu tablica Stojanovi¢ i dr. (1978) su za 189,5
m? (ili za 22,3% ) vi$i u odnosu na stvarne volumene tih
istih stabala.

Radi usporedbe provedena su testiranja sa rezultatima ne-
koliko dvoulauznih volumnih tablica za smreku koje se ko-
riste u Hrvatskoj i Srbiji. Treba uzeti u obzir da je ova us-
poredba oriijentacijskog karaktera, jer daje samo priblizan
uvid u moguce razlike zbog toga jer se ne odnose na isti
volumen kao ekvivalent. Naime, tablice za smreku koje se
koriste u Hrvatskoj daju volumene stabla s uklju¢enim vo-
lumenom panja, dok nam je za tablice u Srbiji ta informa-
cija ostala nepoznata. U Srbiji su Bankovi¢ i dr. (2003) izra-

Tablica 8. Rezultati testiranja znaCajnosti razlika pomocu t-testa parova izmedu stvarnih (V7_stv.) i procjenjenih volumena krupnog drveta (V7_RM)

po debljinskim klasama

Table 8. Results of testing the significance of differences by t-test of pairs between actual and estimated merchantable wood volumes by thickness classes

10<d,,< 20
V,_stw.

20<d,;,< 30
V,;_stv.

Statisticki parametri t-testa — Statistical

parameters of the t-test Wy

Vi am

Sredina — Mean 0.118 0.118  0.448  0.442
Varijansa — Variance 0.0044 0.0045 0.0236 0.0228
Opazanja — Observations 49 49 63 63
Pearsonova korelacija — Pearson Correlation 0.9658 0.961859
Broj stepena slobode — Df 48 62

lzraunata vrijednost t — t Stat 0.0960 1.0852
Nivo znacajnosti P(T< =t) two-tail 0.9239 0.2820
Kriti¢na vrijednost t-testa — 20106 1.9990

t Critical two-tail

30<d,;<50 50<d,,< 80 d; ;>80 Ukupno — Total
Vistv. Vigy Vistv Vigy Vistv Vig,  Voste Vg
1.351 1.353 3.892 3871 7.969 7.926 2.283 2.273
0.2185 0.1879 1.6709 1.4684 1.5499 0.8908 4.7330 4.5733
111 11 135 135 19 19 371 3717
0.9377 0.9356 - 0.9876
110 134 18 376
-0.1432 0.5390 0.2230 0.5741
0.8864 0.5908 0.8261 0.5663
1.9818 1.9778 2.1009 1.9663
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Tablica 9. Rezultati testiranja zna¢ajnosti razlika pomocu t-testa parova izmedu volumena iz dvoluaznih volumnih tablica (Stojanovi¢ i dr.1978) i
volumena izracunatih pomocu izradenog regresijskog modela po debljinskim klasama

Table 9. - Results of testing the significance of differences by t-test of pairs between volumes calculated on the basis of the chosen regression model
and volumes from two-way volume tables (Stojanovic, i dr. 1978) by thickness classes

Statisticki parametri t-testa — Statistical 10<d,;,< 20 20<d,,< 30 30<d,;<50 50 <d,;< 80 d; ;>80 Ukupno — Total
parameters of the t-test Vo Vo Stoj.  Vogy Vi Stoj.  Vogy Vo Sto.  Vogy Vi Stoj  Vogy Vi Stoj. Vo, Vi _Stoj.
Sredina — Mean 0.118 0.1215 0.442 0.451 1.353 1.318 3.871 3.670 7.926  7.481 2274 2.178
Varijansa — Variance 0.0045 0.0050 0.0228 0.0232 0.1879 0.1635 1.4684 1.6215 0.8908 0.7419 4.5733 4.1759
Opazanja — Observations 49 49 63 63 111 111 135 135 19 19 377 377
Pearsonova korelacija — Pearson Correlation 0.9970 0.9851 0.9977 0.9731 0.7576 0.9937
Broj stepena slobode — Df 48 62 110 134 18 376
lzradunata vrijednost t —t Stat -3.6446 -2.8346 9.0658 7.1524 3.0635 7.3533
Nivo znacajnosti P(T< =t) two-tail 0.0007 0.0062 <0.001 <0.001 0.0067 <0.001

Kriti¢na vrijednost t-testa —

.. i 2.0106 1.9990 1.9818 1.9778 2.1009 1.9663
t Critical two-tail

Tablica 10. Rezultati testiranja znacajnosti razlika pomocu t-testa parova izmedu volumena iztracunatih pomocu regresijskog modela za planinski
pojas Kopaonika (Bankovi¢ i dr. 2003) i volumena izracunatih pomocu izradenog regresjskog modela po debljinskim klasama
Table 10. - Results of testing the significance of differences by t-test of pairs between the volumes calculated on the basis of regression model for the
Kopaonik mountain Beilt (Bankovi¢ i dr. 2003) and the volumes calculated using the created regression model by thickness classes

o . - 10<d,,< 20 20<d,,< 30 30<d,;<50 50 <d,,< 80 d,5>80 Ukupno — Total
Statisticki parametri t-testa — Statistical : : : : :
parameters of the t-test Vi oV VLFE’;Iank. Vygy Bk oy V7_§|ank- V, Vy_glank-
Sredina — Mean 0.118 0.156  0.442 0526 1.353 1.483 3.871 4113 7.926 8585 2273  2.450
Varijansa — Variance 0.004 0.006 0.0228 0.0247 0.188 0.204 1.468 1.622 0.891 1.142 45733 5.1752
Opazanja — Observations 49 49 63 63 111 111 135.000 135.000 19 19 371 3717
Pearsonova korelacija — Pearson Correlation  0.997 0.997 0.997 0.999 0.994 0.9996
Broj stepena slobode — Df 48 62 110 134 18 376
lzracunata vrijednost t —t Stat -20.268 -46.799 -35.290 -31.210 -17.177 -22.788
Nivo znacajnosti P(T< =t) two-tail <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Kriticna vrijednost t-testa —

- ) 2.011 1.999 1.982 1.978 2.101 1.9663
t Critical two-tail

Tablica 11. Rezultati testiranja znacajnosti razlika pomocu t-testa parova izmedu volumena izracunatih pomocu regresijskog modela za subalpski
pojas Kopaonika (Bankovic i dr. 2003) i volumena izraunatih pomocu izradenog regresijskog modela po debljinskim klasama

Table 11. Results of testing the significance of differences using the t-test of pairs between the volumes calculated on the basis of regression model for
the Kopaonik Sub-Alpine Belt (Bankovi¢ i dr. 2003) and the volumes calculated using the created regression model by thickness classes

o . o 10<d,,< 20 20<d,,< 30 30<d,;< 50 50 <d, ;< 80 > Ukupno — Total
Statisticki parametri t-testa — Statistical ‘ ‘ : ‘ ‘
parameters of the t-test ° Y v V;_Bank.
7_RM 7_RM SA
Sredina — Mean 0.118 0131 0442 0449 1353 1309 3871 3.761 7.926 8.033 2273 2.229
Varijansa — Variance 0.004 0.004 0023 0.018 0.188 0.171 1.4684 1.4296 0.891 1.118 45733 4.5156
Opazanja — Observations 49 49 63 63 1m 1M 135 135 19 19 371 371
Pearsonova korelacija — Pearson Correlation  0.995 0.994 0.994 0.997 0.983 0.9989
Broj stepena slobode — Df 48 62 110 134 18 376
lzracunata vrijednost t —t Stat -13.646 -2.553 9.397 13.432 -2.166 8.6559
Nivo znacajnosti — P(T< =t) two-tail <0.001 0.013 <0.001 <0.001 0.044 <0.001

Kriticna vrijednost t-testa —

¢ Critical two-tail 2.011 1.999 1.982 1.978 2.101 1.9663

dili zapreminske tablice za smreku za podrucje nacionalnog  razlika izmedu volumena iztra¢unatih pomocu ovih regre-
parka Kopaonik i to odvojeno za planinski pojas (V,_Bank.  sijskih modela (Bankovi¢ i dr. 2003) i volumena iztracuna-
Pl) i za subalpski pojas (V,_Bank.SA). Za kreiranje regre-  tih pomocu izradenog regresijskog modela po debljinskim
sijskih modela za procjenu volumena stabala smreke za prvi  klasama prikazani su u tablicama 10 i 11. Rezultati testira-
model kori$teno je 201 stabala, a za drugi 393 stabala. Za  nja pokazuju da se za oba modela u svim debljinskim kla-
izravnanje volumena stabala smreke u ovisnosti o prsnom  sama, kao i za sva stabla u uzorku utvrdene statisticki zna-
promjeru i visini koristena je Schumacher-Hallova funkcija  ¢ajne razlike u odnosu na volumene procijenjene na bazi
(SchumacheriHall 1933). Rezultati testiranja znacajnosti ~ izradenog modela. Ipak, model koji je izraden za stabla
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Tablica 12. Rezultati testiranja znacajnosti razlika pomocu t-testa parova izmedu volumena iz dvoluaznih volumnih tablica (§piranec,1 977) i volu-
mena izraunatih pomocu izradenog regresijskog modela po debljinskim klasama

Table 12. Results of testing the significance of differences by t-test of pairs between volumes calculated on the basis of the chosen regression model
and volumes from two-tier volume tables (Spiranec,1977) by thickness classes

10<d,<20  20<d,,< 30

Statisticki parametri t-testa — Statistical
parameters of the t-test

V7_§pira—
nec

V7_nM

V7_RM

nec

V7_§pira—

30<d,,< 50

V7_§pira—
nec

50<d,,< 80

V7_§pira—
nec

d; ;>80

V7_§pira—
nec

Ukupno — Total

V7_§pira—

V.
7./M e

V7_mv| V7_HM V7_HM

Sredina — Mean 0.118 0.118 0448 0443 1353 1371 3.871 4159 7.926 9.229 2.273  2.447
Varijansa — Variance 0.0044 0.0043 0.0236 0.0210 0.1879 0.2063 1.4684 1.9864 0.8908 1.5479 4.5733 5.9443
Opazanja — Observations 49 49 63 63 1M m 135 135 19 19 371 371
Pearsonova korelacija — Pearson Correlation 0.9713 0.9606 0.9976 0.9987 0.9953 0.9984
Broj stepena slobode — Df 48 62 110 134 18 376

lzracunata vrijednost t — t Stat 0.0163 0.9096 -4.8927. -16.038 -17.856 -10.369
Nivo znacajnosti — P(T < =t) two-tail 0.9871 0.3666 <0.001 <0.001 <0.001 <0.001
Kriticna vrijednost t-testa — 2.0106 1.9990 1.9818 19778 2.1009 1.9663

t Critical two-tail

Tablica 13. Razlike u volumenima krupnog drveta iz uzorka procijenjeni na bazi razlic¢itih modela
Table 13. Differences in the merchantable wood volumes from the sample estimated on the basis of different models

Razlike izmedu stvarnih i modelom procijenjenih volumena

Debljinski stupanj

V,_stvarna - V,_Stojanovi¢ V,_ stvarna —V, Bankovi¢ V, stvarna -V, Bankovi¢

Differences between actual and model estimated volumes — (m?)

V,_stvarna — V7_§piranec

DBH Class V,_stvarna — V,_Bali¢
etal. etal.
125 0.01 -0.68
175 0.00 -1.70
225 0.25 337
215 0.11 -4.48
325 -0.24 6.26
315 -0.24 -8.76
425 0.32 -8.02
415 -0.07 -9.67
52.5 1.28 -14.25
57.5 0.91 -16.40
62.5 -1.12 2177
67.5 2.34 -21.48
725 -2.24 -17.31
715 168 -17.96
825 5.13 5.61
87.5 -4.67 -23.62
925 -0.16 -2.59
97.5 0.25 555
Totglk;/!;fr::f::zltlak? m?) 97 -189.48
% 0.42 -22.27

smreke iz subalpskog pojasa (V,_Bank.SA) pokazuje nesto
manja odstupanja s nasim modelom u odnosu na model
koji je izraden za stabla smreke iz planinskog pojasa (V,_
Bank.Pl) koji u svim debljinskim klasama daje vece volu-
mene u odnosu na izradeni regresijski model. U odnosu na
stvarne volumene, modelom koji je izraden za stabla smreke
za subalpski pojas dobivaju se ne$to manji volumeni za 21,5
m’ (ili za 2,5%) dok se modelom koji je izraden za stabla

etal._SubA etal._Plan.

-0.22 -0.59 0.03
-0.26 -1.10 0.13
-0.25 -2.13 0.18
0.25 -2.64 0.28
1.05 -3.27 0.23
0.91 -4.23 -0.47
1.66 -3.20 -0.29
1.18 -3.75 -1.39
4.89 -3.54 -1.33
3.95 -4.57 -3.30
212 -6.84 -1.17
4.78 -4.42 -6.17
0.10 -6.00 -8.98
2.23 -3.97 -8.22
5.60 222 -0.85
-5.55 -10.57 -16.11
-0.19 -0.91 -1.86
-0.73 -1.74 -3.43
21.51 -61.27 -58.74
2.53 -1.20 -6.90

smreke za planinski pojas dobivaju veéi volumeni za 61,3
m® (ili za 7,2 %). To je i logi¢no ako se ima u vidu forma
stabala smreke iz subalpskog pojasa Kopaonika, koja su pri
jednakim veli¢inama promjera u prosjeku niza i malodrv-
nija u odnosu na stabla smreke istih dimenzija iz planin-
skog pojasa Kopaonika.
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U susjednoj Hrvatskoj Spiranec je izradio tablice drvnih
masa za smreku i to na bazi 750 modelnih stabala, pri ¢emu
je za kreiranje regresijskog modela za procjenu ukupnog
volumena stabala smreke u ovisnosti o prsnim promjerima
i visinama takoder koristio Schumacher-Hallovu funkciju
(Spiranec 1976). Tablice za deblovinu su dobivene mnoze-
njem vrijednosti ukupnog volumena s izradenim tablicama
postotka deblovine u ukupnom volumenu stabla (Spiranec
1976, str. 5 str. 16). Osim toga, u volumenu deblovine ura-
¢unat je i volumen panja. Rezultati testiranja znacajnosti ra-
zlika izmedu volumena izra¢unatih pomo¢u tablica Spira-
neca (Spiranec 1976) i volumena izrac¢unatih primjenom
kreiranog regresijskog modela po debljinskim klasama pri-
kazani su u tablici 12. Rezultati testiranja pokazuju da za
stabla tanja od 30 cm ne postoje znacajne razlike u volume-
nima stabala, dok za stabla deblja od 30 cm volumeni pro-
cijenjeni na bazi regresijskog modela (Spiranec 1976) su u
prosjeku veci u odnosu na volumene procijenjene primje-
nom izradenog regresijskog modela. U odnosu na stvarne
zapremine, navedenim modelom se za uzorak od 377 stabala
dobivaju nesto veci volumeni, i to za 58,7 m* (ili za 6,9%)

ZAKLJUCGCI
CONCLUSSIONS

Na podru¢ju Kantona 10 (Livanjski kanton) Federacije Bo-
sne i Hercegovine, provedena su istrazivanja oblika stabala
smreke na uzorku od 377 modelnih stabala na kojima su u
oborenom stanju metodom sekcioniranja utvrdeni volu-
meni krupnog drveta. Na bazi provedenih istrazivanja izra-
den je model za procjenu volumena krupnog drveta stabala
smreke u ovisnosti o prsnom promjeru i visini stabala slje-
deceg oblika: V,=a,+a,d, ;+a, h+ a,d, sh+a,d, +a,d, huz
utvrdeni koeficijent determinacije: R? = 0,991 veli¢inu stan-
dardne greske regresije S, =0,24 m’. Testiraju¢i znacajnost
razlika izmedu stvarnih volumena stabala iz uzorka i volu-
mena tih istih stabala utvrdenih primjenom odabranog re-
gresijskog modela nisu utvrdene statisticki znacajne razlike.
Prosje¢ni postotak odstupanja iznosio je - 0,44%. To znaci
da se na uzorku od 377 stabala smreke u prosjeku dobivaju
za 0,44% nizi volumeni u odnosu na stvarne volumene, §to
ukazuje da je ovaj regresijski model upotrebljiv za primjenu
u prakti¢cnom radu, jer je prosjecni postotak odstupanja
manji od 1%. Statisti¢ki znacajne razlike utvrdene su iz-
medu volumena stabala utvrdenih primjenom odabranog
regresijskog modela i volumnih tablica drugih autora (Sto-
janovi¢ i dr. 1978; Bankovi¢ i dr. 2003; Spiranec 1976). Ta
odstupanja variraju u rasponu od 2,53% pa sve do 22,7%.
Najveca odstupanja su utvrdena upravo kod modela koji se
primjenjuje u BiH (Stojanovi¢idr. 1978) iiznose 22,7% dok
su najmanja odstupanja utvrdena za volumene procijenjene
pomoc¢u modela koji je kreiran za stabla smreke iz subal-
pijskog pojasa planine Kopaonik (Bankovi¢ i dr. 2003) i
iznose 2,53 %. Imajudi u vidu znacaj i aktualnost ovih
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istrazivanja za Sumarsku praksu, potrebno je nastaviti sa
sli¢nim istrazivanjima za druge gospodarski znacajne Sum-
ske vrste drveca, kako za ovo, tako i za podrucje ostalih
kantona u Federaciji Bosne i Hercegovine.
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BALIC B. i dr.: MODEL ZA PROCJENU VOLUMENA KRUPNOG DRVETA STABALA SMREKE (PICEA ABIES KARST) NA PODRUCJU KANTONA 10... @

SUMMARY

For assessment of growing stock in B&H forestry praxis as scientific baseline we are using volume ta-
bles and tariffs (Drini¢i dr. 1990). Having in mind the fact that these are constructed based on volume
coeflicients of the trees taken from German tree volume tables, which originate from single-age as-
sortments, it is justified to suspect that by applying these tables one will get certain differences in quan-
tity of large wood mass related to the actual status of those volumes. It is known that trees of the same
tree species coming from single-age assortments are more full-bodied because they have larger vol-
ume coeflicients compared to the trees of the same species from variable aged and selection forest as-
sortments. That is why the objective of this research is to find “the best” regression model for levelling
of volume of large wood of spruce, as dependent variable depending on diameter at breast height and
tree height, as independent variables. To achieve this objective we have selected 377 model trees of
spruce that were measured in felled condition on wider area of state owned variable aged assortments
in Canton 10 (Livno Canton). To determine volume of large wood of trees we applied section method
with sections of uneven absolute lengths (most often from 1 — 2 m). For levelling of volumes of large
wood depending on diameter at breast height and tree height we applied method of multi-regression
analysis. Quality of levelling and appropriateness of tested models was evaluated on the basis of de-
termined values of basic statistical indicators for characterisation of the strength of correlation con-
nections. The best values of the parameters showed model: V.=a,+a,d, ;+ah+a,d, ;h+a,d, +a; d, h
with determined determination coefficient: R = 0,99 and size of standard regression error: S, =0,245
m?’. By testing significance of differences between actual/real tree volumes from the sample and vol-
ume of those trees determined by application of selected regression model by using ¢-test of pairs, no
statistically significant differences were recorded. Average percentage of deviation was -0.44%. That
means that in average we get 0.44% lower volumes comparing to the actual volumes in the sample of
377 spruce trees which shows that this regression model is usable for application in practice, because
that average percentage is less than 1%. Statistically significant differences were recorded between vol-
umes of trees of selected regression model and volume tables and models of other authors (Stojanovi¢
i dr. 1978; Bankovi¢ i dr. 2003; Spiranec, 1976.). Those deviations vary in the range from 2.53% up to
22.7%. The largest deviations were determined exactly in model that is used in B&H (Stojanovi¢ i dr.
1978) and are in amount of 22.7% while the lower deviations were determined for volumes estimated
by using model created for spruce trees from Sub-Alpine belt for area of Kopaonik (Bankovi¢ i dr.
2003) and those amount to 2.53%.

KEY WORDS: spruce, merchantable wood volume, regression model, nonlinear regression, two-entry
volume tables.
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VISIBILITY ANALYSIS OF FIRE LOOKOUT
TOWERS PROTECTING THE MEDITERRANEAN
FOREST ECOSYSTEMS IN TURKEY

ANALIZA VIDLJIVOSTI VATROGASNIH TORNJEVA
NAMIJENJENIH ZASTITI MEDITERANSKIH SUMSKIH
EKOSUSTAVA 0D POZARA U TURSKOJ

Hiiseyin Oguz COBAN'", Halis BEREKET?

SUMMARY

Urgent detection of fire and precise identification of its location are of critical importance for success of first response
to fight forest fire. Forest fire lookout towers are main observation system and used in a sophisticated way to detect
forest fires in Turkey. The objective of this study was to conduct visibility analysis of fire lookout towers deployed in
mountainous Mediterranean forest region of Turkey, thereby assess their effectiveness. It is necessary to determine
functionality and capacity of these towers to protect forest environment. Visible and invisible areas from towers were
identified by using Geographic Information System and high resolution digital elevation data. In visibility analysis,
scanning was performed with a rotation of 360 degrees at the 18 kilometres radius from the point where a lookout
tower was located. Roads in this region are one of the elements that can be used in fire observation. People traveling
on these roads may report forest fires by using cell phones. In this sense, the efficiency/effectiveness of the towers
have been associated with forest road traffic. Therefore, visibility analysis of roads was also performed to check the
observation capabilities from roads. Although there are 37 fire lookout towers in this area, where coniferous tree
species such as brutian pine and black pine that are highly vulnerable to fire are dominantly distributed, 40% of for-
ests are in parts that are not visible and 15% of them are at high risk of fire. More than 100 thousand hectares of fire-
sensitive forest area in this region could not be controlled by the towers. The network of towers could view 56% of
the overall area and 59% of the forest areas. People using the roads contributed to the lookout system by 11% and
ensured that 70% of the forest area in this region was visible when combined with the towers. On the other hand,
59% of 523 thousand hectares of forest land that were not visible from the roads were visible from the towers. It was
emphasized that the participatory behavior of people who lived in forests and used inner forest roads were an im-
portant part of the fire observation system. We recommend that the GIS-based methodologies including digital cam-
era systems and remote sensing technologies in addition to the conventional lookout towers with a view to planning
the economically, technically and operationally optimal fire lookout system.

KEY WORDS: viewshed analysis, fire risk, fire sensitivity, forest fire, forest road, Isparta

:Jl\\l/'l(']RDo DUCTION fires can help their regeneration (Wuertner, 2006; Neyis¢i,

2009). The survival of those ecosystems depends on their
As anatural phenomenon of Mediterranean forest ecosys-  resilience and adaptability (Daniau et al., 2010; Keeley, 2012;
tem (Pausas and Vallejo, 1999; Keeley et al., 2012), forest ~ San-Miguel-Ayanz et al., 2013). Moreover, economic and

' Assoc. Prof. Dr. for Hiiseyin Oguz Coban, Isparta University of Applied Sciences, Faculty of Forestry, 32260, Isparta, Turkey
2M.Sc. for Halis Bereket, Stileyman Demirel University, Graduate School of Natural and Applied Sciences, 32260, Isparta, Turkey, e-mail: mail@halisbereket.com
*Correspondence: oguzcoban@isparta.edu.tr



s

social negative impacts of forest fires (Kiigitkosmanoglu,
1986; Garbolino et al., 2017) cannot be ignored. It is life
threatening for people if forest fire goes beyond the scale
that can be controlled and turns into a gigantic fire (Molina-
Terre N etal., 2019). Restoration and rehabilitation of areas
destroyed due to forest fire require high cost, long time and
a big labour force (Eker and Coban, 2009; Naama et al.,
2019). Therefore, forest fires should be detected and extin-
guished in the shortest time possible (Cao et al., 2019).
Along the south and west coast of Turkey, forests that are
distributed in areas adjacent to the Mediterranean and Ae-
gean Sea and under the influence of Mediterranean climate
are first-degree fire-sensitive areas (Bilgili et al., 2001; Bilici
etal., 2017; Coban and Erdin, 2020). This region also con-
tains special conservation areas such as national parks,
wildlife promotion areas and archaeological conservation
sites. Uninterrupted lookout throughout the fire season is
extremely important for these high fire-risk areas.

The statistics of the European Union show that 63724 for-
est fires that broke out in Turkey from 1988 to 2017, 319
848 hectares burned down (JRC, 2018). More than 90% of
those forest fires are man-made (Avci et al., 2009; JRC,
2018). Every year more than 10 thousand hectares of forest
area is burnt in Turkey (GDE 2019). These figures indicate
that Turkey faces a serious threat of forest fire.

When fire prevention fails, firefighting process starts
(Canakgioglu, 1993). The first step of this process is to im-
mediately identify the origin of the fire. It depends on no-
ticing fire in the short time possible to extinguish it before
it grows further. Delayed action of identifying the fire igni-
tion location also delays response by the first teams and that
may allow the fire to grow bigger and burn large areas (Ro-
drigues et al., 2019).

In Turkey, the primary method used for early detection of
forest fire is the network of fire lookout towers installed on
774 lookout points (GDE, 2019). Being installed for an ef-
fective fire detection system and playing an important role
for the success of first response to fire, this lookout system
reduces the fire extinguishing costs substantially (Rego and
Catry, 2006; Catry et al., 2007; Pompa-Garcia et al., 2010).
Two people assigned at towers lookout for possible fires
with binoculars uninterruptedly 24 hours a day for almost
4 months. When fire is detected from the tower, the coor-
dinates of the fire point are determined and emergency re-
sponse teams are alerted. Tower officers monitor the status
of the fire on one hand while on the other hand they navi-
gate the teams in the field. Moreover, in fire-sensitive Med-
iterranean and Aegean regions, there are only a few fire
lookout towers that are endowed with smoke detection sen-
sors and thermal camera systems (Kolaric et al., 2008;
Wooster et al., 2013). These sensors are reported to have a
very high rate of sensing fire as long as they are not influ-
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enced by mist and fog (Kugiik et al., 2017). In case of a me-
teorological alert, mobile first response teams and air sur-
veillance (helicopters/planes) can be mobilized in the forest
areas that are very sensitive to fire.

Fire lookout towers in Turkey are reported to have been
built in 1946 (Canakeioglu, 1993). Visibility analyses, that
was once made on printed maps, can now be performed
more quickly, precisely and with multiple dimensions in
digital settings. Geographical Information System (GIS) is
an effective tool to process digital surface data (Coban and
Eker, 2010; Yener, 2013) and to assess the locations of fire
lookout towers on digital maps according to the designated
criteria (Askin, 2004). In addition to the positioning of vis-
ible and invisible areas from the towers, GIS-based multi-
dimensional assessment can be made through viewing the
fire-sensitive areas from minimum two towers, processing
and inquiring dangerous areas, picnic sites, energy trans-
mission lines agricultural fields and settlement areas on dif-
ferent geographical layers. There are relatively few studies
about the viewshed analyses at forest fire lookout towers in
Turkey. In a study conducted in Boyabat in the West Black
Sea Region, 73% of the forest area was reported to be visible
from 6 fire lookout towers (Kiiciik et al., 2017). Another
study was conducted in Ilgaz which was located in the same
region (Kudu and Bugday, 2019). In a study conducted in
Gallipoli Peninsula, 73% of the forest area was reported to
be visible from 14 towers (Akbulak and Ozdemir, 2008).
Agkin (2004) conducted a study in [zmir in the west, Akay
etal. (2011) performed a study in Andirin in Kahramanmaras
region and Akay and Erdogan (2017) conducted a study in
Dursunbey-Balikesir.

Fire lookout towers are an indispensable communication
system despite the technological developments regarding
the sensation of fire and notification of response teams
about the fire including its location. The main function of
these towers is the scanning of an area by a watchman on a
regular basis at certain intervals. Therefore, these towers
should be positioned in locations where a wide physical
space can be visible and that have a wide field of view. There
is a need to determine and assess the viewshed capacity of
these towers that were positioned mainly on the basis of
two dimensional map cross-section in the past. Several de-
structive fires break out in the Mediterranean forest
ecosystems where first-degree fire-sensitive brutian pine
and black pine species are widely distributed (GDF, 2019).
Today, the effectiveness of the existing towers can be deter-
mined through analysis and assessment processes based on
GIS that is capable of processing fine data such as digital
maps and satellite data.

The objective of this study was to conduct visibility analysis
of fire lookout towers by using GIS techniques, determine
the visible and invisible areas and analyse the fire risk of fo-
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rest areas that are invisible or outside detection range. The
roads were considered to be part of the fire observation
system with many observation points on them. People
using roads passing through forests was reporting fires to
the authorized officers, immediately. Therefore, visibility
analysis of roads was also performed to check their obser-
vation potential in this region.

MATERIALS AND METHODS
MATERIJALI | METODE

Study Area — Podrucje istraZivanja

This study was conducted in Isparta Regional Directorate
of Forestry located on 36°49°24”- 38°29°35 North latitude
and 29°19’45”- 31°34°25” East longitude (Figure 1). The
study area covers about 1.8 million hectares, 44% of which
is covered by forests. This study contains a very wide fire
observation network of 37 fire lookout towers including
the neighbouring 9 towers.

Figure 1. Location of study area
Slika 1. Lokacija istrazivanog podrucja

o

The minimum, maximum and mean elevation in the region
are 72 m, 2984 m and 1236 meters, respectively, while the
mean inclination is 26%. In addition to the Mediterranean
climate, there are transition zones to continental Central
Anatolia climate. The characteristic features of the Medi-
terranean climate (Lionello et al., 2006; Karatepe and
Koyun, 2017) are observed in the south of the study area.
Temperature increases (>32°C) and precipitation decreases
(mean <20 mm) in summer (Worlclim, 2019). Fire risk
increases extraordinarily owing to high temperature com-
bined with low relative humidity declining below 10% due
to the impact of drying northerly winds during the period
covering early June and late September (Neyisci, 1987) con-
sidered as the fire season in the region. The annual mean
precipitation is 490 mm, while it declines to 17 mm on ave-
rage in summer. The mean relative humidity is 60% in
summer while the dominant wind direction is south (TSMS,
2019). Coniferous species account for 75% of the forests.
Brutian pine (Pinus brutia Ten.) and black pine (Pinus ni-
gra Arnold.) that are coniferous tree species very sensitive



Figure 2. Spatial distribution of stand types in the study area
Slika 2. Prostorni raspored tipova sastojina u istrazivanom podrucju

to fire represent 37% of the forests. The main broad-leaved
species in the region include oak (Quercus spp.) species and
false acacia (Robinia pseudoacacia L.) as well as Turkish
sweetgum (Liquidambar orientalis Mill.) species (Figure 2).

In the study area, tourism potential is high, settlement ar-
eas are intertwined with the forest, traffic increases on the
roads passing through the forest, stubble burning practice
is still sustained on the agricultural fields adjacent to the
forest, which are the main human activities that further in-
crease the fire risk. The forestry authority has 21 fire first
response teams, 41 water trucks, 8 water supply tanks, 8
bulldozers, 6 graders, 104 utility motor vehicles, 41 fire
pools, 46 water reservoirs, 99 water area (ponds/dams) and
500 fire workers for the organization of forest fire-fighting
efforts in the region (IRDF, 2018).

Geographical Dataset — Skup geografskih podataka

The topographic variables of the study area were calculated
with the help of NASA SRTM Version-3.0 1 arcsec (~30
meters) data (USGS, 2019) that could be downloaded from
https://earthexplorer.usgs.gov/. Digital elevation model
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(DEM) of the study area was produced by using this SRTM
data. Elevation, inclination and aspect layers were driven
in ArcGIS software based on DEM reported to have high
horizontal and vertical accuracy (Coban and Eker, 2009;
Bildirici et al., 2017). These topographic variables were as-
sessed together with the findings of the previous scientific
studies combined with the statistics obtained from the anal-
ysis of histogram distribution between the points of origin
of 719 forest fires that occurred in the region in the last de-
cade, and the fire risk categories proposed by Bereket (2019)
were determined (Table 1).

Fire risk is defined as the likelihood of a fire to start due to
the nature and formation of the factors that may lead to fire
(Hardy, 2005). In fact, topographic factors, human behav-
iours and forest characteristics were used to determine the
fire risk of the forest areas for this study (You et al., 2017).
All fire risk values were assigned to the relevant raster geo-
graphic data and the fire risk zones layer developed in GIS
environment by Bereket (2019) was used to inquire fire risks
of visible and invisible forest areas in the viewshed analysis
of the towers (Jaiswal et al., 2002; Eugino et al., 2016).



COBAN H. 0., H. BEREKET: VISIBILITY ANALYSIS OF FIRE LOOKOUT TOWERS PROTECTING THE MEDITERRANEAN FOREST ECOSYSTEMS IN TURKEY

Table 1. Topographic variables used for mapping fire risk zones
Tablica 1. Topografske varijable koriStene za kartiranje zona izlozenih riziku od pozara

o7

Variables Risk value Source
Varijable Vrijednost rizika lzvor
Very high
0-1100 Vrlo visok S
Elevation (meter) High
Nadmorska visina (metar) LAY Visok 4 ERRIEHL
Very low
>1800 Vrlo nizak !
Very low
05 Vrlo nizak !
5.20 Very high 5 Adapted from You et al.,
Inclination (°) Vrlo visok 2017
Nagib (°) High Prilagodeno od You et al.,
20-30 Visok 4 2017
Very low
=30 Vrlo nizak !
Flat terrains Very low 1
Ravni tereni Vrlo nizak
N Moderate 3 Adapted from Saglam et al.,
Aspect Umjeren 2008
IzloZenost High Prilagodeno od Saglam et
e b Visok & al, 2008
Very high
sl Slibd Vrlo visok 5
Table 2. Observatory parameters for viewshed analysis
Tablica 2. Parametri osmatracnica za analizu vidljivosti
Variable Default Used Remarks
Varijabla Zadano Koristeno Opaske
SPOT SRTM data (30x30 m) Elevation of the tower from the sea level
MJESTO SRTM podaci (30x30m) Nadmorska visina tornja
OFFSETA 'm 6m Height of the lookout plane in the tower from the ground
OFFEST A Visina promatracke ravnine tornja s tla
OFFSETB om 100m Height of smoke to be recognized at the point viewed
OFFSET B Visina dima koji se vidi u promatranom mjestu
AZIMUTH1 0° 0° Initial value of horizontal scanning angle
AZIMUT1 Inicijalna vrijednost horizontalnog kuta skenirranja
AZIMUTH2 360° 360° End value of horizontal scanning angle
AZIMUT2 Krajnja vrijednost horizontalnog kuta skeniranja
o o Maximum vertical angle
VERT! 90 90 Maksimalni vertikaln kut
o o Minimum vertical angle
VERT2 90 90 Minimalni vertikalni kut
RADIUS1 om om Initial length of scanning
RADIJUST Inicijalna duljina skeniranja
RADIUS2 Infinite 18 km Completion length of scanning (detection radius)
RADIJUS2 Beskonacno Zavrsna duljina skeniranja (radijus detekcije)

Viewshed Analysis of Fire Lookout Towers — Analiza
vidljivesti promatrackih tornjeva

ted in the study area were also recorded in the geographical
database for viewshed analysis. Table 2 shows the observa-
tory parameters used for the viewshed analysis made by

Viewshed analysis is performed to determine the visible and
“viewshed” function under the ArcGIS-3D analysis tools.

invisible areas through 360° lookouts at a certain point on
the terrain from a certain elevation and at a certain radius.  The elevation where the lookout is performed at the towers
In addition to DEM data, the coordinates of 37 towersloca-  located within the study area, which is offsetA, was applied
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Figure 3. Observatory parameters, a) Horizontal scanning angles (Azimuth1 and Azimuth2), detection radius (Radius1 and Radius2), b) vertical

scanning angles (Vert1 and Vert2)

Slika 3. Parametri osmatracnica, a) horizontalni kutovi skeniranja (Azimut1 i Azimut2), radijus opazanja (Radijus1 i Radijus2), B) vertikalni kutovi skeniranja

(Vert? i Vert2)

as 6 meters. OffsetB is the height of the smoke that an ob-
servatory at the tower is expected to recognize. Usually ho-
rizontal scanning (Azimuth) in full circle in the range of
0°-360° and maximum vertical angle range (Vert.) are used
at fire lookout towers (Figure 3).

Scanning is performed with a rotation of 360° at the desig-
nated scanning radius from the point where a lookout tower
is located. The atmospheric condition changes the horizon-
tal range where lookout from a tower will be effective. When
there is mist and fog in the air, the range of vision decreases
whereas it increases when the sky is totally clear (Catry et al.,
2007). In a scientific study conducted in collaboration with
the forestry authority to plan the networks of fire lookout
towers in Turkey, the lookout radius of the towers was re-
ported to be 18 km (Canakgioglu, 1993). Therefore, 18 km
was used as scanning radius in this study. The theoretical
horizontal scanning capacity of a tower is 1017 km?* which is
the surface area of a circle with a radius of 18 km. This area
also contains some places that are invisible due to the topo-
graphic structure. For this reason, each of two towers has its
own visibility performance. To evaluate the individual per-
formance of the towers, the visibility index values were cal-
culated with the following equation (1):

V= ‘S/—A % 100 (1)
A

Where VI is Visibility index, VA is Visible area from tower,
SA is Scanned area. SA is the maximum scan ability and
responsibility area for each tower. In the borderline, some
towers can detect different management areas. The visible,
invisible and areas that were outside the detection radius
of each tower were identified on the data layer obtained
from the viewshed analysis of the towers. After overlapping
the data with the forest areas and fire risk zones, the degree
of visibility of forests in the study area from the towers were
determined and the fire risk of the invisible forest areas was
assessed.

Viewshed analysis was also performed for the lines on the
asphalt roads in the region where there was heavy traffic

because the fire statistics held by the forestry authority re-
vealed that fires had been reported over the years by ordi-
nary people rather than fire lookout towers. The forest areas
that could be scanned by people in vehicles moving on the
road were determined to understand which parts of the fo-
rest areas invisible from the towers could be viewed in that
way. This was done to obtain a finding to support the idea
that fire lookout towers were necessary and their perfor-
mance should be assessed.

In order to measure the contribution of the roads to the lo-
okout system, the roads with heavy traffic in the study area
were identified. They were the asphalt roads that connected
the settlement areas. This road layer was transferred to the
geographic database. Points were placed on the road line
with a spacing of 100 meters using the road lines layer in
the geographic database. The viewshed analysis of these
points was performed. For this analysis, the variables used
in the viewshed analysis of the towers (Table 2) apart from
OffsetA and the abovementioned method were used.
OffsetA value was set as 1.4 meters in order to simulate the
person traveling in a vehicle.

RESULTS
REZULTATI

Individual viewshed analysis of each tower was conducted
and it was tested if they achieved visibility rate of 70% that
the forestry authority expected from the towers in rugged
terrain (Figure 4). Areas that were visible and invisible from
each of 28 towers in the study area within the detection ra-
dius of 18 km were identified. The statistics obtained from
the visibility analysis of the towers are given in Table 3. The
viewshed analysis results revealed that Caglayan (2: num-
ber 2 in Figure 4), Hisartepe (4) and Cakmak (26) towers
had the highest percentage of visible areas (>mean 80%).
Geledost (9), Harmancik (24) and Manastir (25) towers,
however, had the lowest percentage of visible areas (<mean
30%). The mean percentage of visible areas of the towers
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Figure 4. Detecting ranges of fire lookout towers
Slika 4. Prikaz dometa promatrackih tornjeva

Table 3. Descriptive statistics of the towers according to the visibility
analysis
Tablica 3. Deskriptivna statistika tornjeva prema analizi vidljivosti

o Visible area Invisible area Tower name
Visibility

o Vidjivo ~ Podrucje koje V1 (%) (no)
Vidljivost v L :

podrucje nije vidljivo Ime tornja (no)

Lowest  or7942 4334499 1810  Harmancik (24)
Najmanja

Highest = cosso51 835326 8911  Gaglayan (2)
Najveéa ' ' ' e
Average \ce2007 3416467  58.44
Prosjec¢na

VI :Visibility index (Eq.1)
Indeks vidljivosti (Eg. 1)

was 57.29%. The percentage in 14 towers was higher than
the average. Only 8 towers in the study area achieved the
visibility standard (>%70 visible area) designated by the fo-
restry authority.

Forest fires are observed from the fire lookout towers in a
lookout network where neighbouring towers can view one
another. The contribution of the neighbouring towers that
were not included in the study area besides 28 towers but
could observe the forests there with their lookout capacity

o

was also taken into consideration. With the inclusion of the
neighbouring 9 towers in the viewshed analysis, their po-
sitive contribution to the fire lookout process in the study
area was assessed. In this way, the areas that were visible
and invisible from 37 towers in the region were identified
(Table 4), thus the performance of the lookout network was

Table 4. Visibility analysis results of fire lookout towers
Tablica 4. Rezultati analize vidljivosti sa promatrackih tornjeva

Total Forest area Non-forest area

P’?jreaw Ukupno Sumsko podrucje Nesumsko podrucje

B B N B - R
Visible

.. 1018375.11 56.63 654318.35 59.59 364056.76 51.99
Vidljivo
Invisible

Nije 383338.85 21.31 239107.29 21.77 14423156 20.60
vidljivo
Outside
detection
radius

.. 396610.90 39.66 204694.70 18.64 191916.20 27.41
Vanjski
radijus
detekcije

Total 1798324 86 1098120.34 700204.53

Ukupno
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Figure 5. Visibility map of fire lookout towers
Slika 5. Karta vidljivosti sa promatrackih tornjeva

Table 5. Visible and invisible areas from one or multiple towers
Tablica 5. Vidljiva podrugja i podrucja koja nisu vidljiva s jednog ili vi$e tornjeva

Forest Non-forest
Type of area .
Vrsta podrutia Sumsko Nesumsko
e (%) (ha) (%)
Visible area from 1 tower
o .. . 448158.80 40.82 283277.83 40.46 731436.63
Vidljivo podrucje s 1 tornja
Visible area from 2 towers 155099.61 14.12 69690.87 9.95 224790.48
Vidljivo podrucje s 2 tornja
Visible area from 3 towers 4117416 3.75 8942.93 1.28 50117.09
Vidljivo podrucje s 3 tornja
Visible area from 4 towers 8716.50 0.79 1883.69 0.27 10600.19
Vidljivo podrucje s 4 tornja
Visible area from 5 towers 1112.35 0.10 261.44 0.04 1373.79
Vidljivo podrucje s 5 tornjeva
Visible area from  towers 56.93 0.01 0.00 0.00 56.93
Vidljivo podrucje sa 6 tornjeva
Invisible area 239107.29 21.77 14423156 20.60 383338.85
Podrucje koje nije vidljivo
Area outside the detection range 204694.70 18.64 191916.20 27.40 396610.90
Podrucje izvan dosega opaZanja
Total 1098120.34 100.00 700204.53 100.00 1798324.86

Ukupno
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determined (Figure 5). In this system that looks out for tens
of square kilometres of areas, areas that were not visible due
to the topographic impact although they were inside the
effective detection radius, areas that were outside the detec-
tion radius as they went beyond the optimum lookout dis-
tance and areas that were visible from one tower or several
towers could be identified.

The network of towers in the study area could view 56% of
the overall area and 59% of the forest areas (Table 4). These
results revealed that 41% of the forests in the study area were
invisible. It can be suggested that the rate of invisible fores-
tland is high for an area with fire sensitive tree species and
stands (Neyisci, 1987). Moreover, as the Mediterranean cli-
mate characteristics lead to increased danger of forest fire,
the forest fire risk is maximum in summer in this region
(Neyisci, 1987). As it was possible to assess the existing tower
network in three-dimensional analyses in this study, the ob-
servation capacity through the existing tower network, which
was constructed without digital data and methods and fire
risk analysis, and its disadvantages, could be determined.

The horizontal distance between the neighbouring towers
in the network in this region ranged from 5 km to 55 km.
The average distance is lower between the towers inside the

Figure 6. Spatial distribution of visibility from multiple towers
Slika 6. Prostorni raspored vidljivosti s viSe tornjeva

o

forests. In this way, several towers can view one place. Table
5 shows the spatial distribution of the areas that were visi-
ble from one tower or several towers according to the
viewshed analysis, while their spatial distribution is shown
in Figure 6. The presence of towers that are 5 km close to
one another is an indication that the terrain where the fo-
rests in the area are distributed is very rugged. Despite that,
21% of the forests was invisible and 18% was outside the
observable range of the towers.

The fire risk of the invisible forest areas in this region was
assessed by overlapping the fire risk zones map developed
by Bereket (2019) with the viewshed analysis map (Figure
7). The spatial distribution of areas invisible from lookout
towers across the fire risk classes demonstrates that 15% of
the invisible forest areas had relatively higher fire risk (Ta-
ble 6). After nine towers neighbouring with the study area
were included, only 1% of the previously invisible high fire-
risk areas became visible.

In order to test the visibility of forests in the region from
the vehicles moving on the highway, viewshed analysis was
conducted on points designated at an interval of 100 m on
this road axis (Figure 8). From those roads, 52% of the fo-
rest area was visible.
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Table 6. Distribution of visibility analysis results to fire risk classes
Tablica 6. Distribucija rezultata analize vidljivosti po klasama rizika od pozara

Field characteristics Visible area Invisible area Out of detection range
Karakteristike terena Vidljivo podrucje Nevidljivo podrucje Izvan dosega opaZanja
Fire risk class Area (a), ha 0 Area (a), ha 0 Area (a), ha 0
Klasa rizika od poZara Podrudje (a), ha o) Podrucje (a) ha D) Podrucje (a) ha )
Very high 11636154 10.60 35688.37 3.25 11084.23 1.01
Vrlo visok
High
. 130281.58 11.86 38297.85 3.49 13455.76 1.23
Visok
Moderate
. 226386.32 20.62 96324.86 8.77 141082.25 12.85
Umjeren
Low
) 107411.96 9.78 39589.20 3.61 37031.84 3.37
Nizak
Very low 62621.74 5.70 26569.91 2.42 15932.94 1.45
Vrlo nizak
Total forestarea 643063.13 236470.18 218587.02
Ukupno sSumsko podrucje
Non-forest area 361092.06 135115.63 203996.83
Nesumsko podrucje
Overall forest area (b) Overall area
Sveukupno Sumsko podrucje (b) 1098120.34 Sveukupno podrucje 1798324.86

Figure 7. Spatial distribution of invisible areas to fire risk classes
Slika 7. Prostorni raspored podrucja koja nisu vidljiva prema klasama rizika od pozara
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Figure 8. Visibility analysis of roads
Slika 8. Analiza vidljivosti prometnica

When the visibility map of the asphalt road line was over-
lapped with the visibility map of the towers, it was found
that 123 656 ha of forest area that had not been visible be-
fore from the towers or outside the detection range became
visible. Thus, people using the roads contributed to the lo-
okout system by 11% and ensured that 70% of the forest
area in this region was visible when combined with the
towers. On the other hand, 59% of 523 thousand hectares
of forest land that were not visible from the roads were vi-
sible from the towers. Therefore, fire lookout towers are still
the primary lookout structure for this region.

DISCUSSION
RASPRAVA

The efficiency/effectiveness/performance of the fire look-
out towers is measured through the area that the towers can
scan-view. Therefore, towers are supposed to be able to view
an area that is scanned at 360-degree horizontal angle and
minimum 120-degree vertical angle. Furthermore, the dis-

o

tance that can be viewed with optical devices such as bin-
oculars is also taken into account. In this study, the scan-
ning radius of the fire lookout towers was selected as 18 km.
This value is the basic standard used by the Turkish State
Forest Authority for the construction of towers (Canakgioglu,
1993). The studies in the literature show that this scanning
radius is an acceptable value. Rego and Catry (2006) calcu-
lated the effective detection radius for Portugal as 13.4 km
for bad weather conditions and 20.6 km for good weather
conditions. In America, effective detection range is usually
13-32 km. Especially in north America, the standard effec-
tive detection range is 24 km while it has been reported that
10-13 km detection radius could be used in areas with low
range of vision in the south and southeast America (Davis,
1959; Brown and Davis, 1973). According to the United
States Department of Agriculture (USDA), the observation
radius of around 800 towers constructed in 1938 in the
north of America was above 30 km on average. In Spain,
the effective detection radius was reported to be 6-8 km for
bad weather conditions and 10-20 km for optimal condi-
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tions (Ruiz, 2000). In Turkey, Kiigiik et al. (2017) and Goltag
et al. (2017) also conducted viewshed analysis, in which
they used 10 km as the detection radius. As understood
from these studies, the visibility of towers is lower in areas
where the terrain is rolling/rugged.

The forest authority expects 70% visibility from the towers
on rugged terrains. However, two-thirds of the towers in
the area does not meet this expectation. This raises the fol-
lowing question: although the forest authority constructed
these towers, why are most of them below the visibility stan-
dard it expects? To answer this question, we need to know
the circumstances then. When these towers were con-
structed, digital data, computer technologies and GIS soft-
ware were not available. For that reason, digital topographic
models were not used. The findings of this study demon-
strate that the location of fire lookout towers was not iden-
tified optimally. When a tower location was selected, the
visible and invisible areas from a tower to be placed at that
location could be automatically calculated through views-
hed analysis. However, only printed maps were used at that
time, it was not possible to make such calculations. More-
over, cost is one of the important elements to select the lo-
cation of a tower. Maybe a more reasonable location was
selected instead of constructing the towers at very steep and
stiff locations without any roads.

Figure 7 shows that some of the forests that were in the scan-
ning range of the towers but not visible were at high fire
risk. This may be due to two reasons: first, as fire risk anal-
ysis and three-dimensional analyses were not performed
for the construction of the towers, a mistake was made in
the selection of the towers’ location. Secondly; as the terrain
in the area where the forests were situated was highly rug-
ged, observation capability is limited. This is definitely an
optimization problem (Korkmaz, 2004). However, it can be
suggested that the location of the towers in the existing
lookout network, that does not rely on an optimization so-
lution, does not meet the expectations.

The scientific studies conducted in Turkey demonstrate that
the average visibility rate of the regional fire lookout systems
is below the standard. Kii¢iik et al. (2017) reported that tow-
ers could view 47% of the overall area and 52% of the forest
areas in a study they conducted in West Black Sea Region.
In other studies, 52%, 47% and 49% of the overall area were
reported to be visible from the towers in studies performed
by (Askin, 2004; Kudu and Bugday, 2019; Goltas et al.,
2017), respectively. According to the studies conducted in
Turkey, the network of towers with the highest visibility rate
is in Gallipoli Peninsula with 76% (Akbulak and Ozdemir,
2008). These findings demonstrate that the fire lookout sys-
tems performed less than expected by the forestry author-
ity. This is basically because the locations where the towers
were positioned were determined according to the graphi-
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cal calculations on printed maps rather than utilizing the
data from digital elevation model. It is now possible to po-
sition towers with economically optimal (Korkmaz, 2004)
and desired visibility rate using digital data and GIS (Bao
et al., 2014; Shi and Xue, 2016).

There are only a few studies conducted in Turkey in which
the network of fire lookout towers was overlapped with for-
est fire risk zones. Kiigiik et al. (2017) reported that 6% of
the relatively high fire risk forest areas was invisible, 15%
was outside the effective detection range. In this study, 15%
of the forest area was found to be outside the detection
range and have relatively high fire risk. Taking into account
these risks, we think that a more effective lookout system
should be constructed in forests at high fire risk through
sensitive forestry activities (Sentiirk, 2018). The forest au-
thority is aware of the fact that fire lookout towers are not
sufficient in certain areas. It tries to raise awareness of local
people to fight forest fires in order to compensate these gaps.
Through nation-wide public awareness-raising activities,
people are advised to contribute to the prevention of forest
fires and notify authorities immediately in case of a fire.

The fire statistics regarding the study area from 2008 to 2018
reveal that 70% of the fire reports were submitted by citi-
zens to the security units or fire notification line of forestry
authority. Fire reports from the towers have been decreas-
ing, especially following 2010. This is because people use
mobile phones more commonly and they can directly no-
tify the security units about the fires that occur in places
close to highways where especially there is heavy traffic
(Eker and Ozer, 2015).

People using the inner forest roads lead to the start of for-
est fire on one hand due to reasons such a cigarette litter
and picnic fire while on the other hand they increase the
success of first response by notifying the forest authority
immediately if they see a fire while travelling through these
roads (Narayanaraj and Wimberly, 2012; Ricotta et al.,
2018). The records show that notification in this way is
much earlier than the recognition by towers (IRDE, 2018).
Almost everyone has a mobile phone today, this means that
every conscious individual is a fire observatory. Therefore,
it can be suggested that forests that are adjacent to settle-
ment areas and visible from the frequently-used roads are
under constant observation.

Fire lookout towers not only recognize fires in the shortest
time and notify the fire response teams but also provide lo-
gistic support to them during fire extinguishing activities
(Belval et al., 2019). We think that the tower lookout net-
work will continue to be used as primary system in danger-
ous areas, protected areas and sensitive areas. With future
technological developments in digital camera systems, ther-
mal sensors and unmanned aerial vehicles, they can be
more commonly used for fire observation. We think that it
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will be more appropriate to find optimal solutions by as-
sessing the areas at high fire risk rather than aiming at
achieving 100% visibility from the towers in forests that are
located on mountainous and rugged terrains such as Tur-
key. Furthermore, it can be suggested that a good self-check
can be performed by using the methodology applied in this
study when it is necessary to check the effectiveness of the
existing towers and fixed lookout stations.

CONCLUSIONS
ZAKLJUCCI

The primary objective of forest fire fighting is to respond to
fire before it occurs or grows to the extent that cannot be
controlled. Early detection of fires can ensure success for
early and moderate intervention. In this study, viewshed
analysis was performed for 28 lookout towers inside the
boundaries of Isparta Regional Directorate of Forestry and
9 towers outside its boundaries. The findings demonstrated
that these towers could view 59% of the forest area inside
the study area. While 19% of the remaining forest area was
outside the detection range of the towers, 22% was not vi-
sible due to the rugged terrain and detection limits of the
towers. In this lookout system, 41% of the forest area was
visible from only one tower, while 19% was visible from
multiple towers. The towers built without GIS-based
viewshed analysis were understood to be able to control
around 40% of the forest area in this mountainous and fire-
sensitive region. It was also found that they could not con-
trol more than 100 thousand hectares of fire-sensitive forest
area. This is a weakness in fighting fire as regards early alert.
Although it is not possible to reach the data that can calcu-
late the opportunity cost of fire lookout towers from stati-
stical point of view, it can be suggested that they decrease
the damage caused by fires. Moreover, GIS-based metho-
dology developed and used in this study can be useful to
install fixed cameras or chameleon vision cameras that are
capable of detecting fires because it is an important decision
support system that allows for multidimensional asse-
ssment. There is a need for further studies on GIS-based
methodologies that include the use of fixed camera systems
and remote sensing technologies in addition to the conven-
tional lookout towers with a view to planning the economi-
cally, technically and operationally optimal lookout system.
We recommend a multidimensional structure of human
and digital technology interaction to establish the optimal
fire observation systems in the future.
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SAZETAK

Brza detekcija pozara i precizna identifikacija njegovog mjesta od presudne su vaznosti za uspjeh u
borbi protiv sumskih pozara. Vatrogasni tornjevi, odnosno motrionice, te njihovo pravilno koristenje,
predstavljaju prvi korak u uspje$nom otkrivanju sumskih pozara u Turskoj. Cilj ove studije bio je
izvrs$iti analizu vidljivosti vatrogasnih tornjeva postavljenih u planinskom mediteranskom $umskom
dijelu Turske te procijeniti njihovu u¢inkovitost. Za zastitu $umskog okolisa potrebno je utvrditi funk-
cionalnost i kapacitet ovih tornjeva. Podrudja koja su s tornjeva vidljiva i nevidljiva identificirana su
pomocu geografskog informacijskog sustava i digitalnih podataka o nadmorskim visinama visoke re-
zolucije. U analizi vidljivosti, skeniranje je izvedeno rotacijom za 360 stupnjeva u radijusu od 18 kilo-
metara od mjesta na kojem se nalazi vatrogasni toranj. Prometnice u ovoj regiji jedan su od elemenata
koji se mogu koristiti u motrenju pozara. Ljudi koji putuju ovim prometnicama mogu prijaviti Sumske
pozare pomoc¢u mobitela. U tom smislu, u¢inkovitost/djelotvornost tornjeva povezana je sa Sumskim
cestovnim prometom. Stoga je izvr$ena i analiza vidljivosti prometnica radi provjere mogu¢nosti mo-
trenja s cesta. Iako su na ovom podruéju, u kojemu su crnogori¢ne vrste drveca poput brucijskog i
crnog bora vrlo osjetljive na vatru postavljena 37 promatracka tornja, 40% Suma nalaze se u podrudju
koje nije vidljivo, a 15% tih $uma izloZene su visokom riziku od pozara. Preko 100 tisuc¢a hektara
podrudja osjetljivog na pozare u ovoj regiji nije bilo moguce kotrolirati s tornjeva. Mreza tornjeva
pokrivala je 56 % ukupnog podrucja i 59 % $umskog podrucja. Ljudi koji su koristili ceste doprinijeli
su sustavu za detekciju pozara s 11 % pa je na taj nacin, zajedno s tornjevima, 70 % $umskog podrucja
u ovoj regiji bilo vidljivo. S druge strane, 59 % od 523 tisuca hektara Sumskog zemljista koji nisu bili
vidljivi s cesta bili su uocljivi s tornjeva.Naglaseno je da je participativno ponasanje ljudi koji zive u
$umama i koriste Sumske prometnice vazan dio sustava motrenja poZara pri zastiti okolisa.

KLJUCNE RIJECI: analiza vidljivosti, opasnost od pozara, osjetljivost na pozar, Sumski pozar, Sumska
prometnica, Isparta
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Ve¢ tredi i cetvrti broj traje “svada” o promjerkama Sumarnika Hajeka iz N. Gradiske
i profesora Levakovica. Polemika ide dalje i u oba ova broja tako da se dalje njome
necemo baviti.

U broju 7/1920 pretezit obim zauzima pretisak Trs¢anskih uzansi za trgovinu drvom.
Zanimljivo je, nakon sto godina, promotriti kojim se to Sumskim proizvodima
trgovalo prije samo sto godina. Za ovu prigodu izabrali smo jedan nadasve zanimljiv
proizvod: Sumski izradena bukova vesla. Zamislite u $umi, sjekirom, otesati bukovo
veslo dugacko 8,5 metara, Sirine lopatice 18-24 cm i debljine drska 10-12 cm. Prodaju
se po 100 komada!
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VEGETACIJSKA | DENDROLOSKA OBILJEZJA
PARK-SUME HOBER U KORCULI

VEGETATIVE AND DENDROLOGICAL CHARACTERISTICS OF
HOBER FOREST PARK IN KORCULA

Zeliko SPANJOL', Boris DORBIC?, Nikola VRH?, lvana GASPAROVIC?, Ivan TOLICS, Milan VOJINOVICE

SAZETAK

Sustavnih istrazivanja biolosko-ekoloskih obiljezja cjelokupnog podrudja i same park-sume Hober nije bilo do
sada. Strukturna obiljeZja sastojine nalazimo tek u Planu gospodarenja za park-sumu Hober (2006-2015). Sumarsku
problematiku nalazimo u radu Vojinovica (1997). Dendroloska istrazivanja imamo u radovima Denich i Draganovié
(1985), Vojinovi¢ (1997),Fabris (2001), Onofri (2002). Izostala je njegova cjelovita inventarizacija.

Danasnje stanje park-Sume Hober karakterizira njegova zapustenost i neuredenost kako $umske vegetacije i
dendrolosko-hortikulturnih, tako i vrtno-arhitektonskih sadrzaja. Prisutna je koncepcijska nedefiniranost
cjelokupnog podruéja Hobera.

Park-$uma Hober u vegetacijskom smislu pripada Sumskoj zajednici Suma alepskog bora i hrasta crnike (Querco
ilicis — Pinetum halepensis Loisel 1971). Upravo iz razloga vegetacijske i strukturne neujednacenosti, postavljeno
je 7 pokusnih ploha u samoj park-$umi, te jo$ 4 izvan nje. Cilj je detaljnom vegetacijskom i strukturnom analizom
izdvojiti pojedina podrudja, dati njihov opis i prikazati njihovo stanje, sto se kasnije moze upotrijebiti u svrhu
zoniranja prostora.

Analizirana istrazivanja pokazuju da u sloju drveca alepski bor prevladava na plohama 1,2,3 i 9; crnika na plohama
415 te obi¢ni cempres na plohama 61 7. U sloju grmlja najzastupljenija je lemprika koja dolazi na svim plohama.
Zatim su tu Sirokolisna zelenika i tr$lja. Iz tablice 2 vidimo da je na svim plohama pokrovnost vegetacijom pot-
puna osim na plohi 6, gdje je rijetka makija. Sloj drveca je prevladavajuci osim na plohama 8, 10 i 11, gdje je
prisutna makija. Zamjetno je da je kod razvijenih sastojina podjednako gust sloj drveca i grmlja. Tu odstupaju
plohe 6 i dijelom ploha 9 te plohe 10 gdje je makija te ploha 11 koja je prirodna sukcesija Sumske vegetacije na
zapustenim poljoprivrednim povr$inama. Osim kod makije imamo vrlo visok drvni volumen (drvna zaliha) koji
se ovisno o razvoju sastojine kre¢e od 100 do ¢ak 270 m?*/ha. Broj stabala je isto vrlo velik i krece se od 1000 do
2700 po ha. Svi ti podaci ukazuju na neuredenost i izostanak bilo kakvih uzgojnih radova.

Cilj ovog rada je istraziti vegetacijska, dendroloska, Sumsko-uzgojna i strukturna obiljezja cjelokupnog podrucja
Hober. Ona su primarni pokazatelj stanje i dat ¢e smjernice za njegovu buducu biolosku i prostornu valorizaciju.

KLJUCNE RIJECI: park-$uma Hober, vegetacijska obiljezja, strukturna obiljezja, dendroflora
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INTRODUCTION

Od vremena nastanka do danas prostor gradskog parka,
danas i park-sume Hober dozivljava niz promjena uvjeto-
vanih razli¢itim drustveno-ekonomskim i prirodnim okol-
nostima koje su se dogadale kroz povijest, a koje se doga-
daju i danas. Prostor Hobera prolazi kroz razlicite razvojne
faze, od prirodne $ume iz koje nastaje preko gradskog parka
koji se odrzava i njeguje, sve do razine zastite nakon koje
slijedi drasti¢no zapustanje. U Planu gospodarenja za park-
Sumu Hober (2006-2015), u poglavljima koja odreduju
smjernice buduceg gospodarenja, stoji da je ‘glavni cilj gos-
podarenja ovom sastojinom ocuvanje autohtone sumske za-
jednice i ekoloskog sustava®. I drugi su istrazivaci istrazivali
park Sumu Hober s aspekta Sumarskih znanosti. Tako Vo-
jinovi¢ (1997) u svom radu iznosi podatke o zdravstvenom
stanju i uredenju ove park-Sume. Onofri (1997) vrlo kriticki
ijasno iznosi ¢injenice o stanju parka u ono vrijeme. Popise
dendroflore u ve¢em ili manjem obimu nalazimo u rado-
vima autora Denich i Draganovi¢ (1985), Vojinovi¢ (1997),
Fabris (2001) i Onofri (2002).

MATERIJALI | METODE
MATERIALS AND METHODS

Istrazivanje flornog sastava uradeno je izradom fitoceno-
loskih snimaka na plohama po metodi ciri$ko-monpeljeske
$kole (Braun-Blanquet 1964). Fitocenoloske snimke su sni-
mljene na plohama od 400 m? (20 m x 20 m). Fitocenolosko
snimanje obuhvaca popis svih biljnih vrsta u sloju drveca,
grmlja i prizemnog rasca koje su uocene i zabiljezene na
odabranim plohama s pripadajuc¢im vrijednostima za po-
krovnost. Obavljena su vegetacijska istrazivanja na po-
drudju cjelokupnog prostora Hobera. Ukupno je postav-
ljeno 11 pokusnih ploha, od kojih je 7 ploha postavljeno na
podrugju park-sume Hober (plohe 1 do 7), dok su preostale
4 plohe postavljene izvan podrucja park-sume (plohe 8 do
11). Strukturna obiljezja istrazivana su na 10 ploha (izo-
stavljena su na plohi 11- poljoprivredna povrsina). Plohe
su povrsine 225 m?.

Nakon terenski prikupljenih podataka pristupilo se stati-
stickoj obradi podataka i odredivanju osnovnih sastojinskih
elemenata te obracunu drvne zalihe sastojine. Osnovni sa-
stojinski elementi su broj stabala (N), temeljnica (G) i vo-
lumen (V) izrazeni po debljinskim stupnjevima i zbirno za
svaku vrstu pojedino te ukupno kada se odnose na cijelu
sastojinu, po hektaru. Znanstveni nazivi biljaka su prema
bazi podataka Flora Croatica (Nikoli¢ 2012);( Vidakovi¢,
M. i Franji¢, J. 2004), (Idzojti¢, M., 2009), ( Idzojti¢, M.,
2013).

U radu su kori$tene metode analize, sinteze i komparativne
metode. Rad obuhvaca prikupljanje i sistematizaciju arhiv-
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ske grade, dokumentacije i kartografskih prikaza, postoje-
¢ih Projekata, Planova, Studija, literature te podloga veza-
nih za park $umu u relevantnim institucijama, njihovu
analizu i interpretaciju. Na temelju prikupljenog materijala
iizvedenih analiza proizlaze podaci o temeljnim obiljezjima
podrudja, bioloskim vrijednostima vegetacije, dendroflore
i stanista te krajobrazne, oblikovne, stilske i kulturno povi-
jesne vrijednosti.

REZULTATI ISTRAZIVANJA
RESEARCH RESULTS

Povijesni pregled i analiza — Historical review and
analysis

O nastanku gradskog parka Hober pronalazimo vrlo malo
novijih radova koji se uglavnom temelje na prijepisima onih
prijasnjih. Pisani izvori se prvenstveno temelje na zapisni-
cima sa sjednica iz austrijskih arhiva, te se smatra da bi se
njihovim detaljnijim istrazivanjem moguce moglo do¢i do
jo$ podataka o nastanku danasnjeg gradskog parka i park-
$ume Hober.

Vojinovi¢ (1997) navodi da je prema predaji utemeljitel;
gradskog parka Hoberbio Rafo Arneri (1837.-1899.) koji je
1871. godine postao nacelnikom Korcule i koji se kako na-
vodi Peric¢i¢ (2004), u svom djelovanju isticao kao prepo-
roditelj koji je dao svoj obol javnom Zivotu grada i otoka
Korc¢ule, ponajprije kroz kulturno-drustveni rad i stremlje-
nja na gospodarskom razvitku. O porijeklu Sume iz koje je
nastao park Hober Vojinovi¢ (1997) iznosi podatak o po-
zaru iz 1879.godine nakon kojeg se “sredozemna vegetacija
osobito bujno razvila”, te podatak da se sa poSumljavanjem
na podrudju Luke krenulo u drugoj polovici 19. stoljeca.
Prema navodima Fabrisa (2001) park-suma Hober nastala
je posumljavanjem alepskim borom i pinijom uz duboku
uvalu (luku) Us (porto Pedoccio) juzno od grada Korcule.
Konstruirao ga je njemacki inzenjer Hober. Namjena je bila
odmor, rekreacija i lije¢enje bolesnika di$nih organa (,,disne
kupke®). Vojinovi¢ (1997) istice da o samom porijeklu
imena parka ne moZemo nista s pouzdanjem reci, no vje-
rojatno je vezano uz naziv brda koje dominira parkom, a
koje na karti iz 1830.godine, kao i kasnijih godina nosi na-
ziv Ober (njem.-iznad, gore, gornji) .Oreb (2007) takoder
navodi kako je krajem 19. Stolje¢a posumljeno podrudje
kraj ceste prema Lumbardi na oko kilometar od grada, te
daje ondje izrasla “lijepa borova Suma nazvana Hober, koja
je prigodom jedne obljetnice cara Franje Josipa (1830.-1916.)
opcinskim novcem pretvorena u gradski perivoj”. Uvidom u
Pismohranu Op¢ine Korcule, svezak Zapisnici Op¢inskog
vijeca, 7. lipnja 1898. godine, odrzana je svecana sjednica
Op¢inskog vije¢a u dvorani Op¢inskog doma o proslavi u
¢ast 50. godisnjice sretnog vladanja kralja Franje Josipa I.
U Zapisniku se navodi prijedlog ‘da se od ob¢inske vel



SPANJOL Z. i dr.: VEGETACIJSKA | DENDROLOSKA OBILJEZJA PARK-SUME HOBER U KORCULI

Slika 1. Dio karte Kor¢ule s oznacenim brodogradilistima iz 1571. go-
dine; kartograf Giovanni Francesco Camocio (lzvor: Gradski muzej
Korcula)

Pictures 1. Part of the map of Kor€ula with marked shipyards from 1571

umjetno posumljene obliznje gore ‘Ober’ ... uredi basta” i da
se nazove “Basca Frana Josipa I, kao i da se “svake godine
u proracunu Grada uvrsti prilicna svota za uredenge iste ba-
$¢e”. Sukladno zapisu moze se pretpostaviti da je Hober
sluzbeno proglasen gradskim parkom tek u narednom raz-
doblju iste 1898.godine, te da je nastao umjetnim posumlja-
vanjem. Gljivoje (1969) navodi da je znac¢ajno umjetno po-
$umljavanje seoskih gajeva provedeno 1904. godine, a medu
kojima navodi i Hober. Hober, kao i padine oko grada po-
$umljene su u vie navrata. Imamo podatke od kraja 19. i
pocetka 20. stoljeca. Isto tako zabiljezena su i dva pozara,
manji 1920.godine i ve¢i 1929. godine kada je izgorjelo
podrudje od naplova do groblja, zastiene park-sume.
Nakon pozara to je podrucje poSumljavano u vise navrata,
pa tako imamo podatke za 1938. godinu, gdje su te sastojine
op¢enito mlade od onih u park-sumi (Vojinovi¢ 1997).
Tako to¢no porijeklo $ume iz koje je nastala danasnja park-
$uma nije moguce utvrditi. Vazno je posebno se osvrnuti
na Sumarstvo kao djelatnost na otoku Kor¢uli, te napome-
nuti da su ovdje Sume oduvijek bile od velike vaznosti o
¢emu najvise podataka iznosi Gljivoje (1969). Sam naziv
Korcule Crna Korcula (gré. Korkyra Melaina, lat. Corcyra
Nigra) dokazuje da je otok oduvijek bio $umovit. Autor kao
svjedocanstvo o znacajnom broju povrsina $uma navodi
Korculanski statut iz 1214. Godine, iz ¢ijih je odredbi vid-
ljivo da je postojala briga o o¢uvanju i na¢inu iskoristavanja
$uma bududi je drvo imalo veliku gospodarsku vaznosti.
Osobito se koristilo drvo alepskog bora kao ogrjevno i gra-
devno drvo, ponajprije u brodogradnji iako, kao tehnicko
drvo, ima relativno kratak vijek. Takoder se koristio i za
smolarenje (Vukeli¢ 2012). Makija je bila sje¢ena za potrebe
ogrijeva i hranidbe stoke. Iz tog razloga je razumljivo da se
u jednom trenutku sjeca borovih stabala otela kontroli, te
da je Sumama kroz statute i zbirke reformacija posvec¢ena
posebna paznja. U Kor¢ulanskom statutu postoji znatan
broj odredbi o zabrani sjece, o ograni¢enju broja stoke koja

se drzala po Sumama i o ¢uvanju $uma, a slicne propise
pronalazimo i sa kasnijim datumima s pocetka 20. stoljeca.
Gljivoje (1969) takoder istice kao problem intenzivnu sje¢u
i prodaju $uma od strane stanovnistva koje je eksploataciju
$ume prosirilo na sve strane otoka i do samih obala, pose-
bice u prvoj polovini 20. stolje¢a kada se drvo izvozilo u
Split i Italiju. Oreb (2007) navodi da je tijekom 19. stoljeca
na veliko smanjenje Suma bora i crnike najvise utjecalo sve-
strano iskori$tavanje drva i kore te Cesti pozari. U prilog
tome pronalazimo brojne zapise medu nesredenim spisima
Fonda Kotorsko poglavarstvo u Kor¢uli iz Arhivskog sabir-
nog centra u Trnovu koji svjedoce o intenzivnom iskoris-
tavanju Suma i posumljavanju otoka Korcule s kraja 19. i
pocetka 20.stoljeca. Tako od 20. prosinca 1885. godine pro-
nalazimo dopis kojim op¢inski lugari od Visokog Zemalj-
skog Odbora mole da se uvazi njihova lugarska sluzba i da
im se povisi placa, jer, kako navode “Nasa sluzba je mucna
i teska, a suvie je teska jer se moramo s pukom omraziti kada
sluzbu toéno vrsimo, puk koji se bio naviko pusto goru sjeci,
kréiti i pasu za marvu svudje prosto uzivati i nas nevoli zato
i nedade da se nasu placu od strane obcine povisi..”. Od 27.
ozujka 1886. godine pronalazimo zapis o odluci da se sku-
pljaju i donose $isarke prije nego se pocnu otvarati kako bi
se pod nadzorom lugara iz $iSarki istresalo sjeme bora koje
se koristilo za poSumljavanje. Kako navodi Oreb (2007)
prema izvorima austrijskog arhiva iz 1865. godine, da bi se
$uma zastitila od bespravnog prisvajanja, sjece i kr¢enja, u
gradu Kor¢uli je postojalo Sumsko nadzornistvo u kojem je
bio Sumski nadzornik koji je nadzirao $ume i kaznjavao ne-
dopustenu sjecu, njezino bespravno prisvajanje i kréenje.
Kako autor dalje navodi, u svrhu razvoja $umarstva u po-
krajini. Namjesnistvo je 70-tih godina 19. stoljec¢a propisalo
imenovanje upravitelja Sumarija, Sumskih tehnicara i osni-
vanje Sumskih straza. Godine 1881. je preustrojeno Sumsko
gospodarstvo u Op¢ini Kor¢ula podru¢nom podjelom i po-
ja¢anom $umarskom sluzbom.

Uvidom u kartu iz 16. stoljeca (Slika 1.) na kojoj je podrucje
Hobera oznaceno drveéem, moze se donijeti zakljucak da
je brdo Hober kroz ¢itavu daleku povijest bilo obraslo $um-
skom vegetacijom te da se to podrucje oduvijek koristilo
kroz razli¢ite djelatnosti od strane okolnog stanovnistva.

Prema navodima Onofria (1997), “na sjeveroistocnoj padini
brezuljka Baterije u nedavnoj proslosti je iskrcen vegetacijski
pokrov i umjesto njega na tom je lokalitetu iznikao cementni
naplov, posto Korcula toga vremena nije imala vodovod ni
tekucu vodu”. Uvidom u dostupne planove Korcule koje
nam je ustupio Odjel za katastar nekretnina Korcula, mo-
guce je odrediti razdoblje u kojem je naplov izgraden. Tako
je na planu iz 1836. godine prema granicama Cestica jasno
vidljivo da naplov nije postojao, dok se na planu iz 1874.
godine jasno iscrtana Cestica koja prema prostornom po-
lozaju odgovara danasnjoj lokaciji naplova. Tako sa sigur-
no$c¢u mozemo tvrditi da je naplov izgraden za vrijeme au-



Slike 2.i 3. Prizor iz parka s kraja 20-tih godina 20. stoljeca

(Ilzvor: Gradski muzej Kor€ula; Arhivski sabirni centar Korcula-Lastovo,
sjediSte Trnovo)

Pictures2. Scenes from the park from the late 1920 s

stro-ugarske vladavine u razdoblju izmedu 1836. do 1874.
godine. Kako Onofri (1997) dalje navodi, donosenjem te-
kuce vode s kopna naplov gubi svoju funkciju. Autor tako-
der navodi da “na samom naplovu, od njegovih prvih dana,
a zaslugom arhitekta koji voli prirodu, raste par specificnih i
rijetkih borova vrste primorski bor (Pinus maritima).

Prema navodima Oreba (2007), kada je Suma Hober pre-
tvorena u “‘gradski perivoj” u njemu su prokrcene i posljun-
Cane staze i postavljene mnoge klupice. Iz takvog navoda
se moze zakljuciti da su prijanje staze, ukoliko su i posto-
jale, najvjerojatnije bile ugazeni putevi. Pozivajudi se na Za-
pisnike Op¢inskog vije¢a iz 1898. godine, autor navodi kako
je Hober postao omiljeno sastajaliste gradana, posebno za
blagdane kada bi se priredivali koncerti limene glazbe. O
tadasnjoj vaznosti parka svjedoce i danasnji ostaci kamenih
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klupa sa uklesanim imenom ugledne korculanske obitelji
Foreti¢ koja ih je 1901. godine dala postaviti u parku. De-
nich i Draganovi¢ (1985) navode da se ispod vrha nalazi
zaravan s koje se pruza lijepi vidikovac na okolicu.

U isto¢nom rubnom dijelu Hobera izgradena je kapelica
Gospe Lurdske. Spomenik palim vojnicima op¢ine korcu-
lanske podignut je 1917. godine. Prema ustupljenim zapi-
sima od strane Arhivskog sabirnog centra Kor¢ula-Lastovo
u Trnovu, koji su nastali proucavanjem arhivskih izvora,
novinskog fonda i postojece literature, zadatak izrade na-
crta i spomenika povjeren je nastavniku korculanske obrt-
nicke skole ¢ehu Vaclavu Bardi. Dalje je navedeno da je za
potrebe prijevoza kamena s otoci¢a Vrnika na obali izgra-
den mul i pristupni put do mjesta podizanja spomenika.
Kako pi$u izvori, spomenik je izraden u secesijskom stilu,
duhu ondasnjeg vremena.

Oc¢ito pod dojmom tadasnjeg izgleda parka i ugodaja koji
je pruzao, o njemu jepisao iDon. Maso Boduli¢ “Borovima
te drugim zelenilom bogat gradski park Hober, nalazi se ne-
daleko od grada. Sa platoa ovoga parka uziva se krasan po-
gled na carobnu okolicu i na mnostvo malenih razasutih oto-
Cica, na poluotok Peljesac i na korculanski kono.” (Boduli¢
1922). Vojinovi¢ (1997) navodi da je Hober uvrsten u ta-
dasnje turisticke prospekte grada Kor¢ule i opisan kao “ve-
liki i lijepo uredeni park” koji ¢ini uvalu u kojoj se nalazi
“pogodnom za diSne kupke”. Isti autor dalje navodi da je
Drustvo za saobracaj putnika i poljepsavanje grada Korcule
1926. godine, napravilo novi put koji vodi do tvrdave sv.
Vlaha sa suprotne juzne strane starom putu, te da je na taj
novi put nadovezano i uredeno jos jedno Setaliste koje spaja
tvrdavu (Fortezzu) s parkom Hober povrh predjela zvanog
Betlem. Autor takoder navodi da je iste godine popravljen
i “put oko Hobera” napravljen bunar”, tzv. gusterna i da je
na ulazu u park podignuta “kamena piramida na kojoj je
bilo uklesano ime parka”, odnosno natpis ‘gradski park”.
Onofri (2002) pise dakako se na podruéje parka moglo ula-

Slika 4. Prizor iz parka s kraja 20-tih godina 20. Stolje¢a (lzvor: Arhivski
sabirni centar Kor€ula-Lastovo, sjediSte Trnovo)
Picture 4. Scene from the park from the late 1920s
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Tablica 1. Prikaz razlike povrSina 1952. godine i danas 2014
Table 1. View of the difference in surface area in 1952 and today2014

Povrsina (m?)-1952. god

Povrsina(m?)-2014. god

Broj parcele Naziv parcele
Lot number Plot name
4421 Park
442/20 Park
442/21 Park
442/22 Park
Ukupno (m?)
Ukupno (ha)

ziti s nekoliko strana, ali je glavni ulaz bio i ostao u nepo-
srednoj blizini kuce Skokandic.

Sukladno fotografijama iz obiteljskog fonda Foreti¢ koje su
nam ustupljene i tumacene od stru¢nog osoblja Arhivskog
sabirnog centra u Trnovu, 30-tih godina zapocinje gradnja
ladanjskih vila na obalama Luke US. Na planu Korcule iz
1874. godine je reambulacijom ve¢ naznacena parcelacija
tog podrudja. Kako navodi Vojinovi¢ (1997), prilikom sve-
¢anog otkrivanja spomenika 1917. godine, park jo$ uvijek
nosi ime tada ve¢ preminulog Franje Josipa I,da bi ga 1922.
godine preimenovali u “Baséu Kralja Aleksandra”. Porijeklo
danasnjeg imena parka najvjerojatnije potjece iz imena brda
na ¢ijim padinama se nalazi, a koja na najstarijim plano-
vima iz 1836. 1 1874. godine nosi naziv Ober (Hober). Nije
poznato u kojem je razdoblju park dobio ime Hober, ali
park je puku uvijek bio “poznatiji pod imenom Hober”. Sa
sigurno$¢u se moze utvrditi da je taj naziv sluzbeno dobio
najkasnije 1969. godine kada je Skupstina op¢ine Korc¢ula
14. 8.1969. godine donijela Odluku o proglasenju gradskog
parka u Kor¢uli rezervatom prirodnog predjela-park-Suma,
u kojoj je kategoriji zasti¢en do danas. Republicki zavod za
zadtitu prirode SR Hrvatske donio je 26. 3. 1970. godine
Rjesenje o upisu gradskog parka Hober u Kor¢uli, kao re-
zervat prirodnog predjela-park-§uma u Registar posebno
zasti¢enih objekata (dijelova) prirode pod reg. br. 282.

Prema navodima Onofrija (1997), gradski park Hober
‘obuhvaéa citavo podruéje brezuljka Hober”. O obuhvatu i
povrsini gradskog parka Hober zati¢emo razlicite, najvje-
rojatnije neto¢ne navode. Tako se, sukladno Odluci iz 1969.
godine kao njegova povrs$ina navodi oko 25 ha. Prema Od-
luci park Hober je u vrijeme proglasenja obuhvacao kata-
starske Cestice broj 442/1, 442/20, 442/21 1 442/22, sve k.o.
Kor¢ula. Analizom granica prema starijim planovimaina
osnovu posjedovnih listova iz 1952. godine, utvrdeno je da
je ukupna povrsina predmetnih Cestica bila gotovo duplo
manja (oko 13,93 ha), te da je navedena povrsina od oko
25 ha najvjerojatnije pogre$no odredena. Danas su te iste
Cestice uslijed urbanizacije okolnog podrucja, ponajprije
u njegovom sjevernom dijelu, umanjene u ukupnoj povr-
$ini od oko 13 277 m?, odnosno 1,32 ha (Tablica 1.). Tako
njihova ukupna povrsina iznosi 12,60 ha. Popis parcela se

Area (m?)-1952. Area (m?)-2014.
109487 99739
20085 23208

1326 1326
2443 1791
139341 12,6064
13,9341 12,6064

Slika5. Detalj plana KorCule iz 1874. godine (lzvor: Odjel za katastar
nekretnina Korcula)

Picture 5. Korcula plain detail from 1874.

obnavlja 1951. godine na osnovi posjedovnih listova iz
1948.godine. Popis je obnovljen zaklju¢no s 20. ozujkom
1952. godine.

Slika 6. Detalj katastarskog plana Korcule iz 2014. godine sa oznacenom
granicom obuhvata (lzvor: Geoportal Drzavne geodetske uprave)
Picture 6. Detail of Korcula cadastral plan from 2014. with marked bound-
ary of coverage



@

Uvidom u planove iz 1836., iz razdoblja izmedu 1836. i
1874. godine, 1874.12014. godine razvidno je i sa sigurno-
$¢u utvrdeno da su granice park-sume Hober sukladno
predmetnim Cesticama, te njihovim reambulacijama, kroz
cijelu nama poznatu povijest bile podjednakog nepravilnog
oblika. Granica se u manjem obimu mijenjala u sjevernom
dijelu i na krajnjem jugu, dok je u $irini ostala ista. Ta ci-
njenica nam dodatno potvrduje da povrsina parka nikako
nije mogla biti 25 ha, kako je navedeno u Odluci.

Na slici 5. su oznacene granicama obuhvata iz 1836. godine
(plavo), nakon 1836. u razdoblju do 1874.godine (ljubica-
sto) i sa granicom obuhvata 1874. godine (crveno)

Jednaki oblik granica prepoznajemo i na danasnjim plano-
vima, ¢ime mozemo zakljuciti da se granice od razdoblja
drugep olovice 19. stoljeca gotovo nisu niti mijenjale.

Sukladno popisu zasti¢enih dijelova prirode koji vodi Hr-
vatska agencija za okoli§ i prirodu (Prije: Drzavni zavod za
zastitu okoli$a i prirode) povrs$ina gradskog parka Hober
odredena je na 12,7 ha.

Na osnovi posjedovnih listova je utvrdeno da se kroz proslo
stoljece mijenjao i nacin uporabe katastarskih cestica. Go-
dine 1948. sve Cestice vode se kao Suma, osim k. ¢. 442/22
koja je neplodno zemljiste. Interesantno je da se 1952. go-
dine sve Cetiri Cestice vode kao neplodno zemljiste. Danas
se kao Suma vode k. ¢. 442/1 1 442/20, a neplodno-pijaceta
jek. ¢. 442/21 te neplodno-cesta k. ¢. 442/22.

Kako navodi Vojinovi¢ (1997), osim spomenutog Drustva,
za park se sve do 2. Svjetskog rata brinuo i odreden broj $u-
mara, te stalnih i sezonskih radnika koji su svakodnevno
vodili brigu o parku. U blizini groblja Sv.Luke je postojao
rasadnik u kom su se uzgajale sadnice za posumljavanje
podrucja oko grada i otoka opcenito. Nakon 2. Svjetskog
rata gotovo svi radovi na brizi park-§ume Hober gotovo u
potpunosti prestaju. Ubrzo nakon rata prestao je sa radom
i rasadnik, da bi se naposljetku sedamdesetih godina uga-
sila i Sumarija. Jedino se Sezdesetih godina u Op¢inskom
vije¢u vodila rasprava o Hoberu, $to je rezultiralo njegovom
zastitom. Od osamdesetih godina uglavnom se govori o
nebrizi i zapustenosti parka, prepustenog spontanom ra-
zvoju bez odredene koncepcije upravljanja i uredenja. Dana
27.1.1994. godine orkanska bura napravila je znatnu stetu
polomivsi i izvalivsi znatan broj stabala. Iste godine je pro-
vedena jaka proreda u parku, medutim kako istice Vojino-
vi¢ (1997) vrlo nestru¢no i pogresno, jer se sjekla podstojna
etaza koju Cine autohtone vrste, zanemarivsi polomljena,
suha i bolesna borova stabla. Zahvat je raden pod izgovo-
rom oc¢uvanja grada od pozara. Udruga prijatelja modro-
zelenih vrijednosti ,,Petra Giuino® od polovice devedesetih
volonterski provodi akcije ¢is¢enja i ukazuje na nebrigu oko
uredenja Hobera (Fabris 2001).
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Dendroflora park-Sume Hober — Dendroflora of
Park-forest Hober

Na prostoru park-sume Hober danas su zastupljene pre-
tezno autohtone vrste od kojih su najzastupljenije obi¢ni
¢empres (Cupressus sempervirens L.), alepski bor (Pinus ha-
lepensis Mill.) i crnika (Quercus ilex L.). Alohtone vrste su
najzastupljenije u rubnom dijelu parka na prostoru uz na-
selje, ne$to manje unutar Sume, te se sa sigurno$¢u moze
tvrditi da su iste unesene od polovice 20.stolje¢a. Unutar
samog parka ne nalazimo primjerke alohtonih vrsta s kraja
19. i pocetka 20. stoljeca.

Popise dendroflore u ve¢em ili manjem obimu nalazimo u
radovima autora Denich i Draganovi¢ (1985), Vojinovi¢
(1997), Fabris (2001) i Onofri (2002), gdje se navedene vr-
ste podudaraju s vrstama utvrdenim tijekom naseg istrazi-
vanja. Naravno, neke od navedenih vrsta nalazimo u Ho-
beru u vi$e razvojnih slojeva.

U sloju drvec¢a determinirane su sljedece vrste, ukupno 22:

1. Ailanthus altissima (Mill.) Swingle - pajasen
2. Arbutus unedo L. - planika
3. Cedrus deodara (Roxb.) G.Don - himalajski cedar
4. Celtis australis L. - obi¢ni koprivi¢, koscela
5. Ceratonia siliqua L.- rogac
6. Cupressus sempervirens L. - obi¢ni cempres
7. Erica arborea L. - velika crnjusa
8. Ficus carica L. - obi¢na smokva
9. Fraxinus ornus L. - crni jasen
10. Laurus nobilis L. - lovor
11. Olea europaea L. var. sylvestris Brot. - divlja maslina
12. Paulownia tomentosa (Thunb.) Steud. - paulovnija
13. Phoenix canariensis Chabaud - Kanarska datulja
14. Pinus halepensis Mill.- alepski bor
15. Pinus pinaster Aiton (= P, maritima) - primorski bor
16. Pinus pinea L. - pinija
17. Prunus domestica L. - §ljiva
18. Prunus persica(L.) Stokes - breskva
19. Punica granatumL. - mogranj, nar
20. Quercus ilex L. - crnika
21. Robinia pseudoacacia L. - obi¢ni bagrem
22. Sorbus domestica L.-oskorusa

U sloju grmlja determinirane su sljedece vrste, ukupno 28:

1. Agave americana L. - americka agava

2. Aloa sp. - aloa

3. Chamaerops humilis L. - niska Zumara

4. Cistus incanus L. - vlasasti busin

5. Cistus salvifolius L. - bijeli busin

6. Colutea arborescens L. - drvolika pucalina
7. Coronilla emerus L. - $ibika

8. Crataegus monogyna Jack.- glog
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9. Erica manipuliflora Salisb. - primorska crnjusa

10. Frangula rupestris (Scop.) Schur.- kamenjarska
krkavina

11. Helichrysum italicum (Roth) G.Don - sredozemno
smilje

12. Juniperus oxycedrus L. - Smrika

13. Juniperus phoenicea L. - primorska somina, gluha¢,
gluhacusa

14. Myrtus communis L. - mirta

15. Nerium oleander L. - oleandar

16. Opuntia ficus indica (L.) Mill. - opuncija

17. Osyris alba L. - metlika

18. Paliurus-spina christi Mill. - draca

19. Pistacia lentiscus L. - trlja

20. Pistacia terebinthus L. - smrdljika

21. Pittosporum tobira (Thunb.) Aiton f. - tobirovac

22. Phyllyrea latifolia L.- Sirokolisna zelenika

23. Rosmarinus officinalis L. - ruzmarin

24. Ruscus aculeatus L. - bodljikava veprina

25. Salvia officinalis L. - ljekovita kadulja

26. Spiraea x vanhouttei (Briot) Zabel - Vanhuteova
surucica

27. Thuja occidentalis L. var. globosa Gord - obi¢na
americka tuja ‘globosa’

28. Viburnum tinus L. - lemprika

Medu penjacicama i povijusama su determinirane sljedece
vrste, ukupno 9:

1. Asparagus acutifolius L. - $paroZina

2. Clematis vitalba L. - obi¢na pavit

3. Hedera helix L. - brsljan

4. Jasminum nudiflorum Lindl. - zimski jasmin

5. Lonicera implexa Aiton - isprepletena kozokrvina
6. Rosa sempervirens L. - zimzelena ruza

7. Rosa sp. - ukrasna ruza

8. Rubus discolor Weihe et Ness - primorska kupina
9. Smilax aspera L. - tetivika

Denich i Draganovi¢ (1985) u svom popisu vrsta navode i
kanarski bor (Pinus canariensis C. Sm.), te kao jednu od
najzastupljenijih vrsta navode i piniju (Pinus pinea L.) od
koje danas zaticemo tek nekoliko primjeraka.

Vegetacijska i strukturna istrazivanja — Vegetation
and structural research

Biljni svijet otoka Korc¢ule je mediteranski jednako onome
duz citave jadranske obale. Kako navodi Gljivoje (1969),
zbog vrlo blage klime vegetacija je na cijelom otoku vrlo
bujna, ¢ime Korcula spada u najsumovitije otoke na Ja-
dranu sa ¢ak 61 % povrsine pod Sumama, od ¢ega je dobar
dio pod makijom. Sume su zastupljene na cijelom otoku,
posebice $ume bora, ponajvise na zapadnoj strani otoka, a

@

jednako tako i na Hoberu. Da se pod antropogenim utje-
cajem udio Sumskih povr$ina znatno promijenio, najbolje
potvrduju toponimi na kojima danas vi$e nema Suma, a
koji su poblize odredivali zastupljeniju vrstu u sastojini
(Hrastova, Hrastovica, Borova, Maslinova, Cesvinova, Du-
bova i drugi). Autor takoder navodi da su pocetkom 20.
stoljeca znacajna umjetna posumljavanja seoskih gajeva,
dok se u drugoj polovici 20.stolje¢a podizu parkovi i
ozelenjavaju naseljena mjesta.

Park-$uma Hober u vegetacijskom smislu pripada Sumskoj
zajednici $uma alepskog bora i hrasta crnike (Querco ilicis
—Pinetum halepensis Loisel 1971). Kako navodi Vukeli¢
(2012) to je mjesovita Suma karakteristicnog izgleda s hra-
stom crnikom (Quercus ilex L.) u podstojnom sloju i do-
minantnim alepskim borom (Pinus halepensis Mill.). Za-
jednica je vrlo Cesta u Sredozemlju, a u Hrvatskoj dolazi na
otocima Hvaru, Bracu, Korculi, Lastovu, Mljetu, Murteru
i Lokrumu. U zoni pridolaska zauzima vlaznija i bogatija
stani$ta. Razvija se na silikatnoj i karbonatnoj litoloskoj
podlozi, dok u hrvatskom arealu uspijeva iskljucivo na kar-
bonatnoj litoloskoj podlozi. Po flornom sastavu nase se sa-
stojine podudaraju sastojinama iz zapadnoga Sredozemlja
(Trinajsti¢ 1988., Vukeli¢ 2012). Njen florni sastav u odnosu
na eumediteransku zonu i zajednice s prevlas¢u hrasta cr-
nike upucuje na kserotermije uvjete u stenomediteranskoj
zoni litoralno — mediteranskoga vegetacijskoga pojasa.

Slika 7. Karta polozaja pokusnih ploha
Picture 7. Map of the position of the test surfaces
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FITOCENOLOSKE SNIMKE POKUSNIH PLOHA (1-11) PARK-SUME HOBER — KORCULA

,E,?,?,':US,L,,T 1 2 3 4 5 6 1 8 9 10 1
SLOJ DRVECA

Tree layer

Pinus halepensis Mill.- alepski bor 4 4 4 3 2 1 1 1 4 + g
Cupressus sempervirens L. - obicni Cempres 1 . . . . 2 3 1 2

Arbutus unedo L.- planika . + . . . 1 + 1

Phillyrea latifolia L. - Sirokolisna zelenka . + . . +

Quercus ilex L. — crnika 1 1 I 3 4 1 1 . F 1 1
Erica arborea L. — veliki vrijes . + 2 . 1 . +

Fraxinus ornus L. - crni jasen . . . . . . . . 4

Ceratonia siliqua L. — roga¢
Olea euraopaea L. var. sylvestris Brot. - divlja maslina . +

Viburnum tinus L. — lemprika . . . + +

SLOJ GRMLJA
Shrub layer

Arbutus unedo L.- planika 1 1 1 . . . 2 3 . 2 2
Asparagus acutifolius L. - ostrolisna $paroga
Ceratonia siliqua L. — roga¢

Cistus incanus L. - vlasnati busin

N+ o+

Coronilla emerus L. - grmoliki grasar

+
+
2
Erica arborea L. — veliki vrijes 1 aF 1 . . I 1 . 2 1 1
Quercus ilex L. — crnika 2 +
Laurus nobilis L. — lovor i
Myrtus communis L. — mirta + 2
Phillyrea latifolia L. - Sirokolisna zelenika + 1 1 1 1 + 1 2 . 1 +
Hedera helix L. — brsljan . . . 1
Viburnum tinus L. — lemprika 3 3 3

Smilax aspera L. — tetivika 1 + 1

N N W
N
—_
N
+

Pistacia lentiscus L. — trslja 1 2 2
Colutea arborescens L. — pucalina . . . . . 1

Erica manipuliflora Salisb. - primorska crnjusa . . . . . 2 2 2 . 1 1
Lonicera implexa Aiton - isprepletena kozokrvina + . . . . + + 1 . 1 1
Juniperus oxycedrus L.- Smrika . . . . . . 1 1 . . +
Pinus halepensis Mill.- alepski bor 4F . . . . 4F I 1 . 4F
Frangula rupestris (Scop.)Schur - kamenjarska krkavina . . . +

Cistus salvifolius L. - bijeli busin . . . . . . + +

Ruscus aculeatus L. - bodljikava veprina . +

Salvia officinalis L. - liekovita kadulja . . . . . . 1

Helichrysum italicum (Roth) G.Don — smilje . . . . . . . 1

Rosmarinus officinalis L. — ruzmarin . . . . . . . 2

Rosa sempervirens L. - vazdazelena ruza . . . . . . . . +

Rubia peregrina L. - strani bro¢ . . . . . . . . +

PRIZEMNO RASCE
Undergrowth

Arbutus unedo L.- planika + . . . . 1

Erica arborea L. — veliki vrijes + + . . . . 1 . . +



@

Asparagus acutifolius L. - oStrolisna Sparoga
Carex sp. — $a$

Coronilla emerus L. - grmoliki grasar

Viburnum tinus L. — lemprika

Brachypodium retusum (Pers.) P. Beauv. - razgranjena kostrika
Pistacia lentiscus L. — trslja

Phillyrea latifolia L. - Sirokolisna zelenika

Rubia peregrina L. - bro¢

Smilax aspera L. — tetivika

Stipa bromoides (L.) Dorfl. - kratkobodljasto kovilje
Ruscus aculeatus L. - bodljikava veprina

Pinus halepensis Mill.- alepski bor

Hedera helix L. — brsljan

Laurus nobilis L. — lovor

Quercus ilex L. — crika

Erica manipuliflora Salisb. - primorska crnjusa
Cistus salvifolius L. - bijeli busin

Cistus incanus L. - vlasnati buSin

Helichrysum italicum (Roth) G.Don - sredozemno smilje
Rosmarinus officinalis L. — ruzmarin

Fraxinus ornus L. - crni jasen

Rosa sempervirens L. - vazdazelena ruza

Myrtus communis L. — mirta

RASPRAVA | ZAKLJUCCI
DISCUSSION AND CONCLUSIONS

Park-$uma Hober je obuhvadena gospodarskom jedinicom
“Pupnatska luka” (2006-2015) u sklopu koje je i izraden
Plan gospodarenja park-sumom Hober. U sklopu G.J. park-
$uma Hober je obuhvacena odjelom/odsjekom 24c. Uku-
pna povrsina odsjeka je 16,19 ha, od ¢ega je 15,94 ha obra-
slih povrsina, a neplodnih 0,25 ha, a ¢ine ga sljedece
katastarske Cestice: 340/1, 340/2, 340/4, 350/2,352/3, 355/10,
356/1, 356/5, 356/6, 356/10, 440/2, 441/11, 442/1,
442/20,442/21,442/23,442/24,442/25 1442/28. Sve povrsine
nalaze se na teritoriju grada Korcule, time i na podrudju
katastarske op¢ine Koréula.

Odsjek po strukturi ¢ini oko 110 godina stara sjemenjaca
alepskog bora, ponesto ¢empresa, a u podstojnoj etazi je
panjaca crnike u stadiju tankih stabala. U odsjeku 24c
obrast je slabiji od normalnoga (0,64).

Drvena zaliha i prirast po vrstama drveca prikazani su u
tablici 4.

Zauzima greben i stranu isto¢ne i jugoistocne ekspozicije
u samom gradu Korculi. Sastojina je neujednacena, moza-
i¢no ima ogoljelih dijelova. Podstojnu etazu ¢ini panjaca
crnike s prate¢im vrstama. Ve¢ su se izdiferencirala poje-
dina stabla crnike koja odlaze u glavnu etazu. Na jugoistoc-
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+ +
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T o1 1 1 .+ o+
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+ o+ 1 1
1 1 1+
+ .+
+ 1
+
1
+ 1T +
1
+ 1
1+
1
1
1
n

noj strani odsjeka ima vise crnike i to posebice prema moru,
gdje su borovi nesto tanji. Na samom vrhu grebena domi-
niraju deblja stabla alepskog bora.

Upravo iz razloga spomenute vegetacijske i strukturne ne-
ujednacenosti, postavljeno je 7 pokusnih ploha u samoj
park-Sumi, te jos 4 izvan nje. Cilj je detaljnom vegetacij-
skom i strukturnom analizom izdvojiti pojedina podrucja,
dati njihov opis i prikazati njihovo stanje, $to se kasnije
moze upotrijebiti u svrhu zoniranja prostora.

Analizirana istrazivanja pokazuju da u sloju drveca alepski
bor prevladava na plohama 1,2,319; crnika na plohama 4
i5 te obi¢ni ¢empres na plohama 6 i 7. U sloju grmlja naj-
zastupljenija je lemprika koja dolazi na svim plohama. Za-
tim su tu Sirokolisna zelenika i trslja. Iz tablice 2 vidimo da
je na svim plohama potpuna osim na plohi 6 gdje je rijetka
makija. Sloj drve¢a je prevladavajuci osim na plohama 8,10
i 11 gdje je prisutna makija. Zamjetno je da je kod razvije-
nih sastojina podjednako gust sloj drveca i grmlja. Tu od-
stupaju plohe 6 i dijelom ploha 9 te plohe 10 gdje je makija
te ploha 11 koja je prirodna sukcesija Sumske vegetacije na
zapustenim poljoprivrednim povr$inama. Osim kod ma-
kije imamo vrlo visok drvni volumen koji se ovisno o ra-
zvoju sastojine kre¢e od 100 do ¢ak 270 m*/ha. Broj stabala
je isto vrlo velik i krece se od 1000 do 2700 po ha. Svi i po-
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daci ukazuju na neuredenost i izostanak bilo kakvih uzgoj-
nih radova.

Vojinovi¢ (1997) u svom radu donosi podatke o zdravstve-
nom stanju u park-Sumi Hober. Autor isti¢e da opcenito
gledano zdravstveno stanje $ume alepskog bora u Hoberu
nije zadovoljavajuce. Velik je broj stabala zarazenih gljivom
Phellinus pini, a da je ta trulez ve¢ duze vrijeme aktivna vi-
dimo po brojnim karpoforima, te suhim, porusenim i po-
lomljenim stablima $irom parka, posebno u njegovom gor-
njem dijelu, za ¢ije je odumiranje dobrim djelom i ona
odgovorna. Gljiva se vjerojatno pojavila kao sekundarni
¢imbenik s obzirom da je sastojina zrela, na mnogim mje-
stima ve¢ i prezrela, a prorede i sanitarne sjece nisu radene.
Ovo mozda ne bi niti predstavljalo velik problem za samu
$umu jer se podstojna etaza dugo razvijala u smjeru pozi-
tivne sukeesije, pa je doslo do stabiliziranja lokalne mikro-
klime stanista pogodne za daljnji razvoj klimaksne vegeta-
cije. Heterogenost parka Hober, jednako kao po
zastupljenosti pojedinih vrsta drveca, njithovom broju i sta-
rosti, oituje se i u strukturi sastojine. Usporedujudi podatke
Vojinovi¢a (1997) s nasim, zamjetno je smanjenje broja sta-

Graf 1. Broj stabala po hektaru
Graph 1. Number of trees per hectare

bala alepskog bora, a povecanje broja stabala crnike po hek-

taru, time i volumena spomenutih vrsta, $to jasno ukazuje

u kojem smjeru se razvija ova Sumska vegetacija. S tim u

vezi su i podaci o prirastu sastojine gdje je op¢i trend radi-

jalnog prirasta alepskog bora u cijeloj sastojini ispod opti-
Graf 2. Vrijednosti temeljnice po hektaru muma, a stagnacija priras¢ivanja pocinje od 1940. godine,
Graph 2. Basal area values per hectare dakle sa prestankom intenzivnijih radova u parku.

Inace u Planu gospodarenja za park-sumu Hober (2006-
2015), u poglavljima koja odreduju smjernice buduceg gos-
podarenja, stoji da je “glavni cilj gospodarenja ovom sastoji-
nom ocuvanje autohtone Sumske zajednice te ekoloskog
sustava. Primarna namjena ove sastojine je ostvarivanje op-
Cekorisnih funkcija Suma i to prvenstveno turisticko-rekrea-
tivne funkcije i estetske funkcije.” S tim u vezi Plan gospoda-
renja propisuje $umsko-uzgojne zahvate kojim bi se
postigao cilj gospodarenja. U ovom uredajnom razredu
propisano je jednodobno gospodarenje. Ophodnyja je fizicka
zrelost. Obnovu sastojine je potrebno provoditi postupno,
prirodnim putem, grupimi¢nim sje¢ama na manjim povr-
$inama sa dugim pomladnim razdobljem. Najpovoljniji uz-
gojni oblik kojemu treba teziti u gospodarenju park-Sumom

Graf 3. Vrijednosti volumena po hektaru
Graph 3. Volume values per hectare

Tablica 4. Drvna zaliha i prirast po vrstama park-Sume Hober
Table 4. Wood stock and increment by species in Park forest Hober

Vrsta drveca Drvna zaliha m? Drvna zaliha % Prirast m? Prirast %
Tree type Wood stock m? Wood stock % Growth m® Growth m?
Crnika 32 1,5 1 2,9
Alepski bor 2004 94,4 32 94,2
Cempres 87 4,1 1 2,9
Sumarno 2123 100,00 34 100,00
ha 15,94 15,94
m?ha 133 213

(Izvor: Plan gospodarenja park-Sumom “Hober” 2006.-2015.)
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Hober je grupimic¢na razdioba mjeSovite Sume cetinjaca sa
listatama. S obzirom na to da je rije¢ o zasti¢enom po-
drudju, planom gospodarenja zahvati se nece istovremeno
provoditi po ¢itavoj povrsini zbog neujednacenosti sasto-
jine i vjerojatnog otpora lokalne zajednice. Stoga se obnova
sastojine preporuca obavljati u manjim, mozai¢no raspo-
redenim grupama na temelju stanja sastojine. To znaci da
bi se grupimicne sjece vrsile ponajprije u dijelovima gdje se
izdiferencirala podstojna etaza crnike s pratilicama. Plan
gospodarenja predvida i uredenje podstojne etaze koju ¢ine
crnika i ostale vrste reduciranjem dijela izbojaka iz panja,
te pomaganje razvoju hrasta crnike. Medutim s obzirom na
zadtitu i funkciju park-sume Hober ne smijese u potpuno-
sti posjecinjene pratilice, lemprika, zelenika, planika, mirta,
tr$lja i druge,zbog njenih ekoloskih i estetskih vrijednosti.
Uredivanjem donje etaze stvoriti ¢e se i kvalitetniji uvjeti za
prirodno pomladivanje alepskog bora i ¢empresa, kao izra-
zito heliofilnih vrsta koje trebaju vise svjetla za razvoj po-
nika i pomlatka.

Kako je naveo i Vojinovi¢ (1997) dolazimo do ¢injenice da
se parkom posljednjih desetlje¢a gotovo uopce nije gospo-
darilo zbog ¢ega je doslo do spontanog razvoja bujne au-
tohtone vegetacije “te je Hober sve vise postajao Sumom, a
sve manje parkom.

*Rad je nastao iz istrazivanja obavljenih tijekom 2014. i
2015. godine u sklopu projekta ,,Bioloska i krajobrazna va-
lorizacija i uredenje park-$ume Hober u Korculi®

Iskrena zahvala Gradu Korculi.
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A systematic research of biological and ecological characteristics of the overall Hober area and Hober
forest park itself has not been performed thus far. Structural characteristics of the stand were included
only in The Management Plan for Hober Forest Park (2006-2015). Forestry issues were addressed in the
paper by Vojinovi¢ (1997). Dendrological research was included in the papers by Denich and
Draganovi¢ (1985), Vojinovi¢ (1997), Fabris (2001) and Onofri (2002). Its overall inventory records

are missing.

The current condition of Hober forest park is characterised by its neglect and no landscape design in
terms of both forest vegetation, dendrological, horticultural and garden and architectural content.
Moreover, there is conceptual indefiniteness of the overall Hober area.
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Hober forest park in terms of vegetation belongs to the forest community of the Aleppo pine and
Holm oak (Querco ilicis — Pinetum halepensis Loisel 1971). It is primarily due to vegetative and struc-
tural unevenness that 7 experimental surfaces were placed in the forest park itself and 4 more outside
of it. A comprehensive vegetation and structural analysis was intended for the selection of individual
areas, in order to provide their description and present their condition, which can subsequently be
used for the purpose of zoning the area.

According to the analysed research the Aleppo pine prevails in the layer of trees on the surfaces 1, 2,
3 and 9; Holm oak on the surfaces 4 and 5 and Common cypress on the surfaces 6 and 7. Laurestine
is the most common species in the shrub layer, which appears on all the surfaces. Then there are green
olive trees with broad leaves and mastic trees. The tree layer prevails with the exception of the surfaces
8,10 and 11 where there is maquis. It is evident that in developed stands the tree layer and the shrub
layer are almost equally dense. The latter is not the case on the surface 6, partially on the surface 9 and
the surface 10 where maquis prevails and the surface 11, which is a natural succession of forest veg-
etation on abandoned agricultural surfaces. With the exception of maquis, there is a very high wood
volume which, depending on stand development, ranges from 100 to even 270 m*/ha. The number of
trees is also very large and it ranges from 1,000 to 2,700 per hectare. All this data indicates no land-
scape design and absence of any silvicultural work.

The objective of this paper is to explore vegetative, dendrological, silvicultural and structural charac-
teristics of the overall Hober area. They are the primary indicators of the condition and will provide
the guidelines for its future biological and spatial valorisation.

KEY WORDS: Hober forest park, vegetative characteristics, structural characteristics, dendroflora
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JASTREBACA (Strix uralensis Pallas)

Dr. sc. Krunostav Arac, dipl., ing. sum.

Opisano je 15 podvrsta, a na podrucju Hrvatske obitava
S.u.macroura. Naraste u duzinu oko 50 - 60 cm s raspo-
nom krila 100 - 135 cm, te ima 680 — 970 (1450) g tezine.
Po izgledu mozemo je usporediti sa Sumskom sovom
(Strix aluco L.) od koje je po velic¢ini znatno veca. Izgled
tijela je zdepast s velikom glavom na kojoj je izrazen svi-
jetao facijalni disk i tamne oc¢i. Boja perja tijela je sivo

Slika 1. Karakteristican facijalni disk i tamne oCi.

smeda sa $irokim tamno smedim prugama posebno na
ledima i krilima, dok po trbuhu ima njezne uske uzduzne
smede pruge po sredini pera. Rep joj je duzi od veéine
sova pa je zbog repa i obrisa u letu dobila naziv. Spolovi
su po boji perja medusobno sli¢ni, a po veli¢ini Zenke su
vece od muzjaka. Glasanje je karakteristicno i sastoji se
od dubokog dvosloznog huka i uz kratak prekid se na-
stavlja s najcesce pet dubokih kliktaja. U Europi kontinu-
irano naseljava podrudje na sjeveru, a u isto¢nom dijelu
isprekidano $ire podrucje Karpata i Dinarida koje je naj-
juznija granica areala upravo na podrudju Hrvatske. Ve-
zana je za Sumska podrudja. Gnijezda ne gradi ve¢ trazi
prikladnu $upljinu u duplji drveca ili koristi stara gnijezda
najce$ce od ptica iz porodice Accipitridae. Prvo gnijezde-
nje ima u tre¢oj ili ¢etvrtoj godini, a parovi Zive zajedno
cijeli Zivot. Gnijezdi jedan puta godis$nje od veljace do
svibnja. Nese 2 — 4 (6) bijelih jaja veli¢ine oko 40 x 50 mm
koje teze oko 50 g. Na jajima sjedi Zenka oko cetiri tjedna
i u tom razdoblju hranu joj donosi muzjak. Mlade ptic¢e
u gnijezdu hrane vise od mjesec dana kada nauce letjeti i
napuste gnijezdo. Izvan gnijezda roditelji se brinu za njih
jo$ oko 2 mjeseca. Hrani se manjim sisavcima do veli¢ine
vjeverice i pticama do velic¢ine ljestarke. Velika povrsina
krila s mekim zamasima omogucuje joj beSuman let. Na-
jaktivnije su nocu, posebice u sumrak i prije zore, ali ce-
sto lovi i danju.

U Hrvatskoj je gnjezdarica gorskog dijela i u nizim po-
dru¢jima sredi$njeg dijela. U nacionalnom parku Pli-
tvicka jezera zabiljezena je gustoca od 5,4 para/10 km? $to
je jedna od najvisih gustoca zabiljezenih u Europi. Zimi
se spusta u nize predjele, dok je u priobalnom dijelu tije-
kom zimovanja izuzetno rijetko opazamo. Na Crvenom
popisu gnjezdarica Hrvatske koji obuhvaca 91 vrstu svr-
stana je u kategoriju gotovo ugrozenih gnjezdarica (NT-
Near Threatened).

Jastrebaca je strogo zasticena vrsta u Republici Hrvatskoj.
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ZAPISI 1Z HRVATSKIH SUMA (6)

SUMSKI DRAGULJI

Dr. sc. Radovan Kch“ev

Ovaj metaforicki naziv odnosi se na manje poznatu sku-
pinu zivih organizama koja se tek u posljednjih 20-30 go-
dina u nekim dijelovima svijeta sustavno istrazuje. Rije¢
je o miksomicetima (Myxomycetes), dalje u tekstu M., ili
gljivama sluznjacama. To su ,,primitivni“ organizmi koje
smo tek odnedavna svrstali u odjeljak protista (Protisti),
kao najnizu skupinu organizama s pravom stanicom (Eu-
karioti).

Glavno im je obiljezje veoma neobi¢no i pomalo zago-
netno: oni imaju neke osobine biljaka, neke osobine zivo-
tinja, ali i neke osobine gljiva, ali nisu ni prave gljive, ni
biljke, ni zivotinje. Bududi da je struktura jednog dijela
njihovog razvoja vidljiva kao sluz prostrta po povrsini bilj-
nih organa, dobili su i naziv sluzave gljive. Svojom broj-
nos$cu svojti i veli¢inom njihovih populacija, nevjerojatno
velikim arealima prostiranja u svim zemljopisnim $iri-
nama i nadmorskim visinama te svojim znacenjem koje

SI. 1 Sporokarpi u nastajanju. Nepoznata svojta iz Sume na Biokovu kod
Zaveterja.

SI. 2 Zelenkasta glaviCica (Physarum virescens Ditmar). Oblikovanje
sporokarpa na maloj grancici. Suma Crni jarci.

imaju unutar raznih biocenoza i ekosustava, ponajprije
$umskih - zbog vrlo malih dimenzija i pomalo skrivenog
nacina zivota, dugo vremena veliko carstvo M ostalo je
gotovo nepoznato. Ukoliko su se i zamijetili neki njihovi
oblici u Sumskim zajednicama, odnosilo se to tek na ne-
kolicinu svojti koje u nekim svojim stadijima razvoja po-
kazuju napadne Zute, bijele ili crvene strukture koje moze
zamijetiti bilo koja osoba koja Sumom prolazi otvorenih
radoznalih ociju.

Danas znamo koliko im je njihov zivotni ciklus komplek-
san, morfolosko-anatomski i funkcionalno veoma slozen,
u povoljnim okolnostima veoma brz i promjenjiv; ¢esto ne-
predvidiv, neoc¢ekivan i samozatajan, a nerijetko svojim bo-
jama zarazno izazovan i gotovo razmetljiv, privlacan i lijep.

Kako bismo sve to mogli saznati i doZivjeti, trebalo je proc¢i
mnogim i raznolikim Sumskim stanistima kakvih u Hr-
vatskoj odista ima mnogo. Trebalo se, najéesc¢e, mnogo i
mnogo puta prignuti, kleknuti, i zaviriti u Supljinu kakvog
starog panja i pretraziti, nerijetko i lupom, povrsinu ka-
kvog oborenog ili stojeceg trupca bukve, kako bismo do-
prli do ovih blistavih minijatura.

Moj osjecaj i dozivljaj nepredvidivosti pojavljivanja M ne-
prestano je bio nazocan u prirodi. Primjerice i onda kad

SI. 3 Mrezasta sjajnica (Hemitrichia serpula (Scop.) Rost.). Dianema-
taceae. Razvijeno plodno tijelo. Okolica Gerova.
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SI. 4 Mrezasta sjajnica (Hemitrichia serpula (Scop.) Rost.). Dianema-
taceae. Oblikovanje plazmodija. Okolica Gerova.

sam zgrtao suho orahovo lis¢e ujesen u jednom voénjaku
u Senjskom kod Vrbovskog, ili kad sam veliku populaciju
M otkrio na jednom malom travnjaku u Istri nedaleko
Vranje, kad sam podignuo s tla jednu trulu grandicu na
Kalinovac¢kim pijescima, ili kad sam pjesacio stazom kroz
$umu od Zaveterja prema S¢iroveu na Biokovu, ili kad sam
nais$ao najedan primjerak koprive uz rub Sume Crni jarci
siski¢en® tek razvijenim sporokarpima jedne M.

Gorski kotar isticem samo kao jedan od mnogobrojnih pri-
mjera stanita bogatih M. Kad sam se jednom ljeti zatekao
u dnu velikih bukovih $uma u okviru Zelenog vira, pozor-
nost su mi privukla dva velika oborena i napola istrunula
trupca bukve, svaki promjera ve¢eg od 80 cm. Vlazna trulez
je uznapredovala do te mjere da sam ih golim rukama mo-
gao uzduzno raspoloviti. Miksomiceti koji su se ukazali po
cijeloj povrs$ini mrtvog drveta u razlicitim etapama razvoja,
nekoliko razli¢itih svojti, bili su nazoc¢ni u tolikoj mnozini
da sam nekoliko dana uzastopce dolazio na ovo mjesto i bio
neprestano zauzet opazanjima, uzorkovanjima i fotografi-
ranjem stotina i tisuca njihovih mastovitih struktura.

Zivot svake svojte mogli bismo priblizno podijeliti u dva
medusobno ¢vrsto povezana dijela. Jedan je pretezno
spolni brzorastuc¢i sluzavi plazmodij, a drugi je pretezno
nespolni rasplodni dio, razlic¢ito oblikovan i obi¢no bolje
uocljiv, kao sporokarp, etalij, ili pseudoetalij.

SI. 5 Dvoopnica (Diderma sp.) iz Sume kod Glogovca u okolici Ko-
privnice

U povoljnim uvjetima sluzavi i poput ameba puze¢i higro-
filni i negativno foto-taksi¢an plazmodij brzo raste i pre-
kriva povrsinu raznih biljnih organa ili povrsinu kamenja
u nekoliko dm?ili ¢ak 0,5 do m? Hrani se saprofitski, po-
nekad i parazitski u razli¢itim stupnjevima kompetitivnih
odnosa spram bakterija, hifa i micelija gljiva.

Bojom moze biti razlicit, ali bududi je najcesce siv i gotovo
proziran, posebno u pocetnim dijelovima razvoja ostaje
skoro nevidljiv. Tek u poodmakloj fazi razvoja kad dolazi
do fuzije veceg broja plazmodija iste svojte, kod mnogih
vrsta viSejezgreni plazmodij moze poprimiti upadljive
boje i vec¢e dimenzije.

Sporokarpi kao najées¢éi oblici plodnih tijela M razvijaju
se iz zrelog plazmodija. Taj razvoj u povoljnim uvjetima
je razmjerno brz, ponekad gotovo ocigledan, zacudujuce
slikovit i mastovit. Svojim oblicima i bojama plodna tje-
lesca su vrlo raznolika.

Najpovoljniji stanista za razvitak M su ona koja nisu ne-
posredno izloZena suncu, ali su uvijek vise ili manje vlazna.
Vecina svojti M preferira temperature iznad nistice, opti-
malno izmedu 15 i 25°C. Zbog toga je razumljivo da su
$ume u najsirem smislu rijeci vecini svojti najpogodnija
stanista. U susnim i hladnim razdobljima u godini, i u su-
hom zraku i prosusenom tlu i na raznim biljnim supstra-
tima, M provode samo latentni nacin zivota i za motritelja
ostaju gotovo nevidljivi.
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ZIMSKO POSUMLJAVANJE TRAVNATIH

POVRSINA

Slavko Petrié, dipl. ing. sum.

Zimsko posumljavanje pagnjaka crnim borom proveo sam
prvi puta 1958. godine kada sam bio zaposlen u Poslov-
nom udruzenju Javornik u Rakeku. Poslovna udruzenja
upravljala su privatnim §umama u Sloveniji u razdoblju
od 1957. do 1960. godine. Povrsina objekta koji smo po-
$umili sjemenom crnog bora iznosila je otprilike 1 hektar.
Objekt je bio smjesten u juznom podnozju Slivnice iznad
Cerkniskog jezera. Bio je to napusteni pasnjak na Sum-
skom stani$tu cera i crnoga graba.

Posumljavali smo sjetvom sjemena crnog bora u mjesecu
veljaci. Za vrijeme sjetve teren je bio prekriven snjeznim
pokrivacem debljine 20 — 25 cm. Da bi se sjeme ravno-
mjerno raspodijelilo po povrsini posumljavanja, sija¢ se
orijentirao prema tragovima svojih stopa u snijegu i prema
tragovima posijanog sjemena.

Sjetva sjemena po snijegu ima nekoliko prednosti. Sjeme
do klijanja ima dovoljno vremena apsorbirati dovoljnu
koli¢inu vode za klijanje koja mu je potrebna. Voda ota-
pajuceg snijega i naknadna kisa ispiru sjeme iz travnatog
bilja, tako da sjeme dode u dodir sa zemljom. Sjeme je
skriveno od ptica. Trava blagotvorno utjece na uspjeh po-
$umljavanja sjetvom sjemena na pa$njacima jer svojom
sjenom §titi mlade, njezne izdanke od sunceve Zege.

Uspjeh tog zimskog posumljavanja nadmasio je sva oce-
kivanja. Procijenio sam da su se uglavnom iz svih posija-

nih sjemenki razvile mladice. Iz preventivnih smo razloga
sijali neSto gusce nego $to je bilo potrebno. Dovoljna bi
bilo ve¢ 2 - 3 sjemena na 1 m*povrsine. U trecoj godini
starosti mladica, kad su mladice ve¢ prerasle sloj trave,
pozar je unistio cijelu poSumljenu povrsinu. Metoda zim-
skog posumljavanja travnjaka sjetvom sjemena u snijegu
neusporedivo je jeftinija od poSumljavanja sadnicama.
Tro$ak predstavljaju samo kupnja sjemenairad sijac¢a. Ova
vrsta posumljavanja ne zahtijeva nikakvu skupu njegu
mladica. Vazni su uvjeti za uspje$no zimsko posumljava-
nje: sjeme mora do¢i u dodir s mineralnim slojem tla,
sjeme mora u vrijeme klijanja sadrzavati dovoljno veliku
koli¢inu vode, a prikladno gust sloj trave mora stititi mla-
dice od sunceve Zege.

Smatram da bi zimsko posumljavanje travnjaka moglo biti
uspjesno i sjetvom sjemena nekih drugih vrsta drveca na
njima prikladnom tlu.

Ova vrsta uspjes$ne inovativne metode zimskog posu-
mljavanja vrlo je bliska djelovanju prirode, odnosno opo-
nasa ju. Vjerojatno bi metoda zimskog posumljavanja sje-
menom bila vrlo uspjesna metoda po$umljavanja i
ozelenjavanja napustenih pasnjaka na Krasu, kao i pas-
njaka u Istri i Dinaridima, na podruc¢jima gdje je pasare-
nje napusteno.
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HRVATSKO SUMARSKO DRUSTVO — 0GRANAK
SENJ U PROTEKLOM 0SMOGODISNJENM

RAZDOBLJU (2012-2019)

Dr. sc. Vice Ivancevic

Senjski Ogranak osnovan je 1966.g. u Jablancu, sjedistu ta-
dasnje sumarije Jablanac u sastavu Sumskog gospodarstva
Senj pod nazivom “Drustvo inZenjera i tehni¢ara Sumarstva
idrvne industrije Senj”. O radu Sumarskih drustava na ovom
$irem podruéju poslije Drugog svjetskog rata prvi put se
spominje Sumarsko drutvo Rijeka 1950.godine.* Naime,
novoizabrani Upravni odbor Sumarskog drustva NRH te
godine pristupio je osnivanju Sumarskih drustava na terenu,
medu ostalima najblizi nama u Rijeci i Gospi¢u. Mati¢no
drustvo organiziralo je savjetovanje stru¢njaka Sumarstva i
drvne industrije u Crikvenici 1950. god., na kojemu je su-
djelovalo 308 stru¢njaka. Na kraju savjetovanja odrzana je
stru¢na ekskurzija na senjsko-novljansko podrudje visokih
$uma s posjetom podru¢nim pilanama. Na godisnjoj skup-
$tini Sumarskog drustva NRH 1954. god. podnijela su iz-
vjesca pojedina Sumarska drustva medu kojima se navodi i
rijecko. Na sljedecoj godi$njoj skupstini 1955. god. poime-
nice se navode neaktivna drustva, medu kojima nema rijec-
kog drustva. Kao nadopunu gore navedenih izvora navodi
se jedan podatak o struénoj ekskurziji Sumarskog drustva
Rijeka 1957. god. na podrucju Velebita. Na toj fotografiji
prepoznaje se nekoliko Sumarskih stru¢njaka koji su bili za-

posleni u Sumarijama novljansko-senjskog podrucja (slika
1.). Prema tim saznanjima senjski ogranak zapravo pred-
stavlja nastavak rada Sumarskog drustva Rijeka sa crikve-
nicko-novljansko-senjskog podrucja. Zbog toga njegov po-
&etak mozemo okarakterizirati kao nastavak rada Sumarskog
drustva Rijeka. Zadnji podatak o Sumarskom drugtvu Ri-
jeka potjece iz 1958. god. kada je u Opatiji odrzana redovita
godi$nja skupstina Sumarskog drustva NRH. Skupu je na-
zo¢ilo 250 ¢lanova, pod predsjedanjem Nikole Sepica, dipl.
ing. istaknutog Sumarskog stru¢njaka rodom s rijeckog po-
drugja. Inae $umarska struka bila je organizirana u Sumar-
sko drustvo NRH od 1950-1960. god. s podru¢nim drus-
tvima, Savez Sumarskih drustava NRH od 1961-1965. god.,
Savez inZenjera I tehnicara Sumarstva i drvne industrije Hr-
vatske od 1966-1990. god., te Hrvatsko sumarsko drustvo s
ograncima od 1991. god. do danas.

Detaljan opis rada senjskog Ogranka u razdoblju od tri de-
setljeca (1966-1996) nalazi se u gore spomenutoj knjizi *.
Uz to, povremeno je o senjskom Ogranku pisao autor ovog
&anka na stranicama “Sumarskog lista’, do ovog najnovijeg
¢lanka.

Slika 1. Rozanski kukovi (Sjeverni Velebit) 1957.god. Sumarsko drutvo Rijeka, strutna ekskurzija
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2012. godina
4. svibnja

Na redovnoj izbornoj skupstini Ogranka u Krasnu, uz
nazocnost 52 ¢lana izabran je Upravni odbor, i to: pred-
sjednik Domagoj Dev¢i¢, dipl. ing. (dotadasnji je bio
Zdravko Vukeli¢, dipl. ing.), potpredsjednik Elvis Vuleta,
dipl. ing., tajnik Kresimir Blazevi¢, dipl. ing.; ¢lanovi dipl.
ing. Boris Belamari¢, Boris Mikli¢, Miljenko Butorac i
Tomo Dev¢ié, te Durda Devcié, Sum. tehn.,a u Nadzorni
odbor dipl. ing: Jurica Tomljanovi¢, Marija Vukusi¢, Vlatko
Skorup i Damir Vukeli¢ (slika 2.).

* Hrvatsko $umarsko drustvo 1846-1996, Zagreb 1996.

Slika 2. Vodstvo senjskog Ogranka 2012-2019.god., Domagoj Devcic,
dipl.ing. upravitelj Sumarije Novi Vinodolski, predsjednik 2012-2016.
god. i mr.sc. Boris Belamari¢, aktualni predsjednik od 2017.god., up-
ravitelj Sumarije Rab, kraj svog uzora Sumara Pravdoje Belia u rapskom
parku Komrcar

30. svibnja

Sumarski struénjaci Zavoda za gozdovije Slovenije gospo-
darskog podru¢ja Brezice (15 ¢lanova) posjetili su Sumariju
Krasno - gdje su se upoznali s gospodarenjem pretplanin-
skih $uma bukve i pritom posjetili Sumarski muzej,
Velebitski botanicki vrt, planinarski dom na Zavizanu i
svetiste Krasno.

6-8. srpnja

Druzenje ¢lanova ogranaka Bjelovar, PoZega, Zagreb, Kar-
lovac, Gospi¢ i Senj na podru¢ju Sumarije Krasno. U
stru¢nom dijelu organiziran je posjet Velebitskom
botani¢kom vrtu, Stirovadi, Sumarskom muzeju i
Premuzicevoj stazi.

12-17. rujna

U suorganizaciji senjskog Ogranka i novljanske knjiznice
u Novom Vinodolskom priredena je izlozba »Suma okom
Sumara®

Listopad:

Popravljena je grobnica Jurja Saboli¢a, dipl. ing. na groblju
u Krasnu, nekadasnjeg uspjesnog i tragi¢no stradalog upra-
vitelja Sumarije Krasno, o kojoj ¢e ubuduce brinuti nas
Ogranak.

20. prosinca

Tradicionalni susret aktualnog vodstva Ogranka s umirov-
ljenim ¢lanovima.

2013. godina

1. veljace

Za ¢lanove Ogranka Senj i Gospi¢ u Senju je Hrvatska ko-
mora inZenjera $umarstva i drvne tehnologije (HKISIDT)
organizirala predavanja prema programu strucnog
usavr$avanja. Predavadi prof. Zeljko Ze¢i¢ i Marinko Prka,
dipl. ing. Sum. obradili su teme o europskom standardu za
drvne sortimente.

18. i 21. veljace

U suorganizaciji Ogranka i stru¢no vodstvo dr.sc. Petra V-
goca dvije grupe sudionika 45. europskog Sumarskog na-
tjecanja u nordijskom skijanju (EFNS) odrzanom u Gor-
skom kotaru posjetili su u dva navrata otok Krk.

Lipanj:

U dvodnevnoj ekskurziji 30 ¢lanova Ogranka Zagreb po-
sjetili su Krasno, Zavizan, Premuzi¢evu stazu (dio) i Stiro-
vacu, te Goli otok, Sveti Grgur, Zavratnicu i Rab (brodom).

6-8. srpnja

Senjski ogranak kao domacin nekolicine ogranaka: Bjel-
ovar, Gospi¢, Karlovac, Pozega i Zagreb s ukupno 30
¢lanova posjetili su Stirovacu te Goli otok i Sveti Grgur

(brodom).

22-23. rujna

Ekskurzija Ogranka od 18 ¢lanova u gostima kod karlovac-
kog Ogranka. Stru¢ni dio obuhvatio je obnovu sastojina
hrasta luznjaka na podruéju Sumarije Jastrebarsko, a turi-
sticki obilazak Karlovca, Petrove gore, vojnog kompleksa
Turanj i Jastrebarskog.

3.i4. listopada

Sumarima Inspektorata pokrajine Koruska od 15 ¢lanova
prezentirano je gospodarenje prebornih $uma $umarije
Krasno s posjetom Sumarskom muzeju, kuli Nehaj i poza-
ri$tu Barbara (iznad Selca).

Prosinac:

Tradicionalni susret s umirovljenim ¢lanovima Ogranka.



2014. godina
9-11. svibnja

Ekskurzija od 29 ¢lanova Ogranka bila je u gostima kod
zagrebackog Ogranka. Strucni dio obuhvatio je poslovanje
$umarije Velika Gorica, te gospodarenje Suma hrasta lu-
znjaka i nizinskih $uma. U turistickom dijelu organiziran
je obilazak dvoraca Hrvatskog zagorja i Muzeja krapinskog
pracovjeka (slika 3.).

1.1 8. lipnja

Ekskurzija od 37 ¢lanova ogranka Karlovac na otok Krk
obuhvatila je poslovanje Sumarije, posjet bonsai zbirci i
hortikulturnom rasadniku, te obilazak grada Krka, Ko-
$ljuna, Vrbnika, kuce Klovi¢(Grizane), gospodarenje pre-
bornih Suma, vjetroparka Vratarusa, biolosko-tehnicke ra-
dove u Senjskoj dragi, kulu Nehaj i grad Senj.

2. listopada

Mjesovitoj grupi austrijskih $umara i Sumoposjednika od
50 sudionika prezentirani su biolosko-tehnicki radovi Sen-
jske drage, gospodarenje prebornim Sumama $umarije
Krasno, s posjetom Sumarskom muzeju.

25. i 26. listopada

Ogranak Zagreb od 50 ¢lanova, ve¢inom umirovljenika,
po povratku iz Raba, gdje su bili gosti Sumarskog fakulteta,
posjetili su kulu Nehaj uz stru¢no vodstvo, koje je zavrsilo
zajednickim druzenjem.

Slika 3. Trako$¢an, 2014.god., tragom dvoraca Hrvatskog zagorja

SUMARSKI LIST, 7-8, CXLIV (2020) @

Studeni:

Na izbornoj Skupstini HKISIDT u Zagrebu sudjelovalo je
devet delegata Ogranka, koji su ujedno nazocili predava-
njima u sklopu programa stru¢nog usavravanja.

Prosinac:

U Senju je odrzan ve¢ tradicionalni susret umirovljenih
¢lanova s aktualnim vodstvom Ogranka.

2015. godina
Veljaca:
U suorganizaciji senjskog Ogranka za 15 svojih ¢lanova

Komore odrzano je u Senju predavanje o EU fondovima u
$umarstvu prema programu stru¢nog usavrsavanja.

Travanj:

U akciji ,,Zelena ¢istka® 15 ¢lanova Ogranka prikupilo je
10m® komunalnog otpada na podru¢ju Sumarije Senj.

28-30. svibnja

Na eskurziji Ogranka 40 ¢lanova posjetilo je dubrovacko
primorje i Crnu Goru (arboretum Trsteno uz stru¢nu prat-
nju, te Ston, Dubrovnik, Budvu, Lovcen, Cetinje i Kotor uz
pratnju turistickog vodica) (slika 4.).

Lipanj:

U informativnoj polusatnoj emisiji uzivo Radio Otocca go-
stovao je dr.sc. Vice Ivanéevi¢ na temu ,,Sumarski muzej
Krasno".



@ SUMARSKI LIST, 7-8, CXLIV (2020)

Slika 4. Cetinje, 2015.god. Manastir sv. Petra Cetinskog iz 17.stoljec¢a, zaduzbina Vladike Danila Petrovica

12. lipnja

Na sredi$njem stru¢nom skupu u povodu ,,250 godina hr-
vatskog Sumarstva“ u Otoécu dr.sc. Vice Ivanéevi¢ odrzao
je predavanje:Krasno- najstarija Sumarija u nasoj zemlji u
neprekidnom razdoblju od 250 godina (1765-2015), vise
na stranicama ,,Sumarskog lista®

Srpanj:
U organizaciji Ogranka i povodom 250 godina hrvatskog

$umarstva priredena je u kuli Nehaj izlozba ,Povijest
$umarstva“ i ,,Suma okom $umara“.

14. kolovoza

U Krasnu je odrzan stru¢ni skup u povodu 250.godina
$umarije Krasno u suorganizaciji senjskog Ogranka i Mjes-
nog odbora Krasno i pokroviteljstvom prof. Darka Nekica,
gradonacelnika Senja. Prigodnim govorom skupu su se ob-
ratili prof. Darko Neki¢ i Oliver Vlaini¢, dipl.ing. predsjed-
nik HSD, a u stru¢nom dijelu ,,Sume i $umarstvo krasnar-
skog podru¢ja“ prezentirali su svoje radove prof. dr. sc. M.
Glavas, prof. dr. sc. J. Vukeli¢ i dr. sc. Vice Ivancevié. U su-
organizaciji senjskog Ogranka priredena je izlozba ,,250
godina hrvatskog Sumarstva“. Za sudionike organiziran je
besplatni posjet Sumarskom muzeju uz strué¢no vodstvo
dr. sc. Vice Ivancevica, a nakon toga je snimljena milenijska
fotografija posvecena obljetnici (viSe na stranicama
,,gumarskog lista“).

17.i 18. listopada

Sjednica Upravnog i Nadzornog odbora HSD-a u Krasnu
zajedno sa senjskim Ogrankom u jednom je dijelu bila

posvecéena obljetnici Sumarije Krasno. U kratkom pro-
gramu prilikom otkrivanja spomen ploce sudjelovali su:
kolegica Marina Mami¢, dipl.ing., prof. dr. Milan Glavas i
dr.sc. Vice Ivancevi¢. U terenskom dijelu programa ¢lanovi
Upravnog i Nadzornog odbora obisli su zasticene Sume NP
Sjeverni Velebit i gospodarske Sume Sumarije Krasno, gdje
su razmatrane metode zastite gospodarskih Suma od $uma
NP Sjeverni Velebit prema prijedlogu prof.dr. Borisa
Hrasovca. Cjelovite podatke o su$enju crnogorice na
podrugju gospodarskih $uma Sumarije Krasno od 1992.
godine do danas obradio je i prezentirao Domagoj Dev¢ic,
dipling. (vi$e na stranicama ,,Sumarskog lista“).

19. listopada

Gostovanje predsjednika Olivera Vlainica, dipl.ing. , taj-
nika mr.sc. Damira Dela¢a i dr.sc. Vice Ivancevi¢a na Radio
Otoccu u polusatnoj emisiji uzivo ,,Gackom zajedno* o $u-
marstvu, radu HSD-a i protekloj vaznoj obljetnici 250 go-
dina hrvatskog Sumarstva.

Prosinac:

Jos jedan ugodni susret umirovljenih ¢lanova i aktualnog
vodstva Ogranka.

2016. godina

29. travnja

U suorganizaciji Gradske knjiznice Senj, senjskog plani-
narskog drustva ,,Zavizan® i naseg Ogranka, odrzao je pre-

davanje dr. sc. Vice Ivancevi¢ ,,250 godina Sumarije Krasno
(1765-2015), najstarije u nasoj zemlji“.
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Slika 5. Olib, 2016.god. ,,Morska ekskurzija“ po susjednim otocima Hrvatskog primorja

3.-5. svibnja

Na ekskurziji Ogranka 23 ¢lana posjetili su brodom otoke
Rab, Mali Losinj, Olib, Silbu i Susak. Na Rabu su razgledali
park Komrcar pod stru¢nim vodstvom mr. sc. Borisa
Belamarica, a na Lo$inju privatni mirisni otocki vrt, s
obiljem flore losinjsko-creskog oto¢ja i muzej Apoksiom-
ena. Na 3551m” spomenutog vrta koji je otvoren 2005.go-
dine raste preko 250 samoniklih ili ukupno 102.000 kom-
ada sadnica (slika 5.).

19. svibnja

Sumarija Novi Vinodolski zajedno sa senjskim Ogrankom
i Gradskom knjiznicom priredili su u Novom Vinodolskom
izlozbu ,,125 godina Sumarije Novi Vinodolski“ autora dr.
sc. Vice Ivancevica. Na 64 velikih panoa s viSe manjih slika
i popratnog teksta prikazano je razdoblje od 125 godina
novljanskog $Sumarstva visokih Suma i kr$a. Uz to, afirmi-
rani kolega fotograf Goran Dori¢, koji je rodbinski vezan za
susjedni Bribir, izlozio je seriju najnovijih slika $uma i
prirodnih motiva novljanskog podruéja, zajedno sa slikama
starijih kolega Zaljesova i Vilima Hiblera te Damira Bi¢anica,
darovitog mladog fotografa Sumarije Novi Vinodolski. Pri
tome isticemo lijepu gestu akademika prof.dr. sc. Matica,
Olivera Vlaini¢a dipl. ing., mr. sc. Damira Delaca i Gorana
Dorica dipl. ing. koji su nazocili otvorenju izlozbe (slika 6.).

24, studeni

Zanastavno osoblje i dake gimnazije ,,Pavao Ritter Vitezo-
vi¢*“ u Senju odrzao je predavanje dr. sc. Vice Ivancevi¢ pod
nazivom ,,Krasno - 250 godina Sumarije, najstarije u nasoj
zemlji (slika 7.).

Slika 6. Novi Vinodolski, 2016.god. Prezentacija izlozbe autora dr.sc.
Vice Ivancevica ,, 125 godina Sumarije Novi Vinodolski”

Slika 7. Gimanzija PR. Vitezovica, Senj, 2016.god. Nakon predavanja
dr.sc. Vice Ivancevica ,250 godina Sumarije Krasno”, zajednicki snimak
za uspomenu s ravnateljicom prof. Danijelom Vukeli¢
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9. prosinca

Na svecanoj akademiji u povodu 170.obljetnice osnutka
HSD-a i 140 godina izlazenja Sumarskog lista u Muzi¢koj
akademiji — koncertnoj dvorani Blagoje Bersa u Zagrebu
medu 34 nagradena ¢lana svih ogranaka, dodijeljen je zlat-
nik 170 godina HSD-a s priznanjem za viSegodi$nji rad na
dobrobit $umarske struke nasim ¢lanovima Vlatku
Skorupu, dipl.ing.(posthumno) i dr. sc. Vici Ivancevicu.

Prosinac

Tradicionalni susret vodstva Ogranka s umirovljenim ¢la-
novima. Napominjemo da se ove godine navrsilo 50 godina
od osnutka Ogranka, koji je nazalost prosao nezapazeno.

2017. godina

Veljaca:

Na izbornoj skupstini (dopisnoj) izabrani su: mr. sc. Boris
Belamari¢, predsjednik, Zdravko Vukeli¢, dipl. ing.,
dopredsjednik, Kresimir Blazevi¢ dipl. ing., tajnik i Durdica
Dev¢i¢, Sum. tehn., blagajnik. U Upravni odbor izabrani su
dipl. ing.: Ljuba Stipanci¢, Kresimir Blazevi¢, Miljenko Bu-
torac, Zeljko Landi¢, Boris Mikli¢ i Ana Butorac, te Durdica
Dev¢i¢, Sum. tehn., a u Nadzorni odbor dipl. ing.: Dalibor

Tomljanovi¢, Jurica Tomljanovi¢, Damir Vukeli¢ i Marija
Vukusi¢ (slika 2b.).

1.-9. travnja

Na tematskoj sjednici HSD-a u Istri sudjelovali su mr. sc.
Boris Belamari¢ i Domagoj Dev¢i¢, dipl. ing.

6. lipnja

U organizaciji senjskog Ogranka u Senju je HKISDT odr-
zala dva predavanja za ¢lanove Uprave Suma podruznice
Senj, i to: Samir Glavas, dipl. ing.: ,,Sumski red - prakti¢ni
primjeri“ i prof. dr. sc. Boris HraSovec: ,,Sumski red -
pravni pojam i znanstveno-strucni temelji za njegovu rea-
lizaciju na terenu‘.

1. lipnja

Ekskurzija Pro silva Svicarske od 29 ¢lanova na otok Rab i
NPO u organizaciji Sumarskog fakulteta pod vodstvom
dr.sc. Stjepana Mikeca i mr. sc. Borisa Belamarica prilikom
terenskog obilaska Suma crnike i grada Raba.

21.i 22. lipnja

Ekskurzija HSD-a ogranka Pozega od 30 ¢lanova uz stru¢no
vodstvo obuhvatila je Gradski muzej, gradsku jezgru i kulu
Nehaj u Senju, svetiste Krasno, Sumarski muzej i NP Sje-
verni Velebit.

Slika 8. Istra, 2017.god. , kanjon Vela draga, spomenik prirode

4. listopada

U organizaciji senjskog ogranka u gradu Rabu je priredena
izlozba fotografija ,,Suma okom $umara“s 13. bjelovarskog
salona fotografija. Prilikom otvorenja ¢etvorica profesora
Sumarskog fakulteta (Mikac, Ugarkovi¢, Bar¢i¢ i Tikvi¢)
odrzali su zanimljiva izlaganja o Sumarstvu mediteranskih
$uma, s posebnim osvrtom na Sume otoka Raba.

6.-8. listopada

Ekskurzija senjskog ogranka u Istru od 19 ¢lanova doma-
¢inu istarskom Ogranku. Pod struénim vodstvom doma-
¢ina, predsjednika Cedomira Krizmaniéa, dipl. prirode),
motovunska Suma (posebni rezervat Sumske vegetacije),
NP Brijuni, sajam tartufa, posjet Pore¢u, Groznjanu, ponor
uredene jame Baredine (¢ovjecja ribica), te izlozba starih
traktora, kruha, ulja i vina (slika 8.).

28. i 29. studeni

Domacdini ekskurzije HSD Ogranka Zagreb na otok Krk.
Program je obuhvacao posjet rasadniku naseg kolege Petra
Vrgoca, koji je odrzao prezentaciju ,,Bonsai tehnike®, ra-
zgledavanje grada Krka, posjet otoc¢i¢u Kosljunu, obilazak
Novog Vinodolskog i na kraju zajednicko druzenje.

15. prosinca

Tradicionalno druzenje Ogranka s umirovljenim c¢lano-
vima u Senju. Zahvaljujudi dr. sc. Vici Ivancevi¢u koji je
sacuvao video kasete o zadnjoj 11.Sumarskoj zabavi u Cri-
kvenici 1999 .godine prikazana je zabava u novoj tehnici
reprodukcije, pa se nadamo da ¢e pobuditi interes kod mla-
dih kolega za ponovno ozivljavanje ovakvog sadrzaja.

2018. godina
13.-15. travnja

Ogranak Senj bio je suorganizator trodnevnog susreta
&anova Upravnog odbora HSD-a na Rabu i Loinju. Pod
stru¢nim vodstvom mr. sc. Borisa Belamarica prilikom obi-



laska rapskih $uma, parka Komrcar, grada Raba, NPO
Sumarskog fakulteta i muzeja Apoksiomena na Losinju
(viSe na stranicama ,,§umarskog lista®).

19. svibnja

Ekskurzija Ogranka Ogulin na podrucju Sumarije Krasno.

30. svibnja — 3. lipnja

Ekskurzija od 39 ¢lanova naseg Ogranka u Makedoniju,
Albaniju i Crnu Goru. Nakon cjelodnevnog putovanja do
Skopja drugog dana organiziran je posjet Sumarskom
fakultetu zajedno s HSD- ogrankom Buzet. Uz srdaéne
dobrodoslice predstavnici Fakulteta upoznali su goste s or-
ganizacijom fakultetske nastave, a potom predstavnici je-
dinstvenog poduzeca ,Makedonske sume® o poslovanju i
$umama Makedonije. Tom prilikom kolega Cedomir
Krizmani¢ dipl. ing. upoznao je domacine o poslovanju
organizacije ,,Hrvatske $ume®, a mr. sc. Boris Belamaric¢ o
HSD-u. Potom su &lanovi dvaju ogranaka razgledali Sko-
pje, poznat u novije vrijeme kao grad kipova i tre¢eg dana
nastavili putovanje preko NP Mavrovo za Ohrid. Cetvrtog
dana uprili¢ena je voznja brodom do svetog Nauma, posjet
Tirani i no¢enje u Podgorici, dok su sudionici peti dan
proveli na putovanju do svojih kuca (slika 9.).

19. i 20. listopada

Na znanstvenom skupu Matice hrvatske, odjela za priro-
doslovlje i matematiku u Senju, prezentirali su svoje zapa-
zene strucne radove o krskom $umarstvu naseg podneblja
kolege Boris Mikli¢ dipl. ing. i dr. sc. Vice Ivancevic.

20.i 21. listopada

Ekskurzija Savinjskog gozdarskog drustva Nazarje (Slo-
venija) od 15 ¢lanova na podrudju Sumarije Krasno (pre-
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borno gospodarenje s posjetom Stirovaci) i sumarije Rab
(Kalifront i Dundo- gospodarenje Sumama i zastita Suma
od pozara).

8. studenog

Za nase ¢lanove Komore u Upravi $uma podruznici Senj
odrzana su predavanja u organizaciji Komore i Ogranka, i
to: prof. dr. sc. Ivan Martini¢: Novosti u propisima Zakona
o Sumama, zastiti prirode i Nature 2000.; mr. Branko Sitas:
Kotroling radnih strojeva u gospodarenju Sumama.

10. i 11. studenog
Ekskurzija naseg Ogranka od 22 ¢lana u Pozegu.

1. prosinca

Na Rabu je otvorena izlozba 14.bjelovarskog salona foto-
grafije ,,Suma okom $umara“ s medunarodnim sudjelova-
njem pod pokroviteljstvom HSD-a ogranak Senj, grada
Raba i Puckog otvorenog ucilista. U sklopu izlozbe odrzana
su dva zanimljiva predavanja o rapskim $umama, i to mr.
sc. Borisa Belamaric¢a:“Gospodarenje rapskim $umama u
posljednjih 30 godina“ i prof. dr. sc. Zeljka Spanjola: “Pri-
rodni prostor otoka Raba u funkciji njegova razvoja“

14. prosinca

Kao svake, tako i ove godine organiziran je susret sadasnjeg
vodstva Ogranka s umirovljenim ¢lanovima.

2019. godina
14. ozujka

U gimnaziji ,,P.R. Vitezovi¢“ u Senju za u¢enike i nastavno
osoblje odrzao je predavanje dr.sc. Vice Ivancevi¢ pod na-
zivom: ,,140.0bljetnica osnutka Kr. Nadzornis$tva - Inspek-

Slika 9. Makedonija, 2018.god. Manastir sv. Arhandela Mihaila na Ohridskom jezeru (viSe poznat kao manastir sv. Nauma)
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Slika 10. Vukovar, 2019.god. Memorijalno groblje

torata u Senju 1878. godine- nase najstarije posebne Sumar-
ske organizacije za posumljavanje krsa“

16. travnja

U organizaciji Ogranka i HKISDT-e u Senju su odrzana dva
predavanja za ¢lanove Komore Uprave Suma podruznice
Senj, i to: doc. dr. sc. Krunoslava Teslaka: “Planiranje i pro-
vedba raznodobnog nacina gospodarenja“ i ,,Dozvoljena
odstupanja u realizaciji etata”. Tom prilikom prof.dr.sc. Ivica
Tikvi¢ predstavio je svoju monografiju i suradnika pod na-
slovom ,,Branimir Prpi¢ - ekologija $uma i Sumarstvo'".

10.-12. svibnja

Na podruéju Sumarije Rab i grada Senja boravila su 52
¢lana ekskurzije vinkovackog ogranka pod stru¢nim vod-
stvom mr.sc. Borisa Belamarica. Program je obuhvatio obi-
lazak grada Raba, Luna (masline) na Pagu, Zavratnice,
$ume Dundo i kule Nehaj.

25.-26. svibnja

Ogranak Gospi¢ od 17 ¢lanova pod stru¢nim vodstvom
dr.sc. Borisa Belamarica posjetili su $umu Dundo, Kali-
front, park Komrcar i razgledali grad Rab, a u nastavku
kulu Nehaj, ku¢u Velebit, Sumarski muzej i NP Sjeverni
Velebit.

30. svibnja

Istaknuti ¢lan starije generacije Milan Krmpoti¢, dipl. ing.
i uspjesni pisac, predstavio je u Gradskoj knjiznici Senj naj-

noviji roman ,,Kraljevstvo pruzene ruke Od prve zbirke
pjesama ,,Skamenjene svirale“ 1978. godine do danas obja-
vio je 27 razlic¢itih knjizevnih ostvarenja, s kojima se $u-
marska struka opravdano ponosi.

4.-6. listopada

U ekskurziji naseg Ogranka od 21 ¢lana organiziran je po-
sjet Vukovaru, Iloku, Osijeku i Dakovu u aranzmanu vin-
kovackog i osjeckog ogranka. Program je obuhvatio posjet
Sumarskom muzeju u Bo$njacima, Vukovaru, Osijeku (sta-
roj jezgri) i Sajmu antikviteta. Uz to, organizirana je voznja
brodom do Baranje i prijemnog centra Parka prirode ,,Ko-
packi rit", te obilazak Katedrale sv. Petra i drzavne ergele u
Dakovu (slika 10.).

12. prosinca

Tradicionalno druzenje vodstva Ogranka s ¢lanovima
umirovljenika. dr. sc. Vice Ivancevi¢ sacuvao je video-ka-
setu sa stru¢ne ekskurzije naseg Ogranka u Austriju 1999.
godine, koja je tom prilikom prikazana ¢lanovima
Ogranka.

Brojno stanje clanstva

Punopravni 96 79 91
lzvanredni 35 38 88
Ukupno 131 117 124



Pregled izvanrednih ¢lanova po zvanjima

2019. g.
1. drsc. 1
2. dipl. ing. Sum. 6 1-3 30%
3. dipl. ing. drv. tehnologije 3
4. ing. lovstva i zaStite prirode 1
4-5 70%
5. Sum. teh. 22
Ukupno 33 100

Broj ¢lanova po zvanjima — ukupno 2019. g.

1. drsc. 1 -
2. dipl. ing. Sum. 47 39%
3. ing. lovstva i zastite prirode 2 2%
4. Sum. teh. 59 48%
5. dipl. ing. drv. tehnologije 3 2%
6. dipl. ing. godezije 1 -
7. dipl. oec. 3 2%
8.  ostaliinZenjeri 1 -
9. ostale srednjoskolske struke 2 2%
10. Ostalo 5 4%
Ukupno 124 100%

Na kraju prisjecamo se s tugom i pijetetom nasih clanova
Ogranka koji su nas napustili u proteklom razdoblju, i to:

2013. god. - Zdravko Tot, dipl .ing. drvne tehnologije
2014. god. — Bozena Vujasinovi¢, dipl. ing. Sum. i Anton
Dev¢ié, $Sum. tehnicar

2015. god. - Vlatko Skorup, dipl. ing. Sum., Damir Piskuli¢,
dipl. ing. Sum. i Dinko Podnar, dipl. ing. Sum.

2016. god. — Darko Fekeza, dipl. ing. drvne tehnologije i
Edi Lopac, $um. tehnicar

2017. god. - Boris Mikli¢, dipl. ing. $um., Petar Prpi¢, dipl.
ing. Sum., Mate Mavri¢, dipl. oec.; Jozo Granic¢, $um.tehnicar,

Vinko Smojver, Sum. tehni¢ar i Dragan Azi¢, Sum. tehnicar

2019. god.- Ivan Vukeli¢, Sum. tehnicar i Marko Biondi,
$um. tehnicar

Od 16 preminulih ¢lanova, osim Edija Lopca, $um. tehni-
¢ara koji je bio u radnom odnosu, svi ostali su bili umirov-
ljenici.
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Izrazavamo zahvalnost umrlim ¢lanovima i njihovim obi-
teljima, koji su svojim angazmanom pridonijeli ugledu na-
$eg Ogranka, njegovoj vaznosti u boljem medusobnom ra-
zumijevanju uvazavanju i poticanju pozitivnih ljudskih
vrijednosti, ali i uspjesnijem radu nase cjelokupne Sumar-
ske struke.

Obiljezavanje vaznih obljetnica naseg
podru¢nog Sumarstva

Situacija oko korone u mnogome je usporila, pa ¢ak i zau-
stavila organizaciju nekoliko vaznih obljetnica $umarstva
na podrudju Uprave Suma podruznice Senj. U takvim okol-
nostima ¢e vjerojatno do¢i do njihove redukcije ili spajanja
u manji broj manifestacija. Od viSe vaznih obljetnica izdva-
jamo 60. obljetnicu osnutka Sumskog gospodarstva Senj,
1.7.1960. godine, te potom 130 godina osnutka Sumarije
Novi Vinodolski (1890-2020), 15 godina osnutka i rada Su-
marskog muzeja Krasno (2005-2020) i 75 godina Zivota
naseg kolege Milana Krmpotica, istaknutog Sumarskog
struc¢njaka i afirmiranog knjizevnika s ukupno 27 razlicitih
knjizevnih ostvarenja.

Ukoliko se u sljede¢em razdoblju pogorsa situacija oko ko-
rone, jedan dio predlozenih manifestacija moze se prolon-
girati za sljedecu godinu, ali bi 75 godina zivota Milana
Krmpotica svakako trebalo obiljeziti jo§ ove godine. U
njegovoj pripremi osim naseg Ogranka svakako bi bilo
potrebno ukljuciti sredignjicu HSD-a, senjsko knjizevno
drustvo ,,Ognjiste” i Hrvatsko drustvo knjizevnika, ¢iji je
¢lan i kolega Krmpotic.

Medutim, nadamo se da Ce se situacija oko korone uskoro
poboljsati i da ¢emo se ponovno vratiti u normalnu
kolote¢inu te obiljeziti navedene obljetnicea. U tome
zelimo puno uspjeha sada$njoj garnituri senjskog Ogranka
na ¢elu s mr. Borisom Belamari¢em, aktualnim predsjed-
nikom.

Ovim kronoloskim redom ukratko su opisane sve ak-
tivnosti senjskog Ogranka u razdoblju od osam godina, pa
se nadamo da ce se takva praksa i ubuduce nastaviti. Na taj
nacin pisanom rije¢i cuvamo spomen na protekli uspjesni
rad senjskog Ogranka, koji je zasigurno doprinijeo boljem
sveukupnom radu i upoznavanju aktivnosti naseg
$umarskog drustva kao sastavnog dijela jedinstvenog
Hrvatskog Sumarskog drustva nase zemlje.



v PRIJE STO GODINA:
SUMARSKI LIST 7/192018/1920

Odborska sjednica hrvatskog Sumar. drustva, odrzana je 22./III. 1920. u 3 sata
popodne u drustvenim prostorijama u Zagrebu. Predsjedao je drustveni predsjednik
Milan barun Turkovi¢ u prisutnosti podpredsjednika Dragutina Trotzera, vrSioca
duznosti tajnika Srecka Majera, blagajnika Sandora pl. Lajera, i odbornika Jure
Drazica, Dr Aleksandra Ugrenovica, Manojla Divjaka, Milana Marinovica i urednika
Sum. lista prof. Petracica.

Odbornici se bave redovitim problemima rada Drustva, a za ovu priliku i ova
vremena izdvojimo samo jednu jednostavnu odluku. Ako ste mislili da je problem
komunikacije struke sa okruzjem ovodobni problem, u krivu ste. Ili da nasi
prethodnici nisu znali da je najvaznije pouciti one najmlade. Pogledajte tocku 8:



UPUTE AUTORIMA

Sumarski list objavljuje znanstvene i strué¢ne ¢lanke iz podruéja
$umarstva, odnosno svih znanstvenih grana pripadajucih $umar-
stvu, zatim zastite prirode i lovstva. Svaki znanstveni i stru¢ni
¢lanak trebao bi teZiti provedbi autorove zamisli u struénu praksu,
bududi da je Sumarska znanost primjenjiva. U rubrikama ¢asopisa
donose se napisi o zastiti prirode povezane uz Sume, o obljetni-
cama, znanstvenim i stru¢nim skupovima, knjigama i ¢asopisima,
o zbivanjima u Hrvatskom $umarskom drustvu, tijeku i zakljuc-
cima sjednica Upravnoga odbora te godi$nje i izvanredne skup-
$tine, obavijesti o ograncima Drustva i dr.

Svi napisi koji se dostavljaju Urednistvu, zbog objavljivanja
moraju biti napisani na hrvatskom jeziku, a znanstveni i stru¢ni
radovi na hrvatskom ili engleskom jeziku, s naslovom i podnas-
lovima prevedenim na engleski, odnosno hrvatski jezik.

Dokument treba pripremiti u formatu A4, sa svim marginama
2,5 cm i razmakom redova 1,5. Font treba biti Times New Ro-
man veli¢ine 12 (biljeske - fusnote 10), sam tekst normalno, na-
slovi bold i velikim slovima, podnaslovi bold i malim slovima,
autori bold i malim slovima bez titula, a u fusnoti s titulama,
adresom i elekronickom adresom (E-mail). Stranice treba obroj-
cati.

Opseg teksta ¢lanaka moze imati najvise 15 stranica zajedno s
prilozima, odnosno tablicama, grafikonima, slikama (crtezi i fo-
tografije) i kartama. Vise od 15 stranica moze se prihvatiti uz
odobrenje urednika i recenzenata. Crteze, fotografije i karte
treba priloziti u visokoj rezoluciji.

Priloge opisati dvojezi¢no (naslove priloga, glave tablica, mjerne
jedinice, nazive osi grafikona, slika, karata, fotografija, legende i
dr.) u fontu Times New Roman 10 (po potrebi 8). Drugi jezik je
u kurzivu. U tekstu oznaciti mjesta gdje se prilozio moraju pos-
taviti.

Rukopisi znanstvenih i stru¢nih radova, koji se prema prethod-
nim uputama dostavljaju urednistvu Sumarskoga lista, moraju
sadrzavati saZetak na engleskom jeziku (na hrvatskome za ¢lanke
pisane na engleskom jeziku), iz kojega se moze dobro indeksirati
i abstraktirati rad. Taj sazetak mora sadrzavati sve za ¢lanak zna-
¢ajno: dio uvoda, opis objekta istrazivanja, metodu rada, rezultate
istraZivanja, bitno iz rasprave i zakljucke. Sadrzaj sazetka (Sum-
mary) mora upucivati na dvojezi¢ne priloge - tablice, grafikone,
slike (crteze i fotografije) iz teksta ¢lanka.
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Slika 2. Lisne plojke
su okruglaste, oko 1
m dugacke i Siroke,
duboko razdijeljene
na preklopljene seg-
mente. ™ Figure 2.
Leaf blades are orbic-
ular, about 1 m long
and wide, deeply di-
vided into single-fold
segments.

Slika 1. Meksicka vasingtonija
u Splitu. ™ Figure 1. Mexican
fan palm in Split (Croatia).

Slika 4. Stabljika je siva, s prstenas-
tim lisnim oZziljcima. Plodovi su
tamnosmedi do crni, elipsoidni, 67
mm dugacki, u visecim metlicama;
dozrijevaju tijekom jeseni, dugo os-
taju. ™ Figure 4. Stem is grey and

Slika 3. Peteljke su oko 1 m dugacke, s velikim zupcima duz ringed by leaf scars. Fruits are dark
rubova, na osnovi crvenkastosmede. M Figure 3. Petioles are brown to black, ellipsoid, 67 mm long,
about 1 m long, with large teeth along margins; petiole bases in pendulous clusters; maturing in au-
are reddish-brown. tumn, long persistent.

Washingtonia robusta H.Wendl. — meksicka vasingtonija, robustna vaSingtonija (Arecaceae)

Rod Washingtonia, koji je nazvan prema prvom predsjedniku SAD-a Georgeu Washingtonu (1732.—1799.), sadrZi pet vrsta lepezastih palmi prirodno
rasprostranjenih u jugozapadnom dijelu SAD-a i sjeverozapadnom Meksiku. W. robusta (W. filifera var. robusta (H.Wendl.) Parish, W. sonorae S.
Watson) je brzorastuc¢a palma s jednom cvrstom, vitkom stabljikom promjera 25-50 (—80) cm, visine do 20 (30) m. Brojni lepezasti listovi, s
prevjeSenim vrhovima, nalaze se u gustoj, kuglastoj rozeti na vrhu stabljike. Na stabljikama mladih biljaka ostaju visiti stari, suhi listovi, a na starijim
biljkama ti listovi otpadaju nekoliko godina nakon susSenja te je stabljika gola. Cvjetovi su dvospolni, entomofilni, sitni, kremastobijeli, skupljeni u
visecvjetnim, 2—3 m dugackim, vise¢im metlicama, koje se nalaze u pazuscima listova. Cvjetanie je tijekom ljeta. Plodovi su jednosjemene kostunice.
Meksicka vasingtonija je tolerantna na vjetar, posolicu i visoke temperature. Popularna je ukrasna vrsta u podrucjima s mediteranskom klimom. U
mediteranskom dijelu Hrvatske Cesto je sadena palma u drvoredima i parkovima ili kao pojedinaéna biljka, s izrazitim okomitim naglaskom.

Washingtonia robusta H.\WendIl. — Mexican Fan Palm, Sonoran Fan Palm, Mexican Washingtonia, Northern Washingtonia
(Arecaceae)

The genus Washingtonia was named after the first president of the United States, George Washington (1732—1799). It comprises 5 species of fan-leaved
palms native to southwestern United States and northwestern Mexico. W. robusta (W. filifera var. robusta (H.\Wendl.) Parish, W. sonorae S.Watson) is a
fast-growing palm with solitary, stout, slender stem, 25-50 (~80) cm in diameter, up to 20 (30) m high. The stem is topped with a dense, spherical rosette
of numerous, fan-like leaves, with drooping leaf tips. Young plants retain their dead, dry leaves to hang around the stem, but older plants drop those leaves
within a couple of years of dying, leaving bare stem. Flowers are bisexual, entomophilous, small, yellowish-white, arranged in many-flowered, 2—3 m long,
pendulous panicles, within the rosette of leaves. Flowering occurs in summer. Fruits are single-seeded drupes. It is wind, salt and heat tolerant. It is a pop-
ular ornamental plant in regions with Mediterranean climate. In Croatia Mexican fan palm is often cultivated in the Mediterranean region as a street or park
tree or as a single specimen with a strong vertical effect.

Tekst i fotografije: prof. dr. sc. Marilena ldZojti¢



