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RIJEC UREDNISTVA

ZNANSTVENI | STRUCNI KARAKTER SUMARSKOG LISTA

Prilikom reorganizacije Jugoslavenskoga Sumarskog udruze-
nja, na konstituiraju¢oj skupstini Hrvatskoga Sumarskog drus-
tva odrzanoj u Zagrebu 17. ozujka 1940., izmedu nekoliko
prijedloga akcijskog odbora HSD jedan je glasio: ,,Upravni od-
bor je duzan brinuti se da List donosi $to vise ¢lanaka iz dnevne
$umarske prakse i da List $to vise priblizi dnevnim dogadajima
i stvarnim potrebama $umara i Sumarske sluzbe na terenu.”
(Sumarski list broj 3-4/1940)

Urednik Sumarskog lista dr. sc. Milan Androi¢ u izvje$taju o
&asopisu na 76. redovitoj Skupétini Sumarskog drustva Hrvat-
ske 13. veljace 1955. se osvrnuo na poteskocée u odabiru ¢la-
naka: “...Nije dakle tesko razumjeti $to na$ list uzima cesto
takav visoko nau¢ni karakter. U pomanjkanju materijala sa
terena Stampamo ¢lanke nasih drugova sa fakulteta, kojima je
zapravo i duznost da pisu. Sto je zbog toga vise puta list obilan
tim ¢lancima, ne bismo to mogli uzeti za zlo. Ti ¢lanci su po
sadrzaju strucni i ne bi se moglo re¢i da su oni uvijek bez prak-
ti¢ne vrijednosti. Smatramo, da nasi ljudi nauke zahvacaju pro-
bleme koji i te kako tiste praksu. Ne bi se dakle moglo pred-
baciti Sumarskom listu da je visoko nauéan, jer ako bi takav i
bio, to moze samo da mu podigne ugled kod nas i u svijetu...
U listu treba da se nauka i praksa nadopunjuju, jer bi to bilo
na obostranu korist. Nazalost mi nismo naisli na odaziv stru¢-
njaka iz prakse za suradnju u listu. Moguce ¢e 1955. god. u
tome biti preokret, a to bi sigurno bila velika zelja buduceg
urednika.“ (Sumarski list broj 3-4/1955)

Na 17. sjednici Upravnog odbora Saveza inZenjera i tehnicara
$umarstva i drvne industrije Hrvatske odrzanoj 11. studenoga
1975. u Zagrebu izvjesteno je o odrzanom sastanku uzeg i te-
renskog Redakcijskog odbora Sumarskog lista. Pod iznesenim
konstatacijama i prijedlozima na sastanku navedeno je i slje-
dece: 1. Sumarski list ne objavljuje u dovoljnoj mjeri dogadaje
i promjene organizacijske i stru¢ne prirode, koji su se zbivali
izbivaju u Sumarstvu i drvnoj industriji od 1945. g. na ovamo.
Sadasnja tematika i fizionomija lista ne zadovoljava stru¢njake
terenske operative., 2. Kroz selekciju pristiglih ¢lanaka i usmje-
renije pisanje, Sumarski list mora biti prikladniji, korisniji i
atraktivniji po svojem sadrzaju i viSe usmjeren potrebama te-
rena., 3. Aktualne znanstvene ¢lanke i dalje objavljivati, ali u
sazetom i prihvatljivijem obliku i kratkim uputstvima autora
na koji nacin i kako da stru¢njaci na terenu pristupe primjeni
ovako objavljenih znanstvenih zaklju¢aka., 4. Clanci iz povi-
jesti naega Sumarstva i drv. industrije trebaju biti bogatije za-
stupani na stranicama Sumarskog lista...“ (Sumarski list 11-
12/1975)

Tehnicki urednik Sumarskog lista Oskar Pigkori¢, dipl. ing.
$um., u izvje$¢u o Sumarskom listu na 90. redovitoj Skupstini
Saveza inZenjera i tehni¢ara Sumarstva i drvne industrije Hr-
vatske odrzanoj 27. velja¢e 1985. u Zagrebu zavr$no je naveo:

»Na kraju je podvukao, da jo$ uvijek malo priloga - ¢lanaka
dobivamo sa terena. Naglasava da su u ranijim razdobljima
(prije 50 i vise godina) glavni suradnici Sumarskog lista bili
stru¢ni ljudi sa terena iz prakse.” (Sumarski list 5-6/1985)

Glavni urednik Sumarskog lista prof. dr. sc. Boris Hrasovec na
1. sjednici Upravnog odbora HSD 20. veljace 2015. u Zagrebu
konstatira sljedece: ,Glede znanstvenog vrednovanja Sumar-
skog lista on danas ima visoki faktor indeksiranosti. Upitno je
da li i koliko on jo$ moze rasti zbog karaktera lista koji nije
samo znanstveni, ve¢ i stru¢ni i staleski ¢asopis s formom koja
je kroz dugu povijest utemeljena. Danas ako Zzelite visoki fak-
tor indeksiranosti ¢asopis mora imati isklju¢ivo znanstveni
karakter s ¢lancima ve¢inom objavljenim na engleskom jeziku.
No ipak, raduje da sve vie referentnih ¢asopisa prati Sumar-
ski list i mnoge svjetski poznate knjiznice uvrstavaju ga u svoj
fundus... (Sumarski list 1-2/2015)

Na 3. sjednici Upravnog odbora HSD-a 17. listopada 2015. u
Krasnu glavni urednik Sumarskog lista prof. dr. sc. Josip Mar-
galeti¢ u svom izvjedtaju iznio je: ,Cinjenica je da preko 70 %
znanstvenih radova objavljenih u Sumarskom listu dolazi iz
okruzenja, tj. iz susjednih drZava, pa se s pravom mozemo pi-
tati $to je s na$im znanstvenicima, no to je danasnja realnost.”
Na to se nadovezuje i sljedeca zabiljezba: ,,Mr. sc. Josip Dun-
dovi¢ izrazio je potrebu poticanja nasih kolega s terena za
objavljivanjem stru¢nih radova, ¢iji nedostatak je evidentan.
Predlozio je da se i danas s ove sjednice uputi poziv kolegama
s terena za ve¢im angazmanom u tom smislu. (Sumarski list
11-12/2015)

Procitavsi sve prethodno navedeno i prikupljeno iz razdoblja
od 1940. do 2015. godine izgleda da je kriti¢an odnos prema
sadrzaju i nedostatku stru¢nih ¢lanaka autora iz prakse u Su-
marskom listu jedna konstanta. Toga su uvijek bili svjesni
urednici ¢asopisa, ali i Sumari koji su pomnije &itali Sumarski
list. Postoje i oni koji sami kazu da ne ¢itaju Sumarski list jer
se u njemu nema $to procitati, a u posljednje vrijeme zamje-
raju i nedostatak domacih autora. Moze li se po tom pitanju
nesto promijeniti? Cim se o ne¢emu pie i pri¢a znaci da se to
i prati. Konstruktivna kritika je korisna i moze voditi pobolj-
$anju, ali za objektivne kritike potrebno je sveobuhvatno sa-
gledavanje uvjeta i prilika za stvaranje ¢asopisa koji se kroz
vrijeme mijenjao i prilagodavao bas u cilju opstanka.

Usprkos svemu Sumarski list od svoga prvog broja objavljenog
1. sije¢nja 1877. neprekidno izlazi pa i u kriznim i ratnim vre-
menima. To ga je svrstalo u najstariji hrvatski znanstveni ¢a-
sopis s neprekinutim izlazenjem, a u svjetskim razmjerima je
na diobi 5. 1 6. mjesta. Za manje od dvije godine krenut ¢e iz-
davanje 150. volumena lista. Sve to govori o opstojnosti stru-
kovnog glasila unato¢ svim izazovima kroz koje je prolazilo.

Urednistvo
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Sumarski list, 5-6, CXLVIII (2024), 217-218

THE SCIENTIFIC AND PROFESSIONAL CHARACTER OF FORESTRY JOURNAL

In the reorganization of the Yugoslavian Forestry Association, at
the first assembly of the Croatian Forestry Society (CFS) held in
Zagreb on 17 March 1940, one of the proposals of CES’s action
committee was as follows: “The Management Board has to make
sure that Forestry Journal publishes as many articles as possible
from the daily forestry practice and that it conveys the daily events
and real needs of foresters and forestry practice in the field”
(Forestry Journal 3-4/1940)

Milan Androi¢, PhD, the editor of Forestry Journal, reporting on
the publication of the Journal at the 76th regular Assembly of the
Croatian Forestry Society held on 13 February 1995 pointed out
the difficulties in choosing the articles: “..It is easy to understand
why our journal often chooses articles of very scientific character.
When there is less material from the field, we print articles by our
colleagues from the Faculty of Forestry, whose duty is to write. It
is not a bad thing that the journal publishes so many of these ar-
ticles. The articles provide expert content, and it cannot be said
that they are always without a practical value. We believe that our
colleagues deal with issues that are very much present in practice.
Therefore, Forestry Journal could not be criticized for being too
scientific, because even if that was the case, this would only help
it gain its reputation in Croatia and abroad. .. In the Journal, prac-
tice and science should complement each other, and both sides
should benefit from it. Unfortunately, forestry professionals from
practice have not offered their contribution to the Journal. We
hope that in 1995 this could change, which would undoubtedly
be approved by the future editor” (Forestry Journal 3-4/1940)

At the 17th meeting of the Management Board of the Association
of Engineers and Technicians of Forestry and Wood Industry of
Croatia held on 11 November 1975 in Zagreb it was reported
about the meeting of the main and field Editorial Board of Fore-
stry Journal. As part of the findings and proposals presented at
the meeting, the following was also stated: “1) Forestry Journal
does not sufficiently publish events and changes of organizational
and professional nature that have taken place in forestry and
wood industry since 1945. The current subject matter and
structure of the Journal does not satisfy forestry professionals
from practice; 2) Through the selection of the received articles
and more targeted writing, Forestry Journal must become more
suitable, more useful and attractive in terms of its content, as well
as more focused on the needs of the forestry practice; 3) It should
continue publishing relevant scientific articles, but in a conden-
sed and more acceptable form with brief instructions by the aut-
hors on how experts from the field practice should approach the
scientific conclusions published in the article; 4) Forestry Journal
should include more articles on the history of Croatian forestry
and wood industry...” (Forestry Journal 11-12/1975)

Technical editor of Forestry Journal, Oskar Piskori¢, MSc, in a
report on the publication of Forestry Journal at the 90th regular
Assembly of the Association of Engineers and Technicians of Fo-
restry and Wood Industry of Croatia held on 27 February 1985
in Zagreb concluded the following: “In the end, it can be stressed
that we still receive few contributions in the form of articles from

the field practice. It should be emphasized that in earlier periods
(50 and more years ago) the main contributors to Forestry Jour-
nal were experts from the field practice” (Forestry Journal
5-6/1985)

Editor-in-chief of Forestry Journal, prof. Boris Hrasovec, PhD,
stated on the 1st meeting of the Management Board of the
Croatian Forestry Society on 20 February 2015 in Zagreb:
“Regarding the scientific evaluation of Forestry Journal, today it
has a high impact factor. It is questionable whether and how much
its factor can further increase due to the character of the journal,
being not only a scientific, but also a professional and expert
journal with a form that has been established throughout its long
history. Nowadays, to achieve a high impact factor, a journal must
have an exclusively scientific character with articles mostly
published in English. Nevertheless, it is a pleasant thought that
more and more reference journals follow the publication of
Forestry Journal, and many world-famous libraries include it in
their holdings..” (Forestry Journal 1-2/2015)

At the 3rd meeting of the Management Board of the Croatian
Forestry Society on 17 October 2015 in Krasno, the editor-in-chief
of Forestry Journal, prof. Josip Margaleti¢, PhD, stated in his
report: “It is a fact that over 70% of scientific papers published in
Forestry Journal come from the region, i.e. from the neighboring
countries, so we can rightly ask what has happened to Croatian
scientists, but that is today's reality” He continued with the
following note: “Josip Dundovi¢, MSc, expressed the need to
encourage our colleagues from the field to publish professional
papers, whose lack is evident. He suggested that even today, on this
meeting, our colleagues from the field should be encouraged for
more engagement in publication”” (Forestry Journal 11-12/2015)

After reading all the aforementioned statements collected from
1940 to 2015, it seems that the critical attitude towards the con-
tent and the lack of professional papers by authors from forestry
practice are a constant issue for Forestry Journal. The editors of
the Journal have always been aware of this, as well as the foresters
who read Forestry Journal more closely. There are also some who
claim that they do not read Forestry Journal because there is not-
hing to read in it, and lately some have been complaining about
the lack of Croatian authors. Can anything be changed in this re-
gard? If something is written and talked about, it means that its
work is followed. Constructive criticism is useful and can lead to
improvement, but objective criticism requires a comprehensive
overview of the conditions and opportunities for creating a jour-
nal that has changed and adapted over time precisely in order to
persist.

Despite everything, Forestry Journal has been published conti-
nuously since its first issue of 1 January 1877, including in times
of crisis and war. This makes it the oldest continuously published
Croatian scientific journal, and it holds between the 5th and 6th
place in the world. In less than two years, the 150th volume of the
journal will be published. All of this shows the persistence of this
expert journal despite all the challenges it has been through.

Editorial Board
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POPULATION VARIABILITY OF ROSEMARY
WILLOW (Salix eleagnos Scop.) BASED ON LEAF
MORPHOMETRY: EVIDENCE OF SMALL AND
LARGE-LEAF MORPHOTYPES

POPULACIJSKA VARIJABILNOST SIVKASTE VRBE

(Salix eleagnos Scop.) TEMELJENA NA MORFOLOGIJI LISTOVA:
DOKAZ 0 POSTOJANJU MALOLISNIH I VELELISNIH
MORFOTIPOVA

Igor POLJAK'*, Zlatko SATOVIC23, Antonio VIDAKOVIC', Katarina TUMPA!, Marilena IDZOJTIC!

SUMMARY

Phenotypic differentiation is often the result of the ecological diversity of a species with a wide natural range. It is
favoured by natural selection, as well as factors such as gene flow, genetic drift, or founder events. This is especially
true for species of the riparian habitats and for species with light seeds that are easily dispersed by both water and
wind. One such species is rosemary willow (Salix eleagnos Scop.), which occurs in both humid riparian habitats
and arid karstic sites in central and southern Europe. The species was used as a model species in this research to
determine the potential morphotypes suitable for different habitat conditions. In addition, the extent of the influ-
ence of environmental conditions on leaf morphometrics was analysed and the structuring of populations was
investigated. We analysed three populations of S. eleagnos from karstic habitats and five populations found in ri-
parian habitats. Leaf samples were collected from ten individuals per population, and nine leaf traits were ana-
lysed. Leaf phenotypic traits showed a clear bimodal distribution across populations, with samples from dry karstic
habitats having smaller leaves than those from riparian habitats. In addition, habitat conditions showed to have a
strong influence on morphology, consistent with a pattern of isolation by environment (IBE). These results were
also substantiated by the AMOVA analysis, with 34.53% of the overall variability assigned to the variability of in-
dividuals between the two habitats (karstic vs. riparian). Furthermore, karstic populations exhibited homogene-
ous and low multivariate diversity index (MDI) values, as well as lower variability between the populations when
compared to the riparian populations, thus reflecting phenotypic adaptability to uniform environmental condi-
tions. In contrast, riparian populations exhibited both high and low levels of diversity, as well as greater interpopu-
lation variability than that of karstic populations, which may be attributed to different origins of the populations
and different environmental conditions. Overall, our results suggest that plant-habitat interactions are a complex
process and that these two clearly distinct groups of populations of rosemary willow may represent two ecotypes.

KEY WORDS: phenotypic plasticity, adaptability, ecotypic differentiation, isolation-by-environment, leaf morpho-
metrics, phenotype, multivariate diversity index
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INTRODUCTION
uvoD

Phenotypic differentiation of plants is directly influenced
by various processes, such as the natural selection and the
introduction of new alleles into a population through the
gene flow (Antonovics 1968), as well as the appearance of
newly formed characteristics through mutation (DeWoody
et al. 2015) and the genetic drift (Eckert et al. 1996). The
latter is notably pronounced when the effective population
size is small, and the gene flow is limited (Tremblay and
Ackerman 2001). Nevertheless, plant morphology is gen-
erally considered adaptive (Coleman et al. 1994; Westoby
and Wright 2006) and plays an important role in popula-
tions’ persistence (Cavender-Bares 2019).

As sessile organisms, plants are constantly exposed to ever-
changing environmental conditions that can cause differen-
tiation in morphological and functional traits of plants
(Bakhtiari et al. 2019). One of the most common strategies
in combating environmental heterogeneity in plants is phe-
notypic differentiation via local adaptation, i.e., developing
advantageous traits in local conditions (Kawecki and Ebert
2004; Gimeno et al. 2009). Another important aspect of phe-
notypic variation is phenotypic plasticity (Schlichting 1986),
i.e., the ability of individual genotypes to produce different
phenotypes when exposed to different environmental con-
ditions. It is generally considered that plasticity and adaptive
evolution are not mutually exclusive (Nicotra et al. 2010;
Wright et al. 2016). Some traits or populations may respond
through plasticity, others through evolution, and others
through some combination of the two (Franks et al. 2014).

The presence of distinct morphotypes in woody species has
been found to represent different adaptive and plastic re-
sponses to water stress (Ramirez-Valiente et al. 2010;
Miguez-Soto et al. 2019; Bachofen et al. 2021), flooding
(Silva et al. 2010), shading conditions (Abrams et al. 1992;
Goulart et al. 2011), photoperiodism (Vaartaja 1961; Howe
et al. 1995) and metabolism (Berti¢ et al. 2021). One of the
most common outcomes of adaptation and plasticity is the
great variation in leaf shape and size. Generally smaller
leaves are advantageous in hot and dry habitats and at high
intensities of solar radiation, while large leaves with less ef-
ficient energy exchange capacity are advantageous in cooler,
moister and lower-irradiance habitats (Meier and Leusch-
ner 2008; Tozer et al. 2015; Wang et al. 2019).

Species with vast distribution areas are usually characterized
by being functionally and phenotypically diverse on the in-
traspecific level (Bakhtiari et al. 2019). One such species, cov-
ering diverse habitats and environmental conditions of Cen-
tral and Southern Europe, is rosemary willow, Salix eleagnos
Scop. These wide shrubs, or small trees, that reach up to 15
(20) m in height, are pioneers that stabilize the soil and have
an outstanding ability to survive flooding and overburden-
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ing (Schiitt and Lang 2014). Even though its distribution is
scattered, the species covers a variety of habitats, ranging
from alluvial, coarse-gravelled riverbeds near the mountains,
to very dry, calcareous soils and sandy or stony steep slopes,
at higher elevations (Hegi 1981; Dickmann and Kuzovkina
2014). Descriptions of the species are very scarce and include
only few reports on the morphological characteristics (Kriiss-
mann 1962; Hegi 1981). Leaves are usually described as lan-
ceolate to narrow linear, up to 12 cm long, and 2 cm wide.
Young leaves are pubescent on both sides, almost or com-
pletely glabrous on the upper side, dark green and slightly
shiny. Petiole is up to 0.5 cm long, sparsely pubescent (Hegi
1981). The species is both wind- and insect-pollinated, dioe-
cious, characterised by rapid growth rate, easy vegetative
propagation and easy hybridization. Its small seeds are
adapted to long-distance transport by air and water (Argus
1997; Dickmann and Kuzovkina 2014).

Due to broad ecological valence, rosemary willow is an ex-
cellent model species for providing insight into the influ-
ence of habitat and environment on morphological differ-
entiation between morphotypes. Phenotypic responses to
the environmental conditions have been previously re-
ported for other willow species, such as S. alba L. (Ozden
Keles 2021), S. herbacea L. (Marcysiak 2012), S. viminalis
L. (Drzewiecka et al. 2012; Gasecka et al. 2012) and S. tri-
andra (Tumpa et al. 2022). In this research, we examined
leaf morphology of eight rosemary willow populations
growing under diverse habitat and environmental condi-
tions, in order to determine: (1) the extent to which leaf
morphometric characteristics are influenced by environ-
mental conditions; (2) the presence of various morphotypes
of rosemary willow; (3) to get the first insight into the in-
tra- and inter-population variability and population struc-
turing of rosemary willow. The main hypothesis were: (1)
leaf phenotypic variability is in a positive correlation with
favourable environmental conditions; (2) diverse habitat
conditions caused the emergence of different morphotypes
of rosemary willow; (3) there is a significant intra- and in-
ter-population variability based on leaf morphology.

MATERIAL AND METHODS
MATERIJALI | METODE

Plant Material — Biljni materijal

Materials used in the analysis of morphological traits were
collected during the summer of 2020. In total, eight popu-
lations were included in the study (Table 1; Figure 1A):
three populations from the karstic sites (P1-Vela Draga;
P2-Grobnik; P3-Crni Lug), and five populations from the
riparian sites (P4-Kupica; P5-Bregana; P6-Ormoz; P7-Le-
grad; P8-Krka). In each population, leaf samples for mor-
phometric analysis were collected from 10 adult trees/
shrubs, at least 20 m apart from each other, to minimize the
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Table 1. Sampling sites, habitats, geographic coordinates, and multivariate diversity index (MDI) for eight studied Salix eleagnos populations.
Tablica 1. Istrazivane populacije, tip stanita, geografske koordinate i multivarijatni indeks raznolikosti (MDI) za osam istrazivanih populacija sivkaste vrbe.

Population Sampling site Habitat Longitude (E) Latitude (N) Multivariate diversity index (MDI)*
Populacija  Podrucje uzorkovanja Staniste Zemljopisna duZina Zemljopisna Sirina  Multivarijatni indeks raznolikosti (MDI)*

P1 Vela Draga karstic — krsko 13.89053 45.37717 2.059%

P2 Grobnik karstic — krsko 15.11166 45.34141 2.151%

B8 Crni Lug karstic — krsko 15.17695 45.31181 7/

P4 Kupica riparian — rijecno 15.15708 45.28980 3.030%®

P5 Bregana riparian — rijecno 15.19702 45.26899 3.480°

P6 Ormoz riparian — rijecno 15.22006 45.21881 1.154¢

P7 Legrad riparian — rijecno 15.23078 45.23537 1.818

P8 Krka riparian — rijecno 15.22550 45.19699 2.576%¢

karstic — krsko 2.109
riparian — rijecno 3.094
p < 0.001

*Values followed by the same letters are not significantly different at p > 0.05 according to Wilcoxon rank sum test.
*Vrijednosti nakon kojih slijede ista slova ne razlikuju se znacajno pri p > 0,05 prema Wilcoxonovom testu sume rangova.
p — the significance level of differences in the average values of MDI between groups according to Kruskal-Wallis test.

p — razina znaCajnosti razlika u prosjecnim MDI vrijednostima izmedu skupina prema Kruskal-Wallis testu.

Figure 1. Results of the multivariate statistical methods and locations of the eight sampled Salix eleagnos populations. (A) Geographical distribution
of the two groups of populations detected from K-means clustering method based on nine leaf phenotypic traits (the proportions of the membership
of each population in each of the defined clusters are colour-coded: cluster A-red, cluster B-blue; (B) Biplot of the principal component analysis based
on environmental variables; (C) Barplot with posterior probabilities of classification of each individual into each group from the results of the classifi-
cation discriminant analysis. Populations: P1-Vela Draga; P2—Grobnik; P3—Crni Lug; P4—Kupica; P5-Bregana; P6-0rmoz; P7-Legrad; P8—Krka.
Slika 1. Rezultati multivarijatnih statistickih metoda i lokacije osam istrazivanih populacija sivkaste vrbe. (A) Geografska distribucija dviju skupina populacija
dobivena metodom klasteriranja K-means na temelju devet morfoloskih znacajki listova (udjeli zastupljenosti svake populacije u svakom od definiranih klastera
oznaCeni su bojama: klaster A — crveno, klaster B — plavo; (B) Dijagram analize glavnih sastavnica na temelju znaCajki okoliSa; (C) Barplot s posteriornim vje-
rojatnostima klasifikacije svake jedinke u svaku skupinu iz rezultata klasifikacijske diskriminantne analize. Populacije: P1-Vela Draga; P2—Grobnik; P3—Cmi Lug;
P4—Kupica; P5—Bregana; P6—-0rmoz; P7-Legrad; P8—Krka.
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Table 2. Population habitats, distance to water, altitudes, and bioclimatic variables for the eight studied Salix eleagnos populations. Bioclimatic variables: BIO1 — BI0O19 described in the text. Populations: P1-

P8 as in Table 1.
Tablica 2. Udaljenost od vode (d-water), nadmorske visine i bioklimatske varijable istrazivanih populacija. Bioklimatske varijable: BIO1 — BIO19 opisane u tekstu. Populacije: P1 — P8 kao u Tablici 1.
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probability of sampling of related individuals. A total of 10

X 2 8 8 8 8 & 8
Bom B &N = & s . short shoots with no signs of the presence of insects or di-
8 8 2 5 2 © @ = seases were collected from each individual shrub/tree. For
@ ® e @ « - the analysis, only the shoots within the outer, sunlit crown
5 8 8 8 8 8 8 = perimeter were considered. After the collection, the shoot
samples were stored in the labelled plastic zip-lock bags.
2 5 8 8 & 2 8 8 Zip-lock bags were then placed into a cooler bag to protect
them from wilting and deforming. Afterwards, the plant
S 5 8 8 8 s 8 material was taken to the herbarium, dried between newspa-
6 e e e e e e pers and herbarized. Finally, a subsample of the shoots was
*© S taken for analysis, in form of randomly selected two leaves
B B E B § ¥ g = from the central part of the shoot, for a total of 20 leaves
- T T T T - per tree/shrub. The plant material was stored and deposi-
8 8 g 8 2 3 2 3 ted in the herbarium at the Faculty of Forestry and Wood
- - - - = Technology of the University of Zagreb (DEND).
o8 - ==
= ~ T T 22 =2 Studied morphological traits - IstraZivane
% ;3‘: T 2238 33¢ morfoloske znaéajke
RS An MICROTEK ScanMaker 9800XL (MICROTEK,
2 % S ; 2 L 25 2 2 Hsinchu, Taiwan, TW) was used to scan the samples, along
£ § with a metric reference for subsequent measurement cali-
& ;§ T = 3 ; ; ; ; pox brations. The leaves were placed directly onto the scanner,
adaxial side down, and scanned in greyscale at a resolution
E E g § § g § § of 600 dpi. After scanning, the leaves were measured using
WinFOLIA software (Winfolia™ 2005), designed particu-
@ o @ @ ® o larly for accurate measurements of leaf morphology. Data
created by WinFOLIA analysis were stored in standard AS-
© ~N =] o~ =] (=7} — —
S 8 8 @ 9 9 ¥ 0 CII text files. A total of nine phenotypic traits were analysed,
with six of them discerning leaf size: leaf area (LA); leaflen-
S 8§ 9 3 8§ = o = gth(LL); maximum leaf width (MLW); leaf length, mea-
© @© © e = = = @ sured from the leaf base to the point of maximum leaf width
T 5 D2 2 e 8 oo (PMLW); leaf blade width at 90% of leaf blade length
@ ® ® e & oo (LWT); and petiole length (PL). The remaining three traits
. @ @ = were used to describe the leaf shape: form coefficient (FC)
® @ & o = 9 & 2 and leaf angles LA1 and LA2. FC is a coefficient calculated
@ ™ © o o o T © as FC = 4piA/P?, where A=leaf area and P=leaf perimeter.
¢ = =~ @ 2 s 2 = The resulting value is a number between 0 (filiform object)
= and 1 (perfect circle). LA1 and LA2 are traits describing the
_ = base of the leaf blade by expressing the angles closed by the
% 2 e o o o e o« o main leaf vein (the centre of the leaf blade) and the line
E % S 8 R & 8 & =2 & connecting the leaf blade base to a set point on the leaf mar-
= E gin, at 10% (LA1) and 25% (LA2) of total leaf blade length.
=
- Environmental data — Okolisne znacajke
‘g’ ‘% E N 8 = Data of the average climatic conditions for the period from
g %% Bzl S SRS = 1970 to 2000, in the area of the studied populations, were
<3 obtained from the WorldClim 2 database with a spatial reso-

lution close to a square kilometer (Fick and Hijmans 2017).
The bioclimatic variables represent annual trends, seasona-
lity and extreme or limiting environmental factors, useful
when quantifying the effects of environmental conditions
and climate changes on species distributions and phenotypic
variability (O’'Donnell and Ignizio 2012). All 19 bioclimatic
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variables were included in the analysis (Table 2): BIO1
(annual mean temperature); BIO2 (mean diurnal range
(mean of monthly max temp-min temp)); BIO3 (isotherma-
lity (BIO2/BIO7) (x100)); BIO4 (temperature seasonality
(standard deviation x100)); BIO5 (max temperature of the
warmest month); BIO6 (min temperature of the coldest
month); BIO7 (temperature annual range (BIO5-BI0O6));
BIO8 (mean temperature of the wettest quarter); BIO9
(mean temperature of the driest quarter); BIO10 (mean tem-
perature of the warmest quarter); BIO11 (mean temperature
of the coldest quarter); BIO12 (annual precipitation); BIO13
(precipitation of the wettest month); BIO14 (precipitation of
the driest month); BIO15 (precipitation seasonality (coeffi-
cient of variation)); BIO16 (precipitation of the wettest qu-
arter); BIO17 (precipitation of the driest quarter); BIO18
(precipitation of the warmest quarter); BIO19 (precipitation
of the coldest quarter). In addition, two environmental va-
riables were included in the study: distance-to-water and al-
titude. All variables were used to describe the environmental
characteristics of the studied populations and to calculate the
environmental distance matrix.

Leaf trait and population diversity — Varijahilnost
svojstava listova i populacija

Descriptive statistics were calculated for each individual
trait and for each population, with the goal of revealing the
overall range of their variability (Sokal and Rohlf 2012). In
addition, arithmetic means and coefficient of variations
were calculated for the already defined groups, the karstic
and riparian groups, and for the overall population sample.
Hierarchical analysis of variance was used to determine the
variability among the studied groups, between the popula-
tions, as well as between shrubs/trees within the populati-
ons. The populations’ factor was nested within the groups’
factor, whereas the shrub/tree’s factor was nested within the
populations’ factor. In addition, differences of statistical si-
gnificance, for all population pairs, were identified using
the Fisher’s LSD multiple comparison test, at p<0.05. Des-
criptive statistics and hierarchical analysis of variance were
performed using the STATISTICA software package Ver-
sion 13 (STATISTICA Version 13, 2018).

Population structure — Strukturiranost populacija

To identify the divergence and structure of the studied po-
pulations, multivariate statistical methods were used (McGa-
rigal et al. 2000). Using K-means clustering method, based
on nine leaf phenotypic traits, we revealed the number of
clusters, which could present the differentiation between the
studied populations most accurately (Douaihy et al. 2012).
Populations were assigned to one cluster or were of mixed
origin based on whether a specific population proportion
was greater than or equal to 0.7 (one cluster) or less than 0.7
(mixed origin), respectively (Poljak et al. 2018).

@

Afterwards, the principal component analysis was conduc-
ted in order to reveal the interactions between the analysed
variables, and to reduce all of the components to a lower
number of factors. The biplot was constructed by two prin-
cipal components showing analysed individuals and traits.
In the conducted analysis, individuals were assigned to their
populations, and groups “karstic” and “river” were marked
by colour: karstic habitats in red and river in blue. In the
same manner, groups were marked in all other multivariate
analyses.

Discriminant analysis was performed to evaluate the utility
and significance of the analysed leaf traits, revealing traits
with greatest discriminatory power between the populations.
The proportion of individuals correctly classified into the
two studied groups of populations, the riparian and the kar-
stic, was determined using classificatory discriminant
analysis. Posterior probabilities of classification of each indi-
vidual into studied groups from the results of the classifica-
tion discriminant analysis were presented with a barplot.

The abovementioned multivariate statistical analyses were
conducted using the “MorphoTools” R scripts in R v.3.2.2
(R Core Team, 2016) according to the manual by Koutecky
(2015).

Morphological differentiation — Morfoloska
diferencijacija

Morphological differentiation was assessed by calculating
the Euclidean distances between all pairs of individuals ba-
sed on the scores of the first two principal components (PCs)
considering nine leaf traits. The average Euclidean distances
were calculated for each population and used as a multiva-
riate diversity index (MDI) of a population. The Kruskal-
Wallis test (among all populations) and the Wilcoxon rank
sum test (between all possible population pairs) were per-
formed using the STATISTICA software package Version
13 (STATISTICA Version 13, 2018), as was the Kruskal-
Wallis test between karstic and riparian populations. In
addition, an analysis of molecular variance (AMOVA;
Excoffier et al. 1992) was performed using the Euclidean
distance matrix (Karlovi¢ et al. 2009). Two-way AMOVA
was used to partition total morphological variance between
habitats (karstic vs. riparian), among populations within
habitats, and within populations. Additional one-way
AMOVAs were conducted to partition total morphological
variance among and within populations of each habitat. Va-
riance components were tested with 10,000 permutations
in Arlequin ver. 3.5.2.2 (Excoffier and Lischer 2010).

Correlation between environmental, geographic, and
morphometric data — Korelacije izmedu okolisnih,
geografskih i morfoloskih znacajki

Mantel test was used to evaluate the correlations between
the multitrait differences between the populations. This test
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Table 3. Pearson'’s correlation coefficients between environmental var-
iables and scores of the first four principal components. Bioclimatic
variables BI0O1-BI019 as in Table 2.

Tablica 3. Pearsonovi koeficijenti korelacije izmedu okoli$nih znacajki i vri-
jednosti prve Cetiri glavne sastavnice. Bioklimatske varijable BIO1 —BIO19
kao u Tablici 2.

PC — Principal Component

x;;gz: PC - glavna sastavnica
BIO1 0470  -0.858 0194  -0.022
BIO2 0485  -0490 -0625  -0.347
BIO3 0310 0689 -0592  -0.137
BIO4 0877 0353 0045  -0.234
BIOS 0632 -0.743 0073  -0.144
BIO6 0190 0949 0224  0.110
BIO7 0924 0128  -0.148  -0.279
BIOS 0.800 0563  0.171  -0.056
BIO9 0101  -0.949  0.104  -0.029
BIO10 0578  -0.783 0200  -0.095
BIO1T 0054  -0.969  0.180  0.088
BIO12 0957  -0.042 0065  -0.269
BIO13 0959  -0.114 0067  -0.247
BIO14 0968 -0.040 -0076  -0.197
BIO15 0619 0112 0568  -0.363
BIO16 0939 0109 0098  -0.310
BIO17 0975 0151 0075  -0.139
BIO18 0568 0657 0218  -0.394
BIO19 0928 035 0037  -0.099
Nad ”ﬁ!tristz:iisma 0828 0178 0264  0.244
U daljs;::?:i; ode 0821 0148 0417 0234
Eigenvalue

. . 11.14 6.49 1.62 1.02
Svojstvena vrijednost

Variance (%)
Varijanca (%)
Cumulative Variance (%)
Kumulativna varijanca (%)

53.04 30.90 1.70 4.88

53.04 83.94 91.64 96.52

is regarded as the universal method for testing the relation-
ship between multivariate data sets, expressed as dissimi-
larity matrices in biological problems, commonly used to
quantify the degree of difference between individuals, pop-
ulations, or species (Sokal and Rohlf 2012). In this study,
three dissimilarity matrices were calculated in order to de-
scribe differences between the analysed populations: (1)
morphometric differences as squared Mahalanobis dis-
tances between the pairs of populations; (2) environmental
distances as the Euclidian distances between the population
means for the first three PCs of the principal component
analysis; and (3) geographic distance from the latitude and
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longitude of the sampling site. The significance level was
assessed after 10,000 permutations as implemented in N'T-
SYS-pc Ver. 2.21L (Rohlf 2009).

RESULTS
REZULTATI

Environmental differences among sampling sites —
Okolisne razlike izmedu podrucja uzorkovanja

In general, environmental variables included in this study
were highly correlated (Table 3, Figure 1B). Principal com-
ponent (PC) analysis, based on the correlation matrix,
showed that the first four principal components had eigen-
values greater than 1 and together explained 96.52% of the
variance (Table 3). The first principal component explained
53.04% of the total variance. A strong negative correlation
with the first principal component (PC1) was found for eight
environmental variables: BIO17 (precipitation of the driest
quarter); BIO14 (precipitation of the driest month); BIO13
(precipitation of the wettest month); BIO12 (annual preci-
pitation); BIO16 (precipitation of the wettest quarter);
BIO19 (precipitation of the coldest quarter); altitude; and
d-water. In addition, the same principal component was in
a strong positive correlation with three bioclimatic variables:
BIO7 (temperature annual range (BIO5-BIO6)); BIO4 (tem-
perature seasonality (standard deviation x100)); and BIO8
(mean temperature of the wettest quarter). The second prin-
cipal component explained 30.90% of the total variance and
was negatively correlated with six temperature-related va-
riables: BIO11 (mean temperature of the coldest quarter);
BIO6 (min temperature of the coldest month); BIO9 (mean
temperature of the driest quarter); BIO1 (annual mean tem-
perature); BIO10 (mean temperature of the warmest quar-
ter); and BIO5 (max temperature of the warmest month).
The first principal component separated the populations
P1-P3 from higher elevations and karstic habitats characte-
rized by higher precipitation, from other populations (P4-
P8) from larger rivers, where lower precipitations were re-
corded. The second principal component revealed a notable
bioclimatic sub-structure within the karstic and riparian po-
pulations. Of those, the northernmost sub-Mediterranean
population P8 from the riparian group was characterized by
high temperatures, whereas population P3 from the karstic
group was characterized by the lowest temperatures.

Leaf traits analysed and population diversity —
Istrazivana svojstva listova i raznolikost populacija

Overall, correlations between measured traits were positi-
vely or negatively correlated with each other at a statistically
significant level (p<0.01). In general, leaf size-related varia-
bles were positively correlated in almost all pairs examined
(Table 4). A strong positive correlation (r>0.70) was found
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Table 4. The results of correlation analysis between leaf traits. The results are presented as correlations on all 80 individuals. Morphometric traits
analysed: LA—leaf area; FC—form coefficient; LL—leaf blade length; MLW—maximum leaf width; PMLW—Ieaf blade length measured from
the leaf base to the point of maximum leaf width; LWT—Ieaf blade width at 90% of the leaf blade length; LA1—angle closed by the main leaf vein
and the line defined by the leaf blade base and the point on the leaf margin, at 10%; LA2—angle closed by the main leaf vein and the line defined
by the leaf blade base and the point on the leaf margin, at 25%; PL—petiole length.

Tablica 4. Rezultati korelacijske analize izmedu istrazivanih svojstava listova. Rezultati su prikazani kao korelacije izmedu svih 80 jedinki. Istrazivane morfoloske
znacajke: LA — povrsina plojke; FC — koeficijent oblika; LL — duljina plojke; MLW — maksimalna Sirina plojke; PMLW — duljina plojke mjerena od baze lista do
tocke najvece Sirine plojke; LWT — Sirina plojke na 90 % duljine plojke; LA1 — kut zatvoren glavnom lisnom Zilom i linijom definiranom bazom plojke i to¢kom na
rubu plojke, na 10 %; LAZ — kut zatvoren glavnom Zilom lista i linijom definiranom bazom plojke i tockom na rubu plojke, na 25 %; PL — duljina peteljke.
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Trait
Svojstvo
LA . - - *xx *xx *x * *x
FC 0.211 *x - %% *xx *xx *xx *x
LL 0.832 -0.333 *xx *xx Fxx ns * *xx
MLW 0.867 0.511 0.573 *xx Fxx Fxx Fxx ns
PMLW 0.744 -0.361 0.931 0.507 Fxx * *x X
LWT 0.851 0.467 0.555 0.906 0.559 Frx Frx ns
LA1 0.350 0.867 -0.133 0.607 -0.253 0.494 Frx *x
LA2 0.228 0.931 -0.275 0.578 -0.358 0.465 0.953 X
PL 0.301 -0.353 0.478 0.044 0.519 0.058 -0.330 -0.426

*** significant at p < 0.001, ** significant at 0.001 < p < 0.01, * significant at 0.01 < p < 0.05, ns depicts non-significant values (p > 0.05)

in nine out of 36 pairs examined. Furthermore, weak ne-
gative relationship between leaf size and shape was statisti-
cally significant in only several cases: FC demonstrated a
negative correlation with three traits (LL, PMLW, PL); LA2
with three traits (LL, PMLW, PL); and LA1 with two
(PMLW, PL). In addition, the results showed that there were
no significant correlations between the four trait pairs.

Basic data, i.e., mean values and coefficient of variations of
each trait, are given in Table 5 for populations, habitats and
the overall populations’ sample. Coefficients of variations
for the overall sample were high for all of the analysed tra-
its, with all traits having CV above 20%. Extremely high
variability, with CV above 30%, was noted for LA
(CV=39.24%), PL (CV=37.19%), and LWT (CV=30.83%).

Table 5. Results of the descriptive statistical analysis for the studied populations and morphometric traits. Morphometric traits’ acronyms as in
Table 4. Descriptive parameters: M—arithmetic mean and CV—coefficient of variation (%). Populations: P1-P8 as in Table 1.

Tablica 5. Rezultati deskriptivne statisticke analize za istrazivane populacije i morfoloska svojstva. Akronimi istrazivanih morfoloskih svojstava kao u Tablici
4. Deskriptivni pokazatelji: M — aritmeticka sredina; CV — koeficijent varijabilnosti (%). Populacije P1 — P8 kao u Tablici 1.

Descriptive Population Habitat

Trait parameters Populacija NEIING Total

Svojstvo  Deskriptivni P1 P4 P5 Karst  Riparian  Ukupno
parametar Krsko  Rijeéno

LA (cm?) M 2.21 2.02 2.42 4.02 4.29 3.91 3.53 3.74 2.24 3.90 3.27
Ccv 27.43 21.21 22.59 29.19 36.19 23.57 31.60 23.63 26.65 30.28 39.24

LL (cm) M 6.33 5.26 5.79 7.49 7.43 6.89 5.79 6.89 5.79 6.90 6.48
Ccv 20.51 18.50 12.89 16.55 18.90 16.32 18.74 17.85 19.31 19.76 21.34

MLW (cm) M 0.60 0.54 0.60 0.75 0.79 0.80 0.85 0.75 0.58 0.79 0.71
cv 24.65 17.86 15.20 16.61 22.56 15.29 13.60 16.44 20.19 17.66 23.34

PMLW (cm) M 3.41 2.79 2.86 3.85 3.79 3.43 2.97 3.43 3.02 3.49 3.31
cv 30.76 24.06 17.78 24.68 23.49 20.78 18.97 22.11 21.26 24.22 26.18

LWT (cm) M 0.27 0.25 0.25 0.35 0.38 0.37 0.38 0.36 0.26 0.37 0.33
cv 32.23 31.26 24.82 21.85 28.82 23.98 18.75 21.63 30.10 24.63 30.83

PL (cm) M 0.35 0.35 0.42 0.43 0.40 0.34 0.32 0.31 0.37 0.36 0.37
cv 50.82 44.31 24.81 21.52 36.22 39.42 30.75 21.89 40.81 34.67 37.19

FC M 0.13 0.17 0.17 0.17 0.18 0.20 0.25 0.19 0.16 0.20 0.18
cv 26.70 23.81 16.92 17.07 19.51 21.01 14.43 24.00 25.32 23.62 26.38

LAT () M 11.40 12.85 14.15 13.75 15.05 15.77 18.64 15.45 12.80 15.73 14.63
cv 19.70 21.53 22.29 16.61 20.96 14.22 14.87 22.44 23.16 20.63 23.56

LAZ () M 7.26 8.13 8.59 8.36 8.87 9.68 11.95 9.40 7.99 9.65 9.03
cv 27.18 20.23 18.24 16.66 18.95 17.63 12.31 23.52 22.78 21.88 23.94
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Table 6. Hierarchical analysis of variance. Morphometric traits’ acronyms as in Table 4.
Tablica 6. Rezultati hijerarhijske analize varijance. Akronimi istrazivanih morfoloskih svojstava kao u Tablici 4.

Trait

Variance component

% Variation

Svojstvo Komponenta varijance % Varijabilnosti
Between groups — lzmedu grupa 57.22 76.21 rxx
LA Among populations within groups — lzmedu populacija unutar grupa 0.73 1.36 ns
Within populations — Unutar populacija 19.89 18.89 Frx
Error — Greska 2217
Between groups — Izmedu grupa 22.51 5.66 *
L Among populations within groups — Izmedu populacija unutar grupa 14.94 5.54 FxX
Within populations — Unutar populacija 31.05 20.67 xrx
Error — Greska 31.50
Between groups — Izmedu grupa 54.87 59.66 FxE
MLW Among populations within groups — Izmedu populacija unutar grupa 1.96 2.25 *
Within populations — Unutar populacija 14.20 10.78 FxX
Error — Greska 28.98
Between groups — Izmedu grupa 9.81 3.46 ns
PMLW Among populations within groups — Izmedu populacija unutar grupa 12.27 5.41 FxE
Within populations — Unutar populacija 24.98 10.42 Fxx
Error — Greska 52.95
Between groups — Izmedu grupa 43.83 122.55 Frx
LWT Among populations within groups — Izmedu populacija unutar grupa 0.00 0.82 ns
Within populations — Unutar populacija 14.24 7.89 *xE
Error — Greska 41.93
Between groups — Izmedu grupa 0.00 0.08 ns
PL Among populations within groups — lzmedu populacija unutar grupa 9.56 71.14 Frx
Within populations — Unutar populacija 14.57 4.82 *xE
Error — Greska 75.87
Between groups — Izmedu grupa 20.47 3.63 ns
FC Among populations within groups — lzmedu populacija unutar grupa 27.80 15.73 xrx
Within populations — Unutar populacija 16.96 10.76 Frx
Error — Greska 34.77
Between groups — Izmedu grupa 24.95 5.78 *
LA1 Among populations within groups — lzmedu populacija unutar grupa 17.20 1.42 Frx
Within populations — Unutar populacija 24.94 16.19 xrx
Error — Greska 32.91
Between groups — Izmedu grupa 18.40 3.63 ns
LA2 Among populations within groups — Izmedu populacija unutar grupa 24.61 13.27 FEx
Within populations — Unutar populacija 17.96 10.21 *xx
Error — Greska 39.04

*** significant at p < 0.001, ** significant at 0.001 < p < 0.01, * significant at 0.01 < p < 0.05, ns depicts non-significant values (p > 0.05)
*¥** znacajno prip < 0,001, ** znacajno pri 0,001 < p < 0,01, * znacajno pri 0,01 < p < 0,05, ns prikazuje neznacajne vrijednosti (p > 0,05)

For most traits, mean values of karstic populations were
smaller than those of riparian populations. In other words,
karstic populations were characterized by smaller, more
elongated leaves with more acute leaf blade base. Regarding
individual populations , in the karstic group populations
P1 and P2 stood out. Population P1 was characterized by
the longest leaves and the most acute leaf blade base, whe-
reas population P2 stood out by having the smallest leaves.
In the riparian populations’ group, P7 stood out by having
the roundest leaves, and largest leaves characterized popu-
lations P4 and P5.

The results of the analysis of variance are summarized in
Table 6. Statistically significant differences between the
analysed groups, karstic and riparian, were confirmed for
five out of nine measured traits: LA, LL, MLW, LWT and
LA1. Populations within the groups differed in seven out

of nine traits, with no differences found for LA and LIWT.
Individuals within the populations were statistically diffe-
rent for all measured traits. As expected, intrapopulation
variability was higher than the interpopulation variability,
for most traits. However, for six out of nine traits, the
highest percentage of the total variability was represented
by residue component, i.e., leaf variability on the individual
shrub/tree. The exception to this rule were three traits (LA,
MLW, LWT), which demonstrated the highest percentage
of the overall variability for differences among the two gro-
ups, i.e., the two morphotypes.

Since the variance analysis revealed significant differences
between the populations for most of the researched traits,
a post-hoc testing by Fisher’s multiple tests (LSD) was con-
ducted for all population pairs, in order to determine the
exact number of populations differing significantly for each
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Table 7. Results of Fisher's LSD test. Morphometric traits’ acronyms as in Table 4. Populations as in Table 1.
Tablica 7. Rezultati Fisherovog LSD testa. Akronimi morfoloskih svojstava kao u Tablici 4. Populacije kao u Tablici 1.

Population P1 P2 P3 P4 P5 PG P7
P2 LL, PMLW, FC
PMLW, PL, FC,
# LA, LA2 A
o Pk,lAL'V\L/L'L\',‘(',#V‘QL LA, LL MLW, LA, LL, MLW,
Fe AT Lap” PMLW,LWT L PNILW, LWT
s LV\L/¢'|=LLL';\:I:LVL\Q\1 LA LL, MLW, LA, LL, MLW,
PL P CAT ey, LWT LA PMILW, LWT
LA LL MLW, LA LL, MLW,
P Lﬁél\f-lAV]V, LLX‘QT' PMLW, LWT, FC, PMLW, LWT, PL, PMLLX‘I" EkZFC' PL
(L, LAT, LAZ FC, LA2 '
oy LA MLW PMLW, LA, MUW,LWT, LA, MLW, LWT, L, MLW, PMLW, LA, LL PMLW, PL, L, PMLW, FC,
LWT FC, LA1, LAZ  FC, LA1, LA2  PL, FC, LA1, LA2 PL FC, LA1,LA2  FC, LAT, LA2 LAT, LA2
LA, LL, MLW,
LA, MLW, LWT, (LLMIW, a1 LL, MLW, PMLW,
i FC, LAT, LA2 PMLLVX'IL‘L"A’\TZ' G pmuw, twr, pr PMLW, PL LAZ i FC, LAT, LA2

individual trait (Table 7). Significant differences were found
between almost all population pairs. The most pronounced
differences were found between the karstic and the riparian
populations, as well as between the population P7 and all
other populations. Populations P4 and P5, and P6 and P8
did not demonstrate a single significant difference, and a
single statistically significant difference was noted for the
following population pairs: P2 and P3; P5 and P6; P5 and

P8. The majority of population pairs demonstrated diffe-
rences for six or more traits.

Population structure — Strukturiranost populacija

As previously indicated, significant variations between
different populations, according to their environmental
origin, have been confirmed by the multivariate statistical
analysis as well. As a result, the researched populations

Figure 2. Biplot of the principal component (PC) analysis based on nine leaf phenotypic traits in the studied Salix eleagnos populations. Each in-
dividual tree is indicated by a small sign, while the population barycenters are represented by larger ones. The colour of the signs is related to
the two groups of populations detected from K-means clustering method (cluster A-red, cluster B-blue). Morphometric traits" acronyms as in

Table 4.. Populations as in Table 1.

Slika 2. Dijagram analize glavnih sastavnica (PC) na temelju devet morfoloSkih znaCajki listova u istraZivanim populacijama sivkaste vrbe. Svaki pojedini
grm oznacen je malom oznakom, dok su populacijski baricentri predstavljeni ve¢im oznakama. Boja oznaka povezana je s dvije skupine populacija dobive-
nih metodom klasteriranja K-means (grupa A — crvena, skupina B — plava). Akronimi morfoloskih svojstava kao u Tablici 4. Populacije kao u Tablici 1.
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were divided optimally into two clusters, by K-means
analysis (FigurelA), with clusters corresponding to the
predefined population groups, in karstic and riparian ha-
bitats. From the total of 80 individuals, 35 were assigned
to Cluster A, and the remaining 45 to Cluster B. Cluster A
encompassed individuals from populations P1-P3, found
on the karstic sites, and Cluster B encompassed the ripa-
rian populations of P4-P8. All of the P1 and P2 individuals
were assigned to Cluster A, whereas all individuals from
P6 and P7 were assigned to Cluster B. None of the popu-
lations demonstrated mixed origin, i.e., all tested popula-
tions demonstrated proportion of membership above 0.7.
A similar environmental gradient was also visible from the
PCA and CDA results.

In PCA, the first principal component axis indicated diffe-
rentiation of samples from karstic and riparian sites (Fi-
gure 2). Only one individual from the karstic populations
grouped with the riparian population group, whereas only
five individuals from riparian populations grouped with
the karstic population group. The first two components
had the eigenvalues above 1 and explained 87.98% of the
total variability (Table 8). The first principal component
was highly positively correlated to three traits, whereas the
second principal component correlated highly positively
with two, and highly negatively with two traits.

In CDA, all morphological traits except LA2, which was
redundant with LA1, were used in the analysis to deter-
mine which ones allow to separate the willow shrubs/trees
according to their population and habitat origin. The va-
riables that differentiated from the researched populations
the most were as follows (from highest to lowest discrimi-
nant power according to the F statistic values): LA, FC, LL,
MLW, PMLW, LWT, LA1 and PL (Table 9).

Figure 3 presents projections of canonical variables for
discriminant functions 1 and 2. Individuals from the kar-
stic populations are marked in red and those from riparian
populations in blue. The first two functions had eigenva-
lues above 1 and explained 83.38% of the total variability.
Discriminant function 1 has proven to be the most discri-
minative in separating populations of the karstic (P1-Vela
Draga; P2-Grobnik; P3-Crni Lug) and the riparian habi-
tats (P4-Kupica; P5-Bregana; P6-Ormoz; P7-Legrad; P8-
Krka). In addition, along the second axis a clear separation
can be observed, for shrubs/trees in P7, from the riparian
populations, as well as for shrubs/trees in P1, from the in-
dividuals found in karstic populations.

The overall classification rate on the group level was 93.7%.
Individuals from karstic populations were correctly classi-
fied in 96.7% of cases, whereas the riparian individuals did
so for 92.0% of cases. The lowest percent of correctly cla-
ssified individuals was observed in the P5 population
(70.0%). Individuals from P1, P2, P4, P6 and P7 populati-
ons were correctly classified in 100% of cases. Figure 1C
shows the barplot with posterior probabilities of classifi-
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Table 8. Pearson’s correlation coefficients between morphometric traits
and scores of the first three principal components. Morphometric traits’
acronyms as in Table 4.

Tablica 8. Pearsonovi koeficijenti korelacije izmedu morfoloskih svojstava i
prve tri glavne sastavnice. Akronimi istrazivanih morfoloskih svojstava kao
u Tablici 4.

PC — Principal Component

Trait PC - glavna sastavnica
Svojstio PC1 PC2 PC3
LA 0.900 0.381 -0.016
LL 0.568 0.786 -0.122
MLW 0.975 0.018 -0.055
PMLW 0.502 0.831 -0.109
LWT 0.937 0.085 -0.101
PL 0.069 0.678 0.730
FC 0.560 -0.769 0.182
LA1 0.662 -0.681 0.126
LA2 0.598 -0.784 0.086
Eigenvalue 433 3.59 0.63
Svojstvena vrijednost
Variance (%)
Varianca (%) 48.08 39.90 6.99
Cumulative Variance (%) 18.08 8798 94.97

Kumulativna varijanca (%)

Table 9. Results of the stepwise discriminant analysis for studied mor-
phometric traits. Morphometric traits” acronyms as in Table 4.
Tablica 9. Rezultati stepwise diskriminantne analize za istrazivana
morfoloSka svojstva. Akronimi istrazivanih morfoloskih svojstava kao u Ta-
blici 4.

Wilks’ Partial Wilks
. lambda
Trait lambda Parciialna F-value p-value
Svojstvo Wilksova : I F-vrijednost  p-vrijednost
Wilksova
lambda
lambda
LA 0.044 0.469 10.494 0.0000
FC 0.036 0.578 6.788 0.0000
LL 0.032 0.649 5.024 0.0001
MLW 0.026 0.787 2.515 0.0237
PMLW 0.026 0.808 2.203 0.0452
LWT 0.024 0.864 1.464 0.1957
LA1 0.024 0.869 1.399 0.2208
PL 0.023 0.882 1.238 0.2953

cation of each individual into each group from the results
of the classification analysis of discrimination.

Multivariate diversity index (MDI) and morphological
differentiation — Multivarijatni indeks raznolikosti
(MDI) i morfoloska diferencijacija

The multivariate diversity index values (MDI), based on
nine leaf traits, ranged from 1.154 (P6) to 3.480 (P5), both
belonging to the riparian group (Table 1). Kruskal-Wallis
test confirmed the differences in the MDI values, by testing
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Figure 3. The first two canonical varieties of the canonical discriminant analysis (CV1 and CV2) of eight Salix eleagnos populations based on eight
morphological traits. Each individual tree is indicated by a small sign, while the population barycenters are represented by larger ones. The colour
of the signs is related to the two groups of populations detected from K-means clustering method (cluster A-red, cluster B-blue). Morphometric
traits’ acronyms as in Table 4. Populations as in Table 1.

Slika 3. Prve dvije diskriminantne funkcije kanonicke diskriminantne analize (CV1 i CV2) osam populacija sivkaste vrbe na temelju istrazivanih morfoloskih
svojstava lista. Svaki pojedinacni grm oznacen je malom oznakom, dok su populacijski baricentri predstavljeni ve¢im. Boja oznaka povezana je s dvije sku-
pine populacija dobivene metodom klasteriranja K-means (grupa A — crvena, skupina B — plava). Akronimi morfoloskih svojstava kao u Tablici 4. Populacije
kao u Tablici 1.

among all populations. According to the Wilcoxon rank  individuals in CDA (P5 and P4). In addition, Kruskal-
sum test, the highest MDI values were found in populati- ~ Wallis test proved to be significant when differences
ons that had the lowest percentage of correctly classified ~ between karstic and riparian populations were tested.

Table 10. AMOVA analysis for partitioning of total morphological variance of Salix eleagnos populations between habitats (karstic vs. riparian),
among populations within habitats and within populations, as well as among and within populations of each habitat.

Tablica 10. Rezultati AMOVA analize za raspodjelu ukupne morfoloske varijabilnosti populacija sivkaste vrbe izmedu tipova stanista (krSkih naspram rijecnih),
izmedu populacija unutar tipa stanista i unutar populacija, kao i izmedu i unutar populacija svakog tipa stanista.

Variance
Analysis Source of variation components % Variation
Analiza Izvor varijabilnosti Komponente % Varijabilnosti
varijance
Between hablt.alts (ka[stlc vs.flpvarlan) : 0.757 34.53 0.345 < 0.0001
Izmedu stanista (krsko vs. rijecno)
All populatlo?s Among populatlojls within habl_tvats 6 0.312 14.23 0.217 < 0.0001
Sve populacije Izmedu populacija unutar stanista
Within populations 72 1124 51.24 0.488 < 0.0001
Unutar populacija
- Among populations 2 0.098 9.01 0.090 0.033
Karstic habitat Izmedu populacija
Krsko staniste ithi i
Within populations 27 0.987 90.99
Unutar populacija
- Among populations 4 0.418 25.74 0.257 < 0.0001
Riparian habitat Izmedu populacija
Rijecno staniste ithi i
Il Within populations 15 1.206 74.26

Unutar populacija
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Figure 4. Isolation-by-distance (IBD) and isolation-by-environmental-distance (IBE) in rosemary willow populations. Scatter plots of simple Man-
tel tests showing the relationships between: (A) geographic and morphological distances (r=0.318, p=0.0966); and (B) environmental and mor-

phological distances (r= 0.436, p=0.0220).

Slika 4. Izolacija uslijed geografskih (IBD) i ekoloskih udaljenosti (IBE) u istrazivanih populacija sivkaste vrbe. Dijagrami jednostavnih Mantelovih testova
koji pokazuju odnose izmedu: (A) geografskih i morfoloskih udaljenosti (r = 0,318, p = 0,0966); i (B) okoli$nih i morfoloSkih udaljenosti (r = 0,436, p =

0,0220).

Using the AMOVA analysis, significant variability on the
intra- and interpopulation levels was confirmed (Table 10).
Furthermore, individuals from karstic vs. riparian habitats
were clearly distinguished. The highest percentage of the
overall variability addressed the diversity within populati-
ons, the second highest percentage addressed variability
between the habitats (karstic vs. riparian), whereas the
lowest percentage was assigned to the variability of popu-
lations within the same habitat. AMOVA analysis had addi-
tionally showed that riparian populations were significantly
more diverse than those found within the karstic habitats.

Isolation by distance (IBD) and environment (IBE) -
Izolacija uslijed geografske (IBD) i ekoloske
udaljenosti (IBE)

A simple Mantel test (Figure 4) identified significant corre-
lations (r=0.436, p=0.0220) between morphological and
environmental distances, proving an influence of isolation
by environment (IBE) on leaf morphology of rosemary
willow populations. Isolation by distance (IBD), however,
did not contribute to leaf morphological variability, as pro-
ven by the lack of significant correlation between morpho-
logical and geographic distances (r=0.318, p=0.0966).

DISCUSSION
RASPRAVA

Rosemary or bitter willow (Salix eleagnos) is an economi-
cally mostly insignificant species (Herman 1971; Schiitt

1997), with limited uses for wood, basketry, and biomass,
and as such has not been the subject of genetic or morpho-
logical research. Therefore, our results could only be com-
pared to older published data in botanical literature. In va-
rious flora and textbooks (Herman 1971; Kriissmann 1962;
Schiitt 1997; Idzojti¢ 2009), leaves of the species are descri-
bed as extremely elongated, as confirmed by our research.
The size of the leaves, however, has not been extensively
reported, and the size ranges from 6-15 cm (Kriissmann
1962; Idzojti¢ 2009). Mean values revealed by our research
are significantly lower, within the 2-3 cm range for karstic
populations, and 4-5 cm for riparian populations. The great
discrepancy in data is most likely due to the small sample
size of the leaves represented in botanical literature. This is
a common occurrence, since authors would use a small
sample from nature or vouchers from herbariums when
writing botanical textbooks or flora, thus being unable to
encompass the complete area of research, i.e., the variabi-
lity of the species.

It is well-known that the levels of genetic and phenotypic
diversities and their spatial distribution on population and
among-population level, are the result of a mosaic of inte-
ractions between intrinsic and extrinsic factors, including
phenology, dispersal, topography, and flood regime (Core-
nblit et al. 2014; Rodriguez-Gonzalez et al. 2019). In gene-
ral, our research revealed that karstic populations all had
homogeneously low diversity, i.e., they were characterized
by similar multivariate diversity index (MDI) low values.
This homogeneity is likely the result of smaller populations’
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area, as well as the homogeneous habitat conditions in
them. In contrast, the riparian populations boasted hetero-
geneous values of MDI, with some populations being highly
diverse, and others having very low MDI values. When ri-
parian populations with low MDI values are considered,
they are likely to have experienced a form of genetic drift,
i.e., the “founder” effect (Wright 1937; Eckert et al. 1996;
Star and Spencer 2013), through which newly formed po-
pulations are formed by very small number of individuals
and thus boast low diversity levels. This case has been
known to happen for willow species (Brunsfeld et al. 1991;
Alsos et al. 2015; Tumpa et al. 2022), as well as other pio-
neer species (Haase 1993; Lowe et al. 2018; Woellner et al.
2021). In theory, a new population of rosemary willow co-
uld have grown from seeds of a single individual, which
floated downstream. This could have happened in P6 and
P7, whose MDI values were lower even than those noted
for karstic populations. On the other hand, populations P4
and P5 were found to be highly diverse. These populations
are located close to the karstic populations, thus enabling
the influx of genes which, when intermixed with the ripa-
rian genes, mark them as inherently more diverse. In addi-
tion, the heterogeneity of the habitat in these two popula-
tions, with numerous plants growing both in the flood zone
of the rivers (permanently humid conditions) and on the
river terraces (seasonally flooded/above floods), could con-
tributed to the notably higher phenotypic diversity. This is
supported by the lowest levels of classification found for P4
and P5 in which, although riparian, some individuals were
classified close to karstic populations.

Our analyses indicate that the majority of significant phe-
notypic variation among individuals occurs within rather
than among populations. However, the ANOVA and
AMOVA analyses showed that a large part of the total va-
riation could be assigned to the differences between the stu-
died groups of populations, i.e., karstic and riparian. In addi-
tion, in the different multivariate analyses carried out under
the morphometric material from eight studied populations,
we observed two well-differed groups of populations, which
coincide with the above-mentioned habitats. Accordingly,
small-leaf morphotypes of rosemary willow were found in
higher altitude sites, farther away from waterways, and were
characterised by higher levels of rainfall, whereas the large-
leaf morphotypes were found in riparian sites with lower
levels of rainfall. Due to the fact that this species requires a
certain level of underground water to thrive (Herman 1971;
Schiitt 1997), xeromorphic small-leaf morphotypes develo-
ped only in sites where ample rainfall could counter the lack
of water in soil. Finally, if we assume that the gene flow
among populations from those ecologically divergent habi-
tats, karstic and riparian, is reduced because of lower rates
of successful establishment of immigrant organisms, which
originated in various habitats, as a result of local genetic
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adaptation (Nosil and Crespi 2004; Noisl et al. 2005, 2008,
2009; Orsini et al. 2013; DeWoody et al. 2015), these two
clearly separated groups of populations of rosemary willow
could potentially represent two ecotypes — the small-leaf
ecotype found in the drier habitats and the large-leaf found
in the water habitats. This hypothesis is well-substantiated
by the results of the Mantel test and the isolation by envi-
ronment (IBE) pattern. In other words, we revealed that the
ecological distances correlated with morphological distan-
ces, i.e., populations from ecologically more similar habitats
are also morphologically more similar.

Although all populations significantly followed the envi-
ronmental gradient, populations within each habitat de-
monstrated significant differences, i.e., narrow vs. oblong
elliptical leaves. According to the AMOVA analysis, these
differences are particularly pronounced between populati-
ons within riparian habitats. From the riparian populations,
P7 stood out by having less elongated leaves when compa-
red to other riparian populations, including population P5,
which was located only 20 km away. As previously menti-
oned, waterways enable movement of plants or genes across
the landscape (Rodriguez-Gonzélez et al. 2019) and are ge-
nerally known to serve as corridors for riparian plants
(Nilsson et al. 2002, 2010; Bothwell et al. 2017). That mo-
vement can decrease the genetic difference on one side
(Murray et al. 2019), and may influence the spatial distri-
bution of genetic diversity on the other side (Macaya-Sanz
etal. 2012), as well as lead to distinctiveness between plant
populations. Although most seeds disperse very close to the
mother plant, in some cases they can travel farther down-
stream from the mother plant (de Jager et al. 2019). If the
number of individuals that are forming the new populati-
ons is small, these populations can phenotypically differ
significantly (Nei et al. 1975; Scheepens and Stocklin 2011).
This in particular case, the reason is the weak geographic
structure of the populations, as well as the lack of clear iso-
lation by distance (IBD) pattern, in which geographically
closer populations would also demonstrate morphological
similarities. It has been previously reported that, due to the
various factors of influence, drivers of genetic diversity and
population structure in riparian plants are not easily dis-
cernible (Rodriguez-Gonzalez et al. 2019). Furthermore,
within the arid, karstic population group, P1 stood out by
having the most elongated leaves. This population is surro-
unded by mountain ranges on the western and northern
population’s edge, and sea on the southern edge, thus iso-
lating it from other populations. When the effective size of
the population is that small, as it is the case in P1, and the
population is so isolated, morphological differences are
expected (Lesica and Allendorf 1995). The limited gene
flow as a result of such isolation usually leads to the crea-
tion of specific morphotypes, which has previously been
confirmed for a number of plant species (Baker and Dalby
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1980; Tremblay 2005; Boratynska et al. 2005; Galvan-
Hernéndez et al. 2020).

Although the southernmost population P8 might have been
expected to exhibit extreme differences in leaf morphology,
due to its location in Krka canyon and the dual influence
of the sub-Mediterranean and continental climate extremes
(Perica et al. 2005), this was not the case. Moreover, this
population was very similar to the northern populations in
river valleys, located 200 km or more away. Our theory is
that the specific microclimate in the canyon of this
southernmost population managed to mellow down the
climate extremes and great oscillations of the daily and
annual temperatures so much that the conditions in which
the willow grows here are similar to those in the populati-
ons farther up north. In this case, we can assume the natu-
ral selection and phenotypic plasticity worked in the same
direction, i.e., in similar habitats it favoured similar phe-
notypes (Westoby and Wright 2006; Kimball et al. 2013;
Mallet et al. 2014). In addition, it is highly likely that the
northern and southern populations in this research belong
to the same Last Glacial Maximum (LGM) refugium. Alt-
hough the northwestern Balkans is considered to be the
intermixing zone of different refugia’s lines (Hewitt 1999;
Petit et al. 2003), resulting often in differences between the
northern and southern populations, for willows this is most
likely not the case. In several instances, it has been reported
that Salix species, together with other cold tolerant species,
i.e., birches, pines, spruces, or larches, were evidently capa-
ble of withstanding the LGM at higher latitudes (Willis et
al. 2000). We assume that rosemary willow, along with other
willow species, was not present in the southern Balkan pe-
ninsula during the last glacial period (Huntley and Birks
1983), and that both the northern and the southern popu-
lations stem from refugium most likely located in the
middle latitudes (Palmé et al. 2003). Palmé et al. (2003)
highlight that the light seeds of willows, spread by the wind,
had a significant influence on the rapid dispersal of these
species during the deglaciations of the Earth. The high dis-
persal ability of willows could continue to exert influence
over its genetic structure, since seed dispersal between po-
pulations should prevent population differentiation and
cause a wider distribution of the haplotypes. Alternatively,
this species is often used as an ornamental plant and the
influence of humans on the dispersal of plant material
cannot be fully excluded.

CONCLUSIONS
ZAKLJUCCI

Our results clearly demonstrate a substantial divergence in
phenotypes of rosemary willow when leaves are conside-
red. Leaf phenotypic features displayed a clear bimodal dis-
tribution across the populations, with samples from dry
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karstic habitats having smaller leaves than those from ripa-
rian habitats. As expected, the strong phenotypic structure
between these two groups of populations was largely expla-
ined by the environmental conditions and fits to an IBE
pattern. In addition, statistically significant differences were
found on both intra- and interpopulation levels. Karstic
populations were homogeneously less diverse than the ri-
parian populations, which boasted both the highest and the
lowest MDI values noted in the research. This heteroge-
neity of diversity is the result of specific conditions in which
each of the riparian populations is situated, as well as the
specific history of inception of the populations (“founder”
effect). Overall, our results indicate that the distribution of
the phenotypic diversity across rosemary willow populati-
ons is strongly related to the environmentally specific fac-
tors, probably due to the natural selection and phenotypic
plasticity, and stochastic factors such as gene flow, genetic
drift and founder events.
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SAZETAK

Fenotipska diferencijacija ¢esto je rezultat ekoloske raznolikosti u vrsta sa Sirokom prirodnom
rasprostranjeno$¢u. Opcenito gledano, morfoloska varijabilnost populacija neke vrste rezultat je djelo-
vanja osnovnih mikroevolucijskih procesa (prirodne selekcije, mutacije, geneti¢ckog pomaka i protoka
gena) te fenotipske plasti¢nosti. To se posebno odnosi na vrste obalnih stanista i vrste s laganim sje-
menkama koje lako raznose i voda i vjetar. Jedna takva vrsta je i sivkasta vrba (Salix eleagnos Scop.),
koja raste i na vlaznim obalnim stanistima i na su§nim, krskim podru¢jima u srednjoj i juznoj Europi.
Upravo zbog Siroke ekoloske valencije, ova je vrsta izabrana kao modalna vrsta za odredivanje poten-
cijalnih morfotipova prilagodenih na razli¢ite stani$ne uvjete. Osim toga, analiziran je i u¢inak
okoli$nih uvjeta na morfoloske karakteristike listova, kao i struktura istrazivanih populacija.
Istrazivanje je obuhvacalo tri populacije sivkaste vrbe iz krskih stanista i pet populacija s obalnih
stanista. Uzorci li$¢a prikupljeni su s deset jedinki u svakoj populaciji, a analizirano je devet morfoloskih
svojstava listova. Fenotipska svojstva lista pokazala su jasnu bimodalnu distribuciju po populacijama,
pri ¢emu su uzorci iz suhih, krkih stani$ta imali manje listove od onih iz obalnih i vlaznih stanista.
Osim toga, pokazalo se da uvjeti stanista snazno utje¢u na morfologiju, $to potvrduje znacajan utjecaj
obrasca izolacije uslijed ekoloskih udaljenosti (IBE). Takvi rezultati takoder su potkrijepljeni i AM-
OVA analizom, koja je 34,53 % ukupne varijabilnosti pripisala varijabilnosti jedinki izmedu dvaju
stani$ta (kr$ko naspram obalnog). Nadalje, kr$ke populacije pokazale su homogene i niske vrijednosti
multivarijatnog indeksa raznolikosti (MDI), kao i manju varijabilnost izmedu populacija u usporedbi
s obalnim populacijama, $to odrazava fenotipsku prilagodljivost na jednoli¢ne uvjete okolisa. Nasu-
prot tome, obalne populacije pokazale su i visoku i nisku razinu raznolikosti, uz ve¢u medupopulacijsku
varijabilnost od one u krskih populacija, $to se moze pripisati razli¢itom podrijetlu populacija i
uvjetima stanista. Nasi rezultati jasno upucuju da je interakcija izmedu biljke i stanista vrlo slozen
proces i da ove dvije, jasno odvojene skupine populacija sivkaste vrbe potencijalno mogu predstavljati
dva razlicita ekotipa.

KLJUCNE RIJECI: fenotipska plasti¢nost, adaptabilnost, ekotipska diferencijacija, izolacija uslijed
ekologkih udaljenosti, morfometrija lista, fenotip, multivarijatni indeks raznolikosti
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UTJECAJ MATICNOG SUPSTRATA NA 5
ZNACAJKE KALKOKAMBISOLA NA PODRUCJU
NP PLITVICKA JEZERA

INFLUENCE OF THE PARENT MATERIAL ON CALCOCAMBISOL
IN THE AREA OF THE PLITVICE LAKES NATIONAL PARK

lvan PERKOVIC™*, David POCEKALZ, Vibor ROJE', Darko BAKSIC', Nikola PERNAR!

SUMMARY

Kalkokambisol (smede tlo na vapnencima i dolomitima) jedno je od najzastupljenijih tipova tala u Hrvatskoj.
Kako i sam naziv sugerira, razvijeno je na vapnencima i dolomitima koji uklju¢uju niz prijelaznih formi stijena
glede nacina i intenziteta fizickog i kemijskog trosenja. Na podruéju Nacionalnog parka Plitvicka jezera otvoreno
je 30 pedoloskih profila,18 na vapnencima i 12 na dolomitima. Na terenu su bili odredeni ektomorfoloska i
endomorfoloska svojstva tla. Na prikupljenim uzorcima tla iz humusno-akumulativnog (A) i kambi¢nog (B) hor-
izonta odredeni su sljedeci parametri: granulometrijski sastav tla, reakcija tla odnosno pH-vrijednost u vodi i
vodenoj otopini CaCl,, udio karbonata te udio organskog i ukupnog dusika. Najvece razlike u ektomorfoloskim
parametrima izmedu tala povrh vapnenaca i dolomita utvrdene su u stjenovitosti i kamenitosti — na vapnencima
se ona krece u rasponu od vrlo niske do vrlo visoke, dok je na dolomitima nema. Na profilima kalkokambisola
povrh dolomita utvrden je vei udio frakcija pijeska i manji udio gline od kalkokambisola povrh vapnenaca. Dom-
inantna teksturna oznaka u B-horizontu koji je ujedno i dijagnosticki horizont kalkokambisola povrh vapnenaca
je praskasta glina, dok je kod kalkokambisola povrh dolomita praskasto glinasta ilovaca. Prosje¢ne pH-vrijednosti
i udjeli CaCO, u kalkokambisolima povrh vapnenaca bili su statisti¢ki znacajno nize od kalkokambisola povrh
dolomita duz cijelog profila. Nije utvrdena znacajna razlika u udjelima C,, i N, izmedu kalkokambisola povrh
vapnenaca i dolomita, pa tako nema ni velike razlike u omjeru C/N. Prosjecni odnos C/N duz cijelog profila
kalkokambisola povrh vapnenaca i dolomita iznosi 14, odnosno dekompozicija traje neometano. Ovim
istrazivanjem je utvrdeno da postoje znacajne razlike u ektomorfoloskim (stjenovitost i kamenitost) i
endomorfoloskim (granulometrijski sastav tla, pH-vrijednost tla i udio CaCO;) svojstvima kalkokambisola na
razli¢itim mati¢nim supstratima.

KLJUCNE RIJECI: kalkokambisol, vapnenci, dolomiti, NP Plitvi¢ka jezera

uvoD sur., 2016) i nedvojbeno je najzastupljenije tlo u Sumskim
INTRODUCTION ekosustavima (Pernar, 2017). Nastaje trosenjem karbonat-

nih stijena i rezidualnom akumulacijom netopivog ostatka.
Kalkokambisol (smede tlo na vapnencima i dolomitima)  Evolucijski gledano, razvija se iz crnice povrh vapnenaca i
jedan je od najzastupljenijih tipova tala u Hrvatskoj. Do-  rendzine povrh dolomita, a daljnjim poveanjem dubine i
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smatra najrazvijenijim tlom na karbonatnim sedimentima
(Pernar, 2017; Spaargaren, 2008; Pilas i sur., 2016).

Svojstva kalkokambisola odreduje netopivi ostatak matic-
nog supstrata, koji je na krsu dijelom i alohtonog porijekla
(lesoliki materijal) nanesen eolski (Yallon, 1997; Muhs i sur.,
2012). Jedno od jako varijabilnih svojstava kalkokambisola
je dubina profila i povrsinska stjenovitost. Okrsenost dolo-
mita znatno je manja od okr$enosti vapnenaca, pa je i du-
bina profila ujednacenija (Husnjak, 2014). Tekstura tla je
praskasto glinasta do glinasta (Martinovi¢, 2003; Husnjak,
2014; Pernar, 2017), s izrazenom stabilnom poliedri¢nom
strukturom (Pernar, 2017), nepovoljne unutarnje porozno-
sti agregata koji slabo upijaju vodu (Ciri¢, 1984) i povoljnim
vodno-zra¢nim odnosom (Gonzales-Pelayo i sur. 2006).
Ovo tlo je u pravilu nekarbonatno, s pH-vrijedno$¢u od 5,5
do 7. Ima visok stupanj kapaciteta zamjene bazi¢nih kati-
ona > 50 % (Martinovi¢, 2003; Pernar 2017) i varijabilni
udio organske tvari (Durn i sur., 2019).

Proces nastanka tla pocinje fizickim i kemijskim trosenjem
maticne stijene, a odvija se kao niz interaktivnih procesa
koji zajedno ¢ine pedogenezu. Tla koja su razvijena na ra-
zli¢itim mati¢nim supstratima imaju karakteristi¢ne razlike
u fizickim znacajkama kao posljedicu razli¢itog trosenja
mati¢nog supstrata. Kemijski i mineraloski sastav mati¢nog
supstrata uvjetuje koli¢inu tro$ine koju supstrat moze pro-
ducirati te njegovu podetnu propusnost za vodu, $to odre-
duje brzinu razvoja tla, odnosno vrijeme potrebno za do-
stizanje stadija klimaksa (Skori¢ 1986). Za razliku od tvrdih
i ¢istih vapnenaca koji se dominantno trose kemijski, ve¢ina
dolomita trosi se fizicki, pri ¢emu nastaje dolomitni grus
dimenzija pijeska i sitnog $ljunka. Na vapnencima kalko-
kambisol se razvija iz razvojne serije: crnica organogena —
crnica organomineralna — crnica posmedena, dok se povrh
dolomita kalkokambisol razvija iz rendzina (Vrbek, 2009).
Trosivost ovih stijena, njihova vodopropusnost, predispo-
zicija eroziji i vazna uloga u hidroloskom ciklusu snazno se
odrazavaju na pedogenetske procese i znacajke tla, a razu-
mijevanje pedogenetskih procesa dobilo je na vaznosti, po-
sebice posljednjih desetljeca, kako zbog globalno prepo-
znate opasnosti od degradacije tla (Amundson i sur., 2015,
Hou i sur., 2020.), tako i zbog prepoznatosti njegove eko-
losko-regulacijske uloge povezane s globalnim ciklusom
ugljika (Sanderman i sur., 2017).

Kako i sam naziv sugerira kalkokambisol (smede tlo na va-
pnencima i dolomitima) razvijen je na vapnencima i dolo-
mitima, koji pak uklju¢uju niz prijelaznih formi stijena u
pogledu nacina i intenziteta fizickog i kemijskog trosenja.
Cilj rada je utvrditi postoje li razlike izmedu fizickih i ke-
mijskih svojstava kalkokambisola povrh vapnenaca i dolo-
mita na odabranim reprezentativnim profilima prikuplje-
nim u sklopu projekta "Izrada pedoloske karte Nacionalnog
parka Plitvicka jezera". Hipoteza postavljena u ovom radu
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je da se razli¢itim nac¢inom tro$enja vapnenaca i dolomita
manifestiraju i razli¢iti utjecaji na ekto- i endomorfoloska
te na fizicka i kemijska svojstva kalkokambisola.

MATERIJALI | METODE
MATERIAL AND METHODS

Podrucje istrazivanja — Study site

Plitvi¢ka jezera najstariji su i najve¢i nacionalni park Repu-
blike Hrvatske, proglasen nacionalnim parkom 1949. go-
dine, te su od 1979. usla na UNESCO-vu Listu svjetske ba-
$tine (Prpi¢iKosi¢, 2019). Ukupna povrsina parka je 29.630
hektara, od ¢ega vodene povrsine zauzimaju oko 1 % od
ukupne povrsine. Ostatak Parka ¢ine dominantno Sumska
podrudja (81 %), travnjacke povrsine (oko 15 %) te oko 3
% povrsine znacajnije izmijenjene antropogenim djelova-
njem (Plan upravljanja NP Plitvicka jezera 2019.-2028.).
Nadmorska visina krece se izmedu 384 m.n.v. i 1279 (Se-
liski vrh) m.n.v. (Vukeli¢ i dr., 2023). Park se ve¢inom nalazi
na jugoisto¢nom dijelu Male Kapele i na prijelaznom po-
drudju prema Pljesevici.

Prema Koppenovoj Klasifikaciji, podrucje NP Plitvicka je-
zera ima umjereno toplu vlaznu klimu s toplim ljetom
(Ctwbx) bez susnog razdoblja, a prema rasponu nadmor-
skih visina NP Plitvicka jezera ima dva od pet klimatskih
razreda. Prevladava razred C - umjereno tople ki$ne klime,
a na manjoj je povrsini prisutan razred D i tip Df koji ozna-
¢ava snjezno-$umsku, borealno-vlaznu klimu na visinama
iznad 1200 m (Segota i Filip&i¢ 2003). Srednja godignja tem-
peratura zraka iznosi 9,2 °C, a u vegetacijskom razdoblju
(IV. do IX. mjesec) 14,9 °C. Prosje¢na godi$nja koli¢ina obo-
rina iznosila je 1539 mm, a za vegetacijsko razdoblje 742,9
mm, s najmanjom koli¢inom u mjesecu srpnju (Vukeli¢ i
dr., 2023).

Geoloska podloga unutar granica NP Plitvicka jezera, a i
$ireg okruzenja dio je prostrane karbonatne sredine s na-
slagama mezozojske starosti na neposrednoj povrsini (Po-
18ak i sur., 1976, 1978; Vukeli¢ i dr., 2023). Osnovne vrste
stijena koje mozemo razlikovati su vapnenacke i dolomitne
stijene te niz njihovih prijelaznih formi. Oblikovanju i
izgledu reljefa u ovom dijelu Hrvatske mozemo zahvaliti
nizu zbivanja u geoloskoj proslosti koji su se dogadali na
prostoru Dinarida pri stvaranju planinskih masiva (kako
Velebita, tako i Velike i Male Kapele te Licke Pljesevice). Pri
tom izdizanju i kretanju stijena stvorila su se podrucja jace
i slabije razlomljenosti, odnosno slabije i jace vodopropu-
snosti. Voda je kroz dugi niz godina oblikovala reljef kemij-
skim i mehanickim razaranjem karbonatnih stijena. Odnos
slabije propusnih ili vododrzivih dolomita prema okr$enim
i vodopropusnim vapnencima rezultirao je danasnjim ko-
nac¢nim izgledom ¢itavog prostora unutar granica Parka, a
tako i izvan tih granica (Krnjak, 2019).



IVAN PERKOVIC ET AL.: UTJECAJ MATICNOG SUPSTRATA NA ZNACAJKE KALKOKAMBISOLA NA PODRUCJU NP PLITVICKA JEZERA

U NP Plitvicka jezera nalaze se raznolike Sumske zajednice
sa sveukupnim 80 %-tnim udjelom u povrsini Parka. Naj-
zastupljenije vrste drveca su obi¢na bukva (Fagus sylvatica
L.) i obi¢na jela (Abies alba Mill). Od ostalih vrsta dolaze:
gorski javor (Acer pseudoplatanus L.), javor mlije¢ (Acer pla-
tanoides L.), javor gluha¢ (Acer obtusatum Waldst. and Kit.
ex Willd.), hrast kitnjak (Quercus petraea (Matt) Liebl.), gor-
ski brijest (Ulmus montana Stokes), te od crnogorice obi¢na
smreka (Picea abies (L.) Karsten) i obi¢ni bor (Pinus sylve-
stris L.). Dominantne Sumske zajednice su: brdska Suma bu-
kve s mrtvom koprivom (Lamio orvalae-Fagetum /Horvat
1938/ Borhidi 1963) i bukovo-jelove Sume s misjim uhom
zapadnih Dinarida (Omphalodo-Fagetum /Tregubov 1957
corr. Puncer 1980/ Marincek et al. 1993), dok se na dolomit-
nom mati¢nom supstratu pojavljuje i bukova $uma s kuku-
rijekom (Helleboro nigri-Fagetum /Zukrigl 1973/ Pelcer 1978
nom. illeg.). Sve tri navedene zajednice pripadaju svezi Are-
monio-Fagion te podsvezi Lamio orvale-Fagenion (Ilirske
montanske bukove i bukovo-jelove Sume) (Vukeli¢, 2012).

Slika 1. Lokaliteti otvorenih pedoloskih profila u NP Plitvicka jezera
V — kalkokambisol na vapnencu; D — kalkokambisol na dolomitu

Figure 1. Localities of open pedological profiles in Plitvice Lakes National Park

V — calcocambisol on limestone; D — calcocambisol on dolomite
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Prikupljanje uzora tla — Soil sampling

Terenska istrazivanja provedena su tijekom 2021., 2022. i
2023. godine u okviru projekta "Izrada pedoloske karte na-
cionalnog parka Plitvicka jezera". Na izabranim profilima
na terenu odredeni su ektomorfoloski parametri tla — odre-
dene su koordinate otvorenog pedoloskog profila, nadmor-
ska visina, ekspozicija, inklinacija, utvrdena je biljna zajed-
nica, kao i stjenovitost i kamenitost prema FAO (2006)
(tablica 1). Na profilima su po horizontima uzeti uzorci tla
te je odredena skeletnost u skladu s FAO (2006), kao i de-
bljina pojedinih horizonata i ukupna dubina cijelog profila
(endomorfoloski parametri tla).

Ukupno je izdvojeno 18 profila kalkokambisola povrh va-
pnenaca te 12 profila povrh dolomita (slika 1, tablica 1).
Nakon prikupljanja uzoraka tla, uzorci su dopremljeni u
Ekolosko-pedoloski laboratorij u Zavodu za ekologiju i
uzgajanje Suma Fakulteta Sumarstva i drvne tehnologije
Sveucilista u Zagrebu.
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Labaratorijske analize — Laboratory analysis

Uzorci tla su su$eni na zraku pri sobnoj temperaturi pri

¢emu je izdvojen sitni skelet i organska tvar (grancice,

listovi i sl.). Zatim su uzorci tla drobljeni u tarioniku i pro-

sijani kroz sito gustoce pletiva 2 mm x 2 mm i 0,2 mm x

0,2 mm u skladu s normom ISO 11464 (1994) i Pernar i dr.

(2013). Nakon usitnjavanja i prosijavanja, na uzorcima tla

iz humusno-akumulativnog (A) i kambi¢nog (B) horizonta

odredeni su sljede¢i parametri:

- granulometrijski sastav tla (tekstura tla) u skladu s nor-
mom ISO 12277, 1998;

- reakcije tla odnosno pH-vrijednosti u vodi i otopini CaCl,
u skladu s ISO 10390, 1994;

- nauzorcima gdje je utvrdena pH-vrijednost u CaCl,ve¢a
od 5,5 odreden je i udjel karbonata u tlu u skladu s ISO
10693, 1995;

- udjel ukupnog ugljika (ISO 110694, 1995) i ukupnog du-
$ika (ISO 13878, 1998) metodom suhog spaljivanja u ure-
daju u Flash 2000° Combustion NC Soil Analyzer
(Thermo Fisher Scientific, Waltham, MA, USA).

Udio organskog ugljika (C,,,) izracunat je tako da je od

udjela ukupnog ugljika (C,,) koji je odreden metodom su-

hog spaljivanja oduzet udjel mineralnog ugljika (C,_,), koji
je izraCunat na osnovi udjela karbonata.

‘min

Statisticka obrada podataka — Statistical data
analysis

Za sve analizirane varijable napravljena je detaljna deskrip-
tivna statistika (N, aritmeticka sredina, standardna devija-

a) b)

D

cija te minimalne i maksimalne vrijednosti), po vrsti ma-
ti¢nog supstrata (vapnenac i dolomit). Razlike izmedu
kalkokambisola povrh vapnenaca i dolomita testirane su
t-testom i neparametrijskim Mann-Whitniyevim U testom.
Rezultati su se smatrali statisticki znacajni s granicom po-
uzdanosti p < 0,05 (Sokkal i Rohlf 1995). Statisticke analize
su napravljene pomocu programa Statistica 14.0 (TIBCO
Software Inc. 2020).

REZULTATI | RASPRAVA
RESULTS AND DISCUSSION

Prema podacima iz tablice 2 vidljivo je da su na odabranim
lokalitetima dominantne tri zajednice: (i) Lamio orvalae-
Fagetum (slika 2a) koja se nalazina 13 od 18 lokaliteta uzor-
kovanih na vapnencima i samo na jednom lokalitetu uzor-
kovanom na dolomitu, (ii) druga zajednica je Helleboro
nigri-Fagetum (slika 2c) koja dolazi na jednom lokalitetu
uzorkovanom na vapnencu te 4 lokaliteta uzorkovanih na
dolomitu, (iii) tre¢a zajednica je Omphalodo-Fagetum (slika
2b) na 3 lokaliteta na vapnencu i 3 lokaliteta na dolomitu.
Vidljivo je iz prethodno navedenog da je zajednica Lamio
orvalae-Fagetum dominantna na vapnencu, dok se zajed-
nica Helleboro nigri-Fagetum uglavnom pojavljuje na dolo-
mitu, a Omphalodo-Fagetum se podjednako pojavljuje na
dolomitu i vapnencu. Osim otvorenih profila u $umskim
zajednicama, na podrudju vapnenaca otvoren je jedan pe-
doloski profil na travnjaku — pasnjaku, dok su na podrucju

<)

Slika 2. a — zajednica brdske bukove Sume s mrtvom koprivom (Lamio orvalae-Fagetum); b — zajednica bukovo-jelove Sume s misjim uhom za-
padnih Dinarida (Omphalodo-Fagetum), ¢ — zajednica bukove Sume s kukurijekom (Helleboro nigri-Fagetum)
Figure 2. a — beech forest with dead nettle (Lamio orvalae-Fagetum); b — Dinaric beech-fir forest (Omphalodo-Fagetum); ¢ — common beech and black

hellebore forest (Helleboro nigri-Fagetum)



@

Tablica 2. Ektomorfoloske znacajke tla
Table 2. Ectomorphological soil properties

Oznaka profila Biljna zajednica

Plant community

Soil profile
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Kamenitost
Stoniness

Stjenovitost
Rockiness

[plos. %]

Maticni supstrat vapnenac — Parent material limestone

Vi1 Lamio orvalae-Fagetum typicum 10-30-50 0-3
V2 Lamio orvalae-Fagetum typicum 10-20 0-3
V3 Lamio orvalae-Fagetum typicum 0-2 0
V4 Lamio orvalae-Fagetum typicum 10 0-5
V5 Lamio orvalae-Fagetum typicum 5-70 0
V6 Lamio orvalae-Fagetum typicum 5-15 0-2
V7 Lamio orvalae-Fagetum caricetosum pilosae 0-2 0-2
V8 Lamio orvalae-Fagetum typicum 20-90 3-10
V9 Omphalodo-Fagetum aceretosum pseudoplatani 0-5 0-5
V10 Lamio orvalae-Fagetum typicum 10-40 0
V11 Lamio orvalae-Fagetum typicum 0-20 0
V12 Lamio orvalae-Fagetum typicum 3-50 0-1
V13 Omphalodo-Fagetum caricetosum pilosae 5-15 0
V14 Travnjak (pasSnjak) — Grassland (pasture) 3-5 0
V15 Lamio orvalae-Fagetum typicum 3-10 0
V16 Lamio orvalae-Fagetum typicum 0-3 0
V17 Helleboro nigri-Fagetum typicum 0-5 0-5
V18 Omphalodo-Fagetum aceretosum pseudoplatani 35-45 8-10
Maticni supstrat dolomit — Parent material dolomite
D1 Helleboro nigri-Fagetum typicum 0 0
D2 Helleboro nigri-Fagetum typicum 0 0
D3 Travnjak — Grassland 0 0
D4 Helleboro nigri-Fagetum abietetosum albae 0 0
D5 Helleboro nigri-Fagetum typicum 0 0
D6 Travnjak — Grassland 0 0
D7 Omphalodo-Fagetum caricetosum albae 0 0
D8 Travnjak — Grassland 0 0
D9 Travnjak — Grassland 0 0
D10 Sumska &istina — Forest clearing 0 0
D11 Omphalodo-Fagetum caricetosum albae var. Abies alba 0 0
D12 Lamio orvalae-Fagetum typicum 0 0

dolomita otvorena tri profila na travnjaku — kosanici (ta-
blica 2).

Najvece razlike u ektomorfoloskim parametrima izmedu
kalkokambisola povrh vapnenaca i dolomita utvrdene su u
stjenovitosti i kamenitosti zemljista. Dok na dolomitima
nije utvrdena stjenovitost i kamenitost zemljista, na va-
pnencima se stjenovitost prema FAO (2006) krece u ras-
ponu o vrlo niske (0 do 2 %) do vrlo visoke (40 do 80 %).
Kamenitosti nema na lokacijama osam otvorenih pedolo$-
kih profila, a osrednja je na oko dva pedoloska profila (ta-
blica 2). Okrsenost dolomita znatno je manja od okrsenosti
vapnenaca, pa je i dubina soluma ujednacenija odnosno
kamenitosti i stjenovitosti u pravilu nema. Razlog ovakvih
rezultata lezi u nacinu trosenja stijene. Za razliku od tvrdih
i ¢istih vapnenaca koji se samo kemijski trose, dolomitne
stijene pokazuju intenzivno mehanicko raspadanje i tvorbu
obilja dolomitnog pijeska i sitnog $ljunka. Do sli¢nih rezul-

tata dolaze i Vukeli¢ i dr. (2023) na podru¢ju NP Risnjak
gdje nije utvrdena stjenovitost i kamenitost na kalkokam-
bisolima na dolomitima, a na kalkokambisolima povrh va-
pnenaca stjenovitost je iznosila od 0 do 70 %, a kamenitost
od 5 do 20 %. Velike oscilacije u stjenovitost povrh vapne-
naca ovise o teksturi stijene (posebice slojevitosti) i polozaju
slojeva. Kalkokambisole na gromadastim vapnencima od-
likuje stjenovitost i preko 80 %, dok na plocastim vapnen-
cima stjenovitost moze i izostati. Za kalkokambisole, u po-
drudju rasprostranjenosti u RH, Martinovi¢ (2003) navodi
da im je stjenovitost znacajna (30 do 50 %), $to se u ovom
radu podudara samo za kalkokambisole povrh vapnenaca.

Skeletnost je, sli¢cno kao stjenovitost i kamenitost, veca u
kalkokambisolima povrh vapnenaca. Prosjecna skeletnost
kalkokambisola povrh vapnenaca u A-horizontu iznosi 4,92
% s velikom standardnom devijacijom (SD = 12,2), zbog
Cega nije statisticki znacajno vec¢a od kalkokambisola povrh
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dolomita, gdje je skeletnost 0,5 % (tablica 3). Statisticki zna-
¢ajno vece razlike utvrdene su u B-horizontu (p = 0,0028),
gdje skeletnost na kalkokambisolima povrh vapnenaca
iznosi 24,69 % (visoka skeletnost, FAO 2006) u odnosu na
kalkokambisole povrh dolomita, gdje je skeletnost 4,58 %
(niska skeletnost, FAO 2006) (tablica 3).

Prosje¢na debljina A-horizonta povrh vapnenaca je 8,9 cm
s rasponima debljina od 2 do 17,5 cm, dok se prosjecna de-
bljina A-horizonta povrh dolomita statisticki znacajno ra-
zlikuje (p = 0,0033) i iznosi 15,3 cm s rasponima debljina
od 9 do 25 c¢m (tablica 3). Ovi podaci se slazu s podacima
Martinovi¢ (2003) koji je utvrdio debljine A-horizonta kal-
kokambisola povrh vapnenaca od 7,2 do 13 cm, a u kalko-
kambisolima povrh dolomita od 10,5 do 16,6 cm u biokli-
matu $ume bukve i jele u kojim su dominantno i otvoreni
profili u sklopu ovog istrazivanja, te navodi da imaju manju
debljinu A-horizonta u odnosu na toplije bioklimate. Per-
nar (2017) navodi da debljina humusno-akumulativnog ho-
rizonta kalkokambisola obi¢no opada s ve¢om dubinom
profila, tako da se kod pli¢ih kalkokambisola radi o moli¢-
noj formi, a kod dubljih o ohri¢noj. Razlike u debljini hu-
musnog-akumulativnog horizonta izmedu kalkokambisola
povrh dolomita i vapnenaca uvjetovano je dominantnim
biljnim zajednicama koje se pojavljuju na razli¢itim matic-
nim supstratima. Na kalkokambisolima povrh vapnenaca
dominantna biljna zajednica je brdska bukova suma s mr-
tvom koprivom (Lamio orvalae-Fagetum), gdje je prosje¢na
debljina 9,1 cm s rasponima debljina od 3 do 15 cm, dok
su na kalkokambisolima povrh dolomita najzastupljenije
zajednice travnjaka i zajednica bukove Sume s kukurijekom
(Helleboro nigri-Fagetum) gdje je prosje¢na debljina 13,5
cm rasponima debljina od 9 do 20 cm. U B-horizontu nema
statisticki znacajnih razlika u debljini horizonta izmedu kal-
kokambisola povrh vapnenca i dolomita. Prosje¢na debljina
B-horizonta kalkokambisola povrh vapnenaca iznosi 27,6
cm (raspon debljina B-horizonta od 12 do 57 cm) i ne-
znatno je ve¢a od kalkokambisola povrh dolomita — 27 cm
(raspon debljina B-horizonta od 10 do 40 cm). Prosje¢na
dubina profila kalkokambisola povrh vapnenaca (do ¢vrste
stijene) iznosi 36,5 cm, dok je prosje¢na dubina povrh do-
lomita (do detritusa stijene) 42,3 cm (tablica 3). Dominan-
tni varijetet kalkokambisola povrh vapnenaca prema dubini
soluma je plitki ( < 35 cm, 56 % otvorenih profila), zatim
slijede srednje duboki varijetet (35 do 50 cm; 28 % profila)
i duboki (> 50 cm, 16 % profila). Na kalkokambisolima po-
vrh dolomita dominantni varijetet je srednje duboki (50 %
profila), a zatim slijede plitki i duboki s 25 % otvorenih pe-
doloskih profila. Martinovi¢ (2003) navodi da su u Hrvat-
skoj najzastupljeniji varijeteti plitkog kambisola (25 do 30
cm), §to se podudara s podacima iz ovoga rada za kalko-
kambisole povrh vapnenaca na podrudju NP Plitvicka je-
zera. Kalkokambisoli povrh dolomita imaju prosjecno vecu
dubinu od kalkokambisola povrh vapnenaca. Razlog ma-

D

njih dubina kalkokambisola povrh vapnenaca je nacin tro-
$enja stijena. Vapnenac se tro$i otapanjem koje se sporo
odvija - za akumulaciju 1 cm tla iz vapnenca s 1-2 % neto-
pljivog ostatka u humidnoj klimi potrebno je 800 do 10000
godina (Pernar, 2017).

Dominantna teksturna oznaka kalkokambisola povrh va-
pnenaca je praskasta glina, dok je kod kalkokambisola po-
vrh dolomita praskasto glinasta ilova¢a. Mnoge studije na-
vode da je glinovita frakcija dominantna u kalkokambisolima
(Skori¢ et al. 1987; Pernar 2017; Martinovi¢ 2003; Milo$ i
Males 1998; Milo$ i Bensa 2014), dok su ostale frakcije (pi-
jesak dominantno) varijabilne ovisno o pedogenetskim
¢imbenicima, a posebice o mati¢nom supstratu i reljefu.
Udjeli krupnog i sitnog pijeska u A- i B-horizontima kalko-
kambisola povrh vapnenaca su manji od 1 %, dok se udjeli
krupnog i sitnog pijeska u kalkokambisolima povrh dolo-
mita kre¢u oko 7 %, uz statisticki znacajne razlike (tablica
3). Udjeli praha (krupnog i sitnog) nisu pokazali statisticki
znacajne razlike izmedu kalkokambisola povrh vapnenaca
i dolomita. Najvece statisticki znacajne razlike u granulo-
metrijskom sastavu tla pokazali su udjeli frakcije gline. Udio
gline u A-horizontu kalkokambisola povrh vapnenca iznosi
48,6 % i statisticki se znacajno razlikuje od udjela gline u
kalkokambisolu povrh dolomita gdje je 34,5 % (p = 0,0025).
U B-horizontu razlike izmedu udjela gline su manje, bez
statisticki znacajne razlike (povrh vapnenca udjel gline je
44,0 %, a povrh dolomita 35,8 %) (tablica 3). Ovi podaci su
donekle u skladu s rezultatima istrazivanja Martinovica
(2003) koji je utvrdio da su u A-horizontu podjednaki gra-
nulometrijski sastavi (glinasta ilova¢a) izmedu kalkokam-
bisola na vapnencu i kalkokambisola na dolomitu u razli-
¢itim bioklimatskim podrucjima Republike Hrvatske.

U A-horizontu kalkokambisola povrh vapnenca pH-vrijed-
nost u vodi iznosi 5,54 + 0,53 (slabo kisela reakcija) i sta-
tisticki je znacajno manja (p = 0,0003) od one utvrdene u
kalkokambisolu povrh dolomita gdje iznosi 6,63 + 0,83
(vrlo slabo kisela reakcija). pH-vrijednosti u otopini CaCl,
takoder su statisticki znacajno nize (p = 0,0003) u kalko-
kambisolima povrh vapnenaca (4,78 + 0,56) u odnosu na
kalkokambisole povrh dolomita (5,95 + 0,95). U B-hori-
zontu kalkokambisola povrh vapnenaca pH-vrijednost u
vodi iznosi 6,37 + 0,76 i takoder je statisticki znacajno niza
(p =0,0118) od kalkokambisola povrh dolomita gdje iznosi
7,09 £ 0,59. Takoder su utvrdene nesto vise pH-vrijednosti
u otopini CaCl, na kalkokambisolima povrh dolomita u
odnosu na kalkokambisole povrh vapnenaca, ali bez stati-
sticki znacajne razlike (tablica 4). Ovi rezultati u skladu su
s podacima koje donosi Pernar (2017), a koji navodi da su
to nekarbonatna tla, $to je u skladu s teorijom razvoja ovog
tipa tla, koja su nastala kao rezultat dekarbonatizacije kar-
bonatnog mati¢nog materijala i akumulacije netopljivog
ostatka. Karbonati su prisutni u vidu karbonatne opne na
kontaktu s ¢vrstim vapnencem, u C-horizontu iznad dolo-



Tablica 3. Deskriptivna statistika (aritmeticka sredina i standardna devijacija), t-test i Mann-Whitney U test za istrazivane endomorfoloske parametre i granulometrijski sastav tla
Table 3. Descriptive statistics (arithmetic mean and standard deviation), t-test and Mann-Whitney U test for the investigated ectomorphological soil properties and particle size distribution
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mita, a na strmijim dolomitnim padinama
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skeleta (Vrbek i Pilas, 2007; Bogunovi¢i sur.,
5 I8ex828)) 5 2’38238 2009
5 5 U A-horizontu na kalkokambisolima povrh
§ 'g _ vapnenaca od ukupno 18 profila udio karbo-
5 )
= = 82 nata utvrden je na 2 profila (11 %), a na kal-
o
= 2 322335 els 8 22838325 vV kokambisolima povrh dolomita od ukupno
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HEE— . .
Yo — 083K ©comB N8 2§ zontu na kalkokambisolima povrh vapne-
ey - L2 o — 2o LN S o s & .
€ § — < 18 = EE2 ey - = 5 naca od ukupno 18, udio karbonata utvrden
S Sty u ou tog t S St HHHH BB . o
SS8corngxn2 B85S  wwewewe T2  jenadprofila(44 %),anakalkokambisolima
R R R SR SE Bl 22 Q9 o= 7538 . )
=YY —-ge TETE8ES g povrh dolomita od ukupno 12 udio karbo-
E £ nata utvrden je na 11 profila (92 %). Udio
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rizontu i doprinose vecoj koncentraciji oto-
pine tla (Svob i dr. 2021).

S 2325523 2 =8
Udio organskog ugljika (C,,,) u oba horizonta S 55238338 - B
nije se statisticki znacajno razlikovao. U A- ==~ °°°° -
horizontu kalkokambisola povrh vapnenca
prosje¢ni udio organskog ugljika iznosi 139,4
+ 55,79 g kg™!, a u kalkokambisolima povrh ® S N8N ® =
dolomita iznosi 123,4 + 75,22 g kg™'. S pora- N § § E § § g = N - %
stom dubine smanjuje se i prosje¢ni udio or- S ' C
ganskog ugljika (povrh vapnenaca 58,21 +
27,09 g kg™!, a povrh dolomita 45,99 + 22,38
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vom prijelazne forme humusa poprima vri- g8 = &
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zaudjele ukupnog dusika (N,,,) izmedu istra- f,;, 3 cNR DN N
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povrh vapnenaca iznosi 4,25 + 1,72 g kg™, g Sl DR S B
dok u kalkokambisolima povrh dolomita § 5> 5 =
iznosi 3,18 + 1,07 g kg' (tablica 4). Odnosi E 2
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1,2488
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594 =18
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45,99 = 22,38

3,18 = 1,07
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6,52 = 1.07

0,80 = 1,25
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4,25 = 1,72

13,49 = 1,25

ww
Corg
Ntot

Corg/Ntot

CaCo0,
* — statistically significant differences (p < 0,05)

* — statisticki znacajne razlike (p < 0,05)
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stojeca klasifikacija ne izdvaja zasebno kalkokambisole po-
vrh vapnenaca i dolomita. Kalkokambisoli (smede tlo na
vapnencima i dolomitima) kako i sam naziv sugerira, razvi-
jaju se na razli¢itim vrstama stijena (vapnencima i dolomi-
tima), koji uklju¢uju niz prijelaznih formi stijena u pogledu
nacina i intenziteta fizickog i kemijskog trosenja. U Hrvat-
skoj se rijetko usporeduju svojstva kalkokambisola na va-
pnencima od onih na dolomitima, na temelju ¢ega je po-
stavljena hipoteza da postoje razlike u svojstvima tla, koje
su ovim istrazivanjem i potvrdene. Utvrdene razlike proi-
zlaze iz na¢ina tro$enja stijena, za razliku od vapnenaca koji
se trose samo kemijski, dolomiti se troSe kemijski i meha-
nicki. Osim ektomorfoloskih i endomorfolosih razlika, utvr-
dene su razlike i u kemijskim svojstvima. Prosje¢ne pH-vri-
jednosti tla i prosjecni udjeli karbonata u profilima tla bili
su vedi u kalkokambisolima povrh dolomita u odnosu na
kalkokambisole povrh vapnenaca, dok su udjeli organskog
ugljika i ukupnog dusika kao i odnos C/N bili podjednaki.
Tako su prosje¢ni udjeli ugljika i dusika bili podjednaki, uku-
pne zalihe istih su vece u kalkokambisolima povrh dolomita
koja su dublja tla i imaju deblji humusnoakumulativni ho-
rizont, gdje su najvece vrijednosti organskog ugljika i total-
nog dusika. Jasne razlike su utvrdene i u biljnim zajedni-
cama koje pridolaze na razli¢itim supstratima: zajednica
Lamio orvalae-Fagetum dominantna je na vapnencu, dok je
zajednica Helleboro nigri-Fagetum karakteristi¢na za dolo-
mitni supstrat. Ako su poznata svojstva tla formirana na ra-
zli¢itim mati¢nim supstratima u odredenim klimatskim, ve-
getativnim i topografskim uvjetima, tada se karakteristike
tla mogu predvidjeti na temelju mati¢nog supstrata, $to u
kona¢nici moze pomod¢i u upravljanju zemljistima, kako bi
se koristila u¢inkovitije i produktivnije.
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Calcocambisol (brown soil on limestone and dolomite) is one of the most common soil types in Cro-
atia, and it is the dominant soil type developed on karst, as well as in the area of the Plitvice Lakes Na-
tional Park, which is located in the karst area. As its name suggests, calcocambisol is developed on
different carbonate substrates, which are different in terms of chemical composition as well as in terms
of rock erosion.. In the area of the National Park, 30 pedological profiles have been opened, 18 of which
were on limestone and 12 on dolomite. In the field, ectomorphological and endomorphological soil
parameters were determined. The following parameters were determined on the collected soil samples
in the humus-accumulative (A) and cambic (B) horizons: particle size distribution of the soil, soil
reaction, i.e. pH-value in water and CaCl, solution, carbonate content, and total carbon and total
nitrogen content using the dry burning method. The highest differences in ectomorphological para-
meters between limestone and dolomite were found in the classification of rockiness and stoneness,
where they ranged from very low to very high on limestone, while they were absent on dolomite.
On the profiles of calcocambisol on top of dolomite, a higher proportion of sand fractions and less
clay than on calcocambisol on top of limestones was found. The dominant soil textural class of calco-
cambisol on top of limestone was silty clay, while in calcocambisol on top of dolomite it was silty clay
loam. The pH-values of the soil and the proportion of CaCO; on calcocambisol on top of dolomite
were statistically significantly higher than on calcocambisol on top of limestone. Since there was no
great difference in the fractions of organic carbon and total nitrogen between calcocambisol on top
of limestones and dolomites, there was also no great difference in the C/N ratio. The average C/N ra-
tio along the entire profile of calcocambisol on top of limestone and dolomite was 14, i.e. decomposi-
tion continued undisturbed and there was no accumulation of raw humus. The hypotheses in this pa-
per were confirmed, and clear differences in the investigated ectomorphological (rockiness and
stoniness) and endomorphological (particle size distribution, pH-values and CaCOj, content) proper-
ties between calcocambisol on top of limestone and dolomite were observed.

KEY WORDS: calcocambisol, limestone, dolomite, Plitvice Lakes National Park
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FENOI;0§KA SVOJSTVA LISTANJA |
ZADRZAVANJA LISTOVA CRNIH TOPOLA
(Populus nigra L.) U KLONSKOM ARHIVU
U ZEPCU

PHENOLOGICAL TRAITS OF LEAFING AND LEAF RETENTION
OF BLACK POPLAR (Populus nigra L.) IN THE CLONAL
ARCHIVE IN ZEPCE, BOSNIA AND HERZEGOVINA

Mirzeta MEMISEVIC HODZIC'*, Dalibor BALLIAN'23

SAZETAK

Crna topola (Populus nigra L.) je jedna od najznacajnijih europskih vrsta drveca koja nastanjuje aluvijalna stanista
uz obale velikih rijeka. U Bosni i Hercegovini postoji znac¢ajan neiskoristen zemlji$ni potencijal pogodan za re-
introdukciju autohtonih crnih topola, kao i podizanje intenzivnih i ekstenzivnih nasada hibridnih i americ¢kih
crnih topola. Cilj ovoga istrazivanja je utvrditi pocetak i zavrsetak fenoloskih faza listanja, kao i zimsko zadrzavanje
lista, $to ¢e pomoci pri selekciji pogodnih klonova autohtonih crnih topola za reintrodukciju na odredenom loka-
litetu i za odredene mikroklimatske uvjete u svrhu ocuvanja autohtonog genofonda, te klonova hibridnih topola
za osnivanje plantaza u Bosni i Hercegovini.

Istazivan je materijal 161 klona autohtonih crnih topola iz 26 populacija iz slivova 6 rijeka, te 11 klonova proiz-
vodnih hibridnih topola (euro-americke ili kanadske) i americkih crnih topola. Klonovi se nalaze u klonskom
arhivu u Zepéu, koji je podignut 2006. godine. Promatrana je fenologija listanja i to od 14.3.-22.4.2019. godine i
to u $est fenoloskih faza 0 - uspavani pupoljak, 1 - napukli pup, 2 — probijanje pupa, 3 — pup otvoren, listovi sku-
pljeni, 4 - listovi se razdvajaju, 5 — listovi potpuno razvijeni). Zadrzavanje lista praceno je od 30.8.-4.11.2019. go-
dine i ocjenjivano u tri kategorije: 1 - prisutni svi listovi na stablu, 2 - 50% listova je preostalo na stablu, 3 - nema
preostalih listova na stablu. Efektivna duljina vegetacijske sezone definirana je kao vrijeme izmedu pojavljivanja
faze pucanja pupova (ocjena 3) i ocjena opadanja lis¢a 2 (tj. kada je 50% li$¢a ostalo na stablu).

Analiza varijance pokazala je statisti¢cki znacajne razlike izmedu klonova iz razlic¢itih populacija za duljinu trajanja
fenoloskih faza listanja. Fenoloska faza 1 (napukli pupovi) najranije se javila 14.3. a faza 5 (potpuno otvoreni lis-
tovi) najranije 8.4. Rezultati zadrzavanja listova pokazuju da su 4.11. svi klonovi u klonskom arhivu odbacili list
100%. Najkracu efektivnu duljinu vegetacijskog perioda imali su klonovi populacije Bugojno (154 dana), a najduzu
klonovi Populus boleana i Populus nigra var. italica te klonovi populacija Capljina (sliv rijeke Neretve); Dobrinje,
Visoko, Babina rijeka, Maglaj, Doboj (sliv rijeke Bosne); Kopaci i Tegare (sliv rijeke Drine).

Rezultati istrazivanja su znacajni za odabir klonova sa boljom prilagodbom na uvjete stanista, te obnovu i uporabu
klonskog reprodukcijskog materijala crnih topola u Bosni i Hercegovini.

KLJUCNE RIJECI: crne topole, klonski arhiv, fenologija listanja, zimsko zadrzavanje lista

' Dr. sc. Mirzeta Memidevié Hod%ié, prof. dr. sc. Dalibor Ballian, Univerzitet u Sarajevu, Sumarski fakultet, Zagrebacka 20, 71000 Sarajevo, Bosna i Hercegovina

23Prof. dr. sc. Dalibor Ballian, Akademija nauka i umjetnosti Bosne i Hercegovine, Bistrik 7, 71000 Sarajevo, Bosna i Hercegovina / Gozdarski institut Slovenije, Ve¢na
pot 2, 1000 Ljubljana, Slovenija

* Dopisni autor: Mirzeta MemiSevi¢ HodZi¢, email: m.memisevic-hodzic@sfsa.unsa.ba



@

uvoD
INTRODUCTION

Crna topola danas je jedna od najugrozenijih vrsta Sumskog
drveca zbog devastacije stanista, regulacije rije¢nih tokova,
pretjerane eksploatacije (Vanden Broeck 2003; Cortan i sur.
2013, 2014, 2015; Ballian 2017). Jo$ jedna prijetnja autoh-
tonim crnim topolama je i hibridizacija sa alohtonim topo-
lama, koja se pojavila u Europi u 18. stolje¢u (Ballian 2017),
te je evidentirano smanjenje populacija crne topole u mno-
gim europskim zemljama (Koskela i sur. 2004). U Bosni i
Hercegovini alohtone vrste topola su uno$ene u manjoj
mjeri, a izostalo je i podizanje velikih plantaza hibridnih
topola (Ballian 2004, 2017). Ballian i Meki¢ (2008) navode
da je, s obzirom na trenutno stanje koje vlada u podrudju
rasprostiranja crne topole te na sustavno unistavanje nje-
zinog prirodnog areala, potrebno hitno izvrsiti zastitu nje-
zinog genofonda. To je jedino moguce kroz podizanje klon-
skih arhiva ex situ, na zasticenim mjestima koja su znatno
manje izlozena ljudskim aktivnostima.

S obzirom na ocekivani porast komercijalne potraznje
drvne biomase, vrste roda Populus zbog svog brzog rasta
uzgojene u Sumama sa kratkom ili srednjom ophodnjom,
mogu se sagledavati kao alternativa biomasi iz prirodnih
$uma (Dickman i Kuzovkina 2014). Kako bi se osigurala
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odrziva i stabilna produktivnost, potrebno je identificirati
ili uzgojiti klonove prilagodene uvjetima u kojima se uzga-
jaju (Gunderson i sur. 2012; Muftler i sur. 2016).

U svjetlu sve vec¢ih klimatskih promjena na globalnoj razini,
posebno je vazno proucavati fenologiju biljaka, tj. reakciju
biljaka na promjenu klime i novonastale klimatske uvjete,
kao metodu prilagodavanja buduce uspjesne proizvodnje
novonastalim klimatskim uvjetima (Sparks i Menzel 2013).
Ducci i sur. (2002) navode da su fenoloska svojstva prak-
ti¢no relevantni pokazatelji prilagodljivosti i adaptacije
$umskog drveca. Oni su izravno povezani s rastom i arhi-
tekturom stabla. Postoji korelacija izmedu fenoloskih kre-
tanja i $teta od mraza, za koje se o¢ekuje da ¢e postati uce-
stalije s klimatskim promjenama. Niz procjena na istim
individuama tijekom vise godina takoder omogucuje za-
kljucivanje o razvoju klime Ducci i sur. (2002).

Glavni cilj fenoloskih istrazivanja u klonskom arhivu
Zepée je sakupljanje neophodnih podataka o fenoloskim
karakteristikama pojedinih klonova autohtonih crnih to-
pola, kako bi se u budu¢nosti moglo odrediti koji klon pred-
stavlja najbolji izbor za reintrodukciju na odredenom loka-
litetu i za odredene mikroklimatske uvjete, u svrhu
oc¢uvanja autohtonog genofonda te klonova hibridnih to-
pola za osnivanje plantaza u Bosni i Hercegovini.

Tablica 1. Osnovni podaci o lokacijama prikupljanja klonova obuhvacenih u klonskom arhivu
Table 1. Basic data on the locations of clone collection included in the clonal archive

Nadmorska Broj sakupljenih

Zemljopisna

Lokalitet ATl
Locality du!jlna
Latitude

1 Neretva Konjic 43°40'11"
2 Capljina 43°08'41"
3 Sarajevo 43°51'20"
4 llidza 43°49'16"
5 Visoko 43°59'27"
6 Dobrinje 44°07'13"
7 Bosna Rudnik 44°08'10"
8 Biljesevo 44°07'57"
9 Babina rijeka 44°11'55"
10 Zenica 44°12'12"
11 Maglaj 44°34'24”
12 Doboj 44°44°24"
13 Lasva Travnik 44°13'08”
14 Bugojno 44°00'57"
15 Jajce 44°18'58"
16 Vrbas Podmilacje 44°21'59"
17 Krupa 44°36'52"
18 Toplice 44°44'18"
19 Banja Luka 44°46'09"
20 Osanica 43°36'36"
21 Drina Kopaci 43°40'26"
22 Tegare 44°06'53"
23 Bratunac 44°10'08"
24 Lukavac 44°33'15"
25 Spreca Gracanica 44°40'40"
26 Velika Brijesnica 44°43'28"

Ukupno / Total

Sirina visina (m) HOnovE
I : Number of
Longitude Altitude (m) collected clones
17°58'36" 341 12
17°43'47" 36 14
18°24°08" 539 4
18°17'57" 496 1
18°10°56" 422 4
18°06'36" 375 4
18°03'40" 410 4
17°59°48" 362 9
17°55'30" 345 6
17°54'43" 315 5
18°06°10" 201 4
18°05'55" 137 13
17°41'30" 476 4
17°29'14" 600 9
17°14°48" 389 2
17°1748" 351 4
17°08'55" 211 4
17°09'17" 170 7
17°13'05" 152 10
18°5207" 359 8
19°0201” 348 8
19°29'20" 187 15
19°23'57" 173 2
18°28'44" 175 4
18°18'13" 154 2
18°10'23" 144 2
161
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Slika 1. Mapa lokacija/populacija autohtonih crnih topola ukljuc¢enih u klonsku arhivu
Figure 1. Map of the locations/populations of native black poplars included in the clonal archive

MATERIJAL | METODE
MATERIAL AND METHODS

Materijal — Material

Klonski arhiv crnih topola osnovan je 2006. godine unutar
rasadnika Zepée. U klonski arhiv je uklju¢en 161 klon sta-
bala autohtonih crnih topola, sa 26 lokaliteta u Bosni i Her-
cegovini, duz ve¢ih bosanskohercegovackih rijeka (tablica
1, slika 1), te 15 hibridnih komercijalnih topola koje su do-
bivene iz razmjene sa susjednom Hrvatskom (tablica 2). Uz
tipi¢ne populacije koje su uklju¢ene u arhivu, uklju¢ena je
i jedna specifiéna populacija koja se javlja na rudnickom
jalovi$tu u neposrednoj blizini Kaknja, zbog specif¢nih
uvjeta u kojima egzistira. To su potpuno unistena tla s jako
siroma$nim deposolom i pjesc¢arsko-laporastom geolos-
kom podlogom, $to je uoceno prilikom sakupljanja mate-
rijala za klonski arhiv.

Skupljane su grancice s pupovima u fazi zimskog mirovanja
tijekom veljace, ozujka i travnja, prije kretanja vegetacije. Ma-
terijal je selekcioniran prema uputama koje je dao EUFOR-
GEN (Van den Broeck 2003). Selekcionirana su samo stabla
¢ija je starost bila preko 80 godina, da bi se izbjegla geneticka
kontaminacija alohtonim genofondom, odnosno introgre-
sija nezeljenih gena (Ballian i Meki¢ 2008.)

Tablica 2. Lista hibridnih topola i broj klonova uklju¢enih u arhivu
Table 2. The list of hybrid poplars and the number of clones included in the
archive

Hibridne topole ukljucene u arhivu Broj klonova uklju€enih u arhivu

Hybrid poplars included in the clonal  Number of clones included in the

archive clonal archive
Populus afganica 2
Populus boleana

Populus deltoides - 710

Populus deltoides Dunav — S-1-8
Populus deltoides Krka — S-6-20
Populus deltoides Krka — S-6-20
Populus deltoides Sava — S-6-36
Populus nigra var. italica

Populus serotina - robusta

Populus x canadensis BL Constanzo
Populus x canadensis 1-214
Populus x canadensis M-1

Populus x canadensis San Martino
Populus x canadensis Tiepolo
Populus x canadensis Triplo

— e e e e

METODE
METHODS

Fenoloska promatranja razvoja listova provodila su se od
14.3.-22.4.2019. godine. Fenoloska promatranja obavljena
su isti dan na svim klonovima od istog promatraca. Pro-
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matrana je cijela kro$nja. Praceno je $est fenoloskih faza
(prema protokolu Ducci i sur. 2012, slika 2):

0 - dormantni pup (zimski pup, smede do tamnosmede
boje)
1 - napukli pup (izduZzeni, nabubreni pupovi, Zu¢kasto-
-zelenkaste boje)
2 - probijanje pupa (vidi se prvo zelenilo)
3 - pup otvoren, listovi skupljeni
Slika 2. Fenoloske faze razvoja lista topole (Ducci i sur. 2012) 4 - listovi se razdvajaju, jo§ lepezasti,
Figure 2. Phenological stages of poplar leaf development (Duccietal. 2012) 5 - listovi su potpuno odmotani, ali manji od zrelih listova

Tablica 3. Fenoloske faze listanja po populacijama porijekla klonova
Tabela 3. Phenological stages of leafing by populations of clone origin

Datum prvog i posliednjeg pojavljivanja faze / The date of the first and last appearance of the phase

Sliv rijeke Populacija / Hibrid

River basin  Population / Hybrid g ' ! - - : s . . >
Last First Last First Last First Last First Last First
Konjic 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Neretva X
Capljina 14.3. 14.3. 20.3. 20.3. 2.4. - - 2.4. 11.4. 11.4.
Sarajevo 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4. 15.4. 15.4.
llidza 8.4. 8.4. 18.4. 18.4. 22.4. - - - - 22.4.
Visoko 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Dobrinje 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 11.4. 11.4.
Bosna Rudnik 14.3. 14.3. 28.3. - 28.3. 8.4. - - 8.4.
Biliesevo 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Babina rijeka 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 8.4. 8.4. 11.4. 11.4.
Zenica 20.3. 20.3. 28.3. 28.3. 24. - - 2.4. 8.4. 8.4.
Maglaj 14.3. 14.3. 20.3. 20.3. 24. 24. 8.4. 8.4. 1.4 11.4.
Doboj 14.3. 14.3. 28.3. - - 28.3. 8.4. 8.4. 1.4 11.4.
Lasva Travnik 14.3. 14.3. 28.3. 28.3. 2.4. 28.3. 8.4. 8.4. 18.4. 18.4.
Bugojno 2.4. 2.4. 8.4. 8.4. 18.4. - - 18.4. 22.4. 22.4.
Jajce 28.3. 28.3. 2.4, 2.4. 8.4. 8.4. 11.4. 11.4. 18.4. 18.4.
Vrbas Podmilacje 14.3. 14.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4. 18.4. 18.4.
Krupa 28.3. 28.3. 2.4. 2.4. 8.4. - - 8.4. 22.4. 22.4.
Toplice 14.3. 14.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4. 11.4. 11.4.
Banja Luka 20.3. 20.3. 28.3 28.3. 2.4. - - 24. 8.4. 8.4.
Osanica 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 8.4. 8.4. 11.4. 11.4.
Drina Kopaci 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Tegare 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 8.4. 8.4. 11.4. 11.4.
Bratunac 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Lukavac 20.3. 20.3. 28.3. 28.3. 24. 2.4. 8.4. 8.4. 15.4. 15.4.
Spreca Gracanica 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4.
Velika Brijesnica 28.3. 28.3. 2.4. 2.4. 8.4. - - 8.4. 18.4. 18.4.
P afganica 14.3. 14.3. 28.3. 28.3. 24. 24. 8.4. 8.4. 11.4. 11.4.
P boleana 14.3. 14.3. 20.3. 20.3. 28.3. 28.3. 24. 2.4. 8.4. 8.4.
P, deltoides 710 20.3. 14.3. 28.3. 28.3. 11.4. 11.4. 15.4. 8.4. 15.4. 22.4.
P, deltoides S-6-20 20.3. 14.3. 8.4. 8.4. 22.4. - - - - 22.4.
P, deltoides Sava S-6-36 14.3. 14.3. 18.4. 18.4. 22.4. - - - - 22.4.
P deltoides-Dunav S-1-8 28.3. 28.3. 8.4. 8.4. 11.4. - - 15.4. 18.4. 18.4.
Hibridi P nigra var. italica 14.3. 14.3. 28.3. 28.3. 2.4. 2.4. 8.4. 8.4. 11.4. 11.4.
P, serotina 14.3. 14.3. 8.4. - - 8.4. 15.4. 15.4. 22.4. 22.4.
P x canadensis -B.I constanzo 28.3. 28.3. 24. 2.4. 8.4. - - - - 8.4.
P x canadensis I-214 14.3. 14.3. 24. 2.4. 8.4. - - - - 8.4.
P x canadensis-San Marino 14.3. 14.3. 24. 24. 8.4. - - - - 8.4.
P x canadensis-TRIPLO 14.3. 14.3. 8.4. 8.4. 11.4. 11.4. 18.4. 18.4. 22.4. 22.4.
P x canadensis M1 28.3. 28.3. 11.4. - - 11.4. 18.4. 18.4. 22.4. 22.4.
P, x canadensis-Tiepolo 275/81 14.3. 14.3. 2.4. 2.4. 8.4. - - 8.4. 11.4. 11.4.

Napomena: Najranije prvo pojavljivanje neke faze oznaceno sivom, a najkasnije prvo pojavljivanje zelenom bojom.
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Promatranja su se obavljala svakih 7 dana na pocetku ve-
getacijskog perioda (1.3.2019.-28.3.2019.), te svaka 3-4 dana
u vrijeme aktivnijeg razvoja pupova (2.4.2019.-18.4.2019.),
ukupno 9 promatranja.

Fenoloska promatranja zadrzavanja listova provodila su se
0d 30.8.-4.11.2019. godine, ukupno 5 promatranja. Proma-
trana je cijela kro$nja. Promatranje se obavljalo svakih 15
dana, isti dan na svim klonovima, a to je radio isti proma-
tra¢. Pracenje se odvijalo kroz tri fenologke faze:

1 - prisutni svi listovi na stablu
2 - pola listova je preostalo na stablu
3 - nema preostalih listova na stablu.

Efektivna duljina vegetacijske sezone definirana je kao vri-
jeme izmedu pojavljivanja faze pucanja pupova (ocjena 3)
i ocjena opadanja lisc¢a 2 (tj. kada je 50% lis¢a ostalo na sta-
blu) (prema Vico i sur. 2021).

Podaci fenologije listanja obradeni su u excellu, koristenjem
funkcije MODE, odnosno odredivanjem faze koja se po-

Tablica 4: Duljina trajanja faza (u danima) po populacijama porijekla klonova

Table 4: Duration of phases (in days) by populations of clone origin

Sliv rijeke
River basin

Populacija porijekla klonova / hibrid
Population of clone origin/hybrid

Konjic

éapljina

Sarajevo

llidza

Visoko

Dobrinje

Rudnik

Biljesevo

Babina rijeka

Zenica

Maglaj

Doboj

Travnik

Bugojno

Jajce

Podmilacje

Krupa

Toplice

Banja Luka

Osanica

Kopaci

Tegare

Bratunac

Lukavac

Gracanica

Velika Brijesnica

Populus afganica

Populus boleana

Populus deltoides 710

Populus deltoides S-6-20
Populus deltoides Sava S-6-36
Populus deltoides - Dunav S-1-8
Populus nigra var. italica
Populus serotina

Populus x canadensis - B.l. Constanzo
Populus x canadensis 1-214
Populus x canadensis - San Marino
Populus x canadensis - TRIPLO
Populus x canadensis M1
Populus x canadensis - Tiepolo 275/81

Neretva

Bosna

Lasva

Vrbas

Drina

Spreca

Hibridi

OOOOOOOOOQG’:OOO

= = =
> ° &~ ©

O OO O O O o o o

—
S

14
0

Duljina trajanja faza (dani) /

Duration of phases (days)

1 4

6 8 1 5 14
6 13 3 5 13
8 5 6 5 10
1 4 0 0 4
6 8 1 5 13
6 8 5 8 13
14 0 1" 0 15
6 8 1 5 14
6 8 10 5 1
14 5 1 8 12
6 13 4 8 9
14 0 1 4 1
14 5 6 6 9
6 1 1 6 1
5 6 1 10 4
17 4 5 10 5
7 5 1 10 2
14 5 6 6 9
8 5 3 4 14
6 8 1 3 12
6 8 5 6 15
6 8 8 4 13
6 8 5 6 15
8 5 4 1 10
6 8 8 3 15
5 6 0 10 5
14 5 6 3 12
6 8 5 6 15
8 14 4 3 5
19 " 0 0 4
32 4 0 0 4
11 3 4 3 5
14 5 6 3 12
25 0 7 4 4
5 6 0 0 15
19 6 0 0 15
19 6 0 0 15
25 3 7 1 4
14 0 1 1 4
19 6 0 3 12

Napomena: najkrace trajanje faze oznaceno je sivom, a najduze trajanje zelenom bojom za hibride, a naranc¢astom za klonove populacija.
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javljuje na najvecem broju biljaka medu klonovima jedne
populacije na odredeni datum. Zatim nakon $to su na os-
novi podataka prikupljenih na terenu izracunate duljine
trajanja faza za svaku promatranu biljku, podaci su obra-
deni u SPSS 20.0, gdje su izra¢unati osnovni statisticki po-
kazatelji i napravljena analiza varijance i Duncan test za
duljiinu trajanja pojedinih faza. Duljina trajanja faze 0 obu-
hvatila je vrijeme od prvog promatranja (14.3.) pa do po-
sljednjeg pojavljivanja faze 0, a duljina trajanja faze 5 obu-
hvatila je vrijeme od prvog pojavljivanja faze 5, pa do
posljednjeg promatranja (22.4.) Analiza varijance radena
je za populacije porijekla klonova i hibride, kao i za slivove
i hibride kao izvore variranja.

Podaci vezani za duljinu zadrzavanja lista obradeni su u
SPSS 20.0 kori$tenjem funkcije Crosstabs.

REZULTATI
RESULTS

Rezultati promatranja fenoloskih faza listanja prikazani su
u tablici 3.

U tablici 4 izneseni su podaci o duljini trajanja faza listanja
po populacijama porijekla klonova, a u tablici 5 rezultati
analize varijance duljine trajanja faza listanja.

Analiza varijance radena je za faze 1-4 s populacijama po-
rijekla klonova i hibridima kao izvorima variranja, a rezul-
tati su prikazani u tablici 5. Ova analiza pokazala je da po-
stoje statisticki znacajne razlike izmedu klonova porijeklom
iz razli¢itih populacija i hibrida u pogledu duljine trajanja
fenoloskih faza listanja. Napravljen je i Duncan test po po-
pulacijama porijekla klonova kako bi se utvrdilo koje po-
pulacije se grupiraju prema duzini trajanja pojedinih faza i
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ima li grupiranja po slivovima. Rezultati Duncan testa po-
kazali su zajednicko grupiranje populacija iz razlicitih sli-
vova, ali i preklapanje grupa.

Analiza varijance i Duncan test napravljeni su i po slivovima
kojima pripadaju populacije porijekla klonova (tablica 6).

Rezultati analize varijance za duljinu trajanja fenologkih
faza listanja po slivovima porijekla klonova (sa hibridima
kao posebnom kategorijom) pokazali su statisticki znacajne
razlike izmedu slivova. Duncan test pokazao je grupiranje
slivova u grupe koje se medusobno preklapaju, a za duljinu
trajanja faze 1 i faze 4 hibridi su se odvojili u zasebnu grupu.

Fenoloska promatranja duljine zadrzavanja lista obavljena
suod 30.8.-4.11.-2019. godine, i to kroz tri faze: 1 - prisutni
svi listovi na stablu, 2 - 50% listova je preostalo na stablu,
3 - nema preostalih listova na stablu. Rezultati ovog pro-
matranja prikazani su na slikama 3-5.

Na dan pocetka istrazivanja, 30.8.2019. godine, sve proma-
trane biljke jos su se nalazile u fazi 1 tj. svi listovi su jo$ uvi-
jek bili prisutni na svim biljkama.

U fazi 2 najranije su se nalazile sve promatrane biljke klo-
nova populacija Sarajevo, Konjic i Bugojno, 9.9.2019. Od
klonova populacije Toplice 50% promatranih biljaka nala-
zilo se u fazi 2, dok je od klonova populacije Biljesevo u fazi
2 bilo 25% promatranih biljaka. Klonovi svih ostalih popu-
lacija se jo$ su se nalazili u fazi 1, tj. jo$ uvijek su bili prisutni
svi listovi na promatranim biljkama. Sve hibridne i alohtone
topole su jos bile u fazi 1, $to je prikazano na slici 3.

Zadrzavanje lista na dan 30.9.2019. prikazan je na slici 4.
Na dan 30.9. prvi se put pojavila faza 3, svi listovi odbaceni,
kod promatranih klonova iz populacije Sarajevo.

Tablica 5. Analiza varijance za duljinu trajanja fenoloskih faza listanja po populacijama porijekla klonova i broj grupa po Duncan testu
Table 5. Analysis of variance for the duration of phenological leafing phases by populations of clone origin and the number of groups according to Duncan's test

Trajanje Zbroj

faze lzvor variranja kvadrata
Phase  Source of variability Sum of
duration Squares
lzmedu grupa / Between Groups 3040,827

1 Unutar grupa / Within Groups 49,000
Ukupno/Total 3089,827
lzmedu grupa / Between Groups 1780,230

2 Unutar grupa / Within Groups 40,000
Ukupno / Total 1820,230

lzmedu grupa / Between Groups 1248,891

8 Unutar grupa / Within Groups 121,770
Ukupno / Total 1970,662

Izmedu grupa / Between Groups 606,075

4 Unutar grupa / Within Groups 839,680
Ukupno / Total 1445,755
Izmedu grupa / Between Groups 1843,579

5 Unutar grupa / Within Groups 496,378
Ukupno / Total 2339,957

NOEY Sredina ;

slorlj)ojde kvadrata Znacajnost I?IL%E;Z?‘

Degrees of Mean Significance

freedom Square groups
39 71,970 157,53 0,000
99 0,495 5
138
39 45,647 112,98 0,000
99 0,404 6
138
39 32,023 4,39 0,000
99 7,291 6
138
39 15,540 1,83 0,009
99 8,482 3
138
39 47,21 9,43 0,000
99 5,014 4
138
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Tablica 6. Analiza varijance za duljinu trajanja fenoloskih faza listanja po slivu rijeke porijekla klonova i broj grupa po Duncan testu

Table 6. Analysis of variance for the duration of phenological leafing phases by river basins of clone origin and the number of groups according to Dun-
can's test

Tr:l]an]e o Zbroj kvadrata SUl e Sredina 2 Broj grupa
aze lzvor variranja slobode Znacajnost
Phase  Source of variability 5‘? G Degrees of M kva(gata Significance TG
duration quares freedom lean Square groups
lzmedu grupa / Between Groups 1208.549 5 241,710 16,191 0,000
1 Unutar grupa / Within Groups 1925.851 129 14,929 3
Ukupno / Total 3134.400 134
lzmedu grupa / Between Groups 724.396 5 144,879 16,970 0,000
2 Unutar grupa / Within Groups 1101.353 129 8,538 3
Ukupno / Total 1825.748 134
lzmedu grupa / Between Groups 303.235 5 60,647 4,656 0,001
3 Unutar grupa / Within Groups 1680.291 129 13,026 3
Ukupno / Total 1983.526 134
lzmedu grupa / Between Groups 198.799 5 39,760 3,706 0,004
4 Unutar grupa / Within Groups 1384.015 129 10,729 2
Ukupno / Total 1582.815 134
lzmedu grupa / Between Groups 760.098 5 152,020 9,418 0,000
5 Unutar grupa / Within Groups 2082.273 129 16,142 4
Ukupno / Total 2842.370 134

Slika 3. Zadrzavanije lista u klonskom testu topola na dan 9.9.2019. godine
Figure 3. Leaf retention in the poplar clonal test on September 9, 2019

Slika 4. Zadrzavanije lista u klonskom testu topola na dan 30.9.2019. godine
Figure 4. Leaf retention in the poplar clonal test on September 30, 2019
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Slika 5. Zadrzavanije lista u klonskom testu topola na dan 18.10.2019. godine

Figure 5. Leaf retention in the poplar clonal test on October 18, 2019

Na slici 5 prikazani su rezultati zadrzavanja lista na dan
18.10.2019. godine.

Na dan posljednjeg promatranja, 4.11.2019. svi klonovi su
ve¢ odbacili sve listove. Od autohtonih topola klonovi popu-
lacije Sarajevo prvi odbacili sve listove, dok od alohtonih i
hibridnih vrsta prva je odbacila listove Populus afganica. Naj-
duze su zadrzali listove klonovi populacija Bratunac, Velika
Brijesnica, Banja Luka i Jajce koje su 18.10. jos§ imale 50%
preostalih listova, kada su klonovi vecine ostalih populacija
potpuno odbacili listove. Od hibridnih i alohtonih topola
najduze su listove zadrzale Populus deltoides 710, Populus del-
toides S-6-20, Populus deltoides-Dunav S-1-8, Populus nigra
var. italica i Populus x canadensis-Tiepolo 275/81.

Ukupna duljina vegetacijske sezone po klonovima prika-
zana je u tablici 7.

Najkracu efektivnu duljinu vegetacijskog perioda imali su
klonovi populacije Bugojno (154 dana), a najduzu klonovi
Populus boleana i Populus nigra var. italica te klonovi po-
pulacija Capljina (sliv rijeke Neretve); Dobrinje, Visoko,
Babina rijeka, Maglaj, Doboj (sliv rijeke Bosne); Kopaci i
Tegare (sliv rijeke Drine).

RASPRAVA
DISCUSSION

Uopceno govoredi na vrijeme pojavljivanja i duljinu traja-
nja pojedinih fenoloskih faza utje¢u ekoloski ¢imbenici
okoline u kojima se biljka nalazi, te nasljedni genetski fak-
tori (Ducci i sur. 2002). Imajuéi u vidu da se sve biljke koje
su predmet istrazivanja nalaze uistim ekoloskim uvjetima,
za olekivati je da se sve eventualne razlike u vremenu po-
javljivanja pojedinih fenoloskih faza te njihovu trajanju
mogu pripisati utjecaju nasljednih faktora. Vanden Broeck
i sur. (2018) navode da je fenologija pupanja odlu¢ujuca i
da odreduje prikladnost drve¢a u njihovom lokalnom okru-

zenju. Pokazala se kao vrlo nasljedna, dok su Kaldewey i
sur. (2019) u istrazivanju proljetne fenologije lombardijskih
topola uzorkovanih Sirom Europe u zajedni¢kom rasadnic-
kom testu utvrdili slab odnos izmedu proljetne fenologije
i provenijencije, odnosno da lokalno okruzenje i okruzenje
rasadnickog testa dominira nad potencijalnim epigenetic-
kim uc¢incima koji su odredeni okoli$nim uvjetima na mje-
stima uzorkovanja.

Analizom varijance u ovom istrazivanju utvrdeno je da su
razlike u fenologiji listanja izmedu klonova pojedinih po-
pulacija statisticki znacajne za sve faze, kao $to je utvrdeno
iza morfoloska svojstva lista u istom klonskom arhivu (Me-
misevi¢ Hodzi¢ i Ballian 2023). Najve¢u varijabilnost po-
kazale su razvojne faze 2 i 3. Do sli¢nih rezultata su dosli i
Ballian i Kajba (2015) te Cvitanovi¢ i sur. (2022).

Ukupno trajanje svih fenofaza razvoja lista u istrazivanju koje
su proveli Ballian i Kajba (2015) iznosilo je 22 dana za 2009.
godine, a 47 dana za 2008. godinu, dok je u ovom istraziva-
nju taj period iznosio 40 dana. Ballian (2017) navodi rezul-
tate fenoloskih promatranja topola u tri uzastopne godine
(2007., 2008. i 2009. godina) u klonskom arhivu Zepée, gdje
su pracene tri osnovne faze razvoja lista, gdje bi se moglo re¢i
da faza 1 prema Ballian (2017) obuhvaca faze 112 u ovom
istrazivanju, faza 2 obuhvaca fazu 3 i 4 u ovom istrazivanju,
i faza 3 odgovara fazi 5 u ovom istrazivanju. Ballian (2017)
je utvrdio da postoje statisticki znacajne razlike izmedu po-
pulacija porijekla klonova za sve godine. Kao pocetak pro-
matranja definiran je dan tijekom kojeg je opaZeno da je na
terminalnom pupu primije¢ena odredena promjena (Ballian
2017). Broj dana od pocetka pracenja do bubrenja pupa nije
bio isti za tri promatrane godine, a autor (Ballian 2017) za-
Kljuc¢uje da su razlog tomu temperature zraka koje su u pro-
matranim periodima varirale kroz godine. U 2007. i 2008.
godini bubrenje pupova pocelo je 4.3. i to kod klonova po-
pulacija iz razli¢itih slivova, dok se u 2009. godinu prvo bu-
brenje pupova pojavilo se 30.3., takoder kod populacija iz
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Tablica 7. Efektivna duljina vegetacijske sezone
Table 7. Effective duration of the vegetation period

Datum prvog pojavljivanja faze 3

Datum sa 50% listova na Efektivna duljina vegetacij-

SI'iv rijeke. PopuIacjja/Hibriq The date of the first appearance kI('Jnovima s.kog peri(?da (GENE)]
River basin Population/Hybrid The date with 50% leaves on Effective duration of the vege-
iR the clones tation period (days)
Konjic 20.3. 9.9. 173
Neretva o
Capljina 20.3. 18.10. 212
Sarajevo 28.3. 9.9. 165
llidza 18.4. 30.9. 165
Visoko 20.3. 18.10 212
Dobrinje 20.3. 18.10. 212
Rudnik 20.3. 30.9. 194
Bosna I
BiljeSevo 20.3. 30.9 194
Babina rijeka 20.3. 18.10. 212
Zenica 28.3. 18.10. 204
Maglaj 20.3. 18.10 212
Doboj 20.3. 18.10. 212
Lasva Travnik 28.3. 30.9. 186
Bugojno 8.4. 9.9. 154
Jajce 2.4, 26.10. 207
Podmilacje 28.3. 18.10. 204
Virbas
Krupa 2.4. 18.10. 199
Toplice 28.3. 30.9. 186
Banja Luka 28.3. 26.10. 212
Osanica 20.3. 30.9. 194
) Kopaci 20.3. 18.10. 212
Drina
Tegare 20.3. 18.10. 212
Bratunac 20.3. 26.10. 220
Lukavac 28.3. 18.10. 204
Spreca Gracanica 20.3. 18.10. 212
Velika Brijesnica 2.4. 26.10. 207
P afganica 28.3. 18.10. 204
P boleana 20.3. 30.9. 194
P, deltoides 710 28.3. 26.10. 212
P, deltoides S-6-20 8.4. 26.10 201
P deltoides Sava S-6-36 18.4. 18.10. 183
P deltoides-Dunav S-1-8 8.4. 26.10. 201
o P nigra var. italica 28.3. 26.10. 212
Hibridi .
P serotina 28.3. 30.9. 186
P x canadensis -B.I constanzo 2.4. 30.9. 181
P x canadensis I-214 2.4. 30.9. 181
P x canadensis-San Marino 2.4. 30.9. 181
P x canadensis-TRIPLO 8.4. 30.9. 175
P x canadensis M1 28.3. 30.9. 186
P, x canadensis-Tiepolo 275/81 2.4. 26.10. 207

razlicitih slivova. U ovom istrazivanju pocetak faze 1 zabilje-
Zen je najranije 14.3. i to kod klonova najveéeg broja popu-
lacija iz svih slivova, kao i hibrida. Ovo upucuje na potrebu
provodenja dodatnih istrazivanja fenologije i njihovog od-
nosa prema temperaturama, padalinama i drugim klimat-
skim elementima u vrijeme prolistavanja. Ludovisi i sur.
(2014) priistrazivanju fenologije listanja crnih topola u dvije

uzastopne godine utvrdili su razlike od sedam dana u pojav-
ljivanju faza izmedu godina, dok su Fabbrini i sur. (2012)
utvrdili znacajnu ulogu interakcije genotip x okoli$ u svim
fenoloskim fazama listanja klonova Populus nigra. Vico i sur.
(2021) istrazivali su fenologiju klonova topola uzgojenih na
Sest lokacija u baltickoj regiji, u sjevernoj Europi tijekom dvije
godine s kontrastnim klimatskim uvjetima, kako bi dosli do
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podataka kako klonovi reagiraju na klimatske uvjete i foto-
period. Sto se tice utjecaja klimatskih uvjeta i fotoperioda, na
vecale brzinu proljetne i jesenske fenologije, ali su smanjile
efektivno trajanje vegetacijske sezone. Na razlic¢itim lokaci-
jama, geografska $irina je utjecala na vrijeme proljetne i je-
senske fenologije, brzinu proljetne fenologije i efektivinu du-
ljinu vegetacijske sezone, dok je klon utjecao samo na vrijeme
fenologije (Vico i sur. 2021). Pellis i sur. (2004) istrazivali su
proljetnu fenologiju, duljinu vegetacijske sezone i jesenju fe-
nologiju 17 klonova Populus spp. ¢ije je porijeklo bilo od
45°30'N do 51°N. Utvrdili su sli¢an, jasan obrazac pucanja
pupova tijekom razli¢itih godina istrazivanja za sve klonove,
ali su klonovi sa 45°30'N do 49°N dostigli pucanje pupova
gotovo svake godine ranije od klonova sa 50° N do 51° N.

Prema brojnim autorima, duljina efektivne vegetacijske se-
zone kod vrsta roda Populus proporcionalna je godisnjem
rastu visine (Ceulemans i sur. 1992, McKown i sur. 2014,
Yu i sur. 2001, Elferjani i sur. 2016, Lutter i sur. 2016). U
ovom istrazivanju, najkracu efektivnu duljinu vegetacijskog
perioda imali su klonovi populacije Bugojno (154 dana), a
najduzu klonovi Populus boleana i Populus nigra var. italica
te klonovi populacija Capljina (sliv rijeke Neretve); Dobri-
nje, Visoko, Babina rijeka, Maglaj, Doboj (sliv rijeke Bosne);
Kopaci i Tegare (sliv rijeke Drine).

Fenologka istrazivanja topola uglavnom se odnose na ot-
pornost topola prema kasnim proljetnim i ranim jesenjim
mrazevima Ballian i Kajba, 2015, Cvitanovic i sur. 2022).,
te prirast stabala s obzirom na duljinu trajanja vegetacijskog
perioda (Ceulemans i sur. 1992, McKown i sur. 2014, Yu i
sur. 2001, Elferjani i sur. 2016, Lutter i sur. 2016, Adler i sur.
2021, Karaci¢ i sur. 2021). Tako su Adler i sur. (2021) dosli
do rezultata da je veca zapremina stabla bila u pozitivnoj
korelaciji s kasnijim starenjem listova (jesenja fenologija),
a nekorelirana s proljetnom fenologijom. Karaci¢ i sur.
(2021) navode da komercijalno koristenje topola zahtijeva
klonove koji u¢inkovito koriste kratku sezonu rasta na sje-
vernim geografskim $irinama, te da premjestanje klonova
juznog porijekla u sjeverne geografske $irine ne rezultira
uc¢inkovitom uporabom vegetacijske sezone na sjeveru zbog
neuskladenosti proljetne i jesenske fenologije ovih klonova
na sjevernim geografskim $irinama.

Nazalost, u Bosni i Hercegovini nije bilo istrazivanja svoj-
stava rasta klonova autohtonih niti hibridnih topola, te se
javlja potreba za ovakvim istrazivanjima kako bi se mogli
usporediti rezultati fenoloskih istrazivanja, odnosno duljine
vegetacijske sezone, i debljinskog i visinskog prirasta.

ZAKLJUCGCI
CONCLUSIONS

Analizom varijance utvrdeno je da postoje statisticki zna-
¢ajne razlike u duljini trajanja pojedinih fenofaza listanja
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izmedu klonova populacija i hibrida u klonskom arhivu
crnih topola Zepce.

Populacije ¢iji su klonovi prvi prosli kroz sve fenofaze li-
stanja nalaze se u slivovima svih rijeka (klonovi populacija
iz sliva rijeke Bosne: Biljesevo, Rudnik, Visoko; Lasve: Trav-
nik, Drine: Bratunac, Kopacdi; Neretve: Konjic, Sprece: Gra-
¢anica i Vrbasa: Banja Luka). Populacije ¢iji su klonovi po-
sljednji zavréili razvoj lista su: Ilidza (sliv rijeke Bosne),
Bugojno i Krupa (sliv rijeke Vrbas).

Do 18.10.2019. godine klonovi veéine promatranih popu-
lacija su odbacili sve listove, tj. 73% od promatranih biljaka
je ve¢ odbacilo listove, a do 4.11.2019. godine klonovi svih
populacija su odbacili listove.

Najkracu efektivnu duljinu vegetacijskog perioda imali su
klonovi populacije Bugojno (154 dana), a najduzu klonovi
Populus boleana i Populus nigra var.italica te klonovi popu-
lacija Capljina (sliv rijeke Neretve); Dobrinje, Visoko, Ba-
bina rijeka, Maglaj, Doboj (sliv rijeke Bosne); Kopaci i Te-
gare (sliv rijeke Drine).

Rezultati ovog istrazivanje bit ¢e koristeni u odabiru najpo-
voljnijih klonova za reintrodukciju na odredenom lokali-
tetu i za odredene mikroklimatske uvjete, posebno poja-
vama kasnih proljetnih i ranih jesenjih mrazeva, u svrhu
ocuvanja autohtonog genofonda, kao i klonova hibridnih
topola za osnivanje klonskih nasada.

Potrebno je nastaviti fenoloska istrazivanja u klonskom testu
autohtonih crnih topola i hibridnih topola u Bosni i Herce-
govini, kao i provesti istrazivanja svojstava rasta, kako bi se
mogli usporediti rezultati fenoloskih istrazivanja, odnosno
duljine vegetacijske sezone i debljinskog i visinskog prirasta.
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SUMMARY

Black poplar (Populus nigra L.) is a species growing in flood forests and today it is one of the most en-
dangered species in Europe. In Bosnia and Herzegovina, there is significant area of unused land suit-
able for the reintroduction of autochthonous black poplar and the establishment of intensive and ex-
tensive plantations of hybrid and American black poplar. This research aims to determine the
beginning and the end of the phenological phases of leafing, as well as the winter retention of leaves,
which will help in the selection of suitable clones for the establishment of plantations in Bosnia and
Herzegovina.

The material of 161 clones of autochthonous black poplars from 26 populations from the basins of 6
rivers, and 11 clones of production hybrid poplars (Euro- American or Canadian) and American black
poplars was analyzed. The clones were located in the clonal archive in Zepce, which was established
in 2006. Leafing phenology was observed from March 15 to April 22, 2019, and during six phenolog-
ical phases: 0 - dormant bud, 1 - cracked bud, 2 - bud breaking through, 3 - bud open, leaves gathered,
4 - leaves separate, 5 - leaves fully developed. The retention of the leaves was monitored from August
30 to November 4, 2019, and evaluated in three categories: 1 - all leaves on the tree are present, 2 - 50%
of the leaves are left on the tree, 3 - there are no leaves left on the tree.

Analysis of variance showed statistically significant differences between clones from different popula-
tions for the duration of the leafing phenological phases. Phenological phase 1 (buds breaking through)
occurred at the earliest on March 14 and phase 5 (fully open leaves) no earlier than April 8. The re-
sults of leaf retention show that on November 4 all clones in the clonal archive fully rejected the leaves.
The shortest effective length of the vegetation period had the clones of the Bugojno population (154
days), and the longest the clones of Populus boleana and Populus nigra var. italica and clones of the
Capljina population (Neretva river basin). Dobrinje, Visoko, Babina Rijeka, Maglaj, Doboj (Bosna
river basin), Kopaci and Tegare (Drina river basin).

The results of this research will be used in the selection of the most suitable clones for reintroduction
in a specific locality and for specific microclimatic conditions, especially the occurrence of late spring
and early autumn frosts, for the purpose of preserving the autochthonous gene pool, as well as clones
of hybrid poplars for the establishment of clonal plantations.

It is necessary to continue phenological research in the clonal test of autochthonous black poplars and
hybrid poplars in Bosnia and Herzegovina, as well as to conduct research on growth properties in or-
der to be able to compare the results of phenological research, i.e. the length of the growing season,
as well as thickness and height growth.

KEY WORDS: black poplars, clonal archive, leaf phenology, winter leaf retention



https://doi.org/10.31298/s1.148.5-6.4

lzvorni znanstveni ¢lanci — Original scientific papers
Sumarski list, 5-6 (2024): 261-272

BROWN BEAR (Ursus Arctos L.)
DISTRIBUTION MODEL IN EUROPE: CURRENT
SITUATION AND THE POTENTIAL ROLE OF

CLIMATE CHANGE

RASPROSTRANJENOST SMEBDEG MEDVJEDA (Ursus arctos L.) U
EUROPI: TRENUTNO STANJE | UTJECAJ KLIMATSKIH PROMJENA

Ahmet ACARER™

SUMMARY

The brown bear has a large body and it is described as the largest carnivore in Europe. While the brown bear can
move safely and comfortably in its own habitat thanks to its large size, it is challenging for it to travel to different
habitats over long distances. Therefore, negative changes that may occur with global warming may cause the ex-
isting brown bear populations and their habitats to be restricted, reduced, or destroyed. The aim of this study was
to reveal the effect of Chelsa climate envelope models for current and future years on brown bear habitats in Eu-
rope. For this purpose, the MaxEnt method was used, which is frequently used in wildlife species distribution
modelling. The current habitat suitability model of the brown bear was in the “good model” category with the
training data set ROC value of 0.834 and the test data set ROC value of 0.828. The variables contributing to the
current model are annual range of temperature (48.2%), mean monthly precipitation amount of the warmest quar-
ter (22.1%), temperature seasonality (18.2%) and annual precipitation amount (11.5%), respectively. When the
mapping results using the variables contributed to the brown bear current habitat suitability model are compared
with the IUCN inventory results, the current brown bear habitats in Europe will change regionally. However, it
was determined that brown bear habitats will shrink according to the SSP126 Chelsa climate scenario for the year
2100, and these habitats will fragment according to the SSP370 scenario, as well as that brown bear habitats will

disappear in some regions in the SSP585 scenario.

KEY WORDS: brown bear, climate change, maximum entropy, modelling and mapping, wildlife management

INTRODUCTION
uvoD

Today, there are eight known species belonging to the Ur-
sidae family throughout the world: Ailuropoda melanoleuca,
Helarctos malayanus, Melursus ursinus, Tremarctos ornatus,
Ursus thibetanus, Ursus maritimus, Ursus americanus and
Ursus arctos (Servheen et al., 1998). The brown bear is the
most endangered species between them (Siiel, 2019). Com-

pared to other bear species distributed in the world, the
brown bear has the widest distribution (Cihan, 2007). Alt-
hough it is generally distributed extensively in Asia and
North America, it is also distributed throughout Europe
(Pasitschniak-Arts, 1993; McLellan et al., 2017). Therefore,
the food preference of the brown bear varies both tempo-
rally and spatially depending on the location (Clevenger et
al., 1992; Munro et al., 2006).
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The brown bear, being a large carnivore in nature (Bojar-
ska and Selva, 2012), constantly interacts with humans to
meet its nutritional needs. Also, humans have always pre-
ferred eating brown bear meat or using its fat as an ointment
in hunting activities (Loon and Georgette, 1989). In Europe,
the brown bear is fully protected in 12 different countries
and is considered a hunting species in 6 countries (Swen-
son et al., 2000; Zedrosser et al., 2001). Such anthropogenic
hazards narrowed the brown bear existing habitats and ne-
gatively affected population continuity. In addition, chan-
ging climatic conditions are likely to affect the brown bear’s
nutrition directly or indirectly, as well as its shelter, habitat
preference and torpor process (Ashrafzadeh et al., 2023). It
has been stated that according to some climate scenarios,
the brown bear will also be affected by global warming (Dar
etal.,, 2021). Therefore, to effectively protect the brown bear
under climate change, conservation efforts aimed at iden-
tifying and improving climatically suitable habitats should
be prioritized (Hannah et al., 2007).

Global climate models help to perform statistical analyses
depending on climate. Although evaluating these models
and obtaining the results is a complex process, it is an effec-
tive way to take protective and management measures
(Hartmann, 2015; Pottier et al., 2017). Different climate
models are available to predict suitable habitats for the fu-
ture. One of such climate models is CHELSA climate mo-
del, an up-to-date data repository in terms of land surface
areas (Karger et al., 2017). The problem of other climate
models is low resolution, while Chelsa climate models stand
out with their very high resolution (Brun et al., 2022). It has
also been stated that species distribution modelling predic-
tions with high-resolution Chelsa climate scenarios are
more reliable and accurate (Morales-Barbero and Vega-Al-
varez, 2019). The preference of Chelsa climate variables for
modelling and predicting current and future brown bear
distribution in Europe at a fine scale (habitat suitability)
support this choice.

Species distribution modelling methods (SDMs) are divi-
ded into two groups of methods: mechanistic and correla-
tive. Mechanistic methods require ecophysiological charac-
teristics of the target species, which are difficult to obtain.
There is no need for such information in correlative met-
hods, which are divided into two groups: separation (wor-
king with present-absent data) and profile (working only
with present data) techniques (Engler et al., 2004; Ozkan,
2012). Obtaining new and reliable absence data in wildlife
studies requires a long time and high costs. Therefore, pre-
sence data of the target species are more important in wild-
life modelling and mapping studies. In this context, Maxi-
mum Entropy (MaxEnt) software that provides accurate
and reliable data with the least amount of data proved as a
useful tool (Phillips et al., 2006; Elith et al., 2011).
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MaxEnt is a software that determines the features needed
by the target species using the presence data, while estima-
ting the suitability level for the entire area according to the
numerical values of environmental variables in the area
(Phillips et al., 2004). Additionally, MaxEnt provides the
opportunity to work with both categorical and continuous
data. Therefore, by determining vegetation and envi-
ronmental impact, it reveals the impact of factors such as
human interaction with wildlife and climate envelope mo-
dels on target species (Kirag, 2021; Kirag et al., 2022).

This study aimed to determine the potential habitat suita-
bility of the brown bear, which has a lower population den-
sity in Europe compared to North America and Asia, under
the effect of climate change. For this purpose, maximum
entropy method was used for potential habitat suitability
mapping of the brown bear according to different Chelsa
climate scenarios (IPSL-CM6A-LR SSP126-SSP370-
SSP585) for the future (2100) and the current (2010) year.

MATERIALS AND METHODS
MATERIJALI | METODE

Study area — Podrucje istraZivanja

Brown bears, which are described as large carnivores, are
moving creatures (Morales-Gonzélez et al., 2020). The
brown bear is widely distributed across geographical areas
from North America to Eurasia (Matsuhashi et al., 2001).
However, while brown bear distribution has become en-
dangered in some areas of Europe, it has an extant distri-
bution in other regions. The fact that the habitats of the
brown bear are limited to certain areas prevents population
growth and causes population loss rates to increase (Zedro-
sser et al., 2001). In addition, changing climate conditions
may cause the existing habitats of the brown bear to shrink,
fragment or disappear (Su et al., 2018). In this context, the
study area was established in Europe (Fig. 1), where brown
bear distribution is thought to be more affected by chan-
ging climatic conditions than it is in other continents or
regions in the world (Sommer and Benecke, 2005).

Brown bear data collection — Prikupljanje podataka
o smedem medvjedu

To fill the gap of climate change impact on brown bear dis-
tributed in Europe and to improve the existing knowledge,
data were obtained from the Global Biodiversity Information
Facility (GBIF) data infrastructure to acquire presence data
on the target species. Brown bear presence data downloaded
from the GBIF database, which is funded by world go-
vernments and provides open access to species living on
Earth, was resized to a global scale according to the study area
boundary (GBIE 2024). Data related to the spatial distribu-
tion of the 9,857 registered brown bear individuals within the
borders of the study area are shown in yellow (Fig. 1).
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Figure 1. Europe regions and brown bear presence data
Slika 1. Prisutnost smedeg medvjeda u europskim regijama

Chelsa bioclimatic variables — Klimatske varijable
Chelsa

The current Chelsa climate data (Biol to Bio19, for period
1981-2010) were downloaded from version 2.1 (30 arc se-
conds or ~1 km) of the Chelsa climate website (https://
chelsa-climate.org/, Karger et al. 2017). Chelsa climate va-
riable definitions are given in Table 1. Version 2.1 of the
high-resolution Chelsa climate model included
IPSL-CM6A-LR (30 arc seconds or ~1 km) based data for
19 bioclimatic variables and climate projections for the fu-
ture (year 2100) (Karger et al., 2020). These data sets, which
are accessible on a global scale, were optimized according
to the size of the European study area and converted to As-
cii format with the help of ArcMap 10.8.

Brown bear habitat suitability modelling and mapping
(maximum entropy) — Modeliranje i mapiranje
prikladnosti stanista smedeg medvjeda (maksimalna
entropija)

Maximum entropy (MaxEnt) is a probability calculation
method that estimates suitable and unsuitable areas of the
dependent variable by using only presence data in wildlife
studies (Phillips et al., 2006; Baldwin, 2009). To perform
prediction analysis and reveal suitable habitats for the tar-
get species, MaxEnt calculates two different probability
densities. The first of these characterizes the areas where
presence data of the target species are available. Secondly,

D

the probability density calculates habitat suitability for
background points. Then, MaxEnt calculates the difference
between these two probability densities and gives the rela-
tive environmental suitability for each presence data (Du-
dik et al., 2007). By characterizing the suitable habitats for
each presence data obtained throughout the entire area, it
produces a habitat suitability mapping output for the entire
area (Elith et al., 2011).

MaxEnt has the advantages of being one of the methods
that gives results with the highest explanation margin and
is able to produce model results with high data validity at
least (Hernandez et al., 2006). By working with both cate-
gorical and continuous data, MaxEnt reveals the effects of
factors such as environmental variables, vegetation difte-
rences and human impact on wildlife (Phillips et al., 2004;
Wisz et al., 2008). In addition, MaxEnt is frequently pre-
ferred in wildlife conservation, development, and planning
studies because it allows simulating the effects of changing
climate conditions on wild animal species. Therefore,
MaxEnt 3.4.4 software was used to estimate the climate con-
ditions that limit the brown bear current habitat and com-
pare the current habitat with future Chelsa climate scena-
rios (Phillips, 2008).

As with every habitat suitability model, the accuracy of the
model outputs obtained with the MaxEnt method must be
checked. For the MaxEnt method, the contribution and va-
lue results of the Receiver Operating Characteristic (ROC)
and Jackknife graphs need to be examined. There are two
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Table 1. Chelsa climate variables
Tablica 1. Klimatske varijable Chelsa
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Shortname Longname Unit Scale Ofsett
Kratko ime Dugo ime Jedinica Skala Pomaci
Bio1 Mean diurnal air temperature — Srednja dnevna temperatura zraka © 0.1 -273.15
Bio2 Mean annual air temperature range — Raspon srednje godisnje temperature zraka RC 0.1 0
Bio3 Isothermality — [zotermnost RC 0.1 0
Bio4 Temperature seasonality — Sezonalnost temperature °C/100 0.1 0
. Mean daily maximum air temperature of the warmest month — Srednja maksimalna dnevna o
Biob P ) (6 0.1 -273.15
temperatura zraka najtoplijeg mjeseca
. Mean daily minimum air temperature of the coldest month — Srednja dnevna minimalna o
Bio6 . P . © 0.1 -273.15
temperatura zraka najhladnijeg mjeseca
Bio7 Annual range of temperature — Godisnji raspon temperature RC 0.1 0
. Mean daily air temperatures of the wettest quarter — Srednje srednje dnevne temperature zraka o
Bio8 S e © 0.1 -273.15
najvlaZnijeg tromjesecja
. Mean daily air temperatures of the driest quarter — Srednje dnevne srednje temperature zraka o
Bio9 P T © 0.1 -273.15
najsuseg tromjesecja
Bio10 Mean daily air temperatures of the \{varrqest qualiter —V'Srednje dnevne temperature zraka °C 0.1 _273.15
najtoplijeg tromjesecja
Biol1 Mean daily air temperatures of the_ colde"st quartgr - .é‘_redn/e dnevne temperature zraka °C 01 27315
najhladnijeg tromjesecja
Bio12 Annual precipitation amount — Godisnja koli¢ina padalina Kg m? year™ 0.1 0
Bio13 Precipitation amount of the wettest month — Kolicina padalina najkisovitijeg mjeseca Kg m= month™! 0.1 0
Bio14 Precipitation amount of the driest month — Kolicina padalina najsuseg mjeseca Kg m= month-! 0.1 0
Bio15 Precipitation seasonality — Sezonalnost padalina Kg m2 0.1 0
Biol6 Mean monthly precipitation amqunt of t.hve vy?ttest qugrterw— Srednja mjesecna kolic¢ina Kg 2 month" 0.1 0
padalina najkiSovitijeg tromjesecja
Biol7 Mean monthly precipitation amount of Fhevdnest ql.JaI'tF:I'_ — Srednja mjesecna kolicina padalina Kg 2 month 01 0
najsuseg tromjesecja
Biol8 Mean monthly precipitation amoupt of tlje w_grmest quartgr — Srednja mjesecna kolicina Kg 2 month” 04 0
padalina najtoplijeg tromjesecja
Bio19 Mean monthly precipitation amount of the coldest quarter — Srednja mjesecna kolicina Kg 2 month" 0.4 0

padalina najhladnijeg tromjesecja

***The data presented in the CHELSA database include values transformed using scale and offset values. This transformation is done by multiplying the value with the
scale value and adding it to the offset value. For example, the value 8000 for Bio4 corresponds to (8000 / 100) x 0.1 +(0) = 8°C.

***Podaci prikazani u bazi podataka CHELSA uklju€uju vrijednosti transformirane pomocu vrijednosti skale i pomaka. Ova se transformacija provodi mnozenjem vrijednosti
s vrijedno$¢u skale i njenim dodavanjem vrijednosti pomaka. Na primjer, vrijednost 8000 za Bio4 odgovara (8000 /100) x 0,1 +(0) = 8°C.

different methods for examining ROC values (Baldwin,
2009). The first is that the training value of the repetitions
of the obtained model is the highest. The other is that the
difference between the training and test data values between
iterations is the lowest and the test data value is not higher
than the training data set value. Classification is based on
training and test data set values: 0.9<ROC is categorized as
“very good”, 0.7<ROC<0.89 is categorized as “good’, and
ROC<0.69 is categorized as “uninformative” (Baldwin,
2009). In the Jackknife chart, it should be ensured that the
individual contribution of the particular variables contri-
buting to the model does not exceed the contribution to the
entire model.

RESULTS
REZULTATI

Most significant representative Chelsa climate
variables on brown bear distribution — Najznacajnije
reprezentativne klimatske varijable Chelsa o
distribuciji smedeg medvjeda

Statistical analyses were carried out before starting the cu-
rrent and future habitat suitability modelling studies of the
brown bear distributed in Europe. Pearson’s correlation
analysis was applied to 19 variables to see whether there
was a high correlation between Chelsa climate variables.
Elimination was made among Chelsa climate variables with
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A
Variable Percent contribution Permutation importance
Bio7 48.20 40.20
Bio18 22.10 18.20
Bio12 18.20 18.80
Bio4 11.50 22.20 B

Figure 2. Chelsa climate variables that contribute to the formation of the model A) Jackknife AUC chart B) Percentage contribution and permuta-

tion importance for the Jackknife chart

Slika 2. Klimatske varijable Chelsa koje pridonose formiranju modela A) Jackknife AUC grafikon B) Postotni doprinos i vaznost permutacije za Jackknife

grafikon

high Pearson’s correlation value (0.8<r). According to the
correlation analysis and elimination method results, 7 va-
riables were found to have high correlations on the brown
bear distribution. According to the correlation analysis and
elimination method results, 7 variables (Bio3, Bio5, Bio8,
Bio9, Bio10, Biol6, Bio17) were found to have high corre-
lations on the brown bear distribution and were not inclu-
ded in the modelling. “GCS_WGS_84" coordinate system
was assigned to 12 different Chelsa climate variables inde-
pendent of each other on the brown bear distribution. They
were converted to Ascii format and the modelling phase
was started.

Brown bear current habitat suitability modelling and
mapping — Modeliranje i mapiranje prikladnosti
trenutnog stanista smedeg medvjeda

The current habitat suitability mapping of the brown bear
distributed in the large-scale study area has started the mo-
delling phase with 12 different climatic variables and 9,857
presence data. The cross-validation method was preferred
by separating 90% of the training data and 10% of the test
data in the modelling process. In this regard, a total of 9,857
presence data obtained for the target species were proce-
ssed and 500 iterations were applied. The modelling process
was repeated until at least two different climate variables
remained among the representative variables. According
to these classifications, 38 different habitat suitability mo-
dels have been put forward for current habitat suitability
mapping of the brown bear. When the obtained models
were evaluated according to the accuracy criteria, the trai-
ning data ROC value was 0.834 and the test data ROC value
was 0.828, which was the good model. The standard devia-

tion of the model was 0.008. The model was classified in
the “good model” category according to the Baldwin (2009)
classification. Variables contributing to the model are
annual range of temperature (Bio7), mean monthly preci-
pitation amount of the warmest quarter (Bio18), tempera-
ture seasonality (Bio4) and annual precipitation amount
(Bio12), according to the Jackknife AUC chart (Fig. 2A).
The percentage contribution and permutation importance
of the variables forming the model for the Jackknife AUC
chart were determined (Fig. 2B).

Marginal responder curve graphs of the variables contri-
buting to the model need to be examined. When the annual
temperature range graph is examined, which contributes
the most to the model, the probability of the brown bear’s
presence is high in areas where the annual average tempe-
rature range within the area is up to 29.6°C (Fig. 3A). The
probability of the brown bear’s presence in areas where the
annual temperature range exceeds this value has a low re-
lationship. The probability of the brown bear’s presence is
high in areas where the mean monthly precipitation amo-
unt of the warmest quarter is 0-400 mm (Fig. 3B), and the
annual precipitation amount is 1200 mm (Fig. 3C). It has
been determined that the probability of the brown bear’s
presence is lower in areas with higher precipitation related
to Chelsa climate variable values. The changing seasonal
temperature value results that contribute the least to the
model were calculated according to the Chelsa formula. It
was determined that the brown bear has a high probability
of being present in areas where the seasonal temperature is
around 8°C, while in areas below this value there is a low
probability of its presence (Fig. 3D).
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Figure 3. Contributing to the brown bear current habitat suitability modelling A) Annual range of temperature graph, B) Mean monthly precipita-
tion amount of the warmest quarter graph, C) Temperature seasonality graph, D) Annual precipitation amount graph

Slika 3. Doprinos modeliranju prikladnosti trenutnog stanista smedeg medvjeda A) Grafikon godi$njeg raspona temperature, B) Grafikon srednje mjesetne
kolicine padalina najtoplijeg tromjesecja, C) Grafikon sezonalnosti temperature, D) Grafikon godisnje koliCine padalina

Figure 4. Current habitat suitability mapping of the brown bear in Europe
Slika 4. Trenutno mapiranje prikladnosti stanista smedeg medvjeda u Europi
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Figure 5. Habitat suitability mapping of the brown bear in Europe according to 2100 Chelsa climate (Future model 1: SSP126)
Slika 5. Mapiranje prikladnosti staniSta smedeg medvjeda u Europi prema modelu Chelsa 2100. (Budu¢i model 1: SSP126)

According to the results of the variable values which con-
tribute to the model, the current habitat suitability map of
the brown bear was created. When this habitat suitability
mapping is examined, brown bear shows high habitat sui-
tability in almost all geographical regions of countries such
as Austria, Slovenia, Croatia, Bosnia and Herzegovina,
Norway, Sweden, Estonia, Latvia, and Georgia. In addition
to these countries, high habitat suitability for the brown
bear has been determined in regions such as the Black Sea
and Mediterranean regions of Turkey, the northern region
of Spain, the west of Portugal, the south of France, the south
of Germany, the south of Finland, and the north of Italy. In
addition, high habitat suitability for the brown bear has
been determined in the corridor region between the bor-
ders of Romania, Ukraine, Slovakia, and Poland (Fig. 4).

Brown bear future habitat suitability mapping -
Mapiranje prikladnosti buduéeg stanista smedeg
medvjeda

A simulated analysis was performed with different Chelsa
climate scenarios (SSP126-SSP370-SSP585) for the year
2100 based on variables contributing to the brown bear cu-
rrent habitat suitability model. Model results simulated for
the year 2100 SSP126 Chelsa scenario revealed that, unlike
current habitat suitability modelling, there is a general
shrinkage in brown bear habitats (Fig. 5). According to the
Chelsa climate envelope model 2100 SSP370 scenario, it

was revealed that there is fragmentation as well as shrinkage
in brown bear habitats (Fig. 6). In the 2100 SSP585 scena-
rio, in addition to fragmentation as in the SSP 370 scenario,
it was determined that habitats in some areas with high
correlation in current habitat suitability modelling are fa-
cing extinction (Fig. 7). For example, while the habitat su-
itability of the brown bear is high in the current habitat su-
itability model in the Mediterranean region of Turkey,
according to the SSP585 scenario for the year 2100, its ha-
bitats will be facing extinction. As a result, it was found that
the Chelsa climate scenarios for the year 2100 have an im-
pact on the brown bear habitats in Europe. Although this
climate change is less effective in areas with high population
size, it will cause the extinction of brown bear in areas with
low population size.

DISCUSSION
RASPRAVA

Numerical and model-based mappings are at the forefront
compared to other classical methods to evaluate wild ani-
mal habitat preference (Ozkan, 2012). These maps can help
to predict the future geographic distribution of wild animal
species, understand their ecological requirements and bio-
logical responses to climate change, and guide conservation
plans (Mert et al., 2013). Nowadays, studies based on global
climate envelope models have started to reveal the effects
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Figure 6. Habitat suitability mapping of the brown bear in Europe according to 2100 Chelsa climate (Future model 2: SSP370)
Slika 6. Mapiranje prikladnosti staniSta smedeg medvjeda u Europi prema modelu Chelsa 2100. (Budu¢i model 2: SSP370)

Figure 7. Habitat suitability mapping of the brown bear in Europe according to 2100 Chelsa climate (Future model 3: SSP585)
Slika 7. Mapiranje prikladnosti staniSta smedeg medvjeda u Europi prema modelu Chelsa 2100. (Buduci model 3: SSP585)

of changing climate conditions on wild animal species that ~ used to map the habitat status of the endangered brown
are endangered or need to be protected (Kirag and Mert,  bear in Europe according to different scenarios (SSP126-
2019; Dilbe et al., 2022). In this study, MaxEnt software was ~ SSP370-SSP585) for current (2010) and future (2100) years.
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Some studies reveal the preferred habitat of the brown bear
using MaxEnt software. However, these studies were small-
scale and the climate change factor, which is effective in
habitat preference, was ignored (Almasieh et al., 2019; Siiel,
2019).

In small-scale habitat suitability modelling and mapping
studies for the brown bear, anthropogenic effects such as
bear management plans, vegetation status, food preference,
road density, distance to water, distance to settlements, and
land cover use are important in habitat preference (Mora-
les-Gonzélez et al., 2020). In other words, the brown bear
prefers areas where space, food, cover, and water, which are
among the wildlife habitat factors, come together (Ertugrul
et al., 2017). However, there are no numerical and model-
based maps and information on how these anthropogenic
effects will change in the future. Therefore, a larger-scale
existing habitat suitability model and map was prepared to
determine the impact of Chelsa climate variables on the
brown bear, which provides information about how and in
what way climate change will occur in the future. Large-
scale habitat suitability modelling and mapping studies help
to establish sustainability and adaptation strategies for the
target species. Therefore, this study is qualified to fill an
essential gap in the literature for researchers who will study
the brown bear.

The variables contributing to the formation of the large-
scale brown bear current habitat suitability model are
annual range of temperature, mean monthly precipitation
amount of the warmest quarter, annual precipitation amo-
unt and temperature seasonality. The common ground of
these variables is that temperature and precipitation affect
the brown bear. Dhakal (2014) stated that changes in tem-
perature and precipitation are the main reasons for the re-
duction of food resources of various wild animals in agri-
cultural areas, especially during the dry season. Aksan
(2023) found that wild animals (mammals and birds) that
cannot meet their nutritional needs in their current habi-
tats prefer different habitats. For wild animals that needed
different habitats, this caused their habitats to fragment,
shrink, and even disappear. Of the family Ursidae, only the
brown bear is distributed in Europe, and has been found to
be affected by temperature and precipitation variables.
MacHutchon (2001) found that the grizzly bear is mostly
active during the day, but McLellan and McLellan (2015)
found that a small increase in temperature affects the pe-
riod in which the grizzly bear is active (activity pattern, di-
urnal or nocturnal). Schwartz et al. (2010) found that the
activity of the grizzly bear population in temperate regions
decreases as the ambient temperature exceeds approxima-
tely 20°C.

Delgado et al. (2018) found that an increase in temperatu-
res in the dens where the brown bear shelters in winter for
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torpor make the brown bear leave the shelters earlier. This
was also confirmed by Evans et al. (2016), while it was also
found that the bear’s body temperature increases (Welinder
et al., 2016). Manchi and Swenson (2005) and Niedzial-
kowska et al. (2019) revealed that as the brown bear’s body
temperature rises, its effort to reach food around the habi-
tat and its interest in the hoofed animals that meet the bear’s
nutritional needs decreases. Therefore, rising temperatures
affect the brown bear’s food and habitat preferences accor-
ding to its body temperature (Moe et al., 2007; Pigeon et al.,
2016). According to Su et al. (2018), the increase in the tem-
perature variable value in the study area and the decrease
in the habitat suitability of the brown bear support this si-
tuation. In this context, the value results of the temperature
variables we obtained are in accordance with the literature.

When precipitation variables that contributed to the for-
mation of the brown bear’s current habitat suitability model
were evaluated, a linear relationship was found between
average precipitation variables and the occurrence of the
brown bear. These areas with high precipitation correspond
to areas where the brown bear exists (Mohammadi et al.,
2021; Ashrafzadeh et al., 2022). Su et al. (2018) found that
brown bear habitats will be affected depending on the amo-
unt of annual precipitation and that the species continues
to be present in areas where precipitation amounts up to
406 mm, and that this value will increase to 459 mm in
2050. Su et al. (2018) have also found that the effect of pre-
cipitation amount on the brown bear throughout the sea-
son is 51% (Seryodkin et al., 2013) and that with an increase
in annual precipitation values of 5 mm, its daily activity will
increase by 0.1 km/hour (Martin et al., 2010). As precipi-
tation decreases in spring, the brown bear rests less during
this season (Stelmock and Dean, 1986) and feeds on species
that are sensitive to precipitation variables (Su et al., 2018).
As aresult, temperature and precipitation variables are the
primary factors contributing to the brown bear’s current
and future habitat suitability (Penteriani et al., 2019; Mo-
hammadi et al., 2022; Ashrafzadeh et al., 2023) and the re-
sulting models and maps are in accordance with the litera-
ture studied.

The brown bear’s current habitat suitability map was crea-
ted with temperature and precipitation variables contribu-
ting to the model. When the map was evaluated according
to the distribution inventory of the International Union for
Conservation of Nature’s brown bear distribution inventory
(IUCN, 2023), it was revealed that there was an expansion
in the existing habitats. These results have the potential to
contribute to the literature. However, according to the year
2100 of SSP126-SSP370-SSP585 Chelsa climate scenarios,
it was determined that the brown bear distribution would
shrink, fragment, or disappear. In studies aiming to reveal
the effect of climate change on the brown bear, its habitats
have been found to be directly or indirectly negatively affec-
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ted by the IPCC (Intergovernmental Panel on Climate
Change) and Chelsa climate envelope models for future
years. As a result, the negative impact of the SSP126-
SSP370-SSP585 Chelsa climate scenario for the year 2100
on brown bear habitats are in accordance with the litera-
ture.

CONCLUSIONS
ZAKLJUCCI

Suitable and unsuitable habitats have been found by
analysing the variables affecting the brown bear population
distributed in Europe. According to habitat suitability map-
ping, priority should be given to suitable areas identified
for the protection, sustainability, and creation of a manage-
ment plan for the brown bear in Europe. This is because
one of the most important results of the different simulati-
ons applied was the disappearance of brown bear habitat
suitability in some regions. Therefore, habitat suitability
mapping may ensure the overcoming of the negative effects
of climate change that may occur in the 21% century with
the least damage and may form the basis for studies to pro-
tect wild animal species and habitats. Additionally, Chelsa
climate scenarios and the MaxEnt method should be at the
forefront of the brown bear conservation policy for the ma-
nagement and protection of future brown bear distribution.
Finally, it is believed that the habitat suitability modelling
and mapping results obtained within the scope of this study
will contribute to researchers who will conduct later studies
such as the impact of climate change on the brown bear in
Europe.
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Smedi medvjed ima izrazito snazno tijelo i opisan je kao najveéi mesozder u Europi. U svom stani$tu
krece se sigurno i spretno zahvaljujuéi svojoj velic¢ini, dok mu je putovanje na velike udaljenosti iza-
zovno. Negativne promjene koje mogu uslijediti zatopljenjem uzrokovanim klimatskim promjenama
mogu uzrokovati ograni¢avanje, smanjenje ili unistenje postojece populacije i stanista medvjeda. U
ovoj studiji nastojali smo opisati u¢inak modela Chelsa klimatske varijable na stani$ta smedeg med-
vjeda u Europi. U tu svrhu koristili smo MaxEnt metodu, koja se ¢esto koristi u modeliranju dis-
tribucije Zivotinjskih vrsta. Trenuta¢ni model prikladnosti stani$ta smedeg medvjeda nalazi se u kat-
egoriji ,, dobar model” s vrijedno$éu ROC skupa podataka za obuku od 0,834 i vrijednosti ROC skupa
testnih podataka od 0,828. Varijable koje doprinose trenutnom modelu su godi$nji raspon tempera-
ture (48,2 %), srednja mjese¢na koli¢ina padalina u najtoplijem tromjesedju (22,1 %), sezonalnost tem-
perature (18,2 %) i godi$nja koli¢ina padalina (11,5 %). Kad se kori$teni rezultati mapiranja varijabli
koje su pridonijele modelu prikladnosti trenutnog stanista smedeg medvjeda usporede s rezultatima
popisa IUCN-a, trenutna stanista smedeg medvjeda u Europi regionalno ¢e se promijeniti. Medutim,
utvrdeno je da e se staniSta smedeg medvjeda smanyjiti prema klimatskom scenariju SSP126 Chelsa
za 2100. godinu, a ista ¢e se stanista fragmentirati prema scenariju SSP370, te da e stani$ta medvjeda

nestati u nekim regijama prema scenariju SSP585.

KLJUCNE RIJECI: smedi medvijed, klimatske promjene, maksimalna entropija, modeliranje i mapiranje,

upravljanje divljim Zivotinjama
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HABITAT SUITABILITY MIODELING OF WILD
GOAT (Capra aegagrus Erxleben, 1777)

IN DIFFERENT PERIODS

MODELIRANJE PRIKLADNOSTI STANI§TAVDIVLJIH KOZA
(Capra aegagrus Erxleben, 1777) U RAZLICITIM

RAZDOBLJIMA

Mevliit ZENBILCI'™*, Serkan 0ZDEMIR?, Alican GIVGA?, Yasin UNAL', idris OGURLU?

SUMMARY

Wild goat (Capra aegagrus Erxleben, 1777) is a prominent mountain mammal found in many habitats in Tirkiye,
but few studies have investigated its relationship with the habitat. This species is significantly affected by various
anthropogenic activities such as illegal hunting and marble quarries. This study aimed to determine the changes in
potential suitable habitats for wild goats over time by creating habitat suitability models. This study was carried out
in the province of Isparta. The occurrence data of wild goats were collected mostly from Siitciiler and Egirdir districts.
The data were obtained for two periods, 2009 and 2019. The habitat suitability modeling was performed using the
Maximum Entropy (MaxEnt) method. The results showed that habitat use of wild goat was influenced by factors
such as elevation, ruggedness, slope, radiation index, annual precipitation (bio12), and annual mean temperature
(biol). The AUC values for the training and test datasets of the model obtained using data from the year 2009 were
found to be 0.990 and 0.987, respectively. Similarly, for the year 2019, the values were found to be 0.987 and 0.978,
respectively. It was observed that the identified suitable areas for both periods were mostly limited to local areas in
the southwest and southeast of the study area. Finally, the habitat suitability maps were thresholded at a value of 0.5.
As a result, the thresholded habitat suitability maps predict that there could be a 2,659-hectare (ha) increase in

potential suitable areas in 2019.

KEY WORDS: distribution modeling, habitat preferences, MaxEnt, wildlife management, wild goat

INTRODUCTION
uvoD

Populations and habitats of large mammals are decreasing
ata worrying rate due to anthropogenic effects, habitat fra-
gmentation, and hunting activities (Boitani et al., 2008; Tri-
surat et al., 2012; Saito et al., 2016). Capra aegagrus (wild
goat), an important large mammal, is at a risk of disappea-
ring as well (Hovick et al., 2014; Barrueto et al., 2014, Siiel,
2019). Capra aegagrus (hereafter C. aegagrus) is classified
as a member of the order Artiodactyla and the family Bo-

vidae. According to Naderi et al. (2008), C. aegagrus was
one of the first artiodactyl species to be domesticated in the
Fertile Crescent, more than 10,000 years ago, and is the an-
cestor of the domestic goat. While this species has both an
economic and ecological importance, it is classified as vul-
nerable on the IUCN Red List (Weinberg, 2008; Weinberg
and Ambarli, 2020).

C. aegagrus is a diurnal species. It easily climbs steep cliffs,
rushes away from danger by leaping, grazes till late in the
evening, and occasionally continues grazing during bright
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nights. During the day, it lies in the shadow of rocks, enor-
mous caverns, and in dense forests, either ruminating or
resting (Glindogdu, 2011).

C. aegagrus is a threatened ungulate found only in moun-
tainous settings in central Afghanistan, southern Pakistan,
western Iran, northern Iraq, the Caucasus area (Armenia,
Azerbaijan, northeastern Georgia, and southern Russia),
and southwestern Tiirkiye (Weinberg et al. 2008). The spe-
cies was originally recorded in Lebanon and Syria, the Uni-
ted Arab Emirates, and Jordan, but has since been extinct
in these areas. In Tiirkiye, the species is found mostly on
the steep slopes, mountain gorges, wooded hills, coniferous
and Mediterranean shrubland of the Taurus and Anti-Ta-
urus mountains, in Eastern, North-Eastern and steep mo-
untainous areas of South East Anatolia (Turan 1987, Kence
et al,, 2002). C. aegagrus lives in rocky areas and thick fo-
rests at 1500 m or higher altitudes, according to Hus (1963,
1967) and Canakcioglu and Mol (1966). It was also stated
that C. aegagrus preferred mountains with steep rocks, trees
and shrubs, bushes and grass, ranging from the sea level to
3000 m altitude (Turan, 1987).

Illegal hunting is the major threat for C. aegagrus (Genov
etal,, 2009). Although steep slopes and ridges provide a su-
itable habitat for the species, overhunting has resulted in a
significant decline in its population (Naderi et al., 2013). C.
aegagrus faces additional threats from domestic livestock
competition for food, as well as disturbance and habitat de-
gradation caused by marble quarries and land clearing. Due
to the long history of dense human settlement, the Medi-
terranean region and the Middle East are among the world's
most damaged regions for C. aegagrus (Czudek, 2006; Ge-
nov et al, 2009). One of the primary reasons for the decline
of wildlife is habitat degradation, which forces many species
to exist in isolated and semi-isolated groups inside fra-
gmented areas (Hirzel & Guisan, 2002).

C. aegagrus is the most widespread mammal species in
Tiirkiye's Taurus Mountains. This species is considered a
key wild prey item for Anatolian leopard (Panthera pardus
tulliana) and the wolf (Canis lupus). Given the leopard's
endangered status, analyzing the C. aegagrus' habitat is cri-
tical for the management and conservation activities from
a variety of perspectives. Given that this species is included
in the "Near Threatened" category of the IUCN Red List, it
is essential to obtain more information about the factors
affecting its habitat preferences (Weinberg 2008). Studies
indicate that elevation, slope, and vegetation are very effec-
tive in the distribution of wild goats (Fook et al., 2009; Koo-
hestani et al., 2022).

As a result, it has become crucial to identify suitable habi-
tats and manage them accordingly. Nonetheless, there are
several constraints, particularly when dealing with large-
scale regions, such as limited time and limited finances, that
make such studies difficult to conduct. Therefore, scientists
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developed several methodologies to facilitate such investi-
gations, which are now frequently used in wildlife manage-
ment (Peterson & Vargas, 1993). These models study the
quantitative and qualitative link between species presence
and environmental variables, as habitat quality is determi-
ned by the interactions of biological and non-biological va-
riables (Kocev et al., 2010).

Today's strategies for determining optimal habitats for wild
animals include modeling and mapping. Both presence and
absence data can be used in modeling (Hirzel, et al., 2006;
Wisz et al., 2008; Suel, et. al., 2018). MaxEnt is a presence-
only modeling tool that has been proved to accurately pre-
dict animal distribution. This method performs admirably
in terms of forecasting the spatial distribution of species
and identifying their suitable habitats. The MaxEnt method
is preferred for investigating correlations between variables
that may have important effects on wild animal distribu-
tion, such as climate, environmental, and human factors.
This method does not only show great model performance
with small data, but it also allows the simultaneous use of
categorical and continuous data (Phillips et al., 2006, Her-
nandez et al., 2006). The MaxEnt approach is based on the
evaluation of habitat data gathered from the points where
the occurrence of the wild animal species has been ascer-
tained in the study area and then on revealing places with
similar features, derived from the suitability model
(Baldwin, 2009). There have been some studies to deter-
mine suitable habitats for C. aegagrus species in Tiirkiye.
The results indicated that topographic variables, water and
human resource availability, and vegetation cover were the
most important factors influencing C. aegagrus habitat se-
lection (Naderi et al., 2014; Sarhangzadeh et al., 2013;
Shams Esfandabad et al., 2010).

In this paper, it has been revealed whether there are diffe-
rences in the distribution of C. aegagrus in the region by
modeling the data obtained in different periods. The Maxi-
mum Entropy (MaxEnt) modeling technique was employed
to assess the habitat suitability of C. aegagrus, which is a
significant species in the context of hunting activities wit-
hin the region. In addition, poaching and marble quarrying
activities also limit the distribution of the species. For this
reason, it is important to determine the potential suitable
areas of the species. The temporal (10-year period) varia-
tion of the population densities at the observation points
will also be examined, which will allow the interpretation
of the behavioral ecology of the species in the region.

MATERIALS AND METHODS
MATERIJALI METODE

Study area — Podrucje istrazivanja

The present study was carried out in the province of Isparta,
where the observation points are located within the Stitciiler
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Figure 1. Location map of the study area
Slika 1. Karta lokacije podrucja istrazivanja

and Egirdir districts. C. aegagrus is distributed in Isparta
only in these districts (Figure 1). It is known that the num-
ber of individuals of the species in these areas is quite high.
This indicates a hunting potential for C. aegagrus that
cannot be ignored. On the other hand, it has been stated
that marble quarries known to exist in the area may also
affect the distribution of the species. There are studies sta-
ting that poaching and marble quarry activities may affect
the distribution of C. aegagrus (Gtiindogdu, 2011).

Data collection — Prikupljanje podataka

In the modeling process, presence data obtained for C. ge-
gagrus in 2009 and 2019 were used. Field studies were
carried out in December and January in both years. These
months are the mating season for C. aegagrus, during which
both male and female individuals can be observed together.
In other months, males are typically found in groups of 2-3
individuals, separate from the females. Following the

month of February, a 5-month gestation period ensues,
followed by a 4-5 month lactation period (Siiel et al., 2017).
Therefore, observations made during the months of De-
cember and January are considered the most appropriate
method for representing the population of the species, and
as evidenced by research, observations of wild goats are lar-
gely conducted during these months. In addition, previous
studies conducted in the region have indicated that the spe-
cies also frequents these areas in the months of June and
August (Nixon et al., 1991; Ogurlu et al., 2013). Direct co-
unting method was preferred in the observations of C. ae-
gagrus. Observations were conducted at the same 40 loca-
tions in both 2009 and 2019. The presence data were
recorded at 33 points in 2009 and 21 points in 2019. These
observation points are areas regularly monitored for C. ae-
gagrus sightings due to the species’ consistent preference
for them throughout the year. The observation data at these
points were obtained over the years as it was determined
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that they represent some of the natural habitats of the spe-
cies. Observations were made twice a day, at sunrise and in
the afternoon. Simultaneous observations were made at all
points in order to avoid a recurrence caused by the census
of the same species. Observation points were chosen in such
a way that there would be no repetitions according to the
movement route of the species, and the observers were pre-
vented from moving along the observation points by coor-
dinating re-counting. The highest number of observations
was taken into account in the counting carried out simul-
taneously at each observation point.

Environmental variables and variable selection —
Varijable okoline i izhor varijabli

In the present study, as a topographic variable, the elevation
variable was first downloaded from the USGS database
(www.earthexplorer.usgs.gov). Then, slope, ruggedness,
hillshade, and topographic position index layers were cre-
ated by using the elevation map in ArcMap software. In the
next step, layers for the aspect suitability index (Aspsui),
heat index (Heatind), and radiation index (Radind) were
created with the formulas from the literature.

Aspsui = cos(A —A)+1 (3.1)

max

In the equation above, A, corresponds to the aspect value
that can take the highest numerical value in terms of the
equation, 45°, and A corresponds to the aspect value. Howe-
ver, the aspect values in degree format were converted to
radian format and the calculated Bui values ranged from 0
to 2 (Beers et al., 1966).
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Heatind = cos(A —202,5)x tan(Slope) (3.3)

In the equation, A represents the aspect value in radians,
while the value of 202.5 represents the direction between
the south and southwest directions and corresponds to the
highest heat load (Zeleny, Chytry, 2007).

1- cos((lgo) % (Q-30))

2

Radind = (3.2)

In the equation, Q corresponds to the aspect. Radiation in-
dex values vary between 0 and 1, and while the areas in the
north-northeast direction, which is the coldest and rainiest
direction, converge to 0, the values approach 1 towards the
hotter and drier south-southwest direction (Moisen, Fres-
cino, 2002).

A set of 19 bioclimatic variables was obtained from the
WorldClim database (www.worldclim.org/data/
worldclim1.html) version 2.1 (for the period 1970-2000)
with 30 arc seconds spatial resolutions (~1 km). Finally, a
total of 24 variables were obtained to be used in the mode-
ling process.

To avoid the multicollinearity problem, Pearson's correla-
tion analysis was performed on 24 environmental variables.
After the variables that were highly correlated (Pearson's r
> 0.8) with each other were determined, the chosen varia-
bles were evaluated. Next, a selection was made among the
variables, considering their ease of interpretation, explana-
tory power, and biological importance for C. aegagrus
(Ozdemir et al., 2020; Zhang et al., 2021c).

Figure 2. The number of individuals of C. aegagrus species detected in the years 2009 and 2019

Slika 2. Broj jedinki vrste C. aegagrus zabiljezenih 2009. i 2019. godine
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Habitat suitability modeling — Modeliranje
prikladnosti stanista

MaxEnt Version 3.3.3 (Phillips et al., 2006) was employed
in this study due to its better performance with small sam-
ple sizes compared to other modeling methods (Elith etal.,
2011; Qin et al., 2017; Hussein and Workeneh, 2021). Due
to the limited number of presence data in this study, the
selection of MaxEnt was inevitable. MaxEnt method runs
with presence-only data to predict the potential distribu-
tion areas of a target species based on the theory of maxi-
mum entropy. In the modeling process, we selected 90%
data for model training and 10% for model testing with bo-
otstrap options, keeping other values as default. One of the
leading advantages of maximum entropy bootstrap is the
ability of the model to generate the values beyond extreme
(Srivastas and Simonovic, 2015). Besides, the area under
the curve (AUC) is used to evaluate model performance.
The value of AUC ranges from 0 to 1. An AUC value of 0.50
indicates that the model did not perform better than ran-
dom, whereas a value of 1.0 indicates perfect discrimina-
tion. The model with the highest AUC value is indicated as
the best performer (Yang et al., 2013).

RESULTS
REZULTATI

In the present study, observations of C. aegagrus species
were performed at 40 points in two different periods. Pre-
sence data were recorded at 33 points in 2009 and at 21 po-
ints in 2019. The number of species determined at the ob-
servation points is given in Figure 2.

Figure 3. Pearson's correlation analysis results applied for the variables
belonging to the observation points whose presence data were re-
corded in 2009

Slika 3. Rezultati Pearsonove korelacijske analize primijenjeni na varijable
koje pripadaju promatranim lokacijama na kojima je prisutnost vrste
zabiljezena 2009. godine

As seen in Figure 2, the number of individuals differs accor-
ding to the observation points. In fact, in some areas where
data has been recorded in the past, none of the studied in-
dividuals will be observed in the future, while the opposite
is the case at some points. In other words, as seen in Figure
2, the species was observed on some plots in 2009, but no

Figure 4. ROC curve of the model obtained with MaxEnt for 2009 for C. aegagrus
Slika 4. ROC krivulja modela dobivenog pomoc¢u MaxEnt modela za 2009. za C. aegagrus
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Figure 5. Percent contributions of the variables acquired by MaxEnt model using C. aegagrus presence data from 2009.
Slika 5. Postotni doprinosi varijabli dobivenih MaxEnt modelom koristeci podatke o prisutnosti C. aegagrus iz 2009.

Figure 6. The results of the jackknife test acquired by MaxEnt modeling using C. aegagrus presence data from 2009
Slika 6. Rezultati jackknife testa dobiveni MaxEnt modelom koriste¢i podatke o prisutnosti C. aegagrus iz 2009.

data was recorded in 2019. On some plots, the opposite re-
sults were observed. Although this is not a definitive indi-
cator, it shows that the habitat of the species in the area may
have changed over time. Because it is based only on obser-
vation, statistics and modeling results are required to inter-
pret the model in general. Therefore, in the ongoing pro-
cess, species distributions were modeled separately for both
periods.

Habitat suitability modeling using presence data of
C. aegagrus from 2009 — Modeliranje prikladnosti
stanista koristenjem podataka o prisutnosti

C. aegagrus iz 2009.

First modeling step was carried out using 33 presence data
obtained from 40 observation points in 2009. Before the
modeling process, Pearson's correlation analysis was
applied in order to prevent the multicollinearity problem
that may occur due to the high correlation between the va-
riables. Analysis results are given in Figure 3.

As seen from the correlation analysis results, 9 variables
(hillshade, ruggedness, roughness, radind, slope, topind,
elevation, biol, biol2) were selected and included in the

modeling process. The model's training and test AUC va-
lues were determined as 0.990 and 0.987, respectively (Fi-
gure 4).

The percent contribution of the variables created the model
and the results of the jackknife test are presented in Figure
5 and Figure 6, respectively.

When the results obtained were examined, the variables
contributing to the model were determined as elevation,
ruggedness, slope, radiation index, bio12 and biol, respec-
tively, based on their percentage contributions. The margi-
nal response curves of these variables are presented in Fi-
gure 7.

The habitat suitability map obtained for the C. aegagrus
using the presence data of 2009 is given in Figure 8.

Habitat suitability modeling using presence data of
C. aegagrus from 2019 — Modeliranje prikladnosti
stanista koristenjem podataka o prisutnosti

C. aegagrus iz 2019.

As can be seen from the results of the Pearson's correlation
analysis applied for the variables belonging to the data of
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Figure 7. Marginal response curves acquired by MaxEnt modeling using C. aegagrus presence data from 2009
Slika 7. Krivulje grani¢nog odgovora dobivene MaxEnt modelom koriste¢i podatke o prisutnosti C. aegagrus iz 2009.

Figure 8. Habitat suitability map of C. aegagrus (2009)
Slika 8. Karta prikladnosti staniSta C. aegagrus (2009.)

2019, 9 variables (hillshade, ruggedness, roughness, radind,
slope, topind, elevation, biol, biol2) were selected and
included in the modeling process (Figure 9).

As a result of the modeling applied with the selected varia-
bles, the training and test AUC values were determined as
0.987 and 0.978, respectively (Figure 10).

The percent contributions of the variables that created the
habitat suitability model and the results of the jackknife test
are presented in Figure 11 and Figure 12, respectively.

Figure 9. Pearson's correlation analysis results applied for the variables
belonging to the observation points whose presence data were re-
corded in 2019

Slika 9. Rezultati Pearsonove korelacijske analize primijenjeni za varijable
koje pripadaju promatranim lokacijama na kojima je prisutnost vrste
zabiljeZena 2019. godine

When the results were examined, it was noted that the va-
riables that created the model were similar to the previous
model. The variables that shaped the model were determi-
ned as ruggedness, elevation, bio12, slope, radiation index,
and biol, respectively, according to their percent contribu-
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Figure 10. ROC curve of the model obtained with MaxEnt for 2019 for C. aegagrus
Slika 10. ROC krivulja modela dobivenog pomoc¢u MaxEnt modela za 2019. za C. aegagrus

Figure 11. Percent contributions of the variables acquired by MaxEnt model using C. aegagrus presence data from 2019
Slika 11. Postotni doprinosi varijabli dobivenih MaxEnt modelom koriste¢i podatke o prisutnosti C. aegagrus iz 2019.

Figure 12. The results of the jackknife test acquired by MaxEnt modeling using C. aegagrus presence data from 2019
Slika 12. Rezultati jackknife testa dobiveni MaxEnt modelom koristeci podatke o prisutnosti C. aegagrus iz 2019.
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Figure 13. Marginal response curves acquired by MaxEnt modeling using C. aegagrus presence data from 2019
Slika 13. Krivulje grani¢nog odgovora dobivene MaxEnt modelom koristeci podatke o prisutnosti C. aegagrus iz 2019

Figure 14. Potential distribution map of C. aegagrus (2019)
Slika 14. Karta potencijalne distribucije C. aegagrus (2019.)

tions. The marginal response curves of these variables are
presented in Figure 13.

The habitat suitability map obtained with the C. aegagrus
data from 2019 is given in Figure 14.

Habitat suitability maps of C. aegagrus at 0.5
threshold - Karte prikladnosti stanista C. aegagrus
s grani¢nom vrijednoséu od 0,5

In the last step, habitat suitability maps consisting of two
colors and showing suitable and unsuitable areas were cre-

ated. The threshold value of 0.5 was used when obtaining
these maps (Figure 15).

When comparing the thresholded habitat suitability maps
obtained for the years 2009 and 2019, it was found that
there was a 2,659-hectare increase in the area over the 10-
year period (Figure 16).

DISCUSSION AND CONCLUSIONS
RASPRAVA | ZAKLJUCCI

There are lots of mammalian wild animal species that are
distributed in areas with different topographical features
on the Earth. However, there are not enough studies on
most of them (Tian et al., 2019; Chirichella et al., 2022; Koo-
hestani et al., 2022). While some species are distributed over
large areas, some species continue to exist in limited areas.
There may be one or more habitat preferences that limit
the distribution of species in local areas. Determination of
the preferences of species with both large and limited dis-
tribution is important in terms of sustainability of the spe-
cies since the determination of these features can provide
an insight for assessing the distribution of species and per-
haps give an opportunity to interpret the factors affecting
these distributions over time. C. aegagrus is an excellent
example that can serve as a material for the mentioned
subject. C. aegagrus is a species mostly distributed in high
elevation and karst areas. In addition, karst areas with the
form of limestone bedrock are the intense preference of the
species.



Figure 15. Habitat suitability map of C. aegagrus at 0.5 threshold
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Slika 15. Karta prikladnosti stanista C. aegagrus s graninom vrijedno$c¢u od 0,5

Figure 16. Possible gains in habitat suitability areas (ha)
Slika 16. Moguci dobici u podrucjima prikladnih stanista (ha)

In the present study, the distribution areas of the C. aega-
grus populations distributed in the Isparta province in Tiir-
kiye were determined as belonging to two different time
periods (2009 and 2019). Potential distribution maps obta-
ined for two different periods are quite similar to each other.
The southwest part of Isparta and some local areas in the
southeast represent potential distribution areas of the spe-
cies. The variables that shape habitat suitability maps are
biol, biol2, elevation, radiation index, ruggedness, and
slope. Among these, the variables that contribute the most
to both models alone are elevation and ruggedness. These
results are aligned with information reported in the litera-
ture (Glindogdu and Ogurlu, 2009; Stiel et al., 2019; Koo-
hestani et al., 2022). Siiel et al. (2018) also presented pre-
dictable results in this regard. The researchers' results
revealed significant relationships between the habitat sui-

tability of the C. aegagrus species and the bedrock, rugge-
dness, and elevation.

Two different models were obtained using the presence data
from 30 locations in two different periods. It is known that
there are many anthropogenic factors limiting the distri-
bution of the species, especially the marble quarries in the
research area. In particular, illegal hunting is one of the le-
ading aforementioned factors (Weinberg et al. 2008;
Giindogdu 2011; Al Sheikhly et al. 2015). Ecological inter-
pretations can be made regarding these variables. However,
itis a disadvantage that they cannot be included in the mo-
dels due to the lack of digital bases.

While the existence of the species was in question in some
locations in 2009, there were local-scale shifts in the spread
of the species in 2019. However, the similarity of the two
different maps revealed that the species remained relatively
close to its characteristic suitable areas and there was an
increase of 2,659 ha in potential suitable areas. This incre-
ase in suitable habitats has been interpreted in two ways.
First, the species expanded its distribution towards different
areas by showing flexibility in its habitat characteristics due
to anthropogenic effects. The other is that the potential su-
itable areas of the species change over time in terms of pre-
cipitation and temperature parameters that create the mo-
del. It is thought that both scenarios may have dramatic
consequences for the species in the future and may lead to
radical changes. For this reason, applying conservation stra-
tegies for the species in the form in a strict framework will
make the population of the species relatively more resistant
to the consequences it may be exposed to due to the climate
crisis.
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Divlja koza (Capra aegagrus Erxleben, 1777) istaknuti je planinski sisavac koji obitava u mnogim
stani§tima u Turskoj, ali malo je istrazivanja provedeno o vezi divlje koze i njenog stanista. Na ovu
vrstu znacajno utjecu razne antropogene aktivnosti poput ilegalnog lova i kamenoloma mramora. Cilj
ovog istrazivanja bio je utvrditi promjene u potencijalno pogodnim stanistima za divlje koze tijekom
vremena stvaranjem modela prikladnosti stanita. Istrazivanje je provedeno u pokrajini Isparta. Po-
daci o pojavljivanju divljih koza prikupljeni su uglavnom iz okruga Siitgiiler i Egirdir. Podaci su pri-
kupljani za dva razdoblja, 2009.12019. godinu. Modeliranje prikladnosti stani$ta provedeno je meto-
dom maksimalne entropije (MaxEnt). Rezultati su pokazali da na koristenje stanista divlje koze utje¢u
¢imbenici kao $to su nadmorska visina, krevitost, nagib, indeks zracenja, godisnja koli¢ina padalina
(bio12) i srednja godi$nja temperatura (biol). Utvrdeno je da AUC vrijednosti za skupove podataka
za obuku i testiranje modela dobivene koritenjem podataka iz 2009. godine iznose 0,990, odnosno
0,987. Sukladno tome, za 2019. godinu utvrdene su vrijednosti od 0,987, odnosno 0,978. Uoceno je da
su identificirana pogodna podrudja za oba razdoblja bila uglavnom ograni¢ena na lokalna podrucja
na jugozapadu i jugoistoku podrucja istrazivanja. Konac¢no, karte prikladnosti stanista postavljene su
na vrijednost od 0,5. Kao rezultat toga, karte prikladnosti stanista sa zadanom vrijednosti predvidaju
da bi moglo do¢i do povecanja potencijalnih prikladnih podrucja za 2659 hektara (ha) u 2019. godini.

KLJUCNE RIJECI: modeliranje distribucije, preferencije stani$ta, MaxEnt, upravljanje divljim
Zivotinjama, divlja koza
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TIME-DEPENDENT CHANGE OF NATURAL
VEGETATION ON FOREST ROAD FILL SLOPES

AND ITS EFFECTS ON EROSION DECREASE

PROMJENA PRIRODNE VEGETACIJE U VREMENSKOM
RAZDOBLJU NA KOSINAMA NASIPA SUMSKIH CESTA
| NJENI UCINCI NA SMANJENJE EROZIJE

Gizem MISIRLIOGLU'*, Selguk GUMUS'

SUMMARY

During the construction of forest roads, slopes become more susceptible to erosion as they remain bare due to
soil excavation and felling of trees along the road route. In Tiirkiye, studies are carried out to prevent erosion and
maintain slope stability, and it is known that these studies are quite costly. In this study, analyses were made on
three forest roads built less than a year ago, 5 years ago and 10 years ago from the forest road network located at
the same aspect and level, and the aim was to determine whether these costs were needed. Soil samples were taken
from the fill slopes of these roads and the degree of covering of the plants was determined by using the grid method
on the images taken with the drone. Analyses of organic matter, texture, stony ratio, and pH-EC determination
were made on these soil samples. The vegetation cover of the fill slope surfaces was determined as 93% for the
10-year-old road, 80% for the 5-year-old road and 0% for the newly built road. According to the ABAG method
(which is a simulation of the USLE model converted to the metric system and adapted to European conditions),
the annual soil loss amount for the 10-year-old forest road was 1.59 tons/ha/years, for the 5-year-old forest road
it was 1.75 tons/ha/years and, finally, for the newly built forest road, this value was 15.52 tons/ha/years. Consid-
ering that most of the soil loss occurs in the first years, the amount of soil loss determined on the 5-year-old for-
est road is at an acceptable level according to the erosion values that occur in natural areas. For this reason, con-
sidering that the fill slopes are naturally covered with vegetation, it has been determined that there is no need for
costly stabilization process in the fill slopes in this study area.

KEY WORDS: forest roads, slope, erosion, ABAG, vegetation

INTRODUCTION
uvoD

While forest ecosystems were managed for the purpose of
wood raw material to a large extent in the past (Zengin et
al., 2013), today this approach has begun to change because
the uniqueness of these ecosystems has been realized and
it has been acknowledged that they have invaluable social,
ecological and economic functions. With this awareness,

the analysis of the ecological relationship of the complex
structure of these ecosystems with environmental factors
has started to be the subject of many studies. In addition to
the analysis of the structure and function of forest
ecosystems, the importance of the products and services it
provides has started to be presented concretely. For this
purpose, national and international ecosystem-based forest
management plans are currently developed (OGM, 2017).
In this context, it is important to scientifically analyse the
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Figure 1. Study area
Slika 1. Podrucje istrazivanja

structure and functions of forest ecosystems from an eco-
logical perspective. Parallel to all these developments, the
need for forest roads, which provide access to forest
ecosystems and direct benefit from products and services,
is increasing day by day.

During the construction of forest roads, sloping surfaces
are created in the cuts and fills, which are called slopes, in
order to connect the platform edge with the natural ground.
Soil movements are common on slopes due to their slope,
the removal of vegetation during road construction, and
various ecological reasons (Emir, 2006). The slopes formed
in the construction of forest roads first lose their stability

Figure 2. Sample areas — Road code 269
Slika 2. Podrutja uzorkovanja — Oznaka ceste 269

Sumarski list, 5-6, CXLVIII (2024), 285-292

with the effect of natural factors such as water, wind and
frost, and then they are faced with events such as water ero-
sion, wind erosion, landslide and stone rolling depending
on the soil type, slope gradient, direction and water tran-
smission status (Acar et al., 2002).

Stabilization processes are carried out in order to prevent
soil loss on slopes. Stabilization processes, such as seeding,
mulching, covering or retaining walls, are difficult to con-
struct, costly and require good projecting (Hastuty and
Prambudi, 2020).

In this study, the effects of plants that grow naturally over
time on forest road fill slope surfaces in the application
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Figure 3. Sample areas — Road codes 307 and 315
Slika 3. Podrucja uzorkovanja — Oznake cesta 307 i 315

areas on preventing soil losses were studied. In this con-
text, analyses were made on the soil samples to be taken
from the roads and the annual amount of soil loss was de-
termined by the ABAG method by taking measurements
related to natural vegetation. As a result, it was concluded
whether there is a need for protective measures in the re-
search area.

Materials and methods — Materijali i metode

As the study area, a newly built road (road code 315), a
5-year-old road (road code 307) and a 10-year-old road
(road code 269) located in Salpazari and Akcaabat districts
of Trabzon province were selected. The forest roads in the
research area were built in accordance with B-type second-
ary forest road standards. The total width was 5 meters,
with platform width of 4 meters and ditch width of 1 meter.
The 10-year-old 269 coded forest road in Vakfikebir was
measured as 84+400 km and its slope was %7.1. The 5-year-
old 307 coded forest road in Salpazari was measured as
4+420 km and its slope was %6.3, and the newly built 315
coded forest road was measured as 4+620 km and its slope
was %6.4. All forest roads are stabilized roads covered with
superstructure material. In order to ensure that the selected
roads reflect the same ecological environment, they are be-
tween 1400 and 1800 meters of altitude in shaded aspects
and belong to the Picetum zone, according to the forest
zones by Mayr (Saatcioglu, 1976).

A total of 105 soil samples, 35 for each road, were taken
from the fill slope of these selected roads. Soil samples were

D

Figure 4. Taking soil samples
Slika 4. Uzimanje uzoraka tla

taken from the points where the road platform ends and
the fill slope begins (Fig. 4).

On the soil samples taken from these points, where the fill
slope begins, the amount of organic matter and soil texture
were determined in the laboratory environment, and as a

result, the annual amount of soil loss was determined.

The universal soil loss estimation equation (USLE), one of
the most widely used mathematical models, was used to
estimate the amount of soil lost by erosion (Kohn et al.
2021). The ABAG method, which is a simulation of the
USLE model converted to the metric system and adapted
to European conditions, was used in the study (Wischmeier
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Figure 5. Average annual erosion indices’ distribution in Tiirkiye (Dogan, 1987)
Slika 5. Distribucija prosjecnih godi$njih indeksa erozije u Turskoj (Dogan, 1987)

and Smith, 1978). Below are the components of this met-
hod:

A=R*K*LS*C*P (1)
In which:

A: The annual soil loss from the unit area obtained by mul-
tiplying the factor values (t / ha)

R: Precipitation factor (rainfall erosivity index). The R va-
lues, which are the precipitation factor (rainfall erosivity
index), were processed based on the value to which Trab-
zon corresponds to on the map shown in Figure 5.

K: Soil erodibility (erosion susceptibility) factor. For the K
factor, first of all, organic matter and soil texture analysis
were performed in the laboratory and the K values were
calculated using the equation below (Wischmeier and
Smith, 1978):

2.°MM 107 % (12— OM) +3.25% (S -2) +2.5%(P - 3)

K= 2
100 ( )

OM = Soil organic matter content,

M = (% silt +% very fine sand) x (100-% clay),

S = Soil structure code

P = Permeability class.

LS: Slope length and slope factor. The length and slope of
each fill slope were found in the field. The LS factor was
determined by formulating the slope length and slope fac-
tor according to these values (Arnoldus, 1977).

LS=1% (0.0138 +0.00965 * S +0.00138 * sz) 3)

In which:

C: Product management factor: The grid method was used
to determine the soil cover ratio of the vegetation and to de-
termine the C factor. Images taken with the Parrot Anafi

Drone were used to determine the amount of vegetation
(Ceylan et al., 2019). In order to surround 1x1 m?for herba-
ceous plants, 2x2 m? for shrub-shaped plants and 10x10 m?
for tree cover in the sample areas taken, square meters were
entered with the command to enter the area on the drone
interface, and images were taken from every point. The cap-
tured images were taken into 10x10 boxes and the degree of
vegetation for each point was determined as a percentage
(Pinar et al., 2018). The C factor values, which are the pro-
duct management factor, were adapted to the formula accor-
ding to the corresponding value in the C values’ table for
continuous pasture, pasture or vacant land (Arnoldus, 1997).

P: Erosion control practices (soil protection measures) fac-
tor. It refers to the conservation techniques aimed at reducing
soil erosion. P can also be defined as erosion control manage-
ment practices. In the absence of any protective measures,
the P factor can be determined as 1 (Schwab et al., 1993).

In this formula, the main variables were the K and C fac-
tors. Considering that the factors other than K and C will
not differ due to the selection of the trial areas in the same
ecological region, these factors were given priority.

RESULTS AND DISCUSSION
REZULTATI | DISKUSIJA

In accordance with the observations in the field and the
analysis of material, no vegetation was found on the newly
built road (road code 315). On the 5-year-old road (road
code 307), mostly annual plants (herbaceous and shrubs,
etc.) were found, and on the 10-year-old road (road code
269), mostly annual trees, but in the form of bushes, as well
as woodlands occasionally. The average vegetation cover
ratio was determined as 93% on the road with the road code
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Figure 6. Vegetation of roads
Slika 6. Vegetacija na kosinama cesta

269, 80% on the road with the road code 307, and 0% on
the road with the road code 315.

Since it is known that the plants in the study area are
shallow-rooted, and are mostly grass and herbaceous
plants, it follows the thesis by Yavuzsefik's (1998) that pile-
rooted plants form the plant root system in landslides and
shallow-rooted plants form the plant root system in areas
with erosion risk. When we consider the cover rates, it can
be seen that although the soil was completely bare in the
first year the road was built, the plants that grew naturally
in the area covered 80% of the soil within 5 years, and this
rate gradually increased as the years passed. Luce and Black
(1999) stated in their study that most of the soil losses occu-
rred in the first two years until the excavation-fill slopes and
ditches were completely covered with vegetation. Within
the scope of this study, it was determined that the plants
covered 80% or more soil in the 5th year, since the areas
were analysed at 5 years intervals. Pohl et al. (2011) showed
the positive effect of plant diversity on soil stability. In addi-
tion, the results by Pohl et al. (2011), who argue that total
stability increases with increasing root density and the
number of plant species, also support this study. In their
study, Acar and Gumus (2018) observed that the vegetation
cover was not formed in sufficient quantities despite the
duration of 10 or 15 years. It is thought that the reason for
this is the fact that their study was carried out in the An-
talya region, which has characteristics of the Mediterranean

@

climate and shows significant differences between the Ea-
stern Black Sea Region in terms of soil characteristics.

According to the laboratory results, it was determined that
the 269 coded road was 70% rock and 30% soil, the 305 co-
ded road was 65% rock and 35% soil, and the 315 coded
road was 75% rock and 25% soil. When the skeletal condi-
tion of all roads was measured, it was determined that more
than 50% of the soil samples taken were larger than 2 mm.
The average organic matter of the 10-year-old road was
4.94%, the average organic matter of the 5-year-old road
was 4.79%, and the organic matter of the newly built road
was 5.50%. Petri and Wagner (1978) divided the organic
matter into 5 classes: poorly humic, lowly humic, medium
humic, very humic, and humus-rich. According to this cla-
ssification, the 10-year-old road coded 269 and the 5-year-
old road coded 307 are in the category of medium humic,
while the newly built road with the road code 315 is in the
category of very humic. The reason why the organic matter
of the newly built road is higher than the others may be the
result of laying the humus layer, which has a high amount
of organic matter in the upper soil, taken from the excava-
tion slope, in the road construction (OGM, 2008). Accor-
ding to Monnier (1965), organic matter is considered to be
an important parameter of annual soil loss, as it causes an
increase in the mean weight diameter and consequently
increases the overall stability. Refahi (2006) reported that
soil abrasiveness decreases linearly with increasing organic
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Table 1. ABAG method parameters results
Tablica 1. Rezultati parametara metode ABAG

gg:f: R Factor K Factor
gg::k:()::sfj 259 75 0.139
gﬁ?:k?:;ff ;07 75 0.052
gﬁf,‘:k?feesi: E3’07 75 0.071

Figure 7. Annual amount of soil loss
Slika 7. Godi$nja koli¢ina gubitka tla

matter in the range of 0 to 10%. Parsakhoo et al. (2014) fo-
und similar results in their study.

Calculations were made for all parameters according to the
ABAG method and the following results were found.

The result of all these values was added to the relevant for-
mula and the A factor value was calculated. The results of the
A factor value for each path are given in the graph below.

According to the results of research conducted in various
countries, it has been reported that annual soil loss varies
between 0.03 and 5 t/ha/year in natural erosion and between
0.1 and 200 t/ha/year in accelerated erosion (Morgan, 2009).
According to these data, the amount of erosion in the open
area can vary from 3 to 280 t/ha/year, depending on the land
structures and climate conditions in the countries.

In the results of this research, which was based on the
ABAG method, it is striking that the amount of soil loss
determined on the newly built road is significantly higher
than the values calculated on the 5-year-old and 10-year-
old forest roads, while the results determined on the 5-year-
old and 10-year-old slopes are similar. The main reason for
this similarity is thought to be related to the percentage of
soil cover of natural vegetation. Lotfalian et al. (2019) found
in a study that most of the erosion occurred in the first ye-
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LS Factor C Factor P Factor
7.161 0.022 1
6.378 0.069 1
6.360 0.450 1

ars (Arndez et al. 2004) and reached a maximum level wit-
hin 5 years and then decreased. Hacisalihoglu et al. (2019)
found that the average annual amount of soil loss (for 0-50
cm depth level) was approximately 5.5 times higher in the
open area according to the ABAG method. It was signifi-
cantly affected by afforestation studies in a 40-year period,
and the soil loss of afforestation was observed. It was deter-
mined that there is a variable that reduces the amount of
soil and that the reason for this difference is the compari-
son of the open area and the afforestation area in their
study. Within the scope of this study, both areas were loca-
ted within the forest area.

CONCLUSION
ZAKLJUCAK

In this study, the amount of soil erosion on the forest road
fill slope was calculated as 15.52 t/ha/year on the newly bu-
ilt forest road, 1.75 t/ha/year on the 5-year-old forest road
and 1.59 t/ha/year on the 10-year-old forest road. Consi-
dering that most of the soil loss determined in the study
area occurred during the first years, it is predicted that the
amount of soil loss, determined on the 5-year-old forest
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road, remains at an acceptable level according to the natu-
ral amounts of soil erosion.

It can be concluded the main reason for the differences in
the amount of erosion are the C factor (land cover and ma-
nagement factor) and the K factor (erosion susceptibility).
The usage of unmanned aerial vehicles for the detection of
the C factor and vegetation has made it very convenient in
the field. In order to find the K factor, soil organic matter
content, texture, soil structure and permeability class were
determined. For these, chemical analyses were conducted in
the laboratory and as a result, the K factor values were obta-
ined. Planting methods can be used to improve the K factor
and the C factor. In order to accelerate the existing planting,
it is recommended to carry out fertilization studies.

In this study, positive results were obtained regarding the re-
storation period of nature, which will be shortened gradually
if the standards are compliant with the construction of forest
roads. Therefore, laying the topsoil covering on the fill slo-
pes, which was stripped during construction, after the slope
surfaces are formed, will be important for the growth of sur-
face vegetation by increasing the amount of organic matter.
Since forest road construction is in direct interaction with
nature, care should be taken to ensure that the people to be
employed here are experienced forest engineers.

The results of this study conducted in the Eastern Black Sea
Region produce data for areas with similar ecological con-
ditions. It is recommended that this study is iterated in
different regions or within the same region at different ele-
vation levels, aspects, and climatic conditions, in order to
produce more economic and ecological solutions for the
precautions that need to be taken.
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SAZETAK

Tijekom izgradnje $umskih prometnica kosine postaju podloznije eroziji buduéi da ostaju gole zbog
iskopavanja tla i sjece stabala uz trasu ceste. U Turskoj se provode studije za sprje¢avanje erozije i
odrzavanje stabilnosti kosina, a poznato je da su te studije prili¢éno skupe. U ovom istrazivanju ana-
lizirane su tri $umske ceste izgradene prije manje od godinu dana, prije 5 godina i prije 10 godina iz
mreze $umskih cesta koje se nalaze na istom poloZaju i razini te se istrazivanjem zeljelo utvrditi jesu
li ti troskovi potrebni. Uzeti su uzorci tla s kosina nasipa prometnica te je metodom resetke na snim-
kama snimljenim dronom odreden stupanj vegetacijske pokrivenosti. Na uzorcima tla napravljene su
analize organske tvari, teksture, omjera kamenja te je odreden pH-EC. Za desetogodi$nju cestu
utvrdena je vegetacijska pokrivenost povrsina nasipa od 93 %, za petogodisnju cestu 80 % i za
novoizgradenu cestu 0 %. Prema ABAG metodi (koja je simulacija USLE modela pretvorena u metricki
sustav i prilagodena europskim uvjetima), godi$nji iznos gubitka tla za desetogodi$nju $umsku cestu
iznosi 1,59 tona/ha godi$nje, za petogodi$nju Sumsku cesta 1,75 tona/ha godi$nje te za novoizgradenu
$umsku cestu 15,52 tona/ha godi$nje. S obzirom na to da do ve¢ine gubitka tla dolazi u prvim godi-
nama, koli¢ina gubitka tla utvrdena na 5 godina staroj Sumskoj cesti na odgovarajucoj je razini prema
erozijskim vrijednostima koje se javljaju u prirodnim podruéjima. Iz tog razloga, s obzirom da su pa-
dine nasipa prirodno prekrivene vegetacijom, utvrdeno je da nema potrebe za skupim procesom sta-
bilizacije padina nasipa na ovom podrudju istrazivanja.

KLJUCNE RIJECI: $umske ceste, nagib, erozija, ABAG, vegetacija
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KAKO JE ZGRADA SUMSKOG RAVNATELJSTVA
U GOSPICU POSTALA ZGRADA GRADSKE UPRAVE

Oliver Vlainié

Arhivsko istraZivanje povijesti izgradnje zgrade Ravna-
teljstva drzavnih suma u Gospicu / Sumskog gospodarstva
»Kapela“ Gospic 1941. - 1953. godine - zgrada danasnjeg
Ureda gradonacelnika grada Gospica i dijela Gradske
uprave grada Gospica na adresi Budacka 55, Gospi¢

Hrvatsko $umarstvo ima dugu i bogatu povijest, ali dobrim
dijelom nije istrazena. Stoga se i djelomi¢nim istrazivanjem
povijesne grade mogu otkriti mnoge zanimljivosti. Osobno
sam posljednjih petnaestak godina u viSe navrata istrazivao
dokumentaciju vezanu za Sumarstvo u Hrvatskom drzav-
nom arhivu u Zagrebu, ali i u drugim arhivima. Prema ko-
li¢ini grade koja postoji, mogu re¢i da sam samo zavirio u
to prostranstvo informacija. Nazalost, grada nije sistema-
tizirana i treba ju listati, Citati, fotografirati i iz toga slagati
mozaik dogadanja. Tako mi je ponajprije namjera bila istra-
Zivati povijest Sumarstva karlovackog podrudja, zbog ra-
znih organizacijskih povezanosti ostalih podrucja s tim po-
druéjem tijekom protekla dva i pol stolje¢a, prikupio sam
neke podatke i za sisacko, ogulinsko i licko podrug¢je. Tako
sam nailazio i na opise raznih zgrada koje su tijekom vre-
mena sluzile Sumarstvu, a danas su u vlasnistvu drugih in-
stitucija, i moram priznati ne bi ih se moglo povezati sa

danasnju zgradu Gradske uprave grada Gospica.

Podatke sam poceo prikupljati 2010.i2011. godine u Hr-
vatskom drzavnom arhivu. Raspolagao sam tada s poda-
cima dijela fonda HR-HDA-1108: Glavna uprava za Sumar-
stvo Savjeta za poljoprivredu i Sumarstvo Narodne Republike
Hrvatske 1951. — 1952. Tijekom 2017. godine istrazivao sam
dio grade iz fonda HR-HDA-222: Ministarstvo Sumarstva i
rudarstva Nezavisne Drzave Hrvatske 1941. - 1945. Do-
datne podatke prikupio sam 2021. i 2022. godine u fondo-
vima HR-HDA-297: Ministarstvo Sumarstva Narodne Re-
publike Hrvatske 1947. - 1951. 1 HR-HDA-219: Ministarstvo
prometa i javnih radova Nezavisne Drzave Hrvatske 1941.

- 1945. te pregledavanjem starih brojeva Lickih novina u
Drzavnom arhivu u Gospi¢u. U svim tim istrazivanjima
pokusavao sam skratiti vrijeme provedeno u ¢itaonici ar-
hiva, pa sam dijelom nasumice, a dijelom nekom logikom
povezivanja birao kutije s gradom za koje sam mislio da

Situacioni nacrt za gradnju zgrade Ravnateljstva drzavnih Suma u
Gospicu iz lipnja 1941. godine (fond HR-HDA-219: Ministarstvo prometa
i javnih radova Nezavisne Drzave Hrvatske 1941. — 1945.)

10liver Viainié, dipl. ing. $um. tajnik HSD
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bih u njima mogao pronadi najvise korisnih informacija.
Pomo¢ oko pronalazenja podataka pruzili su i zaposlenici
Drzavnog arhiva u Gospi¢u upucivanjem na pretrazivanje
fonda HR-HDA-219 Hrvatskoga drzavnog arhiva.

Prva informacija na koju sam slu¢ajno naisao prilikom
istrazivanja 2011. godine bio je zapisnik sastanka predstav-
nika Glavne uprave za Sumarstvo Savjeta za poljoprivredu
i Sumarstvo NR Hrvatske i Sumskog gospodarstva ,,Kapela“
Gospic¢ iz sijecnja 1952. godine. U njemu se spominje iz-
gradnja zgrade direkcije u Gospi¢u s uredskim prostori-
jama za direkciju i Sumariju Gospi¢, stanom podvornika,
sindikalnom salom, sobom za crveni kuti¢, sobom za pro-
laznike, sluzbenom sobom i dvije sobe za Sumarski klub.
(U Gospicu je 10. veljace 1951. godine osnovan Sumarski
klub Gospic¢ kao prvi klub u sastavu Sumarskog drustva
NR Hrvatske u cilju decentralizacije i pocetka djelovanja
Drustva van Zagreba. Znaci da se i tada podrzavalo rad
strukovne udruge). Planirana veli¢ina zgrade bila je 500
m? Uz upravnu zgradu planirana je i izgradnja dva pavi-
ljona sa cetiri stana za Sumarsko osoblje u Gospicu.

Sljede¢i dokument bio je dopis Ministarstva Sumarstva,
Sektora za iskoristavanje Suma pronaden 2021. godine. To
je bilo obrazlozenje investicionog plana za 1948. godinu u
kojemu se spominje kako je u vrijeme Drugog svjetskog
rata zapoceta izgradnja upravne zgrade u Gospicu s teme-
ljem, podrumom i medukatnom konstrukcijom.

dine, bili su iz vremena Drugog svjetskog rata. Osnutkom
Nezavisne Drzave Hrvatske Ministarstvo Suma i ruda (ka-
snije Ministarstvo Sumarstva i rudarstva pa Ministarstvo
narodnog gospodarstva) u svibnju 1941. godine premjestilo
je sjediste Ravnateljstva drzavnih $uma iz Susaka u Gospic.
Pod tim ravnateljstvom nalazilo se ¢itavo podruéje od Su-
$aka do nekadasnje licko-dalmatinske granice (u biti bivse
granice Habsburske Monarhije i Mletacke Republike).
Licko $umsko podrucje imalo je od 1907. godine sjediste
na Susaku. Od 1885. do 1907. godine sjediste za isto pod-
rudje bilo je u Oto¢cu. Nakon reorganizacije Sumske uprave
u Kraljevini Jugoslaviji 1931. godine, Sumarije dotadasnje
Direkcije $Suma Zagreb s ogulinskog i delni¢kog podrudja
potpale su pod Direkciju Suma Susak. U travnju 1942. go-
dine, nakon ukidanja imovnih op¢ina, ¢ije su Sume pripo-
jene drzavnim Sumama, osnovano je Ravnateljstvo Suma
u Ogulinu te su $umarije ogulinskog i delnickog podrucja
izdvojene iz Ravnateljstva Suma u Gospi¢u. Pod Ravnatelj-
stvom $uma u Gospicu bile su Sumarije: Kosinj, Perusic,
Sveti Rok, Gospi¢, Udbina, Korenica, Donji Lapac,
Plitvicka Jezera, ,,Dubrava“ Otocac, ,,Senjsko bilo“ Otocac,
»Duliba“ Krasno, ,Velebit“ Karlobag, ,,Mala Kapela“
Vrhovine, ,,Dolac” Vrhovine, ,,Pljesivica“ Biha¢, Pazariste,
Gracac i Plitvicki Ljeskovac. To je podrucje skoro isto-
vjetno danasnjem prostoru Uprave Suma Podruznice Gos-

pi¢, s dodatkom podrucja Brinja i bez Nacionalnog parka
Plitvicka jezera, Krasna i Bihaca (podrucje nekadasnje
$umarije Zavalje dok je pripadalo Hrvatskoj).

U podacima Ministarstva prometa i javnih radova NDH
istrazivanim 2022. godine nalaze se dopisi vezani za gra-
devnu dozvolu te planski situacioni nacrt i nacrti zgrade
po etazama. Ravnateljstvo drzavnih Suma u Gospicu na te-
melju odobrenog elaborata za gradnju upravne zgrade u
kolovozu 1941. godine trazilo je od Kotarske oblasti Gospi¢
dobivanje gradevne dozvole za izgradnju zgrade na drzav-
nom zemljiStu poznatom kao Kasumovicevo biljeviste. To
je bio Sumski rasadnik kojega je pocetkom 20. stoljeca za
vrijeme $umarske sluzbe u Gospi¢u osnovao zZupanijski $u-
marski nadzornik Bogoslav Kosovi¢ (na zgradi USP Gospi¢
30. rujna 2016. postavljena mu je spomen-ploca). U rasad-
niku su se proizvodile Sumske sadnice za po$umljavanje
lickih vristina. Naziv je dobio po prvom licko-krbavskom
zupanu Marku Kasumovic¢u (1830.-1889.) koji se zalagao
za bolje gospodarenje lickim $umama. Situacioni nacrt
zgrade izraden je u lipnju, a nacrti zgrade u srpnju 1941.
godine.

Nakon pregleda zemljista iskol¢eno je zemljiste i izdana
gradevna dozvola. Zapisnik o iskol¢enju sastavljen je 25.
kolovoza 1941., a gradevna dozvola 13. studenoga 1941.

U gradevnoj dozvoli od 13. studenoga 1941. navedeno je
sljedece:

1. Zgrada ima biti udaljena od vanjskog ruba cestovne
grabe drzavne ceste Gospic-Perusic 30 metara, a od
mede istocnog susjeda Ike Sveti¢ kbr. 266 iz Gospica 15
metara.

2. Zgrada ima biti 30 m duga, 16 m Siroka te visoka 15 m.

3. Zgrada ima biti izvedena u armirano-betonskoj
skeletnoj izvedbi, a vanjske i unutarnje stijene u opeci.

4. Zgrada se ima sastojati od:
Podruma za smjestaj kotlovnice, skladista i praone
rublja,
Prizemlja sa stanom vratar, ekonoma, ekonomatom,
telefonskom centralom, urudzbenim zapisnikom,
otpremom, pisarnom, prostorijama Sefa, arhivom te
spremistem instrumenata,
Prvog sprata s prostorijama personalnog odsjeka,
zamjenika ravnatelja, ravnatelja, velikom salom,
blagajnom i racunovodstvom,
Drugog sprata sa gradevnim odsjekom, eksploatacijom i
taksacijom te sa sobom za kopiranje.

5. Svi stropovi imaju biti od armirano betonskih ploca
prema statickom racunu.

6. Podovi imaju biti iz parketa i keramita, a nusprostorije
iz terazza.



SUMARSKI LIST, 5-6, CXLVIII (2024) @

Nacrt prednjeg zgrade Ravnateljstva drzavnih Suma u Gospicu iz srpnja 1941. (fond HR-HDA-219: Ministarstvo prometa i javnih radova Nezavisne
Drzave Hrvatske 1941. — 1945.)

Zgrada ureda gradonacelnika i gradske uprave Grada Gospica 2024. godine

7. Stepeniste ima biti izvedeno iz kamena, kao i rednji 10. Gradnja ima biti izvedena tocno prema priloZenom na-
piloni procelja. Procelje se ima oZbukati u teraboni. crtu i prema povjerenstvenom iskolcenju na licu mjesta.

8. Kroviste ima biti iz drveta prekrito salonitom. 11. Zidovi imaju pocivati na vrstim temeljima od betona ili

9. Zgrade se imaju grijati centralnim loZenjem. kamena te biti izloriani od prodiranja viage.
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12. Gradnju treba izvoditi tako da tjelesna sigurnost radnika
i prolaznika bude osigurana.

13. Po cl. 47. Zakona o radnjama novogradnja se ima izvesti
pod stvarnim i neposrednim vodstvom ovlastenog
graditelja, odnosno majstora.

14. Izvoditelj gradnje pri izvodenju povjerenog rada ima se
strogo pridrZavati postoje¢ih gradevnih propisa i
tehnickih nacela.

15. Materijal po kvaliteti mora odgovarati namijenjenoj
SvrSi.

16. Dimnjaci imaju biti izvedeni iz dobro pecenog materi-
jala, izvana i iznutra dobro ozZbukani, te moraju sljeme
krova nadvisivati bar za 60 cm.

17. Zahodna jama mora biti nepromociva i s poklopcem
providena, a od zdenca najmanje 10 m udaljena.
Po dovrsetku valja od ovog Ministarstva zatraZiti
dozvolu za upotrebu gradevine.
Ova gradevna dozvola vrijedi dvije godine, racunajuci
od dana njena primica.
Ovim se ujedno odobrava projekt gradevine. Proti ovoj
odluci nije dozvoljena Zalba u upravnom postupku.

Po arhivskim dopisima istrazivanim 2017. godine mogu
se pratiti i pojedine aktivnosti na izgradnji zgrade. Ravna-
telj Ravnateljstva drzavnih Suma u Gospicu ing. Josip Ma-
hovli¢izdao je 21. kolovoza 1941. putni nalog Sumarskom
vjezbeniku Velimiru Stanic¢u sa zadatkom konsignacije
(doznake) stabala na podrucju Vrhovina za drvenu gradu
za gradnju zgrade Ravnateljstva. Nalogom je obuhvacena
iizrada materijala, prijevoz do Zeljeznicke stanice, utovar
i prijevoz do Gospica. Rok za izvr$enje naloga bio je 12
dana.

Upecatljiv je opis nadzornog inZenjera Eduarda Manca
koji se uputio vlakom iz Zagreba 6. ozujka 1943. i vratio
se natrag 20. ozujka 1943. nakon 15 dana putovanja i
obavljanja nadzora. Citav prvi dan putovao je putni¢kim
vlakom do Moravica u Gorskom kotaru gdje se vlak zau-
stavio prije no¢i. Drugi dan nastavio je putovanje istim
vlakom do zeljeznicke stanice Plase odakle se autobusom
spustio u Crikvenicu. Tre¢i dan je brodom iz Crikvenice
otputovao do Svetog Jurja. Cetvrti dan se teretnim vozi-
lom Ravnateljstva Suma Gospi¢ odvezao od Svetog Jurja
do Gospica. Peti i Sesti dan obavio je pregled radova na
gradnji zgrade Ravnateljstva u Gospicu. Sedmi dan se vra-
tio teretnim vozilom do Svetog Jurja. Od osmog do dese-
tog dana pregledavao je radove na novogradnji ceste Sveti
Juraj-Krasno. Jedanaesti dan osobnim je vozilom otputo-
vao iz Svetog Jurja u Senj, Novi Vinodolski i Crikvenicu
gdje je obavio druge poslove. Dvanaesti dan je proveo pu-
tujuéi osobnim vozilom od Crikvenice do Plasa, a odatle
putnickim vlakom do Ogulina. Zbog prekida zeljeznickog
prometa trinaesti i cetrnaesti dan proveo je u Ogulinu.

Putovanje je nastavio petnaestog dana te je u Zagreb sti-
gao u vecernjim satima. Putovanje mu je trajalo tri dana
duze nego je putnim nalogom bilo predvideno, ali to je
bilo ratno vrijeme pa su putovanja bila nepredvidiva.

Pregledom radova na zgradi Ravnateljstva u Gospicu usta-
novio je da su svi armirano-betonski radovi zavr$eni i do-
bro izvedeni do armirano-betonske ploce nad prizemljem.
Radovi su nastavljeni sa savijanjem Zeljeza za grede nad
prvim katom, ali to nije zavr$eno uslijed manjka materi-
jala. Zbog nedostatka materijala, posebice dasaka za oplate
i cementa, teskoca u dostavi cementa te nedostatka radne
snage, radovi na izgradnji zgrade su privremeno obustav-
ljeni. Uz zgradu ravnateljstva gradila se i garaza za auto-
mobile koja je takoder bila nedovrsena. Nadzorni inZenjer
propisao je popravak dijelova zgrade koji su stradali od
vlage, dopremu i skladi$tenje potrebnog gradevnog mate-
rijala, zatvaranje svih otvora na zgradi s drvenim oplatama
i postavljanje ¢uvara gradilista. U opisu pregledanog ma-
terijala i Ziveznih namirnica naveo je da se pod obavezom
Ravnateljstva Suma u Gospicu nalazi 808 ¢lanova (vjero-
jatno zaposlenika i njihovih obitelji) kojima prema pravil-
niku treba osigurati odredenu koli¢inu namirnica.

Bududi da je zbog ratnih zbivanja zgrada ostala nedovr-
$ena, njena gradnja se nastavila nakon Drugog svjetskog
rata. U planu investicija za 1949. godinu Sumsko gospo-
darstvo Gospi¢ planiralo je za upravnu zgradu 2,1 milijun
dinara. Gradnja se o¢ito oduzila, pa je Sumsko gospodar-
stvo ,,Kapela“ Gospi¢ u planu investicija 1952. godine
predvidjelo za upravnu zgradu gospodarstva 15,5 milijuna
dinara. U Sumskogospodarskoj osnovi za licko podrucje
za razdoblje 1986.-1995. godine navodi se kako se SG ,,Ka-
pela“ Gospic bavila i visokogradnjom: U viastitoj reziji do-
vrsilo je velike upravne zgrade Sumskog gospodarstva u Gos-
picu, u kojoj se danas nalazi skupstina i uprava opcine
Gospic.

Vrijeme napustanja zavrsene zgrade otkriva se u polemic-
nom ¢&lanku ing. Ferde Sulenti¢a, koji je objavljen u Lickim
novinama broj 11 od 1. listopada 1953. pod naslovom ,,Ve-
lebit pripada Lici, ali...“: Rukovodece Sumarsko osoblje go-
tovo bez izuzetaka premjestalo se je u Liku po — kazni. Na
taj nacin nasa lijepa Lika pretvorena je u hrvatski — ,,Sibir
za Sumare*. Da bi se to provjerilo da je to tocno, mogli bi
sprovesti anketu u Gracacu, Gospicu i Otoccu. U tome po-
gledu niti lokalne viasti nisu pokazale puno vise razumije-
vanja. Na pr. komfor koji je pruzen sumarima u Gospicu
- mizeran je. Da bi razocarenje bilo jos vece, ovoga proljeca
kada su se ispraznile bivse sluzbene prostorije Sumskog
gospodarstva, umjesto da se olaksalo sumarskom osoblju,
koje se ve¢ godinama muci u teskim stambenim prilikama,
najbolji stan (bilo ih je svega tri) gotovo je pod presijom otr-
gnut za jednog sluzbenika iz druge struke. Nesumnijivo, tre-
bao je stan i tome ,,uzurpatoru’; no stvar je ipak simptoma-



ticna i dobro baca sliku kako se podcjenjivacki gleda na
Sumarstvo i Sumarsko osoblje. U istim novinama broj 7 od
1. travnja 1957.1broj 18 od 15. rujna 1958. nalaze se foto-
grafije zgrade Narodnog odbora kotara Gospi¢, koja je
danas zgrada gradske uprave grada Gospica.

Znacdi jo$ 1953. godine Sumarstvo je posjedovalo veliku
upravno-stambenu zgradu koja je prepustena politickoj
vlasti. Od tada do 2005. godine sjediste lickoga sumskog
gospodarstva i kasnije Uprave Sume Podruznice Gospi¢
nalazilo se u manjim i neadekvatnim zgradama. Danasnja
upravna zgrada USP Gospi¢ sagradena je i useljena 2005.
godine, a nalazi se u istoj ulici kao i zgrada gradske uprave,
na adresi Budacka 23, udaljena 400 m od nje.
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Gospicki ogranak Hrvatskoga Sumarskog drustva, povo-
dom obiljezavanja Medunarodnog dana $uma, posadio je
21. ozujka 2019. ispred zgrade grada Gospica klon Gupceve
lipe. Lipa je podsjetnik na Kasumovicevo biljeviste, prvi
$umski rasadnik u Lici osnovan 1903. godine. Na prostoru
rasadnika pocela se graditi zgrada Ravnateljstva Suma u
Gospicu, koja je tocno 50 godina nakon osnutka rasadnika
presla u vlasnistvo i dana na uporabu nekadasnje op¢inske
i kotarske vlasti, odnosno danasnje gradske vlasti.

Tekst dopunjen s prilozima iz arhivske grade i novina te
fotografijama moZete pronaci na web stranici Sumarskog

lista https://www.sumari.hr/sumlist

Gupceva lipa ispred zgrade grada Gospica u svibnju 2024. godine (foto: Mandica Dasovic)
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ZNANSTVENI SKUP GOSPODARENJE
SUMAMA HRASTA LUZNJAKA U PROSLOSTI,
SADASNJOSTI | BUDUCNOSTI

Igor Anic!

Znanstveni skup Gospodarenje Sumama hrasta luznjaka u
proslosti, sadasnjosti i buduénosti odrzan je u Vinkovcima,
18. - 19. travnja 2024. godine. Znanstveni skup su organi-
zirali Centar za znanstveni rad HAZU u Vinkovcima i Hr-
vatske $ume, d. o. 0., povodom obiljezavanja 150 godina
znanstvenoga i organiziranoga pristupa Sumarstvu jugoi-
sto¢ne Slavonije i djelovanja Brodske imovne op¢ine (1873.
- 1942.). Odrzan je u Velikoj zupanijskoj vije¢nici Vuko-
varsko-srijemske zupanije u Vinkovcima.

Pokrovitelj znanstvenog skupa je Vlada Republike Hrvat-
ske, a suorganizatori su Znanstveno vijece za poljoprivredu
i Sumarstvo HAZU, Znanstveno vijece za zastitu prirode i
okolisa HAZU, Hrvatske Sume, d. o. 0. - Uprava Suma po-
druznica Vinkovci, Akademija Sumarskih znanosti, Fakul-
tet Sumarstva i drvne tehnologije Sveucilista u Zagrebu,
Hrvatski Sumarski institut, Hrvatsko Sumarsko drustvo,
Hrvatska komora inzenjera Sumarstva i drvne tehnologije,

Hrvatski institut za povijest — Podruznica za povijest Sla-
vonije, Srijema i Baranje i Drzavni arhiv u Vukovaru.

Na otvaranju sudionike su redom pozdravili akademik Igor
Anig¢, predsjednik Organizacijskog odbora i predsjednik
Hrvatskog $umarskog drustva, Ante Sablji¢, ¢lan Uprave
Hrvatskih $uma, d. 0. 0., Krasnodar Sablji¢, voditelj Uprave
$uma podruznica Vinkovci, Ivan Bosanci¢, gradonacelnik
Grada Vinkovaca, Damir Dekani¢, zupan Vukovarsko-sri-
jemske Zupanije, Mladen Pavi¢, drzavni tajnik u Ministar-
stvu poljoprivrede Republike Hrvatske i Ivica Sugak, dr-
zavni tajnik u Ministarstvu znanosti i obrazovanja
Republike Hrvatske koji je otvorio znanstveni skup.

Znanstveni skup je okupio znanstvenike iz podrudja $u-
marstva, arhivistike i povijesti i brojne Sumarske stru¢njake
iz prakse. Prezentirana su 24 znanstvena rada po tematskim
sekcijama: Obnova i njega Suma hrasta luznjaka, Staniste i
flora $uma hrasta luznjaka, Glavni i sporedni proizvodi

Dio sudionika znanstvenog skupa

"akademik Igor Anic, predsjednik Organizacijskog odbora
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Otvaranje znanstvenog skupa u Vinkovcima, 18. travnja 2024.

$uma hrasta luznjaka, Stanje i perspektiva gospodarenja $u-
mama hrasta luznjaka te Neki aspekti drustvene povijesti
$uma. Prvoga dana, nakon zavrsetka znanstvenoga pro-
grama, prezentiran je prigodni Sumarski rokovnik, dok je
u Gradskom kazalistu Joza Ivaki¢ odrzan prigodni koncert
Kulturno-umjetnickog drustva Sumari iz Vinkovaca. Dru-

goga dana, nakon prezentacije znanstvenih radova, orga-
nizirana je stru¢na ekskurzija u spacvansku $umu. Poka-
zane su posljedice nevremena iz srpnja 2023. i postupak
sanacije Stete i obnove $uma. Znanstveni skup Gospodare-
nje Sumama hrasta luznjaka u proslosti, sadasnjosti i buduc-
nosti zavrsio je obilaskom Sumarskog muzeja u Bognjacima.

Ekskurzija u Spatvi na podrugju Sumarije Otok
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U ZAGREBU OPR2AN 26. EUROPSKI FORUM
0 URBANOM SUMARSTVU

Silvija Krajter Ostoi¢', Damir Dramalija’, Martina Kici¢'

Zagreb i Hrvatska po prvi su puta bili domacini Europskog
foruma o urbanom $umarstvu (European Forum on Urban
Forestry — EFUF), medunarodne znanstveno-stru¢ne kon-
ferencije koja okuplja stru¢njake i znanstvenike koji se bave
urbanim $umama, stablima, zelenilom i zelenom infra-
strukturom. Konferencija je odrzana na Fakultetu Sumar-
stvaidrvne tehnologije Sveucilista u Zagrebu od 22. do 24.
svibnja. Sudjelovalo je vise od 180 sudionika iz 29 zemalja,
od ¢ega 129 medunarodnih sudionika sa Cetiri kontinenta.
Odrzano je 10 plenarnih predavanja, 57 predavanja u pa-
ralelnim sesijama i 37 posterskih prezentacija.

Europski forum o urbanom $umarstvu (EFUF) predstavlja
jedinstvenu platformu koja okuplja zainteresirane poje-
dince, organizacije i institucije ukljucene u djelatnost ur-
banog Sumarstva i zelene infrastrukture opéenito (https://
efuf.org/). Od 1998. godine EFUF se sastaje jednom godis-
nje kako bi znanstvenici, kreatori javnih politika, me-
nadzeri, edukatori i stru¢njaci iz prakse razmijenili iskustva
i vidjeli primjere dobre prakse u planiranju, oblikovanju i
upravljanju urbanim $umama (od $uma i urbanih parkova

do uli¢nog drveca) te razgovarali o novim razvojnim
idejama.

Uz Europski forum o urbanom sumarstvu (EFUF), glavni
organizator ovogodisnje konferencije bio je Hrvatski $u-
marski institut s partnerima - Fakultetom $umarstva i
drvne tehnologije, tvrtkom Hrvatske sume d.o.o., Hrvat-
skim $umarskim drustvom sa Sekcijom urbanog Sumarstva
i Hrvatskom komorom inzenjera Sumarstva i drvne teh-
nologije. Konferencija je organizirana uz partnerstvo Javne
ustanove Park prirode Medvednica, sponzor je bila Turi-
sticka zajednica Grada Zagreba, a pokrovitelji Grad Zagreb,
IUFRO (Medunarodna unija istrazivackih organizacija
koje se bave $umama) i Europski Sumarski institut.

Prije same konferencije, 21. svibnja 2024. u prostorima
Hrvatskoga $sumarskog drustva za sudionike konferencije
organiziran je prigodni prijam dobrodoslice. Konferencije
Europskog foruma o urbanom $umarstvu koncipirane su
na nac¢in da kombiniraju predavanja, radionice i stru¢ne
posjete.

'Dr. sc. Silvija Krajter Ostoi¢, dr. sc. Martina Kici¢, Hrvatski Sumarski institut Jastrebarsko
2Damir Dramalija, dipl. ing. Sum., Hrvatsko Sumarsko drustvo, Sekcija za urbano Sumarstvo
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Clive Davis, osniva¢ EFUF-a

Naziv ovogodi$nje konferencije bio je ,,Urbane sume za sve
¢ime se htjela naglasiti vaznost Suma, zelenila, stabala i ze-
lene infrastrukture u urbanim sredinama za ljude i sva Ziva
bica. Konferencija je imala cetiri glavne teme — urbane Sume
za drustvo, urbane Sume za odrzivu buduénost, urbane
$ume za sva ziva bi¢a i inovacije u urbanom $umarstvu.

Pozdravne govore odrzali su dr. sc. Jasnica Medak u ime
Hrvatskoga sumarskoga instituta, prof. dr. Stjepan Posavec,
prodekan za medunarodnu znanstvenu suradnju Fakulteta
$umarstva i drvne tehnologije, dr. sc. Marina Popijac, rav-
nateljica Javne ustanove Park prirode Medvednica, Silvija
Zec, predsjednica Hrvatske komore inZenjera Sumarstva i
drvne tehnologije, akademik Igor Ani¢ kao predstavnik
Hrvatskoga $umarskog drustva, mr. sc. Kre$imir Zagar iz
Hrvatskih $uma d.o.o., dr. sc. Rik de Vreese iz Europskoga
$umarskoga instituta (EFI) i Renate Spith iz upravnoga
odbora EFUF-a.

Dr. sc. Martina Kici¢

Prvi dan plenarni predavaci pruzili su uvid u situaciju s ur-
banom zelenom infrastrukturom na nacionalnoj, regional-
noj i lokalnoj razini. Ines Androi¢ Brajci¢, arhitektica i
nacelnica Sektora za zelenu urbanu infrastrukturu i kruzno
gospodarenje prostorom i zgradama u Ministarstvu pro-
stornog uredenja, graditeljstva i drzavne imovine RH koja
je govorila o upravljanju zelenom infrastrukturom na ra-
zini RH, nacinu njenog financiranja, tipologiji i registru
urbane zelene infrastrukture. Marijo Spaji¢, krajobrazni
arhitekt iz Grada Zagreba govorio je o upravljanju i gos-
podarenju zelenom infrastrukturom u Gradu Zagrebu, a
Matea Vukovi¢, magistra inZenjerka Sumarstva iz Hrvat-
skih Suma d.o.0., u ime kolegice Izabele Kuzle i cijelog tima
zagrebackih urbanih $umara, govorila je o izazovima i pri-
mjerima dobre prakse gospodarenja park-Sumama u Gradu
Zagrebu, kao i periurbanim $umama na Medvednici. Ova
predavanja dala su odlican pregled aktualnih politika,
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nacina upravljanja i gospodarenja urbanom zelenom
infrastrukturom te urbanim $umama i zelenim povrsinama
kao klju¢nim elementima urbane zelene infrastrukture.

Nakon toga su uslijedila dva pozivna predavanja. Dr. sc.
Silvija Krajter Ostoi¢ govorila je o gotovo 15 godina znan-
stvenih istrazivanja u urbanom $umarstvu koja su se pro-
vodila na Hrvatskome $umarskom institutu. Pri tomu je
naglasak stavila na dva velika znanstvena projekta prove-
dena s gradanima Zagreba u kojima je istrazivana njihova
percepcija urbanih $uma i urbanog zelenila. Rijec je o pro-
jektima Gradani i upravljanje urbanim sumama u JI Europi
- studije sluc¢aja u odabranim gradovima (FORCITY) u
kojima se po prvi puta sustavno provelo istrazivanje per-
cepcije gradana o Sumama i zelenim povrsinama u sedam
gradova i pet drzava u JI Europi, i to na uzorku od gotovo
2700 ispitanika, a koji je financiralo Finsko ministarstvo
vanjskih poslova preko Europskoga Sumarskoga instituta.

Dr. sc. Silvija Krajter Ostoi¢

Nakon toga uslijedio je uspostavni istrazivacki projekt Hr-
vatske zaklade za znanost ,,Unaprjedenje planiranja i gos-
podarenja zelenom infrastrukturom kroz participativno
mapiranje kulturoloskih usluga ekosustava® (CULTUR-
ES), a koji je percepciji gradana dao prostornu dimenziju
iistrazio niz kulturoloskih usluga i negativnosti urbane ze-
lene infrastrukture. Ukljucivao je sve oblike zelenih povr-
$ina u Zagrebu koje u svom sastavu imaju stabla. Predstav-
ljen je inovi projekt koji se bavi participativnim kartiranjem
usluga park-Suma u urbanim sredinama - Zeleno srce
grada, a koji se financira iz programa NextGenerationEU.

Uslijedilo je predavanje prof. dr. sc. Wendy Chen sa Sveuci-
lista u Hong Kongu i dr. sc. Rika de Vreesa iz Europskoga
$umarskog instituta o rezultatima EU projekta CLEARING
HOUSE koji se bavio urbanim $umama kao na prirodi
temeljenim rjesenjima za probleme urbanih sredina, a pro-
vodio se u Europi i Kini. Hrvatski $umarski institut bio je

Prof. dr. sc. Wendy Chen
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partner na ovom projektu koji je financiran iz programa
Obzor 2020. Bilo je rijeciio slicnosti i razlikama u percepciji
$uma gradana u Europi i Kini kao rezultatima velikoga
drustvenog istrazivanja provedenog istovremeno u Europi
i Kini te o drugim rezultatima projekta koji su namijenjeni
razli¢itim ciljanim skupinama, kao $to su prirucnici City
of Trees. Jedan je namijenjen odgajateljima i nastavnicima,
a drugi samim ucenicima, a govori o vaznosti stabala u gra-
dovima te daje primjere kako ukljuciti stabla i Sume u uce-
nje i poucavanje o prirodi u urbanim sredinama. Prijevod
ovih priruc¢nika na hrvatski jezik tek slijedi.

Nakon toga uslijedile su Cetiri stru¢ne radionice. Ana Ma-
cias iz Arbocity drzala je radionicu u kojoj je upoznala su-
dionike s programom Tree Cities of the World koji potice
pozitivne prakse planiranja i gospodarenja urbanim sta-
blima. Trenuta¢no u programu nema hrvatskih gradova.
Dr. sc. Rik de Vreese iz Europskoga sumarskoga instituta
odrzao je radionicu o potrebama jedinica lokalne samou-
prave za struénim usavr$avanjima u kontekstu planiranja
i provedbe urbanog ozelenjavanja, koje ukljucuju i sadnju
stabala. Vrlo zanimljiv na¢in prezentacije stru¢nih znanja
u smislu brige za veteranska stabla pokazali su Karen
Kantor i Guy Meilleur iz SAD-a u lutkarskoj predstavi
PuppetTREE koja je namijenjena arboristima, ali se u pri-
lagodenome obliku prikazuje i nestru¢njacima, ukljucujuci
i djecu. Pitanjima urbane biosigurnosti vezane za stabla u
urbanim sredinama bavila se radionica dr. sc. Dijane Vu-
leti¢ iz Hrvatskoga Sumarskog instituta u kojoj su sudionici
raspravljali o klju¢nim istrazivackim temama i prioritetima
u sklopu ove teme

U poslijepodnevnim satima planirano je stru¢no vodstvo
po parku Maksimir s predstavnicima JU Priroda Grada Za-
greba dr. sc. Biljanom Janev Hutinec i Anjom Jambresi¢
iRJ Urbano Sumarstvo Ninoslavom Matosevi¢em i Antom
Pejicem, koje je, nazalost, bilo odgodeno zbog jake kise.

Drugi dan je zapoceo s dva pozivna predavanja. Posebno
je emotivno i motivirajuce bilo predavanje Roberta Hos-
tnika, urbanog Sumara iz Zavoda za gozdove Slovenije, koji
je govorio o svojoj tri desetlje¢a dugoj karijeri u urbanom

$umarstvu i Gradskoj sumi Celje (Mestni gozd Celje), koja
se proteklih desetlje¢a prometnula u medunarodni primjer
dobre prakse. Govorio je o nac¢inu na koji je u 1990-im go-
dinama krenuo projekt Gradske sume Celje, aktivnostima
koje su provedene kako bi se u toj Sumi pruzila moguénost
rekreacije za lokalno stanovnistvo, gradnji kucice na stablu
i svim aktivnostima koji provode Sumari s lokalnim sta-
novnis$tvom, poput koncerata, ¢itanja poezije i slicno, a cilj
je povezati ljude sa Sumama.

Stefania Gasperini, predsjednica Europskog savjeta za ar-
borikulturu (European Arboricultural Council) govorila
o ulozi Europskoga savjeta za arborikulturu, vaznosti cer-
tifikacije profesionalaca koji se bave urbanim stablima, kao
i priru¢nicima za pojedine prakse njege stabala. Ove godine
se odrzava i konferencija Europskoga savjeta za arborikul-
turu u Zadru. Hrvatska takoder ima svoje predstavnike u
ovoj organizaciji, a to su Hrvatska udruga za arborikulturu
i Hrvatsko Sumarsko drustvo.

Nakon pozivnih predavanja uslijedile su kratke posterske
prezentacije, gdje su prezenteri u jednoj minuti trebali
predstaviti bit svojih postera. U ovom dijelu sudjelovalo je
37 sudionika, od ¢ega osam iz Hrvatske. Irena Franji¢ iz
Hrvatskih $uma d.o.o. koja je govorila o obrazovnim ak-
tivnostima i uklju¢ivom obrazovanju koje se provodilo u
sklopu projekta Naturavita. Andrea Kosteli¢ iz JU Park
prirode Medvednica pricala je o poucnoj stazi Bliznec na
Medvednici i izazovima s kojima se trenuta¢no suocavaju.
Tonko Megyery iz Instituta za primijenjenu ekologiju OI-
KON d.o.0. predstavio je istrazivanje o zalihama ugljika u
$umskoj prostirci i tlu u Sumama hrasta kitnjaka u Maksi-
miru. Prof. dr. sc. Damir Ugarkovi¢ govorio je o rezulta-
tima istrazivanja uzroka i intenziteta sjece stabala u zagre-
backim urbanim $umama. Predstavljeni su i studentski
radovi studenata Fakulteta Sumarstva i drvne tehnologije.
Nikolas Keller govorio je o studentskom projektu Urban
Green on Screen, Iva Siki¢ o utjecaju oste¢enja korijenskog
sustava na stabilnost i proizvodnju sekundarnog ksilema
na stabalima hrasta kitnjaka, a Magdalena Brener o vega-
taciji vrtova oko kurija u isto¢noj Slavoniji. Na kraju ove



sesije doc. dr. sc. Jelena Kranjec Orlovi¢ predstavila je stu-
dijski program na engleskome jeziku pod nazivom Prirodi
blisko Sumarstvo (Close-to-nature forestry).

Nakon toga uslijedile su paralelne sesije koje su pokrivale
Cetiri glavne teme, a kojima su predsjedavali dr. sc. Mar-
tina Kici¢ iz Hrvatskoga Sumarskog instituta, dr. sc. Jerylee
Wilkes-Allemann sa SveuciliSta za primijenjene znanosti
(HALF) iz Svicarske, izv. prof. Vinko Pauli¢ s Fakulteta
$umarstva i drvne tehnologije i prof. dr. sc. Alan Simson
sa Sveucilista Leeds-Beckett iz Ujedinjenog Kraljevstva. Od
sudionika iz Hrvatske predstavila se arhitektica Iva Be-
denko iz Grada Zagreba koja je govorila o projektima
Grada koji se bave na prirodi utemeljenim rjesenjima i o
projektu urbanih vrtova u Gradu Zagrebu.

U poslijepodnevnim satima organiziran je posjet Dubrav-
kinom putu i Tuskancu za pola sudionika, a drugi su obi-
lazili centar grada i Zelenu potkovu. Stru¢no vodstvo po
park-Sumama su bile Matea Vukovi¢, Tihana Otmacic i
Izabela Kuzle iz Hrvatskih $uma d.o.0., a po centru i Zele-
noj potkovi vodili su nas profesionalni vodici koje nam je
sponzorirala Turisticka zajednica Grada Zagreba.

Tijekom posjeta Dubravkinom putu, na padini prema
Ljetnoj pozornici u svrhu obiljezavanja ove konferencije u
Zagrebu, posadena su Cetiri klona Gupceve lipe - vaznog
veteranskog stabla u Hrvatskoj. Klonovi Gupceve lipe pro-
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izvode se u rasadniku Hrvatskoga Sumarskog instituta u
svrhu ocuvanja genetskog materijala i sade u prigodne
svrhe. U sadnji su sudjelovali predstavnici Grada Zagreba,
Hrvatskoga Sumarskog instituta, Fakulteta Sumarstva i
drvne tehnologije, Europskog foruma o urbanom $umar-
stvu, Europskoga Sumarskog instituta i Hrvatskih suma
d.o.o.

Treci dan konferencije poceo je s tri odli¢na pozivna pre-
davanja. Keith Sacre, direktor tvrtke Barcham Trees, kao
najveceg europskog proizvodaca kontejnerskih sadnica,
odrzao je predavanje o participativnim procesima s primje-
rima takvih procesa u Ujedinjenom Kraljevstvu, vaznosti
ukljucivanja gradana i drugih sudionika te na¢inima na koji
takvi procesi mogu biti uspjesniji za sve ukljucene. Prof. dr.
sc. Giuseppe Scarascia-Mugnozza, voditelj ureda Biocities
Europskoga Sumarskog instituta u Rimu govorio je o kon-
ceptu Biogradova i ulozi koju imaju Sume i urbane $ume,
kao i cjelokupno $umarstvo i drvna prerada u stvaranju
odrzivih i otpornijih gradova i zdravijeg stanovnistva. Sha-
ron Durdant-Hollamby, arboristica i vlasnica tvrke Sharon
Hosegood Associates Ltd., kao i voditeljica vrlo popularnog
podcasta Tree Lady Talks govorila je o svom radu s grade-
vinskim sektorom o brizi za stabla tijekom gradevinskih
radova i tehnickim propisima koji se moraju zadovoljavati
na gradili$tima, kao i iskustvima u radu s gradanima.
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Nakon toga uslijedile su paralelne sesije koje su moderirali
Renate Spith iz EFUF-a, Robert Hostnik iz Zavoda za
gozdove Slovenije, Naomi Ziircher, arboristica i vlasnica
privatne tvrtke iz Svicarske te Clive Davis, osniva¢ EFUF-a.
Dr. sc. Martina Kici¢ govorila je o percepciji kulturoloskih
usluga urbane zelene infrastrukture po zagrebackim grad-
skim Cetvrtima na osnovi primjene PPGIS-a. Izv. prof.
Vinko Pauli¢ govorio je o utjecaju povecanja vlage u tluna
stabilnost stabala u zagrebackim park-sumama, a Kristina
Duvnjak Perkovi¢ s Fakulteta za menadZzment u turizmu
i ugostiteljstvu Sveucilista u Rijeci o vaznosti urbanih i
periurbanih $uma za dobrobit ljudi i brendiranje grada.

Tre¢i dan organiziran je posjet Park prirode Medvednica,
kao i Vidikovcu Sljeme te voznja zi¢arom, $to je svakako
bilo zanimljivo iskustvo za strane sudionike. Stru¢no
vodstvo pruzili su djelatnici Hrvatskih $uma d.o.o. (Matea
Vukovi¢, Tihana Otmaci¢ i Hrvoje Brnica) koji su govorili
o problematici gospodarenja Sumama na Medvednici i
Martina Belovi¢ Kelemen iz JU Park prirode Medvednica.

Takoder treba napomenuti da je upravo na ovoj konferen-
ciji Europski forum o urbanom $umarstvu, kao meduna-
rodna strukovna organizacija registrirana u Belgiji, pred-
stavila ¢lanski program, tj. razli¢ite razine clanstva sa i bez
prava glasa.

Kao i svake godine predstavljena je nagrada Europski
mladi/a $umar/ica godine koji se dodjeluje istrazivacima i

kolegama iz prakse u dobi do 40 godina, koji su svojim ra-
dom znacajno doprinijeli urbanom $umarstvu u Europi.
Ove godine nagradu je dobila Livia Shamir. Dobitnik do-
biva novéanu nagradu u iznosu od 200 EUR, priznanje i

godisnju pretplatu na ¢asopis Urban Forestry and Urban
Greening.

Predstavljen je i grad domacin iduce konferencije koja ¢e
se odrzati 3.-7. lipnja 2025. u Ziirichu u Svicarskoj.

U subotu 25. svibnja 2024. za manju grupu sudionika or-
ganiziran je stru¢ni posjet Varazdinu, gdje su nas docekali
predstavnici gradskoga komunalnog poduzeca Parkovi.
Prezentirana je problematika susenja tuja koje su simbol
varazdinskog groblja, a posjetili smo i druge zelene povr-
$ine poput Parka Vatroslava Jagica i govorili o zahvatima
na stablima koju su provodeni te vrednovanju ekoloskih
funkcija pojedinih vaznih stabala. Tijekom posjeta Varaz-
dinu pozdravio nas je i varazdinski gradonacelnik Neven
Bosilj.

Na samom kraju konferencije, prof. dr. sc. Cecil Konij-
nendijk, osniva¢ EFUF-a, sazeo je svoje videnje ovogodis-
njeg Foruma u 10 klju¢nih rije¢i: pomladivanje - mnogo
mladih i novih lica, globalizacija — konferencija prerasta
u globalnu, inspiracija - EFUF kao mjesto gdje mozemo
biti inspirirani i motivirani tudim iskustvima i primjerima
dobre prakse, potvrda — vaznosti urbanih Suma i zelenila
idaje ono sto radimo vazno za drustvo u cjelini, inovacije



— predstavljeni neki inovativni postupci metode, potreba
da se neprestano trudimo biti bolji u svom radu i koristiti
najnovije spoznaje, participacija — vaznost ukljucivanja

Clive Davis

Dr. sc. Rik de Vreese i prof. dr. sc. Alan Simson
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javnosti i drugih dionika, smjer — vaznost strateskog ra-
zvoja urbanih Suma i urbanog Sumarstva pri ¢emu nam
pomazu alati i indikatori poput Tree Equity Score ili pravila

Prof. dr. sc. Cecil Konijnendijk

Dr. sc. Silvija Krajter Ostoi¢
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3+30+300, povezivanje - EFUF kao mjesto za umreZzava-
nje stru¢njaka iz razlicitih struka i disciplina te povezivanja
znanosti i prakse, ocekivanja — velika ocekivanja od urba-
nih $uma, urbanog $umarstva i nas kao stru¢njaka u kon-
tekstu klimatskih promjena, javnozdravstvenih problema
i drugih izazova za nas, i postignu¢a — EFUF kao mjesto
gdje slavimo svoja i tuda postignuca, jer zajedno doprino-
vijim i sretnijim stanovnis$tvom.

Na samom kraju treba istaknuti zadovoljstvo svih organi-
zatora §to se i na zagrebackom skupu pokazalo da EFUF

predstavlja veliku obitelj urbanih Sumara, koja ¢e oboga-
¢ena novim znanjima i iskustvima iz cijeloga svijeta, kao i
uspostavljenim poznanstvima i prijateljstvima nastaviti s
predanim radom, ne bi li se osigurala odrzivost urbanih i
peri-urbanih podrucja na dobrobit svih njihovih korisnika.
Uspjeh ove konferencije poticaj nam je da i dalje ustrajemo
na stalnoj promociji i unaprjedenju urbanog Sumarstva u
znanosti i praksi.

U sklopu konferencije izdana je knjiga sazetaka koja se
moze skinuti na mreznoj stranici EFUF-a (https://efuf.
org/2024/05/13/efuf-2024-book-of-abstracts/).



MONOGRAFIJA

TLO | SUMSKA VEGETACIJA NACIONALNOG

PARKA RISNJAK

Damir Ugarkovic'

»Podnoseci ovaj prijedlog i obrazlozenje za proglasenje Ri-
snjaka narodnim parkom isticem, da je zadnji as, da se
spasiisacuva potomstvu jedno maleno podrucje na komu
se stjecajem prilika skupio bezbroj najznacajnijih fenomena
geomorfoloske, geoloske, klimatske, vegetacijske i Sumsko-
gospodarske prirode s poznatim ljepotama krajine.*

(profesor Ivo Horvat, 1953)

Povodom 70 godina od proglasenja Nacionalnog Parka
Risnjak, izdana je monografija ,,Tlo i Sumska vegetacija
Nacionalnog parka Risnjak“ autora Jose Vukeli¢a, Nikole
Pernara, Ivana Perkovica, Darka Baksica, Mateja Baneko-
vica i Irene Sapi¢. Monografija je multidisciplinarna sinteza
rezultata provedenih u dva projekta koja su obuhvatila
istrazivanje klju¢nih prirodnih znacajki Parka - tlo i Sum-
sku vegetaciju, ali i spoznaje do kojih su dosli drugi znan-
stvenici i stru¢njaci istrazujudi tlo i Sume Nacionalnog
parka Risnjak. Prvi dio monografije obuhvaca rezultate
istrazivanja tla, a u drugom dijelu su obradeni osnovni
ekoloski ¢imbenici koji odreduju sastav i rasprostranjenost
vegetacijskih tipova.

Istrazivanje tala obuhvatila su pedogenetske ¢imbenike i
procese koji imaju odlucujuéi utjecaj na znacajke tla NP
Risnjak, a isti¢u se litoloSkom, reljefnom i bioklimatskom
raznoliko$¢u, $to u konacnici rezultira slozeno$éu pedoge-
netskih procesa i odnosa, pa stoga i prostornom raznoli-
kos¢u fiziografije tla. Uz ranije objavljene podatke, otvoren
je 101 pedoloski profil na temelju kojega je definirana za-
stupljenost 14 tipova, unutar njih 25 podtipova, odnosno
vise od 40 varijeteta. Fitocenoloski rezultati utemeljeni su
na 135 fitocenoloskih snimki, u kojima je opisano $esnaest
asocijacija. Na temelju rezultata istrazivanja tla i vegetacije
izradena je vegetacijska karta u mjerilu 1:10000 i karta tala
u mjerilu 1:25000, koje su zajedno s lokacijama i istraziva-

nim parametrima priloZeni na memorijskoj kartici koja se
nalazi u monografiji.

Monografija je namijenjena znanstvenicima, Sumarskim
struénjacima, studentima i svim ljubiteljima prirode te je
vazan izvor informacija o prirodnom blagu NP Risnjak.
Ovo je korisno djelo koje na razumljiv na¢in objasnjava dio
procesa i grade Sumskih sastojina i tala NP Risnjak, a isto-
vremeno promice njihovu posebnost i raznolikost.

'Prof. dr. sc. Damir Ugarkovi¢, Fakultet Sumarstva i drvne tehnologije Sveucilista u Zagrebu
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SUMARSKIM STAZAMA
VLADOJA KOROSKENYIA

Branko Mestrié!

Mnogi e se citatelji ovog lista sjetiti "starih” web stranica
HSD-a koje su do prosle godine ¢uvale svoj prvotni dizajn
i na kojima je u desnom uglu godinama stajao lik osebuj-
nog c¢ovjeka sa jos posebnijom bradom. No malo tko ¢e
naslutiti da ovaj lik predstavlja tek tridesetogodi$njaka i
malo tko ¢e znati da se radi o liku prvog tajnika 1876. go-
dine obnovljenog Hrvatsko-slavonskog Sumarskog drustva
te prvog urednika prvog broja ¢asopisa Sumarski list, ¢a-
sopisa kojega upravo Citate.
Vladoj Koroskeny je njegovo
ime, roden je u Vidovcu kod
Varazdina 1845., a ve¢ ga je
1876. godine u 31. godini
Zivota, kao nadSumara Zagre-
backe Zupanije, zadesila izne-
nadna smrt na cesti u Za-
grebu. U tih tako malo godina
stala je zapazena Sumarska

Sumarskim stazama Vladoja Kordskenyia, urednik
Kristijan Skocibusi¢, priredili: Davor Topolnjak,
Tomica Cukor, Kristijan Sko¢ibusi¢. Nakladnik:
Terra vox, Vidovec, 2023.

Predgovore knjizi napisali su akademik Igor Ani¢ i
Silvija Zec, a recenzije dr. Tomislav Dubravac, dio
koje i prenosimo u nastavku, i Miljenko Zupanic.
Format knjige je 165x230 mm, ukupno 284 stranice,
tvrdi uvez. Naslovnica je izvedena iz jedinog pozna-
tog prikaza lika Vladoja Koroskenyia nepoznatog
autora.

karijera, angazirano drustveno djelovanje i vrijedan struc¢ni
knjizevni rad istog ¢ovjeka. Sve to sakupljeno je na strani-
cama ove knjige.

Kako se da naslutiti ve¢ iz impresuma, ova knjiga je ocito
nastala velikim trudom ¢lanova varazdinskog ogranka
HSD-a, posebno predsjednika Davora Topolnjaka i Tomice
Cukora. Pocetna namjera je bila da se napravi pretisak
Koroskenyieve knjige Obcée Sumarstvo, a potom se dodalo
jo$ ova, pa ono - i tako je nastala ova zbirka svega sto se
dalo dovesti u vezu sa njenim autorom.

Glavni dio, ¢ak 59% obima knjige ¢ini pretisak Koroskenyieva
maestralnog djela, i to istovjetni pretisak skena njena origi-
nalnog izdanja, relativno dobre kvalitete. Znaci, 167 stranica

' Branko Mestri¢, dipl. ing. Sum.



knjige iz 1873. je ovdje u knjizi. Ali to jos$ nije sve. Tu je isken
stru¢nog prikaza iste knjige iz pera Oskara Piskoric¢a objav-
lienog u Sumarskom listu br. 1-2 iz 1975. godine. Ovdje se
zaista radi o vrlo detaljnom i zaista struénom prikazu na ¢ak
Sest stranica. Kako je ve¢ to, stru¢no i detaljno, Oskar radio.

Sta jo$ ima u knjizi? Pa puno toga. Zapravo svega §to ima
veze sa Vladojom Kordskenyijem. Od prikaza Vidovca i
cijelog kraja gdje je Vladoje roden, preko znatnog prikaza
plemicke obitelji Kéroskenyi, prikaza $umarske povijesti
sjeverozapadne Hrvatske i uopée Sumarskih okolnosti u
kojima je djelovao. Hvale vrijedan je osvrt na miholjacki
period njegova djelovanja na imanju baruna Prandaua, gdje
je Vladoje suradivao sa velikim $umarom Adolfom Dan-
helovskim. Osim $to je vrijedan, ovaj dio je i zapazen jer su
u knjizi, nakon punih 150 godina, ponovno reproducirani
ingeniozni crtezi radnika i radova u Sumi, koje je Danhe-
lovsky objavio u svojoj knjizi 1873. Prica se na neki nacin
zakljucuje sa Zagrebom, Sumarskim drustvom i Sumar-
skim listom, opet s obiljem materijala, gdje se zivotni put
Vladoja Koroskenyia tragi¢no zavrsava. A zavrSava do-
slovno s prvim brojem naseg Sumarskog lista. Bio mu je
urednikom ali ... visja providnost nedosudi da vidi prvi broj
drustvenog organa, da se veseli nad prvim uspjehom svoga
neumornoga truda. Prvi broj, osim slavne prve glavne skup-
Stine hrvat. - slavon. Sumarskoga druZiva, obrzavane dne
14. i 15. listopada 1876 u Zagrebu, a na kojoj je bio izvje-
stiteljem i na kojoj je bio izabran za tajnika, donosi na 49.
stranici i osmrtnicu svoga glavnog urednika. Vjerojatno
jedinstven slucaj u izdavastvu.

Iz recenzije dr. sc. Tomislava Dubravca

U povijesti hrvatske Sumarske struke brojni su ugledni vr-
hunski stru¢njaci ulozili svoja znanja i energiju u promica-
nju ugleda Sumarske struke i gospodarenja nasim prirod-
nim bogatstvom. Jedan od zasluznika nase Sumarske struke
koji je ostavio duboki trag, utabao tvrdu stazu, Sumarsku
stazu i zaorao duboku brazdu u memoriju nasih sjecanja,
je svakako i Vladoj Koroskényi. Jer, kako napisa pjesnik
Cronin: ,,sjecanje je jedini raj iz kojeg ne mozZemo biti pro-
tierani".

Knjigom naslova: ,,Sumarskim stazama Vladoja Kérés-
kényia“, koja se objavljuje povodom 150 godina tiskanja
prvog izdanja knjige ,Obce Sumarstvo®, Vladoja
Koroskényia, prisjeamo se velikoga zasluznika hrvatskoga
$umarstva, vrsnoga intelektualca onoga vremena, koji je
dao nemjerljiv doprinos vremenu u kojemu je Zivio, vre-
menu vaZznom za nase Sume i Sumarstvo, za nasu povijest,
ali i za nasu kulturu. Stoga vise nego ikada, u danasnjim
bremenitim vremenima sveopce globalizacije i zaborava,
kultura i kulturna bastina mora dobiti svoje mjesto u po-
vijesnoj vertikali naSe domovina Hrvatske. Kultura uvijek
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i svagda ujedinjuje i rusi barijere i pravi mostove. Upravo
je kultura, shvacena u Sirem smislu, sve nas i odrzala ti-
jekom proslosti i sa¢uvala identitetski koncept hrvat-
skoga naroda. Najvrjedniji doprinos o¢uvanju kulture jed-
noga naroda su svakako pisane rije¢i, dakle knjige.

Govoriti, pisati o knjigama, posebice ovakvima koje bastine
nasu proslost, otimaju od zaborava vazne ljude i dogadaje
iz nase proslosti je velika cast ali i odgovornost. Kako netko
napisa: ,,knjige imaju mo¢ zaustaviti vrijeme, vratiti ga u
proslost ili poletjeti u buduénost®. Upravo su to temeljne
odrednice knjige: ,Sumarskim stazama Vladoja
Koroskényia®

Prvo: bavi se proslos¢u. Znamo kako je jos davno rekao
Ciceron: Historia est magistra vitae (povijest je uciteljica
zivota). Knjiga je zapravo uvijek svjedok jednog vremena.
Ova svjedoci o jednom minulom vremenu, jednom od naj-
istaknutijih hrvatskih Sumarskih stru¢njaka druge polovice
19. stoljeca, vrsnom mladom obrazovanom c¢ovjeku Vla-
doju Koroskényu. Njegovom je zauzetoséu obnovljen rad
Hrvatskog Sumarskog drustva (1876.), kada je izabran i za
tajnika Drustva, pokrenuto izlaZzenje Sumarskog lista
(1877.), kome je povjereno i uredivanje ¢asopisa. Svojim je
aktivnostima i nizom brojnih drugih korisnih rasprava na
temu boljitka hrvatskoga Sumarstva zasluzio nase posto-
vanje. Osim brojnih drugih zasluga za preuzete funkcije,
treba svakako istaknuti da je 1873. godine napisao i prvu
knjigu: ,,Obce Sumarstvo (1873.) na hrvatskome jeziku sa
svega 28 godina Zivota. Na granici je mogucega, da je sve
to postigao vrlo mlad, jer je iznenada preminuo u 31. go-
dini zivota. Izvorni pretisak knjige: ,Obce Sumarstvo* (te-
melj hrvatske Sumarske struke), okosnica ovoga izdanja,
obujmom i najvece poglavlje, nas podsjeca kako se nekada,
prakti¢no i razumno (Cum grano salis) u vremenu ondas-
njem radilo i promisljalo o $umi i Sumarstvu. Hrvatska po-
vijesna Sumarska bastina ucinjena u tom vremenu i povi-
jesnim okolnostima zasluzuje sav na$ respekt na koji
trebamo biti i jesmo ponosni. Ljudima, stru¢njacima, za-
nesenjacima takvoga kova, oskudijeva nasa drzava Hrvat-
ska i danas.

Drugo: ova knjiga ukazuje i na sadasnjost, na potrebitost
oc¢uvanja nasega identiteta, ali i diginiteta i prijeko potreb-
noga cuvanja od zaborava vaznih ljudi i dogadaja iz nase
povijesti. Posebice u ovim teskim, bremenitim vremenima
»okupacije“ od strane sveopce globalizacije, konformizma,
nastajanja modernih oblika kulture, galopiraju¢ih pro-
mjena, otudenja covjeka od prirode. Pri tome, Cesto zabo-
ravljajudi da je ¢ovjek kao pojedinac, kao i svi ostali oblici
7ivota, samo prolaznik, a Blaise Pascal bi rekao: "Covjek je
samo trska koja misli: lomljiva, slabasna i krhka'". Osim bo-
gatih povijesnih ¢injenica iz nasega Sumarstva, u ovoj knjizi
mozemo pronadi i vrijedne recentne podatke o vrijedno-
stima i bogatstvu nasih Suma, nasega Sumarstva, posebice
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sa podrucja djelovanja lika i djela Vladoja Koroskényia,
sjeverozapadne Hrvatske, podruéja Varazdinske Zupanije.

I trece: ovakve knjige ukazuju i ostavljaju poruku, ali i pu-

nost knjiga ovakvoga karaktera. Knjiga je to koja budi emo-
cije i ¢uva uspomene, otimajuci od zaborava zasluznike
nase hrvatske, u ovome slucaju, nase Sumarske proslosti,

na koju pocesto zaboravljamo. Zaboravljamo da se zivot
ne cijeni koliko je dug, ve¢ koliko je vrijedan. Knjiga: ,,Su-
marskim stazama Vladoja Kéroskényia“ je upravo na tome

tokaz za buduc¢nost, svima nama. Budu¢nost, danasnjemu
narastaju kako treba sacuvati od zaborava ljude koji su

ugradili sebe u nasu povijest i sve nas podsjecati na svoje ) . L
tragu. Od zaborava otima svoje zasluznike i daje im zaslu-

korijene, sa koje smo tocke krenuli i da nismo ,,repa bez | . L. - ’ -
Zeno mjesto u nasoj proslosti, nasoj Sumarskoj proslosti.

korijena®. Zato moramo znati i u¢iti nase mlade generacije
da samo ¢uvajuéi proslost mozemo graditi i nasu budu¢-
nost. Zagreb, prosinca 2023.

1%

Sto je za-
pisano ostaje" (Quod scriptum manet). U tome i jest vrijed-

Autori knjige su se drzali poznate latinske izreke, Dr. sc. Tomislav Dubravac,

znanstveni savjetnik u trajnom zvanju

ZAPISNIK

Nazoc¢ni ¢lanovi Upravnog odbora: akademik Igor Ani¢ (predsjednik), Emil Balint, dipl. ing. $um., Domagoj Dev¢ic,
dipl. ing. $um. (umjesto mr. sc. Borisa Belamaric¢a), Daniela Cetinjanin, dipl. ing. $um., David Crnic¢, dipl. ing. $um., mr.
sp. Mandica Dasovi¢ (dopredsjednica), mr. sc. Damir Dela¢, Anto Glavas, dipl. ing. Sum., Goran Gobac, dipl. ing. Sum.,
mr. sc. Goran Gregurovi¢, prof. dr. sc. Marijan Grubesi¢, prof. dr. sc. Boris Hrasovec, prof. dr. sc. Vladimir Jambrekovi¢,
Bojana Bija¢, dipl. ing. Sum. (umjesto Marine Juratovi¢, dipl. ing. Sum.), Josip Kovaci¢, dipl. ing. Sum., Ivan Krajaci¢, dipl.
ing. Sum., Valentina Kulas, dipl. ing. $um., prof. dr. sc. Josip Margaleti¢, Mario Jazbec, dipl. ing. Sum. (umjesto Dorice
Matesi¢, dipl. ing. Sum.), Darko Mikici¢, dipl. ing. Sum., Damir Miskulin, dipl. ing. $um., Kresimir Pavi¢, dipl. ing. Sum.,
Martina Pavici¢, dipl. ing. Sum., Darko Posari¢, dipl. ing. Sum. (dopredsjednik), Ankica Komadina, dipl. ing. Sum. (umjesto
Ante Simica, dipl. ing. Sum.), Emilija Seidl, dipl. ing. Sum. (umjesto Davora Topolnjaka, dipl. ing. sum.), Silvija Zec, dipl.
ing. Sum. i Drazen Zviroti¢, dipl. ing. Sum. — ukupno 28

Ostali nazo¢ni: Goran Bukovac, dipl. ing. Sum. (predsjednik Nadzornog odbora), Mario Bosnjak, dipl. ing. Sum. (¢lan
Nadzornog odbora), Branko Mestri¢, dipl. ing. Sum. (¢lan Nadzornog odbora), Davor Prnjak, dipl. ing. $um. (¢lan Nad-
zornog odbora), Oliver Vlaini¢, dipl. ing. Sum. (tajnik), Biserka Markovi¢, dipl. oec. (voditeljica racunovodstveno-finan-
cijskih poslova) i Damjan Metli¢i¢, dipl. ing. Sum. (tajnik Ogranka Split) — ukupno 7

Ispricani: Damir Dramalija, dipl. ing. Sum., Kre$imir Jakupak, dipl. ing. $um., izv. prof. dr. sc. Stjepan Mikac, doc. dr. sc.
Sanja Peri¢, prof. dr. sc. Ivica Tikvi¢, mr. sc. Dalibor Tonc i doc. dr. sc. Dinko Vusi¢ — ukupno 7



U privitku poziva za 1. sjednicu UO HSD 2024. godine ¢la-
novima Upravnog i Nadzornog odbora HSD poslani su
pripadaju¢i materijali i program odrzavanja sjednice:

svibnja 2024.

10:00 sati — okupljanje u Pilani Bliznec na Medvednici (Bli-
znec 68, Zagreb)

11:00 sati — Pilana Bliznec - 1. sjednica Upravnog odbora

HSD

13:30 sati — Pilana Bliznec — ru¢ak

15:00 sati — terenski obilazak Medvednice
18:00 sati — smjestaj u Tomislavov dom

20:00 sati — Tomislavov dom - vecera i druzenje

svibnja 2024.

8:00 - Tomislavov dom — doruc¢ak

9:30 - obilazak tornja na vrhu Sljemena

10:30 - obilazak Medvedgrada u Parku prirode Medved-
nica

11:30 - odlazak

Sjednica je pocela u 11:10 sati.

Predsjednik HSD akademik Igor Ani¢ otvorio je sjednicu
i pozdravio nazo¢ne ¢lanove Upravnog i Nadzornog od-
bora. Predsjednici ogranaka koji su se ispricali poslali su
svoje zamjene i dostavili punomoci za njihovo sudjelovanje
u radu sjednice. Posebno je pozdravio domacine sjednice:
voditelja Uprave Suma Podruznice Zagreb Damira Misku-
linaipredsjednika Ogranka Zagreb Ivana Krajaci¢a. Damir
Miskulin pozdravio je sve sudionike sjednice i zazelio im
uspjesan rad te ugodan boravak na podrucju USP Zagreb.
Ispred Ogranka Zagreb sve nazo¢ne pozdravio je i Ivan
Krajacic.

Predsjednik HSD akademik Igor Ani¢ utvrdio je kvorum
(28 ¢lanova UO od mogucih 35 i 4 ¢lana NO od mogucih
4) te predlozio sljedeci

Dnevni red:

1. Ovjera zapisnika 2. sjednice Upravnog odbora HSD
2023. godine (objavljen u Sumarskom listu 1-2/2024) i
1. elektronicke sjednice Upravnog odbora HSD 2024.
godine (objavljen u Sumarskom listu 3-4/2024)

2. Obavijesti

3. Aktualna problematika

4. Sumarski list i ostale publikacije
5. Rasprava po izvjes¢ima i zakljucci

6. Pitanja i prijedlozi.

Dnevni red jednoglasno je usvojen.
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Ad 1. Ovjera zapisnika 2. sjednice Upravnog odbora HSD
2023. godine (objavljen u Sumarskom listu 1-2/2024) i 1.
elektronicke sjednice Upravnog odbora HSD 2024. godine
(objavljen u Sumarskom listu 3-4/2024)

Zapisnici 2. sjednice Upravnog odbora HSD 2023. godine
i 1. elektronicke sjednice Upravnog odbora HSD 2024. go-
dine jednoglasno su prihvaceni.

Ad 2. Obavijesti

~10. sije¢nja 2024. odrZzan sastanak predsjednika HSD aka-
demika Igora Aniéa i tajnika HSD Olivera Vlainica s pred-
sjednikom Uprave Hrvatskih Suma Nediljkom Duicem
i direktorom Sektora za $umarstvo Kresimirom Zagarom.
Dogovoren je nastavak i unaprjedenje suradnje: sudjelova-
nje zaposlenika Hrvatskih $uma na 54. EFNS-u u Francu-
skoj, ugovaranje donacije za aktivnosti HSD u cjelini, na-
stavak pretplate na Sumarski list u 2024. godini i povremeni
sastanci predstavnika $umarskih institucija-prvi domacin
sastanka HSD.

- 21. - 27. sije¢nja 2024. hrvatski predstavnici sudjelovali
na 54. EFNS u Francuskoj (Les Contamines-Montjoie) $to
je opisano u Sumarskom listu 3-4/2024 (Zimska $umarska
skijaska natjecanje 2024. godine).

— 25. - 26. sije¢nja 2024. u Osijeku odrZani 4. Dani poljo-
privrede, ribarstva i Sumarstva s prezentacijama o Stetama
u drzavnim $Sumama od olujnog nevremena i ulaganjima u
Sumarstvo.

— 26. sijecnja 2024. u Osijeku odrzana Druga interaktivna
radionica projekta SUPERB u kojem sudjeluje 16 europskih
zemalja s 36 partnera sa ciljem razvoja i implementacije
dugorocnih i odrzivih rje$enja i smjernica za obnovu $uma.
Ispred Hrvatske u projektu sudjeluju Hrvatski Sumarski
institut i Hrvatske Sume d.o.0., JU za upravljanje zasti¢enim
prirodnim vrijednostima na podrucju Osjecko-baranjske
zupanije, Ministarstvo poljoprivrede, Hrvatska komora in-
zenjera Sumarstva i drvne tehnologije.

— 29. sijecnja 2024. na Fakultetu Sumarstva i drvne tehno-
logije proslavljen 100. rodendan najstarijeg ¢lana zagrebac-
kog ogranka HSD Petra Prebjezica, dipl. ing. $um. sto je
zabiljezeno u brojnim domacim i stranim medijima (HTV,
Vecernji list, 24 sata, USA today).

- 6. - 9. veljace 2024. u Opatiji odrzan 66. seminar biljne
zastite. U Sumarskoj sekcija 7. i 8. veljace odrzano 15 pre-
davanja iz podrudja zastite Suma, koja su prezentirali struc-
njaci s Fakulteta Sumarstva i drvne tehnologije u Zagrebu
(4 predavanja), Hrvatskoga Sumarskog instituta u Jastre-
barskom (4 predavanja), Sumarskog fakulteta u Sarajevu
(1 predavanje), Hrvatske agencije za poljoprivredu i hranu
(1 predavanje) te iz Hrvatskih $uma (5 predavanja). Na go-
disnjoj skupstini Hrvatskog drustva biljne zastite, odrzanoj
8. veljace 2024., konac¢no je formalizirana Sumarska sekcija
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kako je to bilo predvideno statutom Drustva. Izabran je i
Glavni odbor Sumarske sekcije u sastavu: Darko Pleskalt,
predsjednik te ¢lanovi prof. dr.sc. Marko Vucelja i dr. sc.
Zdravka Sever.

— 8. veljace 2024. u zgradi Hrvatskoga inzenjerskog saveza
(Berislaviceva ulica 6) odrzana izvanredna izborna Skup-
stina HIS radi nepriznavanja redovite izborne Skupstine,
odrzane 10. listopada 2023., od strane Gradskog ureda za
opcu upravu i imovinsko-pravne poslove Grada Zagreba
jer po njihovom tumacenju sjednica nije imala kvorum za
pravovaljano donosenje odluka budu¢i da je glasovanje
obavljeno po dostavljenim punomoc¢ima ¢lanova. Za pred-
sjednika HIS u drugom mandatu izabran je Zdravko Jur-
&ec, dipl. ing. grad., a za ¢lana Upravnog odbora tajnik HSD
Oliver Vlaini¢, dipl. ing. Sum.

- 9. - 11.veljace 2024. odrzan 28. Alpe-Adria susret Sumara
Italije, Slovenije i Hrvatske u turistickom centru Kope na
Pohorju $to je opisano u Sumarskom listu 3-4/2024 (Zim-
ska Sumarska skijagka natjecanje 2024. godine).

- 15. - 16. veljace 2024. na Zagrebackom velesajmu odr-
zani 6. Dani lova i ribolova. U sklopu manifestacije prezen-
tirana knjiga ,,Idealan pogodak® autora dr. sc. Miroslava
Benka.

- 19. - 20. veljace 2024. odrzana 1. e-sjednica Upravnog
odbora HSD.

— 21. - 23. veljace 2024. odrzana 1. e-sjednica Skupstine
HSD.

— 27. veljace 2024. u Sumarskom domu odrzan sastanak
predstavnika Sumarskih institucija: predsjednik Akademije
$umarskih znanosti prof. dr. sc. Marijan Grubesi¢, dekan
Fakulteta Sumarstva i drvne tehnologije prof. dr. sc. Josip
Margaleti¢ i prodekan za medunarodnu i meduinstitucij-
sku suradnju prof. dr. sc. Stjepan Posavec, pomocnica rav-
nateljice Hrvatskoga Sumarskog instituta dr. sc. Jasnica Me-
dak, predsjednica Hrvatske komore inZenjera Sumarstva i
drvne tehnologije Silvija Zec, dipl. ing. Sum., predsjednik
Uprave Hrvatskih Suma d. o. o. Nediljko Duji¢, ¢lanovi
Uprave Hrvatskih Suma d. o. 0. Ante Sablji¢, dipl. ing. Sum.
i mr. sc. Igor Fazekas, direktor Sektora za Sumarstvo Hr-
vatskih Suma d. o. 0. mr. sc. Kre$imir Zagar te predsjednik
Hrvatskoga Sumarskog drustva akademik Igor Ani¢ i tajnik
Oliver Vlaini¢, dipl. ing. Sum. U neformalnom druzenju
najavljeno je obiljezavanje Medunarodnog dana $uma kao
i ostale vaznije ovogodisnje aktivnosti u organizaciji $u-
marskih institucija. Zaklju¢eno je dase sastanci i dalje po-
vremeno odrzavaju, a da ¢e sljede¢i domacin biti Hrvatske
$ume d. o. 0.

—29.veljace - 1. 0zujka 2024. na Fakultetu Sumarstvaidrvne
tehnologije Sveucilista u Zagrebu odrzani 10. Dani inZe-
njera Republike Hrvatske. Organizator je, kao i prethodnih

godina, bio Hrvatski inzenjerski savez uz suradnju Akade-
mije tehnickih znanosti Hrvatske. Ove godine pokrovitelji
su bili Ministarstvo prostornog uredenja, graditeljstva i dr-
Zavne imovine, Ministarstvo poljoprivrede, Ministarstvo
regionalnog razvoja i fondova Europske unije te Ministar-
stvo znanosti i obrazovanja. Aktualna tema bila je ,,Strate-
gija razvoja Republike Hrvatske u svjetlu klimatskih pro-
mjena“. U dva dana odrZano je 14 predavanja vezanih uz
aktualnu temu. Prvi put je obiljezavanje Dana inZenjera
odrzano u dva dana tako da je svim ¢lanicama HIS omo-
guceno prezentirati rad svojih udruga. U holu ispred am-
fiteatra zute zgrade fakulteta organiziran je izlozbeni pro-
stor za udruge i njihove partnere. Hrvatsko $umarsko
drustvo prezentiralo je svoj rad kroz brojna publicisticka
izdanja izdana u vlastitoj nakladi ili nakladi $umarskih in-
stitucija.

— 2. ozujka 2024. objavljen prilog portala Bjelovar live o
Hrvatskom $umarskom drustvu. Zahvala ide predsjednici
Ogranka Bjelovar Martini Pavici¢ koja je inicirala snimanje
priloga.

- 15. ozujka 2024. u Lipovljanima odrzan znanstveno-
stru¢ni skup 10. Dani Josipa Kozarca. Tom prigodom je
prezentirana i knjiga ,Sumarski radovi Josipa Kozarca® s
naglaskom na jezik kojim je pisao Josip Kozarac. Skup je
bio odli¢no organiziran $to su naglasili domacini iz Op¢ine
Lipovljani. U organizaciji skupa izmjenjuju se svake druge
godine Fakultet Sumarstva i drvne tehnologije Sveuc¢ilista
u Zagrebu te Filozofski fakultet Sveucilista J. . Strossmayera
u Osijeku uz druge suorganizatore.

- 19. ozujka 2024. u Karlovcu odrzana prezentacija za tu-
risti¢ke vodice o Sumarskoj tematskoj stazi u Karlovcu.

- 20. ozujka 2024. u Sumarskom domu odrzana godisnja
skupstina Akademije Sumarske znanosti na kojoj su dodi-
jeljene diplome novim ¢lanovima i ¢lanovima koji su na-
predovali.

—21. ozujka 2024. diljem Hrvatske obiljezen Medunarodni
dan Suma. Neki od zabiljezenih dogadaja: predavanje prof.
dr. sc. Marilene Idzojti¢ u HAZU ,Invazivne strane vrste
drveca i grmlja u Hrvatskoj®, prezentacija Hrvatskih Suma
d. 0. 0. na Trgu Petra Preradovica u Zagrebu, akcija sadnje
u Slunju u organizaciji Saveza izvidaca Hrvatske, Hrvatskih
$uma i agencija Hearth u sklopu projekta posumljavanja
,CO2mpensating by planting*iedukativnog programa Su-
moborci.

- 22. ozujka 2024. na Fakultetu Sumarstva i drvne tehno-
logije povodom Medunarodnog dana $uma i Dana kvali-
tete FSDT odrzan 2. Hrvatski $umarski forum CroFor na
temu ,, Aktualni izazovi u gospodarenju Sumskim ekosusta-
vima". Prezentaciju ,,Jzazovi odrzivog gospodarenja“ odrzao
je mr. sp. Kre$imir Zagar, dipl. ing. $um, direktor Sektora
za Sumarstvo Hrvatskih $uma d. o. o. U panel raspravi su-



djelovali su mr. sp. Kresimir Zagar iz Hrvatskih uma d. o.
0, dr. sc. Ivan Balenovi¢, pomoc¢nik ravnateljice Hrvatskoga
$umarskog instituta, doc. dr. sc. Andreja Puka, prodeka-
nica Sumarskog odsjeka FSDT, dr. sc. Ivan Ambros, direk-
tor Centra kompetencija d. o. 0. iz Vinkovaca i Krasnodar
Sablji¢, dipl. ing. sum., voditelj USP Vinkovci.

-2. travnja 2024. u emisiji Hrvatske radio-televizije ,,Eko
zona“ objavljen prilog ,,Europski grad drveca® o aktivno-
stima Sekcije HSD za urbano $umarstvo povodom dodjele
nagrade Europskog vije¢a za arborikulturu. Ziri Sekcije za
urbano $umarstvo HSD izmedu Cetiri kandidirana grada
predlozio je u uzi izbor Varazdin i Zadar. Nakon terenskog
obilaska oba grada ziri Europskog vije¢a za arborikulturu
nagradu je dodijelio gradu Varazdinu.

— 5. - 6. travnja 2024. na podruéju Gorskog kotara (NPSO
Zalesina, Zeleni vir i Vrazji prolaz) odrzana zajednicka
sjednica Cetiri ogranka: Delnice, Gospi¢, Karlovac i Ogulin
o buducoj suradnji i zajedni¢kim aktivnostima ogranak.
Jedan od zakljucaka je tiskanje jedinstvenoga promidzbe-
nog deplijana (letak formata A4 savijen na 3 dijela) za
izlozbu ,Suma okom $umara“ s osnovnim podacima za
izlaganje na svim mjestima gdje izlozba tijekom godine go-
stuje. Po mogu¢nosti i da sredignjica HSD sufinancira opre-
manje izlozbe. U sklopu sjednice odrzana su dva predava-
nja za stru¢no usavrsavanje ovlastenih inzenjera Sumarstva.

- 9. travnja 2024. u Sumarskom domu predsjednik HSD
akademik Igor Ani¢ odrzao prezentaciju studentima, no-
vim ¢lanovima Drustva, o povijesti i sadagnjosti HSD. Hr-
vatsko Sumarsko drustvo pokrenulo je akciju u¢lanjenja no-
vih ¢lanova. Prva akcija bila je na Fakultetu Sumarstva i
drvne tehnologije Sveucilista u Zagrebu kojemu se zahva-
ljujemo na susretljivosti i proslijedenom dopisu s opisom
mogucnosti u¢lanjenja za svoje profesore i studente. Pozivu
za uclanjenje odazvalo se 25 mladih Sumara prvostupnika
i 9 profesora, ukupno 34 nova ¢lana HSD. Rasporedili su
se s potpisanim pristupnicama u ¢ak 12 ogranaka. Studenti
su se zasad odlucili biti izvanredni ¢lanovi dok su profesori
postali redoviti ¢lanovi HSD.

- 9. travnja 2024. u emisiji Hrvatske radio-televizije ,,Eko
zona“ objavljen prilog o Hrvatskom sumarskom drustvu.

— 10. travnja 2024. u Zupanijskoj palaci u Varazdinu odr-
7ana promocija knjige ,Sumarskim stazama Vladoja
Koroskényia“ uizdanju HSD Ogranka Varazdin. U knjizi je
objavljen pretisak knjige ,,Obce Sumarstvo® i opisan zivot
prvog tajnika HSD i prvog urednika Sumarskog lista te po-
ticatelja i realizatora obnove rada Hrvatsko-slavonskoga
$umarskog drustva 1876. godine.

— 11.travnja 2024. u Novoj Gradiski na poziv Matice Hrvat-
ske — Ogranak Nova Gradigka tajnik HSD Oliver Vlaini¢
odrzao prezentaciju o gospodarenju Sumama u Hrvatskoj.
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— 18. - 19. travnja 2024. u Vinkovcima povodom obiljeza-
vanja 150 godina znanstvenog i organiziranog pristupa su-
marstvu jugoisto¢ne Slavonije i djelovanja Brodske imovne
op¢ine (1873. — 1942.) odrzan znanstveni skup ,Gospoda-
renje Sumama hrasta luznjaka u proslosti, sadasnjosti i bu-
ducnosti®. Skup su organizirali Centar za znanstveni rad
HAZU u Vinkovcima i Hrvatske Sume d. o. 0. Pokrovitel;
skupa bila je Vlada Republike Hrvatske, a suorganizatori
Znanstveno vijece za poljoprivredu i Sumarstvo HAZU,
Znanstveno vijece za zastitu prirode i okolisa HAZU,
Uprava $uma Podruznica Vinkovci, Akademija Sumarskih
znanosti, Fakultet Sumarstva i drvne tehnologije Sveuc¢ili-
$ta u Zagrebu, Hrvatski Sumarski institut, Hrvatsko Sumar-
sko drustvo, Hrvatska komora inZenjera Sumarstva i drvne
tehnologije, Hrvatski institut za povijest - Podruznica za
povijest Slavonije, Srijema i Baranje i Drzavni arhiv u Vu-
kovaru. Akademik Igor Ani¢, predsjednik Organizacijskog
odbora, pozdravio je nazo¢ne u ime Hrvatskog Sumarskog
drustva. Prezentirana su 24 znanstvena rada po tematskim
sekcijama: Obnova i njega Suma hrasta luznjaka, Staniste i
flora Suma hrasta luznjaka, Glavni i sporedni proizvodi
$uma hrasta luznjaka, Stanje i perspektiva gospodarenja
$umama hrasta luznjaka, Neki aspekti drustvene povijesti
$uma.

— 13. svibnja 2024. novo izabranim saborskim zastupni-
cima, Odboru za poljoprivredu, Vladi Republike Hrvatske
i Ministarstvu poljoprivrede poslan je dopis ,,Sto hrvatska
znanost i struka ocekuju od nositelja vlasti“ s pet obrazlo-
zenih tocaka. Dopis su potpisali predstavnici Akademije
$umarskih znanosti, Fakulteta Sumarstva i drvne tehnolo-
gije, Hrvatskoga Sumarskog instituta, Hrvatske komore in-
Zenjera Sumarstva i drvne tehnologije te Hrvatskoga $u-
marskog drustva. Isti dopis u nesto izmijenjenom obliku
objavljen je kao uvodnik Sumarskog lista 3- 4/2024. HSD
i Sumarske institucije slale su svoje prijedloge nositeljima
vlasti i ranijih godina. Prof. dr. sc. Josip Margaleti¢ pod
ovom obavijesti dodao je kako se programom Vlade u raz-
doblju od 2024. do 2028. godine planira u prvoj godini
mandata pokrenuti sveobuhvatno stipendiranje studenata
iz podrucja poljoprivrede, Sumarstva i drvne tehnologije te
veterinarske medicine u cijeloj Hrvatskoj te njime obuhva-
titi 4.000 studenata godi$nje. To je napravljeno u dogovoru
s prijasnjim ministarstvom jer ti sektori drze ruralne
krajeve.

— 16. svibnja 2024. u Hrvatskom $umarskom institutu u
Jastrebarskom odrzan 11. Dan otvorenih vrata.

— 16. svibnja 2024. Ministarstvo poljoprivrede promijenilo
naziv u Ministarstvo poljoprivrede, Sumarstva i ribarstva
— Hrvatsko $umarsko drustvo opetovano je trazilo povra-
tak imenice Sumarstvo u naziv resornog ministarstva od
2012. godine.
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— 22. svibnja 2024. u Zagrebu na manifestaciji Greencajt
festival za izniman doprinos jednoj od najvecih volonter-
skih ekoloskih akcija Hrvatske projektu posumljavanja
,CO2mpensating by planting® zahvalnice su dobili Sumar-
ska i drvodjeljska $kola Karlovac, USP Karlovac te Sumarije
Duga Resa i Slunj.

- 22. - 24. svibnja 2024. u Zagrebu odrzan znanstveno-
struéni skup 26. Europski forum o urbanom $umarstvu —
EFUF 2024. Sudionici su bili iz 38 drzava i 4 kontinenta s
oko 250 ucesnika. Iako je to znacajan medunarodni skup
Grad Zagreb nije poslao predstavnika da pozdravi skup.

-1 2024. godini dosada odrzana 1 izlozba 17. Bjelovarskog
salona fotografija (Delnice) i 6 izlozbi 18. Bjelovarskog sa-
lona fotografije ,,Suma okom $umara“ (Krapina, Karlovac,
Lipovljani, Ivanec, Sisak, NP Plitvicka jezera).

— Redizajnirana web stranica HSD redovito se azurira no-
vim vijestima. Nekoliko ogranaka se javlja s vijestima o svo-
jim aktivnostima: Gospi¢, Karlovac, Ogulin, Sisak i Varaz-
din. Facebook stranice odrzavaju ogranci Bjelovar, Nova
Gradiska, Ogulin i Slavonski Brod te Sekcija za urbano $u-
marstvo. Tajnik je pozvao sve ogranke i sekcije da dostav-
ljaju vijesti i da se odazovu na edukaciju za odrzavanje vla-
stitih podstranica.

— Ogranci su izvijestili o svojim aktivnostima koje nisu
obuhvacene prethodnim obavijestima: Predsjednik
Ogranka Nova Gradiska Josip Kovaci¢izvijestio je o postav-
ljanju ,,Male $umarske knjiznice* 24. ozujka 2024. povo-
dom Medunarodnog dana $uma na izletistu Strmac na Psu-
nju. Knjiznica se sastoji od klupica te kucice s knjigama i
tiskovinama koje populariziraju Sumarstvo, a slobodne su
za koristenje.

Predsjednica Ogranka Bjelovar Martina Pavicic izvijestila
je o ziriranju dostavljenih fotografija za 19. Bjelovarski sa-
lon fotografije ,,Suma okom $umara“ odrzanom 10. svibnja
2024. Zbog nedostupnosti prostora Gradskog muzeja Bje-
lovar, za tradicionalno lipanjsko otvorenje izlozbe u Bjelo-
varu, predlozila je kao zamjenu u tom terminu otvorenje
izlozbe u prostoru Fakulteta Sumarstva i drvne tehnologije.
U studenom ove godine prilikom odrzavanja znanstveno-
stru¢nog skupa povodom obiljezavanja 150. obljetnice or-
ganiziranog Sumarstva na podrucju Bjelovarsko-bilogorske
zupanije izlozba ¢e se prezentirati i u Bjelovaru.

Predsjednik Ogranka Vinkovci Anto Glavas izvijestio je o
umjetnickoj kolonija Rabra odrzanoj svibnja 2024., 25.
Drzavnom prvenstvu inzenjera Sumarstva i drvne tehno-
logije u tenisu te malonogometnom turniru Cetiri ogranka
odrzanim u Vinkovcima 10. i 11. svibnja 2024. kao i posjetu
$umara iz Slovacke u istom terminu.

Predsjednica Ogranka Gospi¢ Valentina Kulas dopunila je
obavijest sa zajednicke sjednice cetiri ogranka zakljuckom

o boljem opremanju izlozbe fotografija ,,Suma okom $u-
mara“ u sljede¢oj godini, postavu istoimene izlozbe u NP
Plitvicka jezera od 23. travnja do 2. svibnja 2024. i predstav-
ljanju dvojezi¢ne ukrajinsko-hrvatske slikovnica ,,Suma
moga djeda“ povodom Dana planeta Zemlje i No¢i knjige
u OS Jure Turi¢a u Gospicu 24. travnja 2024. Ogranak je od
10. do 12. svibnja 2024. organizirao stru¢no-turisticku ek-
skurziju na podrucje Ogranka ,,Dalmacija“ Split s posjetom
gradovima Trogiru i Splitu te otocima Visu i Hvaru. Napo-
menula je kako bi bilo dobro uskladiti termine aktivnosti
ogranaka i sredi$njice. Najavila je za 15. studenog 2024.
malonogometni turnir Cetiri ogranka u Gospicu.

Predsjednik Ogranka Virovitica Emil Balint izvijestio je o
posjeti clanova ogranka NP Plitvicka jezera 23. ozujka 2024.
povodom Medunarodnog dana $uma i voda. U ogranku se
radi na povecanju broja ¢lanova koji se blizi brojci 100.

Temeljem prethodnih izvjesca tajnik Oliver Vlaini¢ pred-
loZio je ubuduce godisnji prijedlog aktivnosti sredi$njice,
ogranaka i sekcija staviti na web stranicu radi bolje koordi-
nacije termina odrzavanja.

Ad 3. Aktualna problematika

- Na temelju dogovora predsjednika Uprave Hrvatskih
$uma Nediljka Duji¢a, predsjednika HSD akademika Igora
Anica i tajnika HSD Olivera Vlaini¢a podnesen je zahtjev
HSD za donaciju Hrvatskih $uma d. o. o. prema HSD koja
bi se podijelila unutar HSD prema potrebama ogranaka.
Time se htjelo izbjeci pove¢ano administriranje i problemi
uzrokovani ve¢im brojeva zahtjeva i odobravanja sponzor-
stava od strane Hrvatskih $uma prema ograncima HSD.
Buduci da se donacije dodjeljuju samo putem natjecaja tre-
nutno se donacije nece koristiti. Hrvatske Sume d. o. o. pla-
niraju doraditi pravilnik te zahtjeve primati i obradivati
elektroni¢kim putem za $to im treba jo$ neko vrijeme da
naprave softver. Do daljnjega predaju se zahtjevi za spon-
zorstva po pojedina¢nom slucaju. Predstavnica Ogranka
Varazdin Emilija Seidl dodala je da se donacije mogu traziti
na temelju natjecaja koje raspisuju razne institucija $to
Ogranak Varazdin koristi.

- Predsjednica Hrvatske komore inZenjera Sumarstva i
drvne tehnologije Silvija Zec izvijestila je o redovitom su-
financiranju izdavanja Sumarskog lista od strane Komore.

— Stanje s predmetom dviju tuzbi protiv Fakulteta kemij-
skog inzenjerstva i tehnologije. Saga s Fakultetom kemij-
skog inzenjerstva i tehnologije traje punih 46 godina od
1978. godine nakon stupanja na snagu Zakona o denacio-
nalizaciji Sumarskog doma.

1. Stanje postupka za razdoblje 1999. — 2003. godine koji se
pred Op¢inskim gradanskim sudom u Zagrebu vodi pod
poslovnim brojem P-1115/2021, radi isplate 1.372.920,60
knidr., protiv FKIT-a. Predmet se nalazi na drugostupanj-



skom sudu (Zupanijski sud u Zagrebu), povodom Zalbi
stranaka protiv prvostupanjske presude od 3.6.2022. koja
je pobila nasa trazenja

2. Stanje postupka za razdoblje 2004. — 2006. godine. Sred-
stva ovrhe u iznosu od 227.717,90 eura i 37.371,17 eura
(ukupno 265.089,07 eura ili nekadasnjih 1.997.313,60 kn)
sjela su na ra¢un HSD-a 7. veljace 2024. Fakultet inzenjer-
stva i tehnologije podnio je tuzbu protiv ovrhe. Op¢inski
gradanski sud u Zagrebu se proglasio nenadleznim te je
ustupio predmet Trgovackom sudu. FKIT je podigao tuzbu
radi provedene ovrhe. Odvjetnicka kuca priprema odgovor
na tuzbu te ¢e ga poslati do kraja mjeseca svibnja. Ugovo-
rena nagrada odvjetnickoj kuci u visini od 15 % od ostva-
renog i naplacenog potrazivanja (glavnica i kamate) nije
naplacena. U odvjetnickoj praksi ta nagradi obi¢no iznosi
izmedu 101 30 %. Novci zasada stoje na ra¢unu i ne koriste
se dok se situacija skroz ne razjasni.

— Grad Zagreb uredno je izvr$io godi$nju uplatu cetvrtu
godinu za redom temeljem Ugovora o zakupu prostora za
potrebe Stomatoloske poliklinike Zagreb. Ugovor je sastav-
ljen na 10 godina i vazi do 2030. godine.

- Novéana pomo¢ za samoobnovu zgrade Sumarskog
doma nakon zagrebackog i petrinjskog potresa jos nije
isplacena. Podneseni su zahtjevi za nekonstrukcijsku ob-
novu 15. prosinca 2021. i 29. rujna 2022. te za konstrukcij-
sku obnovu 28. veljace 2022. Odluka o konstrukcijskoj ob-
novi izdana je 17. listopada 2022. Pregled nadzornog
ovlastenog inZenjera obavljen je u kolovozu 2023. godine.
Za nekonstrukeijsku obnovu po jednoj etazi moguce je do-
biti 4.711,66 eura. Ministarstvo prostornoga uredenja, gra-
diteljstva i drzavne imovine trazilo je elaborat o etaziranju.
Sumarski dom je podijeljen na 7 etaza pa bi se maksimalno
moglo dobiti 32.981,62 eura. Zadnja komunikacija s mini-
starstvom bila je 14. svibnja 2024. ijos$ se ¢eka odluka o isplati
pomoci.

- U tijeku je revizija poslovanja HSD za 2023. godinu. Re-
viziju obavlja Kuli¢ i Sperk revizija o. 0. Obavljena je i re-
vizija obracuna za mirovinsko osiguranje koja je potvrdila
ispravan obracun od 2011. do 2023. godine.

— Ministarstvu znanosti i obrazovanja 14. svibnja 2024.
podnesen zahtjev za financijsku potporu radu znanstvene
i znanstvenostruc¢ne udruge u 2024. godini za pomoc¢ u ti-
skanju Sumarskog lista. Javni poziv ministarstva otvoren
je do 6. lipnja 2024. Za 2023. godinu dobiveno je 16.467
eura.

— Prijedlog za osnivanje Sekcije za povijest Sumarstva
HSD obrazlozio je tajnik Oliver Vlaini¢. U posljednje vri-
jeme je porastao interes za istraZivanjem i pisanjem po-
vijesti Sumarstva i Hrvatskoga Sumarskog drustva. Do-
sada su izdane povijesti ogranaka Pozege, Karlovca i
Koprivnice. U pripremi su povijesti ogranaka Gospic i
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Sisak. Izdane su knjige o Sumarijama Vrbovec i Purdevac.
Takoder su izdane i pripremaju se knjige o Sumarskim
velikanima Josipu Kozarcu, Vladoju Koéréskenyiu i Franu
Zaveru Kesteréaneku. HSD posjeduje veliku zbirku od
priblizno 4.500 knjiga i ¢asopisa koji su djelomi¢no digi-
talizirani. Postoji stalni interes javnosti za koristenje te
grade. Problem je $to je grada prilikom radova u Sumar-
skom domu rastrkana i treba ju knjiznicarski obraditi i
sloziti radi lakSeg pronalazenja i koristenja, alii radi o¢u-
vanja od propadanja. Krajnji cilj je kompletna digitaliza-
cija jer trenutno su digitalizirani naslovi, sadrzaji i neko-
liko stranica ve¢ine knjiga. Zadatak sekcije bio bi dovrsiti
uredenje i digitalizaciju knjiznice, izdavati ¢lanke, brosure
i knjige o povijesti Sumarstva i HSD te suradivati s dru-
gim zainteresiranim pojedincima i institucijama - knjiz-
nicama, drzavnim arhivima i povijesnim institutima, ali
i medunarodnim tijelima. Postoji nekoliko ¢lanova HSD
koji godinama rade na istrazivanju i pisanju te bi oni bili
pocetno jezgro sekcije. Kao mogucu predsjednicu pred-
lozio je mr. sp. Mandicu Dasovi¢.

Jednoglasno je usvojen prijedlog za osnivanje Sekcije za
povijest sumarstva HSD. Detaljniji prijedlog osnivanja sek-
cije s prijedlogom izmjene Statuta pripremit ce se za slje-
decu sjednicu Upravnog odbora te za usvajanje na 128. re-
dovitoj sjednici Skupstine HSD.

~ Predsjednik HSD akademik Igor Ani¢ upoznao je &lanove
UO HSD s odredbama Programa Vlade Republike Hrvat-
ske za razdoblje 2024. - 2028. godine koje se odnose na
$umarski i drvopreradivacki sektor, a koje su navedene na
stranici 46., u poglavlju 4. Odrziva Hrvatska, podpoglavlju
4.2 Smanjenje odlaganja otpada, kvalitetnije upravljanje
vodnim gospodarstvom, o¢uvanje i obnova bioraznoliko-
sti. Iskazano je nezadovoljstvo planiranim omogucavanjem
zakupa ,,dodatnih 50 tisuc¢a hektara Sumskih pasnjaka® Ne-
jasno je Sto se misli pod udvostrucenjem povrsina na ko-
jima se provode aktivnosti suzbijanja $tetnika i kako se
»radovima na pomladivanju i podizanjem mladih nasada“
misli povecati drvna zaliha u drzavnim $umama na 330
milijuna kubi¢nih metara. U podpoglavlju 4.4 Razvoj po-
ljoprivrede, ribarstva i akvakulture, na stranici 47, pohva-
ljena je namjera prosirivanja programa stipendiranja stu-
denata iz podrucja Sumarstva i drvne tehnologije kojim bi
se obuhvatili svi redoviti studenti.

— Prof. dr. sc. Marijan Grube$i¢ iznio je primjedbe na izrade
zakona i podzakonskih akata. Formiraju se povjerenstva
koja naprave prijedloge, kroz e-savjetovanja iskazu se do-
bri prijedlozi u smislu poboljsanja, ali na kraju se u Saboru
izglasaju zakoni i podzakonski akti koji ne uvazavaju pred-
lozeno od strane znanosti i struke.

— Silvija Zec podsjeca da je usvojen Zakon o izmjenama i
dopunama Zakona o Sumama (NN 36/2024 od 25. ozujka
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2024.) Tako su u radu Odbora za poljoprivredu sudjelovali
i predstavnici Sumarskih institucija njihove primjedbe i pri-
jedlozi uglavnom nisu usvojeni.

- Voditeljica racunovodstvenih i financijskih poslova Bi-
serka Markovi¢ prezentirala je primjere dobre i lose prakse
u vodenju knjigovodstva po ograncima. Primjeri dobre
ovjere i knjiZenja poslat ¢e se e-postom.

- Zbog pokazanog interesa za $ivanjem svecanih odijela
HSD kontaktirana je krojacka radnja ,,Moda Markulin®
koja je voljna izraditi ve¢u koli¢inu odijela po istim uvje-
tima kao $to je sasiveno prvih pet odijela (800 eura po odi-
jelu). Moguce je oti¢i na mjerenje i probu na adresu Ilica
61, Zagreb. Prijedlog podjele troskova na ogranak i osobno
po udjelu 70:30 posto. Krojac¢ je pitao postoji li interes radi
nabave vece koli¢ine materijala koji se ¢eka 2-3 mjeseca. U
raspravi je zaklju¢eno da se uzmu ponude i drugih kroja¢-
kih radnje te prezentiraju ¢lanovima Upravnog i Nadzor-
nog odbora.

— Autorica knjige ,,Stablopis“ Ana Horvat zainteresirana je
za izdavanje drugoga dopunjenog izdanja i spremna je pri-
kupiti dodatne pjesme. Ponudila je da HSD prikupi pjesme
$umarskih autora. Predsjednik HSD akademik Igor Ani¢
protiv je novog izdanja. Damir Delac je bio urednik prvog
izdanja ,,Stablopisa“ismatra da je knjiga imala dobar odjek.
Zakona¢nu odluku o izdavanju treba prikupiti informacije
postoji li stara graficka priprema i koliko bi kostalo novo
izdanje Sto treba saznati $to prije.

Ad 4. Sumarski list i ostale publikacije

Glavni urednik Sumarskog lista prof. dr. sc. Josip Marga-
leti¢ izvijestio je o trenutnom stanju na izdavanju Sumar-
skog lista. Izvjesce je podijelio u dvije cjeline:

1. Gdje smo danas?

— Broj 5-6 je u pripremi za objavu.

- Znanstveni radovi popunjeni su za brojeve 7-8 i 9-10.

- Popunjava se broj 11-12, a ima 9 znanstvenih radova.

— Pocet e se popunjavati broj 1-2/2025.

- Krajem prosle godine je nastao zastoj u prilivu radova.
Poslano je otvoreno pismo na 200 adresa i to je urodilo
plodom. Dinamika popunjavanja sa znanstvenim rado-
vima uspostavljena je za dva broja vise u odnosu na broj
koji je u pripremi.

— Pitanje je zasto ima radova iz Turske. Da njih nema ne-
dostajalo bi 40 % clanaka. Nedostaje stru¢nih radova.

2. Novi glavni urednik

- U prosincu 2015. godine stupio je na mjesto glavnog
urednika Sumarskog lista.

- Od tada je primio 778 naslova, uredio je 59 volumena
Sumarskog lista s cca 370 radova i ostvario suradnju s 290
recenzenata.

- U zadnje vrijeme zbog povecanih obaveza moli za razr-
jeSenje s mjesta glavnog urednika. Obavijestio je predsjed-
nika i tajnika HSD o zamolbi. PredlaZe da zavrsi s urediva-
njem svih brojeva do kraja 2024. godine. Do sljedece
sjednice znat ¢e se novi glavni urednik Sumarskog lista.
Zahvaljuje se na dosadasnjoj suradnyji.

Predsjednik i Upravni odbor HSD primili su na znanje in-
formaciju o usmenoj molbi za razrjesenje prof. dr. sc. Josipa
Margaleti¢a s mjesta glavnog urednika Sumarskog lista. Na
2. sjednici Upravnog odbora HSD obavit ée se razrjesenje
i imenovanje novog glavnog urednika.

Ad 5. Rasprava po izvjes¢ima i zakljuéci

Sva izvjes¢a su raspravljena i zakljucci usvojeni u prethod-
nim to¢kama dnevnog reda.

Ad 6. Pitanja i prijedlozi

- Sufinanciranje knjige ,Nasih prvih 70 godina: Hrvatsko
$umarsko drustvo Ogranak Sisak 1953. — 2023.“ u iznosu
0d 3.000,00 eura. Zahtjev za pomo¢ dostavljen od Ogranka
Sisak pocetkom 2024. godine. Sredstva za izdavanje knjiga
rezervirana su u planu prihoda i rashoda HSD za 2024. go-
dinu. Tekst knjige je gotov, a lektura e biti zavrSena 27.
svibnja 2024. te se nakon toga pocinje s grafickom pripre-
mom knjige. Vjerojatno ¢e knjiga biti zavr§ena tijekom
ljeta. Predsjednik HSD akademik Igor Ani¢ predlozio je
recenziranje knjige od strane dva recenzenta.

Upravni odbor jednoglasno je prihvatio sufinanciranje
knjige u iznosu od 3.000,00 eura.

Hrvatski inzenjerski savez zatrazio je od svih udruga ¢la-
nica imenovanje predstavnika za ¢lanstvo u Savjetodavnom
odboru HIS. Odbor bi trebao imati klju¢nu ulogu u savje-
tovanju i podrsci Upravnom odboru HIS radi ostvarivanja
zajednickih ciljeva i misije.

Upravni odbor jednoglasno je izabrao prof. dr. sc. Ivicu Ti-
kvica za predstavnika HSD u Savjetodavnom odboru HIS.

- Predsjednik Akademije Sumarskih znanosti prof. dr.
sc. Marijan Grubesi¢ obavijestio je o redizajnu web stra-
nice Akademije. Predlozio je za 2026. godinu obiljezava-
nje 170. obljetnice rodenja velikana hrvatskog Sumarstva
ilovstva Frana Zavera Kester¢aneka s izdavanjem knjige
o njemu u kojemu bi se nasao i dio njegove knjige ,,Lov-
stvo’, prvog prirucnika iz lovstva na hrvatskom jeziku.

- Predsjednica Hrvatske komore inzenjera Sumarstva i
drvne tehnologije Silvija Zec najavila je odrzavanje Ce-
tvrte konferencije ovlastenih inZenjera Sumarstva i
drvne tehnologije od 17. do 20. listopada 2024. u hotel-



skom kompleksu Solaris, Sibenik. Zbog organizacije po-
trebno se je prijaviti na vrijeme.

- Predsjednik Ogranka Delnice David Crni¢ najavio je
odrzavanje 1. Dje¢jeg Sumafesta 14. lipnja 2024. u Del-
nicama. Pokreta¢ dogadanja je ¢lanica Ogranka Delnice
Nevena Zmic¢, a sve e se odvijati na 15 punktova.

- Predsjednica Ogranka Bjelovar Martina Pavici¢ pod-
sjetila je na odrzavanje Ladarskog kupa grada Lipika 8.
lipnja 2024. na kojem sudjeluju ladari Ogranka Bjelovar.

- Dan hrvatskoga Sumarstva ove godine obiljezit ¢e se
u Zagrebu promocijom knjige ,,Sumarskim stazama
Vladoja Koroskenyia”. Promocija knjige odrzat ce se i
6. lipnja 2024. u Krizevcima (gradska knjiznica u 18
sati).

Zapisnik sastavio tajnik HSD

Oliver Vlaini¢, dipl. ing. Sum.
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— 2. sjednica Upravnog odbora HSD odrzat ¢e se 11. i
12. listopada 2024. na podrudju USP i Ogranka Gospi¢.
Posljednja sjednica u Gospi¢u odrzana je 2008. godine.
~ Tajnik HSD Oliver Vlaini¢ podijelio je ograncima
djecje knjige autora Mije Matezica ,,Price beznaslova’te
slikovnice i bojanke USP Delnice,,Pri¢e iz sume” za kori-
Stenje usklopu Sumske pedagogije. Knjiga i bojanki ima
jos$ u spremistu HSD pa ¢e se i dodatno podijeliti.

— Ogranak Vinkovci podijelio je ¢lanovima Upravnog i
Nadzornog odbora rokovnik izdan povodom obiljeza-
vanja 150 godina znanstvenog organiziranog pristupa
Sumarstvu jugoisto¢ne Slavonije i djelovanja Brodske
imovne op¢ine (1873. — 1942.).

Sjednica je zavrsila u 13:30.

Predsjednik HSD

Akademik Igor Ani¢
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Joco Maletic, dipl. ing. Sum.

(1945. — 2024.)

Ivica Tomid

U Pozegi je 29. ozujka u 79. godini preminuo dipl. ing. $u-
marstva Joco Maleti¢, umirovljeni djelatnik Uprave Suma
Pozega. Roden je 31. kolovoza 1945. u mjestu Pakrani (Op-
¢ina Sira¢). Roditelji su mu bili sluzbenici, Osnovnu skolu
zavrsio je u Kutjevu, gimnaziju u PoZegi, a Sumarstvo je
studirao na Sumarskom fakultetu u Zagrebu, gdje je i di-
plomirao 1971. godine.

U svojstvu pripravnika poceo je raditi u Sumariji Velika,
tadasnjeg Sumskog gospodarstva Slavonska Pozega, a za-
tim kao referent u Odjelu za uredivanje $uma (taksacija),
referent za pripremu rada u Uzgajanju $uma te referent za
pripremu rada u Iskori$¢ivanju Suma. Bio je upravitelj Su-
marije Kamenska, a na toj funkciji ostaje niz godina. Istice
se u organizaciji drustvenog zivota i unapredenju gospo-
darenja $umama na tom podruéju. Dipl. ing. Joco Maleti¢
zalaze se tada za izgradnju primjerenog i suvremenog rad-
nicko-proizvodnog stacionara na radilistu ,,Lestat” te za
unapredenje gospodarenja otvorenim za svu divljac i za-
tvorenim lovistem (gater) za kontrolirani uzgoj i reproduk-
ciju divljih svinja.

Poslije rada u kamenskoj $umariji, vraca se u centralu Sum-
skog gospodarstva na funkciju rukovoditelja Proizvodnog
odjela. Treba napomenuti da uz rad pohada postdiplomski
studij na Sumarskom fakultetu u Zagrebu iz podru¢ja pro-
izvodnje, tehnike i tehnologije radova u Sumarstvu. Sudje-
luje na nizu strucnih prezentacija, seminara, kolokvija i
predavanja, a svoja znanja i prakti¢na iskustva prenosi u
podru¢nim Sumarijama. Bio je 1970. godine dva mjeseca
na stru¢noj praksi u Finskoj, a tijekom radnog vijeka pod-
rucja njegovog svestranog interesa su uzgajanje Suma, ra-
sadnic¢ka proizvodnja, lovstvo te mehanizacija radova u $u-
marstvu i gradevinarstvu. U razdoblju od 1973. do 1991.
godine objavljuje svoja iskustva i novitete u mjese¢niku
,Vjesnik Sumskog gospodarstva Slavonska Pozega“

Dipl. ing. Maleti¢ bio je poznat po organiziranju brojnih
godisnjih i periodi¢nih natjecanja Sumskih radnika sjekaca
i uzgojnih radnika na podru¢ju Sumskog gospodarstva i

na republickoj razini. Bio je sportski zaljubljenik, sindikalni
aktivist i ¢lan pozeskog Ogranka Hrvatskog Sumarskog
drustva, a organizirao je sportsko-rekreacijska natjecanja,
igre i drustvene manifestacije te stru¢no- turisti¢ke ekskur-
zije HSD-a i Sindikata Sumskih radnika. U vrijeme Domo-
vinskog rata sudjelovao je u aktivnostima i akcijama jedi-
nice ,,Narodne zastite - Industrijska zona“ Nakon osnivanja
Javnog poduzeca ,,Hrvatske Sume® i Uprave Suma Pozega,
ovaj cijenjeni Sumarski stru¢njak nastavlja rad na mnogim
podruéjima $umarske djelatnosti. Baveci se drustveno-po-
litickim aktivnostma obnasao je duznost vije¢nika skup-
$tine Pozesko-slavonske Zupanije, ¢lana razlic¢itih povje-
renstava, upravnih vijeca, komisija i klubova na podrudju
Grada Pozege i Zupanije.

Pamtit ¢emo ga kao vrijednog i pedantnog $umarskog
stru¢njaka i suradnika, te komunikativnog, svestranog i
druzeljubivog ¢ovjeka. Svoje bogato teoretsko i prakticno
znanje nesebi¢no je prenosio na mlade kolege Sumare,
medu kojima je bio postovan i uvazavan. Posljednji ispra-
¢aj dipl. ing. Joce Maleti¢a bio je 4. travnja na Krematoriju
zagrebackog groblja Mirogoj. U ime Uprave $uma Podruz-
nice Pozega, oprostajne rije¢i uputio je mr. sc. Juraj Zeli¢
rije¢ima zahvale za sva dobra djela koja je ¢inio za obitelj,
rodbinu, kolege $umare, prijatelje i $iru drustvenu zajed-
nicu. Istima e ostati u trajnom sje¢anju. Clanovima obite-
lji izrazio je iskrenu sucut.

'lvica Tomic, dipl. ing. Sum., Pleternica
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Sumarski list objavljuje znanstvene i struéne ¢lanke iz podrudja
$umarstva, odnosno svih znanstvenih grana koje pripadaju
$umarstvu, zastiti prirode i lovstvu. U neznanstvenom dijelu ¢asopisa
objavljuju se tekstovi o zastiti prirode vezani uz Sume, tekstovi o
obljetnicama, znanstvenim i stru¢nim skupovima, knjigama i
¢asopisima, o zbivanjima u Hrvatskom $umarskom drustvu, tijeku i
zakljuccima sjednica Upravnoga odbora te godisnje i izvanredne
skupstine, obavijesti o ograncima Drustva i dr.

Svi radovi moraju biti napisani na hrvatskom jeziku, a znanstveni i
stru¢ni radovi na hrvatskom ili engleskom jeziku, s bitnim
elementima - sazeci, klju¢ne rijeci, naslovi i podnaslovi, potpisi
tablica i slika, tekstualni elementi tablica, tekstualna oprema
grafikona, slika, karata — prevedenima na drugi jezik. Elementi na
drugom jeziku trebaju biti u kurzivu.

Dokument treba pripremiti u formatu DOCX s jednostrukim
proredom i fontom veli¢ine 12 (oprema teksta fontom 10). Sadrzaj
mora biti u stilu Normal sa provedenom provjerom (spelling check)
na jeziku na kojemu je napisan (Hrvatski ili English (UK)).

Obim ¢lanaka moze biti do 15 stranica (kona¢no oblikovan ¢lanak).
Veci radovi mogu se prihvatiti uz odobrenje urednika i recenzenata.
Tablice, crteze, fotografije i karte treba ulozZiti u tekst na mjestima
gdje pripadaju, pazeci da grafike budu u dostatnoj rezoluciji za tisak
(min. 200 dpi na buducem otisnutom formatu). Molimo autore da
grafikone ne umecu kao Excel umetke, ve¢ iskljucivo u grafickom
formatu (jpg, gif, tif). Ukoliko to nisu u mogucnosti, priloge dostatne
rezolucije treba priloziti kao dodatne dokumente uz tekst takoder u
grafickom formatu.

Radi objave u XML formatu u znanstvenim radovima naslove prvoga
reda (Uvod, Materijal i metode, Rezultati, Rasprava, Zakljucci,
Literatura) treba oznaciti stilom Heading1, a naslove drugog reda sa
Heading?2. Ukoliko autori poveZu reference u tekstu — oblika (Autor,
GOD) - sa popisom literature, osigurat ¢emo i u XML objavi aktivne
linkove referenci na popis literature.

Znanstveni rad mora sadrzavati naslov na dva jezika (ne velikim
slovima!), popis autora sa titulama i e-mail adresama, kao i njihovu
afilijacijui oznaku dopisnog autora. Takoder mora sadrzavati sazetak
iz kojega se moze dobro indeksirati i sazeti rad. Taj sazetak mora
sadrzavati sve $to je za ¢lanak znacajno: dio uvoda, opis objekta
istrazivanja, metodu rada, rezultate istrazivanja, bitno iz rasprave i
zakljucke. Sazetak mora biti napisan na hrvatskom i engleskom
jeziku. Na kraju sazetka valja navesti i klju¢ne rijeci, takoder na oba
jezika.

Pravila za citiranje literarture:

Clanak iz ¢asopisa: Prezime, I, I. Prezime, GOD: Naslov ¢lanka,
Kratko ime ¢asopisa, Vol. (Broj): str.—str., Grad

Clanak iz zbornika skupa: Prezime, L, I. Prezime, 1. Prezime,
GOD: Naslov ¢lanka, U: 1. Prezime (ur.), Naziv skupa, Izdavac,
str.—str., Grad

Clanak iz knjige: Prezime, 1., GOD: Naslov &lanka ili poglavlja,
Naslov knjige, Izdava, str.—str., Grad

Knjiga: Prezime, I., GOD: Naslov knjige, Izdavac, xxxx str., Grad
Disertacije i magistarski radovi: Prezime, I., GOD: Naslov,
Disertacija, Fakultet, Grad.

(I. = prvo slovo imena; str. = stranica; GOD = godina)

Radovi se dostavljaju mailom na adresu urednistvo@sumari.hr ili
preko OJS sustava (trenutno u uvodenju) na adresi
www.sumari.hr/sumlist/ojs

INSTRUCTIONS FOR AUTHORS

Sumarski list (Forestry Journal) publishes scientific and expert arti-
cles in the field of forestry, i.e. all scientific branches belonging to
forestry, as well as nature protection and hunting. The non-scientific
part of the journal includes articles on nature protection related to
forests, anniversaries, scientific and professional gatherings, books,
magazines, and events in the Croatian Forestry Society.

All papers must be written in Croatian, and scientific and profes-
sional papers can be written in Croatian or English, with key ele-
ments - abstracts, keywords, titles and subtitles, captions of tables
and figures, textual elements of tables, textual parts of graphs, fig-
ures, maps — translated into another language. Elements in another
language should be in italics.

The document should be prepared in DOCX format with single
spacing and font size 12 (additional text with font size 10). The con-
tent must be in the Normal style with a spelling check in the lan-
guage in which it is written (Croatian or English (UK)).

The volume of articles can be up to 15 pages (finally formatted arti-
cle). Larger papers may be accepted with the approval of the editor
and reviewers. Tables, drawings, photos and maps should be inserted
into the text in the places where they belong, making sure that the
graphics are of sufficient resolution for printing (min. 200 dpi in the
future printed format). We ask the authors not to insert graphs as Ex-
cel embeddings, but strictly in graphic file format (jpg, gif, tif). If they
are unable to do so, attachments of sufficient resolution should be at-
tached as additional documents to the text, also in graphic file format.

For the purpose of publication of scientific papers in XML format,
the headings of the first level (Introduction, Material and Methods,
Results, Discussion, Conclusions, References) should be marked
with the Heading] style, and the headings of the second level with
the Heading? style. If the authors link the references in the text — in
the appropriate form (Author, YEAR) - with the list of references,
we will provide and publish active links within the list of references
in XML.

The scientific paper must contain a title in two languages (not in
capital letters!), a list of authors with titles and email addresses, as
well as their affiliation and designation of the corresponding author.
It must also contain a summary from which the work can be well
indexed and abstracted. This summary must contain everything im-
portant for the article: part of the introduction, description of the
object of research, methods of work, research results, important
points from the discussion and conclusions. The summary must be
in Croatian and English. At the end of the summary, key words in
both languages should be listed.

Rules for reference lists:

Journal article: Last name, E, F. Last name, YEAR: Title of the ar-
ticle, Journal abbreviated title, Volume (number): p.-p., City of
publication

Conference proceedings: Last name, F,, . Last name, YEAR: Title
of the article, In: F. Last name (ed), Title of the conference, Pub-
lisher, p.—p., City of publication

Book article: Last name, E, YEAR: Title of the article or chapter,
Title of the book, Publisher, p.—p., City of publication

Book: Last name, E, YEAR: Title of the book, Publisher, xxxx p.,
City of publication

Dissertations and master’s theses: Last name, F., YEAR: Title,
Dissertation/Master’s thesis, Faculty, City)

(E = Initials of the first name; p. = page)

Papers are submitted by mail at the address urednistvo@sumari.hr
or via the OJS system (currently being introduced) at the address
www.sumari.hr/sumlist/ojs.



Slika 1. Kora je u mlado-
sti siva i glatka (glabra),
kasnije sivkastosmeda i
izbrazdana. ™ Figure 1.
Bark is grey and smooth
when young (glabra), be-
coming grey-brown and
furrowed.
Slika 3. Cvjetovi dvospolni, sitni, 20-30 zajedno u postranim, gustim cu-
percima; cvjetanje u ozujku, prije listanja. ® Figure 3. Flowers are bisexual,
small, arranged in axillary, dense, 20-30-flowered fascicles; flowering in
March, before leaves emerge.
Slika 2. Listovi su naizmjenicni,
jednostavni, Siroko obrnutojajasti
do elipti¢ni, odozgo hrapavi, dvo-
struko napiljenog ruba i asimetricne
osnove; na mladim biljkama ili u
sjeni Cesto s postranim vrhovima;
ujesen zuti; 9-11 (~16) cm dugacki,
5-8 (—12) cm Siroki, petelika 3-6
(-=10) mm dugacka. ™ Figure 2.
Leaves are alternate, simple, broadly
obovate to elliptic, rough on upper- Slika 4. Plodovi su plosnate, elipticne do Siroko obmutojajaste, 1,5-2,5 cm
side, with double-serrate margins dugacke, gole, jednosjemene perutke; stapka 2 mm dugacka; orascic
and asymmetrical base; on young smed, uokolo okrilien, smjesten u sredini perutke, urez na vrhu krilca ne
plants or shade-grown twigs usually dopire do orascica; krilce membranasto, na vrhu urezano; dozrijevaju u
two- or three-lobed near the apex; svibnju. M Figure 4. Fruits are flattened, elliptic to broadly obovate, 1.5-2.5 cm
tumn yellow in the autumn; 9-11(-16) long, glabrous, 1-seeded samaras; pedicels 2 mm long; nutlet brown, winged
cm long, 5-8(~12) cm wide, petiole all around, nearly central in samara, separated from apical notch; wing membra-
3-6(-10) mm long. nous, emarginate at apex; maturing in May.

Ulmus glabra Huds. (U. montana With., U. scabra Mill.) — gorski brijest, glatki brijest, planinski brijest (UImaceae)

Gorski brijest je listopadno, anemofilno i anemohorno drvece. Prirodno je rasprostranjen u Europi (ukljuCujuci Hrvatsku) i u zapadnoj Aziji, na nadmor-
skoj visini do 1300 (1500) m. MoZze doZivjeti starost do 400 godina, u visinu narasti do 40 m, s prsnim promjerom debla do 2 (2,5) m. Preferira vlazna,
hranjivima bogata, neutralna tla i visoku zracnu vlagu. Ne tolerira ljetne suse i dulje zadrzavanje vode. Gorski brijest se smatra najtolerantnijom vrstom
brijestova na niske temperature.

Ulmus glabra Huds. (U. montana With., U. scabra Mill.) — Wych Elm, Scots EIm (UImaceae)

The wych elm is a deciduous, anemophilous and anemochorous tree. It is native to Europe (including Croatia) and western Asia, growing up to an altitude
of 1300 (1500) m. It can live for more than 400 years, reach a height of 40 m and a trunk diameter at breast height of 2(2.5) m. It prefers moist, nutrient
rich, neutral soils and high humidity. It is intolerant of summer drought and waterlogging. It is considered to be the least sensitive of the elm species to low
temperature.

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



