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MORPHOLOGICAL-BIOLOGICAL PROPERTIES
OF FRUIT AND SEED OF BEECH (Fagus sylvatica L.)
GROWING AT DIFFERENT ALTITUDES

MORFOLOSKO-BIOLOSKE ZNACAJKE PLODOVA I SIEMENA BUKVE (Fagus sylvatica L)
S RAZLICITIH NADMORSKIH VISINA

DAMIR DRVODELIC!, MILAN ORSANIC!, VINKO PAULIC!, MILAN ROZMAN?

"University of Zagreb, Faculty of Forestry, Department of Forest Ecology and Silviculture,
Svetodimunska cesta 25, HR-10002 Zagreb, Croatia
*Hrvatske Sume d.o.0.., Zagreb, Forest Administration Gospi¢, Forestry Perusi¢

Abstract

The paper examines morphological-biclogical characteristics of beech fruit and seed growing at
different altitudes. Research was conducted in seven localities in the area of Velebit at altitudes ranging
from 521 to 1,535 m a.s.1. Fruits were collected and yield rates were assessed during autumn 2007, Seed
analyses were performed in the seed and nursery production laboratory of the Department of Forest Eco-
logy and Silviculture of the Faculty of Foresiry of Zagreb University. All the elements of seed quality were
tested in accordance with the ISTA rules (Intemational Rules for Seed Testing, 2006). The average beech-
nut viability obtained with the tetrazolium method was 81.4%. A positive and significant (r= 0.69452)
correlation between the altitude and empty (non-vital) beech seed was confirmed. The average weight of
1,000 seeds was 118.9 g. A correlation between altitude and weight of 1,000 seeds was negative and sig-
nificant (r= -0.6315). The average beechnut weight from all the seven localities was 0.24 g. There were
statistically significant differences in beechnut weight in relation to the localities under study. A statisti-
cally significant difference in beechnut length was established with regard to yield rate described as aver-
age and very good, or good and very good. The average beechnut length at average yield amounted to
14.72.mm, at good yield it was 15.05 mm, and at very good yield it was 16.03 mm. The overall laboratory
beech seed germination after 17 weeks of testing in sand at a constant temperature of 5°C was the highest
in the Krecelj locality (39.3%) and the lowest in the Velika Strazbenica locality (34.8%), whereas average
germination was 37.3%. A correlation between altitude and laboratory seed germination was positive and
significant (= 0.48350). With a rise in the altitude of provenances, laboratory germination of beechnut
increases significantly.

Key words: Fagus sylvatica L., altitude, seed yield, seed viability, [,000 seed weight, laboratory
germination

Sazetak

U radu se istrazuju morfolosko-bivloske znadajke plodova i sjemena bukve sa razlicitih nadmor-
skih visina. IstraZivanja su provedena na sedam lokaliteta na podruciu Velebita sa rasponom nadmorskih
vising od 521-1535 m n.v. Tijekon jeseni 2007. godine sakupljeni su plodovi i obavijena je prociena stup-
nja uroda. Analize sjemenena obaviljene su u laboratoriju za sjemenarstvo i rasadni¢arstvo Zavoda za
ekologiju i uzgajanje Suma Sumarskog fakulteta Sveucilista u Zagrebu. Svi elementi kvalitete sjemena

Correspondence: Damir Drvodelié, University of Zagreb, Faculty of Foresiry, Department of Ecology and Silvi-
culture, Svetosimunska cesta 25, HR-10002 Zagreb, Croatia, E-mail: ddrvodelic@inet.hr
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ispitivani su u skladu sa pravilima ISTA (International Rules for Seed Testing, 2006). Prosjeéni vitalitet
bukvice dobiven metodom tetrazola iznosio je 81,4%. Utwdena je pozitivna i znacaina (r= 0,69452) ko-
relacifa izmedu nadmorske visine i Sturog (nevitalnog) sjemena bufve. Prosjetna teina 1000 sjemen-
ki iznosila je 118,9 g. Kovelacija izmedu nadmorske visine i tezine 1000 sjemenki je negativna i znadaina
(r=-0,6315). Prosjeéna tefina bukvice sa svik sedam lokaliteta iznosila je 0,24 g. Tefina bukvice statisticki
se znadafno razitkovala s obzirom na istrazivane lokalitete. Dobivena je statisticki znacajna razlika u
dulfini bukvice s obzirom na stuparf uroda osvednji i vrio dobar ednosno dobar i vrlo dobar. Prosjecna
duljina bukvice kod osrednjeg uroda iznosila je 14,72 mm, kod dobrog uroda 15,05 mm odnosno kod vrlo
dobrog 16,03 mm. Ulupna laboratorijska Mijavost bukvice nakon 17 tjedana ispitivanja u pijesiae na
konstantnof temperaturi od 5°C bila je najveéa na lokalitetu Krecelf (39,3%) a najmanfa na lokalitetu
Velika sirazbenica (34,8%) dok je prosjecna klijavost iznosila 37,3%. Korelacija izmedu nadmorske visine
i laboratorijske klijavosti sfemena je pozitivna | znadajna (r= 0,48350). S porastom nadmorske visine
provenijencije znacajno se povecava laboratorijska klijavost bukvice.

Kijuéne rijefi: Fagus sylvatica L., nadmorska visina, urod sjemena, vitalitet sjemena, tefina 1000
sfemenki, laboratorijska kiijavost

INTRODUCTION
uvon

Common beech (Fagus sylvatica L.) is the most widespread tree species in the forest fund of
Croatia. It occurs in different communities and in the sites with distinct vertical and horizontal distribu-
tion (Matic et al. 2003b). In Croatia, it inhabits a variety of sites and altitudes from 100 m a.s.l. in lowland
Croatia to 1,500 m a.s.]. in the Dinaric range, where beech trees assume the stunted appearance (Seletkovié
and Tikvié 2003).

Common beech is a monoecious species that is pollinated by wind. It is characterized by the
possibility of self-fertilisation, but generally speaking, there is a high degree of heterosis (Merzeau et al,
1994, Miiller-Starck 1996, Rossi et al. 1996).

The importance of beech seed to be used for interventions in the existing stands in the regen-
eration stage, whether it is the introduction of seeds or of nursery-raised seedlings, is increasing daily.
Seeds or seedlings of common beech are also frequently used in selection beech-fir stands, in which in-
tensive dieback of fir creates the space for the beech (Mati¢ et al. 2003a).

As seen from the data on the planned and needed number of seedlings of common beech (Zgela
2002), there is an increasing need for beech seedlings, which requires the collection of sufficient quanti-
ties of good quality seed.

Knowing the morphological and biological properties of beech seed from different localities
allows us to improve regeneration and viability of beech stands (Gradetki et al. 2003).

The effect of site parameters on the quantitative properties of seed is of particular importance.
Altitude is one of the site features that affect morphological and biological seed properties (Farmer and
Bamett 1972, Domme 1972, Cavieres and Arroyo 2000, Orfani¢ et al. 2006, Or3anié et al. 2009).

There is a strong correlation between full yield of beech seed and improved biological charac-
teristics of beechnuts (Cmkovic 2009). Full seed yield occurs at different time intervals, which may be 4,
6, 8 or 10 years (Smelkova 1996). The interaction between climate and ample seed yiclds has been con-
firmed by numerous investigations (Hilton and Packham 1995, Hilton and Packham 2002, Qvergaard et
al. 2006).

A dormant seed is a seed which is incapable of germination under favourable conditions of
temperature, moisture and air. Such a seed is blocked and is unable to germinate immediately, but must
first undergo physical and psychological changes (Grade&ki et al, 2003). It requires a certain period of
time to pass from the stage of morphological maturity to the stage of physiological maturity. This period
is overcome by the length of seed stratification (Mati¢ et al. 2003a). Germination tests have demonstrated
that, compared to seed germination at lower altitudes, unfavourable climatic conditions at higher alti-
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tudes result in a higher percentage of dormancy frequency or in special temperature requirements for
germination (McDonough 1970),

Seed germination is the most important qualitative seed characteristic. It depends on several
factors, such as seed maturity, health status, collection method, time of collection and seed storage. Ac-
cording to research by Sijagié-Nikolié et al. (2007), germination of beechnuts from different provenanc-
es in Serbia ranged between 58.33% and 88.88%. Nursery beechnut germination from 79 provenances in
the Republic of Croatia in full mast year (2001) was between 1% and 37% (Gradetki et al. 2006).

The objective of this research was to (1) identify the effect of altitude on beech tree yield in
2007, (2) examine the clements of beech seed quality (absolute weight, laboratory permination or viabil-
ity) in relation to altitude, (3) check if there is a time difference in overcoming beechnut seed dormancy
in the laboratory with regard to altitude, and (4), establish a correlation between viability and laboratory
germination of beech seed.

MATERIAL AND METHODS
MATERIJALI I METODE

In the course of autumn 2007, beechnuts (Fagus sylvatica L.) were collected from several lo-
calities situated at different altitudes in the area of North Velebit. The trees in the localities were selected
randomly, The altitudes were determined with a GPSmap 60CSx device, and exposure with a compass.

A six-point yield classification system (none, very bad, poor, average, good and very good) was
conducted according to Kapper, who is cited by Vincent (1965). The fruits were collected from different
parts of the crowns of standing trees using shears with a telescopic handle or were picked manually from
freshly felled trees. In the locality Pod Pogledalcem, beechnuts were collected from a nylon cover previ-
ously spread under the standing trees.

All the analyses were performed in the Seed and Nursery Production laboratory of the Depart-
ment of Forest Ecology and Silviculture of the Faculty of Forestry of the University of Zagreb. A random
sample of 30 fruits per tree was taken for morphometric analysis. Fruit length and width were measured
with a digital calliper (0.01 mm), and fruit was weighted on the laboratory scale “Sartorius” (0.01 g). The
number of beechnuts in 1 kg was counted during data processing. The absolute seed weight was deter-
mined according to the ISTA Rules (International Rules for Seed Testing 2006). Beechnut viability was
examined with the tetrazolium method, and the assessment was made according to the [ISTA Rules (ISTA
Working Sheets on Tetrazolium Testing, Volume II, Tree and Shrub Species 2003). As set down by a
standard procedure for testing laboratory germination of seeds of the genus Fagus L. species (ISTA, In-
ternational Rules for Seed Testing, Chapter 5: The Germination Test 2006), stratification was required for
the duration of 16 (12-20) weeks at a temperature of 3-5 °C. Laboratory seed germination was tested ina
refrigerator at a constant temperature of 5°C. Sterile alluvial sand was used as a medium. The germinated
seeds were checked and classified every week in accordance with the ISTA Rules (ISTA, International
Rules for Seed Testing, Chapter 5: The Germination Test 2006). Data were stafistically processed using
Statistica (StatSoft, Inc. 2003) software.

RESEARCH RESULTS
REZULTATI ISTRAZIVANJA

Table 1 provides some basic data on the investigated beech trees growing at altitudes between
393 and 1.535 m a.s.]. (an altitudinal difference of 1,142 m). With regard to the social position of the trees
in the stand, all the trees were registered as boundary ones. The trees mostly grew in the NE expositions
and at inclinations of 6-24°. Tree yields varied from none in the MU Senjska Draga to very good in the
MU Br$ljun, Lom and Senjsko Bilo.



Table I Data on the investigated beech trees (Fagus sylvatica L.) from different altitudes in the area of Velebit in 2007

Tablica I Podaci o istraZivanim stablima bukve (Fagus sylvatica L) sa razlicitih nadmorskih visina na podruciu Velebita u 2007, godini

Forest Management Unit . . . . ” . Senjsko Nadzak NP Sjeverni

Gospodarska jedinica Senjska Draga Briljun Senjske Bilo NadZak Bilo Lom Bilo Bilo Velebit
Forest District, section .
Odjel, odsjek 30a 19¢ 29b 98a 22a 48a 86a -
Forest site Pizdulinova Pod Mala Velika Santinova e :
Sumski predjel Jaruga Pogledalcem SnjeZnica StraZbenica LoZnica SniZnica Krecelj . i
Social position of tree edge edge edge edge edge edge edge edge
Socijalni poloZaj stabla ribno rubno rubno rubno rubno rihno rubno rubno
Altitude zone (m a.s.l)
Nadmorska visina {m n..) 393 521 830 1091 1270 1300 1463 1535
Exposition
Ekspoziciia SI 5Z sI 81 SZ ISI 81 SI
Inclination (9
Inklinacifa (9 12 6 19 10 7 12 11 24
Yield none very good good good very good very good average good
Urod nikakav vrlo dobar dobar dobar vrio dobar vrlo dobar |  osrednji dobar

Table 2 Data on viability, 1000 seed weight and laboratory germination of beech seed (Fagus sylfvatica 1..) from different altitudes in the area of Velebit in 2007
Tablica 2 Podaci o vitalitetu, teZini 1000 sjemenki | laboratorijskej klijavosti sjemena bukve (Fagus sylvatica L.) sa razlicitih nadmorskih visina na podrucju Velebita u

2007. godini

. . - . o o o 1000 seed weight (g) La_bora'ltoryo
Locality Altitude zone (m a.s.l) Viability (%) | Nonstained | Rotten (%) | Damaged (%) | Empty (%) Tezing 1000 siomenty | Sermination (%)
Lokaliteti Nadmorska visina (mn.v) | Vitalno (%) | Neobofeno(%s) | Gnjilo (%) | Ostedeno (%) | Sturo (%) @ Y Laboratorijska
klijavost (%)
Pod Pogledalcem 521 90,0 4,0 1,5 1,5 3,0 150,6 36,5
Mala SnjeZnica 830 76,5 35 5,0 6,0 9.0 119,9 373
Velika StraZbenica 1091 80,5 1,0 0,0 9,5 9,0 99,5 34,8
Santinova LoZnica 1270 77,0 1,0 0,5 50 16,5 1109 353
Snifnica 1300 78,0 50 0,0 3,5 135 1192 39,0
Krecelj 1463 81,0 0,5 3,5 35 11,5 111,7 39,3
NP Sjeverni Velebit 1535 87,0 1,5 0,0 2,0 9,5 120,5 39,0

1102 ‘q18eZ ‘1T ‘Pt "TOA ‘asmjod "wing "se]D) "sapun[e Juatapip e Suimoid (7 poypajds snio.g)

§o32q Jo pass pue iy o sapadoad 1eardojorq-feaidojodioy TMEWZOY A DINEL ‘A PIESIO N ‘9Iepoald "
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Data on the altitudes of the investigated localities and on some more important biological cha-
racteristics of beech (Fagus sylvatica 1..) seed are given in Table 2.

The lowest viability (76.5%) was manifested by beechnut from the locality Mala Snjeinica 830
m above the sea, and the highest (90.0%) by that from the locality Pod Pogledalcem 521 m above the sea,
The average beechnut viability for all the seven investigated localities was high and amounted to 81.4%.
The highest percentage of non-vital unstained seed was recorded in the locality SniZnica (5.0%). The
highest quantity of decayed seed was recorded in the locality Mala SnjeZnica (5.0%), whereas seeds of
this category were not identified in the localities Velika StraZbenica, SniZnica and NP North Velebit. An
amount of 1.5% of decayed seed was registered on average. The highest percentage of insect damaged
seeds was recorded in the locality Velika Strazbenica (9.5%) and the lowest in the locality Pod Pogledal-
cem (1.5%), with an average percentage of seeds of this category reaching 4.4%. The highest quantity of
empty seeds were recorded in the locality Santinova LoZnica (16.5%), and the lowest again in the local-
ity Pod Pogledalcem. There were on average 10.3% of empty seeds.

The weight of 1,000 seeds was the highest in the locality Pod Pogledalcem (150.6 g) and the
lowest in the locality Velika Strazbenica (99.5 g). The average weight of 1,000 seceds was 118.9 g. The
correlation between altitude and weight of 1,000 seeds was negative and significant (r=-0.6315).

"Total laboratory seed germination was the highest in the locality Krecelj (39.3%) and the lowest
in the locality Velika StraZbenica (34.8%), whereas average germination reached 37.3%. The correlation
between altitude and weight of 1,000 seeds was positive and significant {r=0.48350).

Categories of non-stained beech seed (Fagus sylvatica L.) obtained with the tetrazolium meth-
od are given in Table 3.

There were on average 1.0% seeds with a stained radicle and over one third of non-stained
cotyledon surface. Only 0.07% of the seeds had completely non-stained radicles and cotyledens. An
average of 0.57% seeds with non-stained radicles and completely stained cotyledons were also identified
(most of them in the locality Pod Pogledalcem). Correlation analysis confirmed negative and significant

Table 3 Categories on non-stained beech seed (Fagws sylvatica L.) from different altitudes in the area of Velebit in 2007
obtained with the tetrazolium method

Tablica 3 Kategorije neobojenog sjemena bukve (Fagus sylvatica L) sa razlicitih nadmorskih visina na podrucju Vele-
bita 1 2007, godini dobivene tetrazol metodom

Category of non stained Locality
seed (%6) Lokaliteti
e emena 05 | rogioem | Samca | Singbonin | “Logmion | Sninica | Kreeoj | NG
1 0,0 0,0 0,0 0,5 0,0 0,0 0,5
2 0,5 1,0 0,0 0,5 0,0 0,0 0,5
3 0,5 1,5 0,5 0,0 4.0 0,5 0,0
4 -0,0 0,0 0,5 0,0 0,5 0,0 0,5
5 30 0,5 0,0 0,0 0,5 0,0 0,0
6 0,0 0,5 0,0 0,0 0,0 0,0 0,0

Legend - Legenda:

1 - area of soft or necrotic tissue larger than 1/3 of the seed

1 - povriina mekanog ili nekroticnog tkiva veda od 1/3 sjemenke
2 - unstained radicle, more than one third of cotyledons unstained
2 - radikula neobajena, vise od tretine kotiledona neobafenc

3 - radicle stained, more than one third of cotyledons unstained
3 - radikula obojena, vise od treéine kotiledona neobojeno

4 - whole radicle unstained

{ - cijela radikula neobojena

5 - radicle unstained, cotyledons stained

5 - radikula neobojena, kotifedoni obojeni

6 - radicle and cotyledons completely unstained

6 - radikula i kotifedoni potpuno neobojeni
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correlation between altitude and non-vital non-stained beechnut seed (r=-0.5192). Positive and signifi-
cant correlation (r=0.69452) between altitude and empty (non-vital beech seed was obtained (Figure 1).

Comelation: r = 69452
1600 T T r
™o, 95% confidence

g

L

sl)

Altitude zone {m a.
Nadmorska vising {rm n.v.}
g
o

(=]
(=]
o

[74]1 ] SR IR

400

Empty seed (%)
Sturo sfome (%)

Figure 1 Correlation between altitude and empty {non-vital) beech seed.
Sika I Korelacija izmedu nadmorske visine i Sturog (nevitainog) sjemena bukve

The results of descriptive statistics and weight of beech (Fagus sylvatica L.) seed from different
altimdes in the area of Velebit in 2007 are given in Table 4.

Table 4 Descriptive statistics for weight of beechnut (Fagus sylvatica L.) from different altitudes in the area of Velebit in
2007

Tablica 4 Deskriptivaa statistika za leZinu sjemena bukve (Fagus sylvatica L.) sa razlicitih nadmorskih visina na podruciu
Velebita u 2007, godini

Altitude zone (m a.s.1)
Locality-Lokalitet Nadm(:)’:-s’ﬁ )visina N | Mean | Median | Minimum | Maximum | Variance | Std.Dev. |
Pod Pogledalcem 521 0,31 0,32 0,10 0,45 0,01 0,08
Mala Snjeinica 830 \ 0,26 0,27 0,09 0,40 0,01 0,08
Velika StraZbenica 1091 0,21 0,22 0,06 0,40 0,01 0,09
Santinova Loinica 1270 30| 023 0,24 0,09 0,35 0,01 0,07
Snifnica 1300 0,23 0,24 0,05 0,36 0,01 0,09
Krecelj 1463 0,22 0,23 0,10 0,29 0,00 0,05
NP Sjeverni Velebit 1535 0,24 0,24 0,08 0,35 0,00 0,07

On- average, beechnut from the locality Pod Pogledaicem was the heaviest (0.31 g), and that
from the locality Velika StraZbenica was the lightest (0.21 g). The average weight of beechnut from all
the seven localities amonnted to 0.24 g. Variance analysis (Figure 2) yielded a statistically significant
difference in beechnut weight in terms of the investigated localities (F=5.751, p=0.000015). Tukey’s
HSD test was used to cstablish statistically significant differences in beechnut weight between the local-
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Figure 2 Weight of beechnut (Fagus sylvatica L.) from different altitudes in the area of Velebit in 2007
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Slika 2 Tezina sjemena bukve (Fagus sylvatica L.) sa razligitih nadmorsiih visina na podrudiu Velebita u 2007, godini

ity Pod Pogledalcem and all the other localities (p=0.000041; 0.001733; 0.000874; 0.000087; 0.010782),
except Mala SnjeZnica (p=0.210751). Variance analysis did not confirm any statistically significant dif-
ferences between beechnut weight and seed yield rate (F=2.921, p=0.056100).

The results of descriptive statistics for the length and width of beech (Fagus splvatica L.) seed
from different altitudes in the area of Velebit in 2007 are given in Table 5,

Table 5 Descriptive statistics for length and width of beechnut (Fagus sylvatica L.) from different altitudes in the area of

Velebit in 2007

Tablica 5 Deskriptivna statistika za duljinu i Sivinu sfemena bukve (Fagus sylvatica L.) sa razlicitih nadmorskik visina na
podrulju Velebita u 2007. godini

Locality Lenght of beechnut (mm)-Dudjina brikvice (mm) Width of beechnut (tmm)-Sirina bukvice (mm)

iy~

; N Me- | Mini- | Maxi- | Va- | Std. Me- | Mini- | Maxi- | Va- | Std.

Lokalitet Mean dian ! mum | mum | riance | Dewv. Mean dian | mum mum | riance | Dev.

Pod
Pogledzlcem 1633 16,14 | 14,55 | 1829 | 1,66 | 1,04 | 863 | 862 | 7.64 | 10,17 | 0,52 | 0,72
Mala
Snjeznica 1533 | 1552 | 10,70 | 16,89 | 1,22 | 1,11 | 897 [ 9,07 | 692 | 10,14 | 0,84 | 092
Velika 1450 [ 14,58 | 12,05 | 1740 | 161 | 127 | 7.47 | 7.57 | 524 | 1020 | 096 | 098
Sn.ai‘benica > - £l H) y 1 ¥ ¥ » » £
Santinova 30
LoZnica 1621 | 16,02 | 13,81 | 1843 | 1,48 | 122 | 820 [8,15| 732 | 949 | 024 | 049
SniZnica 1554 | 15,85 | 12,00 | 17,74 | 2,34 [ 1,53 | 787 | 794 | 638 | 906 | 053 | 0,73
Krecelj 14,72 | 14,94 | 11,84 | 16,09 | 0,60 | 0,78 | 7,91 | 8,00 | 6,03 | 866 | 033 | 038
{‘}53{;‘”’“ 1533 | 15,54 | 12,06 | 17,73 | 1,04 | 1,02 [ 790 | 7,78 | 683 | 942 | 048 | 070

Beechnut from the lecality Pod Pogledalcem was the longest (16.33 mm) and that from the lo-
cality Velika StraZbenica was the shortest (14.50 mm). The average beechnut length for the investigated
localities was 15.42 mm. Beechnut from the locality Mala Snje¥nica was the widest (8.97 mm) and that
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from the locality Velika StraZbenica was the narrowest (7.47 mm). The average beechnut width for the
investigated localities was .14 mm. Variance analysis provided a statistically significant difference in
beechnut length (F=10.50; p=0.000000) and width (F=14.04; p=0.000000) in terms of the studied locali-
ties (Figure 3). Tukey’s HSD test was used to establish statistically significant differences in beechnut
length between the localities Pod Pogledalcem and Mala SnjeZnica (p=0.014191), Velika StraZbenica
(p=0.000026), Krecelj (p=0.000027) and NP North Velebit (p=0.013979). Statistically significant differ-
ences were also obtained between the localities Mala SnjeZnica and Santinova LoZnica (p=0.049107),
Velika StraZbenica and Santinova Lo#nica (p=0.000026), Velika StraZbenica and SniZnica (p=0.008836),
Santinova LoZnica and Krecelj (p=0.000037), and Santinova Lo#nica and NP North Velebit (p=0.048478).
Tukey’s HSD test yielded statistically significant differences in beechnut width between the localities
Pod Pogledalcem and Velika Strazbenica (p=0.000026), SniZnica (p=0.001843), Krecelj (p=0.003608)
and NP North Velebit (p=0.002830). Statistically significant differences were also obtained between the
localities Mala Snjefnica and Velika StraZbenica (p=0.000026), Santinova LoZnica (p=0.001278},
Sni¥nica (p=0.000026), Krecelj (p=0.000026) and NP North Velebit (p=0.000026). There was also a
difference in beechnut width between the localities Velika Strazbenica and Santinova LoZnica
(p=0.002811).

Variance analysis did not confirm any statistically significant difference between beechnut
width and yield rate (F=1.63, p=0.198194}, but a statistically significant difference was found between
the variables beechnut length and yield rate (F=20.95, p=0.000000). The average beechnut width at - me-
dium yield was 7.91 mm, at good yield it was 8.11 mm, and at very pood yield it was 8.23 mm. Tukey’s
HSD test found a statistically significant difference in beechnut length and medium and very good yield
rates (p=0.000022), and between good and very good yield rate (p=0.000022). The average beechnut
length at medium yield was 14.72 mm, at good yield it was 15.05 mm, and at very good yield it reached
16.03 mm (Figure 4).

Cumulative laboratory seed germination of beech (Fagus sylvatica L.) from different altitudes
in the arca of Velebit in 2007 is presented in Figure 3.

The highest germination percentage after 8 weeks of stratification was manifested by beechnuts
from the locality Krecelj (9.00%), and the lowest by those from the locality Mala SnjeZnica (0.50%). The
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Figure 3 Length and width of beechnut (Fagus sylvatica L..) from different altitudes in the area of Velebit in 2007
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Slika 5 Kumulativai prikaz laboratorijske kiffavosti sfemena bukve (Fagus sylvatica L.) sa razli¢itih nadmorskih vising
na podrudju Velebita u 2007. godini

average beechnut germination at the end of 8-week stratification amounted to 5.96%. At the end of test-
ing, the highest laboratory germination, equal to that in the eighth week, was exhibited by beechnut from
the locality Krecelj (39.25%), and the lowest by beechnut from the locality Velika Strazbenica (34.75%)
The average laboratory beechnut germination after 17 weeks of testing in sand at a constant temperature
of 5°C was 37.29%. Correlation analysis showed a positive and significant correlation between beechnut
viability and its germination on the eighth week in the stratifying medium (R= 0.39919). Correlation
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between beechnut germination on the eighth week in the stratifying medium and total laboratory germi-
nation is also positive and significant (R= 0.40364). Correlation between beechnut germination in the
eighth week in the siratifying medium and the altitude of seed provenances is positive and significant (R=
0.53016), and so is correlation between total laboratory beechnut germination and the altitude of seed
provenances (R= 0.47954), Accordingly, an increase in the altitude significantly increases total seed
germination in the laboratory.

DISCUSSION
RASPRAVA

According to Rehder (1940), the genus Fagus L. comprises 10 species of medium tall trees
which occur naturally in temperate zones of the northern hemisphere. Of all woody and economically
important forest species in Croatian forests, common beech is the most widely spread and inhabits all the
three regions (Pannonian, Dinaric and Mediterranean). It covers an area of 921,882 ha or 44.72% of the
total forested area. There are no artificially raised beech forests or forest cultures in the Republic of
Croatia, because natural regeneration is the only method of beech forest regeneration. Natural regenera-
tion is the basic prerequisite for their biological diversity, productivity and stability (Mati¢ 2003a).

Beech is a species that is currently in the optimum of its biological potential, as confirmed by
the fact that it thrives on all litholegical bedrock, including volcanic lava, eruptive and metamorphic
silicate rocks, silicate sandstones, limestones and dolomites, etc. It colonizes all expositions, grows on a
broad soil spectre ranging from distinctly acid to extremely basic and in the orographic sense occurs in
all vegetation belts, from planar to subalpine one. According to Matié (2003b), beech is the only tree
species in Europe that occurs naturally at altitudes from 100 m to as much as 2,000 m. Beech is found in
all vegetation belts of continental Croatia in an altitudinal range from 100 to 1,500 m. In the pre-alpine
belt of the Dinaric mountains, above beech-fir forests and before the belt of mugho pine, beech again
builds pure stands which often form the upper boundary of forest vegetation, as is the case with the lo-
calities Bjelolasica (1.533 m a.s.1.), Risnjak (1,528 m a.s.l.), Vifevica {1,428 m a.s.1.), and with numerous
mountain tops of Velebit.

For this research, beech yield was registered and beech seeds were collected from 7 localities
in the area of northern Velebit from altitudes ranging between 521 and 1,535 m a.s.1. According to Regent
(1980), beech flowers from April to May and the fruit (beechnut) matures from September to October of
the current year, to fall shortly after the first frosts. In terms of beech seed yield intervals, there are dif-
ferences from author to author. Dirr and Heuser (1987) write that beech yield varies from year to year and
that a good yield cannot be expected every year. Regent (1980) reports that beech bears fruit every 7-12
years, while Seletkovi¢ and Tikvi¢ (2003) state that intervals of ample seed yield occur approximately
every 5-8 years. According to Young and Young (1992), common beech begins fructifying at 40-80 years
of age, with intervals of 2-20 years, Orani€ ef al. (2005) write that beech stands in Croatia put forth full
mast every 5-10 years in warmer sites and every 8-12 years in colder ones. Overgaard (2010) states that
until the end of the 17th century, the interval of full beech mast was about five years, but during the past
30 years it has been 2.5 years. Full beechnut yield is usually preceded by warm and dry July the previous
year. Matthews (1955) obtained a positive correlation between beech yield rate and air temperature and
the number of sunny days in July of the previcus year. Among others, beech yield was investigated by
Matyas (1965) and Schmidt (2006). Literature sources rarely mention seed quantities in good mast years;
in other words, yield is often expressed only qualitatively. According to Henriksen (1988), it takes at Jeast
500,000 vital seeds ha™' (50 seeds m?), whereas Huss (1972) states that there should be a minimum of 20
seedlings per m? to ensure good quality natural regeneration. Overgaard (2010) writes that there is a big
difference in beechnut quantity between good and bad mast years. During good years, beechnut yield is
counted in millions or hundreds of thousands of seeds at least, whereas during bad years the quantity of
seeds reaches only several thousand. Bilek et al. (2009) emphasise that a good beechnut yield in the cur-
rent year negatively affects the yield of the following year. Late spring frost is the main limiting factor of

10




O

D. Drvodeli¢, M. Or¥anié, V. Paulié, M. Rozman: Morphological-biological properties of fruit and seed of beech
(Fagus sylvatica L.} growing at different altitudes. Glas. um. pokuse, Vol. 44, 1-18, Zagreb, 2011.

seed fructification on the northern boundary of the natural distribution range of beech, while dry summers
impede fructification on the southern boundary (Peters 1997). In the eastern part of the range, beech flow-
ers more frequently from e.g. Western Europe, but this phenomenon does not affect yield frequency '
(Standovar and Kenderes 2003). Seed bearing and plant survival are also influenced by insects, fungi and
birds. According to Suszka et al. (1996), full beech mast can be expected every 5-10 years and partial
every 3-5 years. Yield periodicity depends on micreclimatic conditions. In some years the yield is com-
pletely absent, even in solitary trees, while in other years only some individual trees may bear seeds;
however, the seeds are generally empty. According to the same authors, beechnuts that fall off first in
September are usually of very bad quality,.empty or infected by insects. Sindelat (1993) also states that
beechnuts begin to fall off in September and reach their maximum in the second part of October. Fructi-
fication is also affected by the phenology of individual trees (early or late flowering), the social position
in a stand (height classes according to Kraft), and the position within a stand. Thus, yield quantities may
vary significantly within one locality (Standovir i Kenderes 2003). Long-term investigations of beech
seed yields in England revealed high variability between trees and mast years (Harmer 1994). Oddou-
Muratorio et al. (2010) report on the limited capacity of beech seed dispersal to a distance of 10.4 m and
pollen to a distance of 41.63 m. In their research into impacts of snow accumulations on the survival of
Fagus crenata seed, Shimano and Masuzawa (1998) conclude that about 70% of the beechnuts are spared
from mouse damage in the sites with a thicker snow cover during winter, and that about 70% of the sur-
vived seeds successfully germinate in the spring. In contrast, most beechnuts were mouse damaged in the
sites with a thinner show cover, while the remaining, healthy beechnuis degenerated through desiccation
during winter. This research can be correlated with our research, in which we recorded a smaller percent-
age of damaged seeds in the localities at higher altitudes, where there are thought to be fewer beech seed
predators. In our research, the beech seed yield of 2007 ranged from none in the MU Senjska Draga-to
very good in the MU Br3ljun, Lom and Senjsko Bilo, which coincides with claims by Harmer (1994) on
high yield variability among the trees, In terms of the average yield in the study area, it can be concleded
that it was between medium and good. It should be emphasised that yield rate did not drop with an in-
crease in the altitude of the studied localities. In fact, it was completely absent at the lowest altitude.

Morphometric research by Yilmaz (2010) on 14 different provenances of oriental beech (Fagus
orientalis Lipsky.) showed high variability within and between the populations. Beechnuts from some
provenances were long and moderately heavy, whereas some others were thick, wide and heavy. Regard-
less of the provenances, the highest and the lowest correlations were found between the length and width
(0.697), and weight and length (0.307). There is very little research into common beech seed of a similar
kind. Gradecki (2003) reports the average seed length of 14.89 mm in the range of 11.31-16.20 mm, and
the average width amounting to 9.53 mm in the range of 7.63 - 10.34 mm. Seed size showed good direct
correlation with seed mass. In our research, beechnut length and width also differed significantly with
regard to the studied localities. The average beechnut length for all the localities was 15.42 mm in the
range of 14.50 - 16.33 mm, which is very similar to the results obtained by Gradecki (2003). The average
width was 8.14 mm in the range of 7.47 - 8.97 mm. A statistically significant difference was obtained
between beechnut length and yield rate. In other words, an increase in yield rates results in increased seed
length.

Thomsen and Kjaer (2002) report on the significant difference in seed weight, germination
percentage, dormancy and seed yield of beeches from different families. Seed weight was significantly
correlated with the year of research, which may indicate the genetic hereditary property. Seed weight was
also significantly correlated with seed germination from the yield of 1995, but not from that of 1993.
According to Young and Young (1992), the average beechnut weight is 4.6 g, which is significantly more
that the values obtained by our research, where beechnut weight ranged from 0.21 to 0.31 g, or 0.24 g on
average.

Stjernquist (2010) reports that rain reduces endosperm mass and the total quantity of essential
nutrients in the seed, but also stimulates the reduction of endosperm mass at all crown levels, Future re-
search should include the chemical soil composition in the immediate vicinity of the trees from which the
sceds are collected. According to Bonner and Leak (2008), one hl contains from 50 to 53 kg of fresh, or
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from 39 to 45 kg of air dried beech seed. The same source mentions that 1 kg has from 4,000 to 6,200
pieces of pure beech seed or 4,630 pieces on average. Gradetki (2003} reports that 2,000 g contains on
average 4,098 seeds in the range of 6,062 — 10,000 pieces. It-is reversely proportional to-secd mass. Ac-
cording to the same author, the average seed weight in one hectolitre is 450 N in the range of 330 — 580
N. Suszka et al. (1996) write that 1 kg contains from 3,000 to 5,000 of beechnuts with a moisture content
of 25%, or 3,500 to 5,800 pieces with a moisture content of 8%. According to this author, ! hl contains
about 50 kg of fresh or 39 to 45 kg of dry beechnuts. According to Smelkova (2001); 1 kg of seeds con-
tains an average of 4,300 beechnuts with average germination of 70%, purity of 90% and the proportion
of full seeds of 90%. The WSL catalogue, Versuchsgarten (1991), lists 3,700 to 4,700 pteces of beechnut
in one kg. According to Zgela (2002), there are on average 4,300 beechnuts in one kg, while Regent
(1980) counted 4,600 pieces in one kg, which is slightly more than the quantity of 3,226-4,762, or 4,167
pieces on average obtained in our research. According to Smelkova (2002), the weight of 1,000 seeds or
the absolute beechnut weight is 234 g, and according to Suszka et al. (1996), the weight is between 150
and 300 g, or 250 g on average. In one of their investigations, Roth et al. (2005) found that 1,000 beech
seeds weighed 237 g, whereas according to WSL h Versuchsgarten (1991), their weight varied between
210.and 270 g. Gradedki (2003) cites the average seed mass of 258 g in the range of 100.331 g. In our
research, the average weight of 1,000 seeds was 118.9 g, which is much less that the data put forth by the
above mentioned authors. The highest absolute weight of 1,000 seeds (150.6 g) was obtained in the local-
ity Pod Pogledalcem at the lowest altitude, but this can be attributed to the method of seed collection in
this area. A negative and significant (= -0.6315) correlation was obtained between the altitude of a local-
ity and the weight of 1,000 seed; in other words, an-increase in the population altitude leads to a signifi-
cant decrease in the weight of 1,000 seeds. This can, among others, be attributed to microclimatic fea-
tures. The awareness of this pattern may be interesting from the aspect of nursery production of beech
seedlings. In order to reach an accurate answer on the influence of altitude on beechnut weight, research
should be repeated in several more localities. Research by Gradan et al. (2006) indicates the existence of
differentiation, both between and within the provenances of common beech in Croatia,

Beech-seed is characterized by deep embryo dormancy which blocks germination of a vital and
mature embryo even when it is isolated from the seed and placed into optimal germination conditions
(Bewley and Black 1994). Barthe et al. (2000) also report that at the moment of collection beechnut has
well developed deep dormancy because of the embryo and the outer fruit structure. The fruit pericarp
inhibits embryo germination because it prevents water uptake and gas exchange. Fluridone, a pyridine
inhibitor of carotenoid synthesis, is important in ABA biosynthesis, which plays a key role in embryo
dormancy of beech seed. According to El-Antably (1976) and Suszka et al. (1996), embryo dormancy can
be overcome with cold-moist stratification at temperatures from 2-5°C, with or without a substrate. The
time period required to overcome dormancy is long and lasts 5-8 weeks, and in some cases for as many
as 12 weeks (Muller and Bonnet-Masimbert 1982). In our research, beechnut began germinating on week
cight in the stratifier at a temperature of 5°C, which coincides with the data by Muller and Bonnet-
Masimbert (1982). On the other hand, Gradetki (2003) reports that previous treatment of the seed in cold
storage at a temperature of -+3°C to +5°C for 60 days did not prove efficient in overcoming beech seed
dormancy, because without additional moisture the seeds became too dehydrated. The key factor for suc-
cessful beech seed stratification is the seed moisture content, which should not be above 30% (Muller and
Bonnet-Masimbert 1983). Krawiarz and Szczotka (2008) stress that during stratification at 3°C, there is
an abrupt increase in the activity of amino acid arginine (ADC) and enzyme omithine decarboxilase
(ODC] in the embryonic cavity (from week 7) and cotyledons (from week 8),

According to Kol4fova et al. (2010) there is no statistically significant difference in germination
capacity between non-treated dormant beechnuts, beechnuts treated with tap water and beechnuts treated
with ethephon or GA,. Ethephon and GA, treatment reduces germination capacity if applied to the seed
previously subjected to stratification for four weeks. The effect of ethephon and GA, on germination rate
or energy and on overcoming dormancy increases significantly if beechnuts are stratified for four weeks
prior to the treatment. The effect of GA, on mean germination time of stratified beechnuts did not prove
important in comparison with dormant non-treated beechnuts. A shorter mean germination time was
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achieved with seeds soaked in 1,000 mg:1"' GA, prior to germination. Compared to the beechnut soaked
in running water, the application of GA, shortens the period of cold stratification by three weeks. In our
research, the largest amount of seeds germinated after 14 weeks in the stratifier on average, while average
germination on week eight was 5.96%. On average, the smallest amount of seeds germinated in the ninth
week in the stratifier (0.86%). According to ISTA (2006), beechnut germination is tested in sand and at a
temperature of 3-5 °C, with a note that the duration of testing depends on dormancy and that in some
exceptional cases it may last for 24 weeks. Since the seed is dormant, the ISTA rules (2006) suggest that,
instead of testing germination, seed viability should be tested with the tetrazolium method. Foffov4 and
Foff (2003) write that the tetrazolium test and the germination test of beech seed give variable results,
which indicates subjectivity in the assessment of stained seed parts or regular, irregular and non-germi-
nated seeds. In terms of drying and storage, Gosling (2007) classifies beech seed into the “Intermediate”
group, while in terms of dormancy he places it in the group of deeply dormant species. To overcome
dormancy, he proposes cold stratification of 16 (12-20) weeks at a temperature of 4°C. Young and Young
(1992) repert on germination of untreated beech sced of 14%. Seeds kept in cold stratification for 120
days manifested germination of 67%. The same authors write about 100%-germination of freshly col-
lected and stored seeds, which were cold stratified for 5 months.

The key element of good seed germination is healthy seeds. The pericarp of a healthy seed is
light brown in colour. Gradegki et al. (2006) report on the low average value of laboratory germination
of beech seed, which was between 1 and 37%, or 12% on average. The average proportion of fresh, non-
germinated seed ranged from 1-5%, or 5% on average, of diseased and rotten seed from 24-81% or 62%
on average, and empty seed from 1-70% or 19% on average. Smelkova (2001) reports on the average
beechnut germination of 70%, whereas according to WSL Versuchsgarten (1991) it varies between 50
and 80%. The results of research by Rezaii et al. (2010) into the seed of Fagus orientalis Lipsky showed
a favourable effect of stratification on germination. Significant varjations were obtained between prove-
nances and duration of seed stratification. In our research, average laboratory germination amounted to
37.3%, which coincides with the data by Regent (1980), who reports on average germination of 35%.
Differences in seed germination in individual localities can be the result of varying degrees of seed dor-
mancy. In the same locality, the degree of seed dormancy can vary from year to year or within the same
year by provenances (Wang 1976, 1980). With this in mind, it would be advisable to repeat investigations
in the same localities. The degree of dormancy is influenced by the nutrition status and water status of
mother trees, as well as by climatic conditions during maturation. Accordingly, seeds should not be col-
lected from several trees or one tree and the results should not be related with provenances. According to
Villiers (1972), highertemperatures in the vegetation period may cause deeper dormancy than usual. In
some tree species, seed dormancy may vary in relation to geographic distribution (Viliers 1972, Wang
and Haddon 1978).

A positive and significant correlation was established between altitude and total laboratory seed
germination (r= 0.48350), or laboratory germination on week eight (= 0.53016), which suggests that
laboratory beechnut germination increases significantly with an increase in the altitude of the popula-
tions. The trend is visible as early as the eighth week of testing. This can be explained, among others, by
a lower average air temperature at higher altitudes in relation to the lower ones, and consequently, less
developed seed dormancy at higher altitudes.

According to Ratajczak and Pukacka (2005) and Pukacka and Ratajczak (2007), substances that
could play a key role in maintaining seed viability are phenols, a~tocopherol, sterols, ascorbic acid, glu-
tathione and soluble proteins. Germination capacity is positively and strongly correlated with amounts of
total phenolic compounds, ultraviolet (UV-) absorbing phenols and soluble proteins. According to
Gradeéki (2003), the average beechnut viability was 69 % (10-90 %), and the average proportion of
empty seed was 19 % (1--50 %).

Prochazkova and Bezd&ékova (2008) provide data on the viability of three seed lots of beech
from different altitudes. Beechnut viability of the first lot from an altimde between 601 and 700 m was
85%, of the second lot from an altitude between 551 and 600 m was 66-68%, and of the third lot from an
altitude of 551-600 m was 83%. In this research, the highest viability {90%) was obtained at the lowest
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altitude of 521 m. Gradetki (2006) reporis that beech seed viability tested with the tetrazolium method
provided a higher result than that obtained with a germination test. Seed viability ranged from 10-90% or
72% on average, the proportion of empty seed was 0-50% or 15% on average, while the proportion of
non-vital (diseased) seed amounted to 13% on average. Our research also confirmed the already estab-
lished fact that much higher results are obtained with seed viability assessment than with germination
tests. The average viability was 81.4%, which is somewhat higher than the data cited by Gradecki et al.
(2006). An amount of 10.3% of empty and 4.4% of diseased seed was found on average, which is less
than the results reported by Gradegki et al. (2006). According to Ratajczak and Pukacka (2005), the loss
of viability in beechnuts strongly correlates with an increase in membrane permeability and the formation
of lipid-hydroperoxide (LHPO) as an indicator of peroxidation of unsaturated fatty acids. During storage
time, concentrations of individual phospholipids and fatty acids decrease proportionally with the loss of
viability. Decreased vitamin E (e-tocopherol) and sterol concentrations were recorded, which have an
important role in protecting the membrane from harmful environmental impacts. Beechnut, germination
capacity abruptly decreases at temperatures above 0°C and in high moisture conditions. This happens
mainly because peroxidation of unsaturated fatty acids weakens the membranes.

Tylkowski {2002) writes that the majority of beech seed lots are characterized by different lev-
els of infestation with pathogenic fungi of the genera Fusarium, Rhizoctonia and Cylindrocarpon spp.
Research into beechnut mycoflora revealed the most frequent saprophytic fungi, as well as fungi causing
diseases: Alternaria alternata, Arthrobotrys superba, Botrytis cinerea, Fusarium spp., Penicillium spp.,
Trichotecium roseum, Mucor sp., Graphium sp. and Chaetomium sp. (Novak Agbaba et al. 2003).

According to Wang (2003), the percentage of empty seeds from 91 trees in the same locality
ranged from 4.8 to 40.9% and had the form of normal distribution. The average percentage of empty seed
was 21.4%, which is much higher than the percentage obtained in our research. The percentage of repeata-
bility of empty seeds was 43.4%. Self-pollination is an important cause of the occurrence of empty beech
seeds. Our research found a positive and significant correlation ‘between altitude and the percentage of
empty sceds; with an increase in the altitnde of a locality the quantity of empty seed increases significantly,
which can, among others, be explained by a higher rate of self-pollination. In many forest tree species,
controlled self-pollination results in a higher share of empty seed, unlike cross-pollination or wind pollina-
tion (e.g. Nielsen and Schaffalitzky De Muckadell 1954, Dieckert 1964, Sorensen 1971, Park and Fowler
1982, Kormutak and Lindgren 1996). Genetically speaking, empty seed in forest tree species can arise from
incompatibility (Nielsen and Schaffalitzky De Muckadell 1954, Yazidani and Lindgren 1991} or enibryo
degeneration, which may be the consequence of inbreeding. Apart from genetic factors, empty seed in forest
trees may also occur as the result of environmental factors, such as limited pollen quantities (Colangeli and
Owens 1990) and insect damage (O‘reilly and Farmer 1991). Cross-pollination in species that are wind-pol-
linated is positively correlated with stand size and flower density.

The average nursery germination of beech seed (Grade&ki et al., 2006) is very low and reaches
only 3%. The relationship between laboratory and nursery germination coincides relatively well. Future
research should focus on investigating nursery gerimination of beechnut from different altitudes in order to
gain a realistic picture of this important biological property of a seed. Insights gained by such research
would be widely applicable in forest nursery production. A positive and significant correlation (R=0.39919)
was established in our research between beechnut viability and germination on week eight in the stratifier,
and between beechnut germination on week eight and total laboratory germination (R= 0,40364). In other
words, instead of the time-consuming procedure of testing beechnut germination in the Jaboratory, it is
recommended to test beechnut viability. On the other hand, in the case of testing germination, a period of
cight weeks can be considered a sufficiently reliable time to provide satisfactory results.

CONCLUSIONS
ZAKTJUCCT

Beechnut yield in the Velebit area in 2007 ranged from none in the MU Senjska Draga to very
good in the MU Br3ljun, Lom and Senjsko Bilo.
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Beechriut from the locality Mala SnjeZnica 830 m as.l. demonstrated the poorest viability
{76.5%) and that from the locality Pod Pogledalcem 521 m a.s.1. the highest (90.0%). The average beech-
nut viability for all the seven investigated localities was high and amounted to 81.4%. Correlation analy-
sis established a negative and significant correlation between altitude and non-vital unstained beechnut
seed (F=0.5192). A correlation between altitude and empty (non-vital) beechnut seed was positive and
significant (= 0.69452).

The weight of 1,000 seeds was the highest in the locality Pod Pogledalcem (150.6 g} and the
lowest in the locality Velika Stra¥benica (99.5 g). The average weight of 1,000 seeds was 1189 g. A
negative and significant correlation (r=-0.6315) was established between altitude and weight of 1,000
seeds. .
On average, beechnut in the locality Pod Pogledalcem was the heaviest (0.31 g), and that in the
locality Velika StraZbenica was the lightest (0.21 g). The average beechnut weight from all the seven
localities was 0.24 g. A statistically significant difference was confirmed in beechnut weight with regard
to the studied localities,

Variance analysis did not establish any statistically significant difference between beechnut
width and yield rate, whereas there was a difference between the variables beechnut length and yield rate,
Tukey’s HSD test revealed a statistically significant difference in beechnut length and yield rate, de-
scribed as average and very good, and good and very good. The mean beechnut length at average yield
was 14.72 mm, at good yield it was 15.05 mm, and at very good yield it was 16.03 mm.

Total laboratory germination of beechnut after 17 weeks of testing in sand at a constant tem-
perature of 5°C was the highest in the locality Krecelj (39.3%) and the Iowest in the locality Velika
Strazbenica.(34.8%), with average germination amounting to 37.3%. The correlation between altitude
and laboratory seed germination was positive and significant (r= 0.48350). The correlation between
beechnut germination on week eight in the stratifier and the altitude of seed provenances was positive and
significant (R= 0.53016), and so was the correlation between total laboratory germination of beechnut
and the altitude of seed provenances (R= 0.47954). This indicates that total seed germination in the labo-
ratory increases with an increase in altitude.
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Abstract

Ecological Network (Natura 2000) is a system of areas for protection of endangered species and
habitats on European Union level and presents the biggest coordinated network of nature protection areas
in the world.

When Croatia becomes the member of EU, its biological and landscape biodiversity will be a part
of this network. According to the Regulation on habitat type categories, habitat map, endangered and rare
habitat types (NN 7/06, NN 119/09) which includes National habitat classification, forest ecosystems have
104 categories (NN 7/06).

Regardless of the interpretation method, there are three evaluation methods: according to the
historical costs (time of establishment), current market value, and evaluation through expected participa-
tion in future incomes and benefits. Forest evaluation needs determining of economical (wood and second-
ary forest products), non-wood forest functions (ecological and social), and assimilation of forest func-
tions. For those purposes, different market and non-market evaluation methods, as well as qualitative de-
scription methods and point systems have been used.

Key words: forest economics, forest policy, value assessment, Natura 2000

SaZetak

Ekoloska mreZa (Natura 2000) je sustav podrudia za oduvanje ugroZenih vrsta i stanifta na razi-
hi Europske unife i predstavija najvecu koordiniranu mrefa podrudia ocuvanja prirode u svijety. Kada
Hrvatska postane clanicom Europske unife svoju ée bioloSku i krajobraznu raznolikost ukljuditi u tu mreZu.
Prema Pravilniku o vrstama stanisnih tipova, karti staniSta, ugroZenim i rijetkim staniSnim tipovima (NN
706 , NN 119/09) koji ukljuctje Nacionalnu Klasifikaciju staniSta, na Sumske ekosustave odnose se 104
kategorije (NN 7/2008). Neovisno o nadinu interpretacije, postoje tri nadina vrednovanfa viasniftva: pre-
ma povifesnim trofkovima (vremenu nastanka), sadasnjof triiinoj vrifednosti, i kroz olekivano sudjelo-
vanje u buducim prikodima i koristima. Vvednovanje Suma iziskuje ntvrdivanje vrijednosti gospodarskih

¥ (drvo, sporedni Sumski proizvodi), opéekorisnih (ekoloske i socijaine funkcije) i asimilacijskih funkcija
Sume. U tu svrhy se korisie razlicite tr¥iSne i netrfisne metode procjene, ali i metode kvalitativnog opisi-
vanja i bodovni sustavi

Kijuéne rijedi: ekonomika Sumarstva, Sumarska politika, utvrdivanje vrijednosti, Natura 2000
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It is considered that natural resources are a given and that they represent a fixed offer because
in many cases they can not be quickly increased or are difficult to discover or multiply. For example,
forests in some areas increase, almost always in a certain quantity; mineral resources like coal, oil, min-
eral iron and many others regenerate very slowly on their own and are therefore considered non-renew-
able. However, many basic resources can be increased or at least transformed from one into another vs-
able form. Forest can be regenerated with caring sustainable management. Based on this, natural re-
sources are defined as production factors — inputs (costs), which, combined with human mental, entrepre-

INTRODUCTION
UvoD

neurial and physical labour as well as with capital, produce goods and services.

Natural resources are considered unique input factors; out of which many have features that
make them similar to capital factors, Foremost, in order to be used for consumption or in the production
process, the majority of natural resources must be separated, dug, cut, etc.

Time is also an important precondition in analysis of natural resources use. It helps in distin-
guishing different types of resources. Annual adjustments can not be done in forest management. Im-
provements or aggravations which can arise as a result of economic, management or forest management
and silvicultural interventions, become visible only after several years. For this reason, the role and pos-
sibility of implementing technological rationalizations is minor. Forest management on forest and forest
land is based on the Forest management plan made by the company Croatian forests ltd, approved by the
Ministry of Agriculture. Present Forest Management area plan is valid from the year 2006 to 2015 with
management projections until the year 2045. The Plan represents the base for the Croatian forest policy
and is revised every 10 years. According to that document the total forest land in Croatia covers 2688687
ha, out of which private forests take 22% and state forests 78%. The average growing stock according to

the First National forest inventory is shown in table 1.

Table 1. Grow stock (source: First national forest inventory RH 2010)
Tablica 1. Drvna zaliha (izvor: Prva nacionalna inventura Suma RH 2010}

Grow stock
Drvna zaliha
. Total area Area without young stands
?7“;2;?}3;5 Ukupra povriina Bez mladih sastofina
4 Grow stock Udio Grow stock
Drvna zaliha (6=0,05) <P Share Drvna zaliha X
m*/ha 1000 m* % m/ha %
State forests
Drdavne 255,57 | 468035 458112 - 477957 2,12 84,61 273,16 2,21
Private forests
Privatne 155,34 85143 80775 - 89511 5,13 15,39 170,26 5,36
Total
Ukupro 232,22 | 552146 541103 -563189 2,00 100,00 253,45 2,00

NATURA 2000 is a basic program of European Union nature protection whose aim is to pro-

vide favourable conditions for endangered species and habitats through establishing ecological network

of the most important areas for their preservation. All EU member states are obliged to proclaim this
network on their territories, as well as establish a suitable management system and systematically follow

the condition of preservation of each specific species and habitat stated in the annexes of Directive on

protection of natural habitats and wild fauna and flora, and report regularly on the matter to the European
Commission. Monitoring reports are fundamental for following the implementation success of the

NATURA 2000 program. Altogether, for the needs of NATURA 2000, 241 localities of the total surface
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area of 41 666 ha or 2.5 % of forest in the Republic of Croatia have been suggested (Vukeli¢ et. al. 2008).
Different levels of nature protection will limit and change present activities of private forest owners and
therefore decrease their income. One of the main aims of NATURA 2000 is to ensure implementation of
measures necessary for preservation with the least possible limitations and with implementing appropri-
ate remuneration and incentives for users of an area. The basis of implementing Natura 200 network in
forestry sector means respecting the principles of sustainable management.(EK, 2003). Implementation
of this general viewpoint shows certain regional differences — in middle and North-Western Europe the
majority of Natura 2000 areas are either small or medium sized, and forests within those areas are man-
aged according to the strict principles of nature protection. On the other hand, in South and East Europe
the majority of Natura 2000 areas are vast expanses managed through supporting the traditional ways of
land usage such as forestry and agriculture. Certain Natura 2000 areas contain species and habitats of
priority European interest, in which all economic activities are forbidden. But, as already stated, in most
forest locations within Natura 2000 network in Eastern and Southern Europe it is enough to comply with
the principles of sustainability in their management (in accordance with Annex 1. And Annex II. Of the
second Lisbon resolution from 1998 within MCPFE process).

Before full EU membership, the applicant country is obliged to submit its proposal of Natura
2000 areas, a list of measures for managing those areas and a list of areas for which co-financing is
needed in order to achieve favourable preservation conditions of species and habitats of European inter-
est. After that, European Commission reviews the areas in need of co-financing, in which the main crite-
ria are the representative quality of the area and availability of financing sources. For the areas recog-
nized by the Commission as areas in need of co-financing for which there is no adequate funding, mem-
ber state must ensure that there are no activities which might disturb its preserved condition. It is esti-
mated that annual cost of implementing Natura 2000 network on the level of 25 ELJ countries is about 6.1
billion € (EK, 2007)

AIMS AND PROBLEM MATTERS
PROBLEMATIKA I CILJEVI RADA

Determining the total economic forest value, as well as the value of a particular function is
needed for effective management of natural resources and better making of investment decisions in for-
estry (Figuri¢ 1996). The classical forest evaluation methods are based on calculation of growing stock
value (stand) and land value. Quantitative inventory is conducted on stand level (forest unit), due to the
heterogeneous characteristics based on stand quality, coverage, tree species etc.

Some stands have different biological parameters and evaluation methods because of their dif-
ferent location (Posavec et. al. 2006). Received incomes depend on the transport costs and on possibility
of using different working methods and assets. In practice, for assessment of forest and forest land value
specific regulations. are used. There is a need to define production costs for growing stock (stand estab-
lishment costs, silviculture, protection and administrative costs) which is almost impossible due to long
production process. All these facts make the assessment complicated and specific individual approach is
need. In cases where it is possible to calculate material incomes and costs, the yield of money will still
be dependent on the insecure wood price fluctuation. Forest resources values are not constant, but are
constantly changing according to the needs of the society (Karppinen 2000).

Legal regulation for financing of Natura 2000 network is the article II. Habitat directive, ac-
cording to which, before making decisions about the Network, social, economic and cultural significance
of the area should be taken into account. It is in line with article VII. EU Declaration on human rights,
where it is defined that application of measures based on the EU regulations should accept principles of
compensation for loss of income. According to the European Court of Justice (C-71/99 and C-220/99),
definition of the Natura 2000 sites could be based only on the scientific knowledge. Other factors such as
economi¢, social, cultural, regional or local could be taken in account for the development of area man-
agement plans (EK, 2006). EU fonds for financing of NATURA 2000 network were closely tied to the
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LIFE funds until the end of 2006. With the new joint agricultural policy from the beginning of 2007
network financing is a part-of EU Cohesion and Structural Funds from the year 2007 until 2013 with the
annual budget of 49.6 billion-€. Access to those large sources of financing has a negative side —in com-
parison to LIFE funds, the currently valid caleulation period demands much more significant involve-
ment from the applicant and implies much bigger competition.

The main EU financing sources for NATURA 2000 network presently are:

+ European Agnculmral Fund for Rural Development -EAFRD- with annual budget of 77.66
billion €.

» European Fisheries Fund (EFF), annual budget of 615 million €

- European Regional Development Fund (ERDF), annual budget of 1.9 billion €

» European Social Fund (ESF). The fund promotes soctal inclusion, education and training
(annual budget of 10,7 billion €).

+ Cohesion Fund. Fund gives support to Trans-European transport networks and to environ-
mental project in compliance .with Community environmental protection policy (annual
budget of 10 billion €).

« LIFE+, Has three components: Nature and Biodiversity, Environmental Policy and Govern-
ance; Information and Communication (annual budget is 250 million €).

« 7" Research Framework Programme (FP7). The primary focus of Fund are trans-national
researches related to environment (especially climate change) and to acronautics. Research
related to food, agriculture, fisheries and biotechnology are also eligible (annual budget is 7.2
billion €).

For reaching conservation goals on private forests another mechanism is introduced — Contract
conservation. This instrument is meant to serve as a balance to forgone income due to implementation of
the Natura 2000 network. By this scheme the landowners themselves can perform conservation meas-
ures, or they can be performed by third party (NGOs, contractors). The compensation can be in a form of
direct payment, tax breaks, compensatory land-use right, etc. Direct payment are mostly decided on case-
to-case basis, and can greatly vary; from 80 €/ha in $pain up to 4000 €ha in Sweden (for the owners of
agricultural and forest land).

There is no unique methodology for calculation of compensation to forest owners for discrep-
ancy from “normal” management. The highest compensation to forest owners was 6898 €/ha/annually in
Finland as a part of the METSO programme of NEWFOREX project.

Detailed theoretical analysis of different compensation models were made by Anthon et al.
(2010), whose analysis discovers how such compensations often result in too high amounts considering
results, because they do not take into account the moral risk of compliance with a contraét and the natural
vanablllty of stand. Authors also recommend that forest owners who find it difficult to change the condi-
tions in their forests should get contracts for low value compensations with ne regard to the results of
their implementation. On the other hand, active forest owners should be offered high value compensa-
tions through contracts offering a bonus if forest owner accomplishes significantly better stand conditions
than with “normal” forest management.

The main forest resources in the Republic of Croatia are in state ownership. State Department
for Natural Protection is responsible for implementation of NATURA 2000 network. What are the main
financing instruments for NATURA 2000 network? Basically, the answer is simple, monitoring and re-
porting are responsibility of EU state members. Croatia will have to implement EU standards for nature
protection before EU accession. Croatia has proposed NATURA 2000 sites for more than 250 species and
70 stand types.

Establishment of relevant compensation presents an important component for rural develop-
ment regulated with Lisbon strategy. In article 224 of the Strategy 158 million euros are reserved for
compensations. Only 5% of that amount is realised. Only 11 EU state members provide regulations for
compensation payments.

In this paper, on the sample Educational and Experimental Forest Site Dotri¢ina, with use of
medern forest evaluation methods and estimation of lower income in protected areas (such as: prohibi-
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tion of management, hunting, collecting of non-wood forest product, lower annual cut, longer rotation
period, care for preservation of endangered and rare wild species and continuous monitoring) possible
calculation of compensation will be presented.

:

MATERIALS AND METHODS
MATERIJAL I METODE RADA

The object of research is Education and Experimental Forest Site Dotr§gina (EWEFS), Univer-
sity of Zagreb, Croatia. Although the object is not included by Natura2000 proposal it is chosen because
of data availability. Dotr§ina was used as an example for determining the value of benefits for certain
forest areas in the Republi¢ of Croatia. EWEFS makes one management unit Dotr§gina, size of 180.75
ha, The management unit is located in the northwest Croatia, Zagreb, and it'is part of even-aged forests,
Sub-compartment 2a is chosen as the research plot. Forest stand is size of 7.12ha, 49 years old and grows
on IV site quality-class, Stand has normal canopy density, southwest exposure and it is located on altitude
of 185 m. Middle age stands of sessile oak, beech, hornbeam and Gther hard broadleaves with a mixture
ratio of 70:30 (sessile oak : beech). Sessile oak occurs in the upper canopy layer and the trees are of good
quality, beech and hornbeam occur in lower layer.

Table 2. Structure of sub-compartment 2a, Management unit Dotr$&ina, at age of 49
Tablica 2, Strukturne znacajke odsjeka 2a, Gospodarske jedinice Dotridina u 49-toj godini starosti

Tree species Sessile Qak Beech Hornbeam bm?éll]:;ves Total
Vrsia Hrast kitnjak Obiéna bukva Grab OB Ukupno
Site quality-class v v v -IV
Bonitet
Numbser of trees [N/ha] '
Broj stabala [N/ha) 291 251 153 10 705
Basal area [m%ha] .
Temeljnica [m*ha) 14,31 533 242 6,12 22,18
DBH 1,30 [cm] 5

7,50 17,50 12,50 12,50
d, ,, [cm] i
Height [m] 19,95 17,74 14,62 14,18
Visina [m]

. [m®/ha) 149,42 46,95 17,84 0,87 215,08
Growing stock I comp ] 1063,87 334,28 127,02 6,19 1531,36
Drvna zaliha

[%] 69,47 21,83 8,29 0,40 99,99
Current annual  L[M*ha] 536 1,80 0,71 0,04 7.91
increment [m*/subcomp.] 38,16 12,82 5,06 0,28 56,32
Tecajni privast 5] ' 67,76 22,76 3,98 0,51 100,01

All data required for calculation were taken from Management plan Dotrétina (1994-2003).

Method
Metade

Methodology for determining of remuneration due to limited management was made according
to the model made for the Republic of Finland (Leppane et. all 2005), Model adjustments were made for
Croatian forest management system and legislative requirements,

The model determines the amount of compensation for the absolute prohibition of forest stands
which are managed by even-aged system. It is primary to determine the current financial value of the
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forest sub-compartment, then a certain financial value at the end of the prescribed rotation. Payments for
gcosystein services are also calculated but not considered in further calculations, because forest stand and
forest land ownership does not change, only the economic functions are replaced with the protective one.
From forest economics perspective the preferred payment method is a one-time fee.

The amount of one-time fee for forest plot ownership which is managed regularly is calculated

by the formula (1)
Cn

Wwpy = Lo
100

Where is: (NPV) net present value (amount of financial compensation), (Cn) value of forests at the end
of the rotation, (I} time period from preservation to the end of the rotation (), (#) current age of the
stand, (r) interest rate.

The presented model is an adaptive model of a perpetual annul series. It is used when assessing
the value of forests. Forest value should be equal to interest of amount invested in the bank perpetually.
Interest rate is constant and interest stays equal perpetually, ie. n — o (Klemperer 2003).

According to the Ordinance of compensation establishing for the transferred and limited rights
to the forest and forest land (NN 131/06) current estimate is made for researched sub-compartment.

Using data from the Management plan Dotr¥¢ina (growing stock by tree species), assortment
tables Croatian Forests Ltd. Zagreb and the Price list of major forest products Croatian Forests value of
growing stock on the stump is estimated.

The present cutting value method is an economic value of forest that can be calculated from
selling prices of timber assortments. In this method of determining the economic value, forest is consid-
ered as a final product that can be cut and sold immediately. Consequently, this method is often recog-
nized in literature as value of forest stand which is cut and sold at any age. To determine the value of the
stand based on the amount of its assortments it is necessary to take prices of assortments. Content of as-
sortments must be multiplied by current price. Obtained result is the market value of the stand. This
value is very low for young stands and it grows with age of the stand.

Payments for ecosystem services were carried ont according to the methoed prescribed in the
Regulations establishing fees for the transferred and limited rights to the forest and forest land (NN
131/06). Also according to the same Regulations future value of growing stock was estimated of (for the
end of the rotation).

r”
DCn=Cy|14+—
(2)Cn u( 100)

To determine the future value of forest stand used in the formula (2), where is: (C,, current growing value,
(r) interest rate, () is the number of years, (Cn) future value.

For accurate assessment every tree species was separately investigated. According to the calcu-
lations of Croatian Forests Ltd, the reforestation cost of sessile oak stand is 6944.53 EUR / ha, which is
in this case the invested equity. Costs related to the reforestation period refer to the first 20 years. It is
therefore necessary that all costs are discounted to the start of the rotation using the formula (3).

(3)Cy =—Co

14—
100
Interest rate determining is of great importance. The exact interest rate is the one which dis-

counted all costs to rotation beginning and compounds them to rotation end. Computed value must be
equal to estimated value using formula 2.
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The interest rate was tested by Leibnitz’s formula (4)

@r =100(,.’g_:—1]

Where is: (7) interest rate, n time period (years), (Cr) value of forests at rotation end, (Ca) current value
of growing value,

RESULTS
REZULTATI

On the basis of the above presented methodology the current stumpage value of forest is
3500.08€/ha. The growing stock in a 120 year old stand (end of rotation period) is estimated according
to Increment-Yield tables and according to the Ordinance on forest management (Official gazette no.
111/2006). The researched stand falls into the management section of pedunculate oak, class IV. After
determining growing stock using the sortiment tables of Croatian Forests Ltd. Zagreb, the future value of
the forest on the end of rotation period was determined by application of the method of present yield
value. The value of the stand at the end of rotation period is 12012,53 €/ha (Formula 2). Based on the field
survey and the marking of the “ecological” functions of forest, the respective forest is marked with 31,
and according to the Ordinance its value is 56375.83 €/ha.

Table 3. Value of forest sortiments for 1 ha, compartment 2a, at age of 49 years
Tablica 3. Vrijednost Sumskih sortimenta zg 1ha, odsjek 2a, u 49-tof godini starosti

Treespecies | Assortment | Percentage[%)] | Assortmentmy’ Stumpage price [E/m*] Price [€] TOTAL
Vrsta ' Sortiment Udiof%] Sortiment m* Frijednost sastajine Ukuipna vrijednost
12 19 28,390 41,87 1.188,59
Sessile oak , t3 6 8,965 25,60 229,51
Hrast kitnjak to 5 7471 20,53 153,40
pd 57 85,169 12,93 1.101,52
Common beach to 0,015 0,704 15,20 10,70
Obicra bukva pd 0,935 43,898 12,93 567,75
Hombeam
Grab pd 0,56 17,126 13,87 237,49
Other broadleaves pd 0,9216 0,802 13,87 11,12
3.500,08

T2 - second class sawn wood; t- third class sawn wood; te- thin sawn wood; pd — fuel wood
£2- pilanski trupei druge Idase, 13- pilanski trupci trece kiase, to- tanka eblovina, pd- prostorno drvo

For the needs of calculations the percentage of wood sortiments has been taken from the current
Gencral forest management plan. For a detailed calculation the present and future distribution of trees per
diameter classes should be taken into consideration. The calculation may also include the wood debris
that could be used as energy wood.

By applying different interest rates a figure of 0.5495% was calculated, due to the fact that it
fulfils the conditions defined by discounting and capitalizing. Based-on the formula (3) the discounted
value of costs of establishing the stand (reduced to the beginning of the rotation period) is presented.

3)C, =Ln,6223,64Eur =ME"_';“
147 ‘l+0’5495
100 100
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Based on a formula (2) the capitalized value on the end of rotation period (120 years) is calcu-

lated
" 120
) Cn=C,-[14-2-] 112012,53 Eur = 6223, 64Fur- 1+ 220
100 100
| T '
year 0 year 20 yeer 120

Figure 1. Determining the interest rate by discounting and capitalizing
Slika 1. Utvrdivanje kamaitne stope diskontivanjem i kapitaliziranfem

For the management class of pedunculate oak the Ordinance on forest management proseribes
a rotation period of 120 years. According to this statement the time of compounding equals to 7 year.
When assessing the future value it should be taken into consideration that the stand was up to its 49" year
managed by the principles of regular management, and for the purpose of this article it is presumed that
all future management activities are prohibited. Literature review did not find a model by which the costs
that occur when the stand surpasses 120 years, although the model of infinite rent can be applied (Lep-
panen, 2005). By using the calculated interest rate we can get future values of invested funds (Table 4)

Table 4. Determining the interest rates
Tablica 4. Urvrdivanje stope sloZenog ukamadenfa

Discount factor [%] Present value Future valug
wmarski kamatujak [%6] Sadainja vrijednost | Buduca vrijednost
0,5165 6.264,64 11.624,62
0,5220 6.257,79 11.688,40
0,5275 6.250,94 11.752,53
0,5330 6.244,11 11.817,00
0,5385 6.237,28 11.881,83
0,5440 6.230,46 1,947,00
0,5495 6.223,64 12.012,53
0,5550 6.216,84 12.078,42
0,5605 6.210,04 12.144,66
0,5660 6.203,25 12.211,27
0,5715 6.196,47 12.278,23

Although the researched stand is in the development phase of a young stand, according the data
available from the Forest management plan there were no thinning operations in it, and thus there were
no revenues. For that reason it was not necessary to capitalize revenues of thinning in the end of rotation
period, and it was not necessary to discount its costs in the beginning of the rotation period. Stands in
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which thinning was done have a more complex calculation of interest rates due to the multiple discount-
ing and capitalizing of costs and revenues at different time intervals.

Cn 12012,53 Eur
U 71 god
NPy =220 30789 32Fur = ———="~
) e VT
100 100

By usage of the formula (1) the value of a single payment for 1 ha in the “EEFS” Dotriéina,
compartment 2a, is 30789.32 €. In the final value the “ecological” functions of forests were not taken into
consideration due to the fact that the forest and the forest land does not change its ownership, and that the
economical function was replaced by the protection function.

CONCLUSIONS
ZAKLIUCCT

Because of different characteristics of forest stands, the presented method of calculation must
be applied individually for each stand, and then subsequently for the entire forest. In case that the forest
taken into consideration is managed by an uneven-aged regime, it is necessary to make alterations to the
model. The amount of single payment to compensate for the inability to perform felling activities is al-
most three times larger than the value of the forest determined by the method of current felling value. The
reasons for this discrepancy are the “ecological” functions of the forest. The analysis presented in this
paper did not take into consideration these “ecological” functions, because they are not affected by the
payment system that compensated forest owners their loss of forest management rights.

The presented model has its limitations. First, the mode] assumes the halting of active manage-
ment of the forest compartment, which in practice is not a common case. Most of the measures prescribed
for forest areas that fall within Natura 2000 network have management recommendations that affect
“normal” management regime in a manner that they limit the allowed time span of forest activities to the
intervals in which the sensitive stages (like breeding) of species and habitats of EU importance are not
disturbed, QOther type of management recommendations favours activities by which the conservation
status of habitats is improved (like continuous grazing of mountain pastures), or certain ecological re-
quirements are added to forestry activities (like silvicultural activities which take care of the diversity of
forest edges). All these cases require its own specific approach to calculation, and all of them would have
their calculated values smaller that the one presented in this paper.

Also, the presented model assumes single payment. This would be hard to implement in prac-
tice owing to difficulties in securing long term status of prescribed management. For this reason most of
the EU countries use a system of long-term contracts (e.g. 30 years). On the level of EU 25 the average
annual cost of implementation of the Natura 2000 network for all types of land cover is 63€/ha (Ganti-
oler et al, 2010). Introducing a single payment is applicable to higher, regional level for a certain measure
or a habitat type. Due to the changes in ownership or inheritance, it is probable that most of the forest
owners would accept a single payment system. The transaction costs of drawing up a contract and deter-
mining payment for a single private forest owner are too high. Such contracts are applicable only to
forest owners with relatively large forest lots, where it should be strived towards an active management
system which has for a goal the improvement of the conservation status of habitats and species of EU
interest. On the basis of presented findings, it is difficult to apply the method for different habitat types.
For these reasons it is important to conduct additional research and calculations on different management
classes, so that the level of compensations for the loss of management right over forest under Natura
2000 for forest owners could be calculated.
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Abstract

Three associations of common spruce in the altimontane and subalpine belt of the Croatian Di-
naric Mountain range have been described using the Central European phytocoenological methed (Braun-
Blanquet 1964). These associations differ in terms of ecological conditions, floral composition, and par-
tially of their distribution range. Spruce forests of western Croatia (Gorski Kotar) belong to the association
Lonicero caeruleae-Piceetum Zupantic (1976) 1999, which were identified in Croatia for the first time
with nine new phytocoenological relevés. The association Laserpitio krapfii-Piceetum abietis Vukeli¢,
Alegro et §egota 2010 is developed as a permanent stage on steep, north-facing, cold and rocky mountains
between 1100 and 1500 m a. s. 1., mostly on Mount Velebit. The association Hyperico grisebachii-Picee-
tum (Bertovié 1975) Vukeli¢, Alegro, Segota et éapié 2010 extends predominantly above 1400 ma. s. L,
often on inaccessible, distinctly rocky, open tops and upper steep stony exposed slopes of northern Velebit
and Bjelolasica.

Key words: Picea abies (L.) Karsten, forest communities, altimontane and subalpine belt, Di-
naric range, Croatia

Safetak

Prema standardnof srednjoeuropskof fitocenoloskof metodi (Braun-Blanquet 1964) opisane su tri
asocijacije obicne smreke u altimontansko-subalpskom pojasu hrvatskih Dinarida. Medusobno se razlibuju
prema ekoloskim wvjetima, flornom sastavu, a difelom i prema arealu (slika 1, tablice 2 i 3). Smrekove
Sume zapadne Hrvaiske (Gorski kotar) pripadaju asocijaciji Lonicero caeruleae-Piceetum Zupandic
(1976) 1999 koja je sa devet novih fitocenoloskih snimaka (tablica 1) prvi puta utvrdena u Hrvatskoj,
Asocijacija Laserpitio krapfii-Piceetum abietis Vikelié, Alegro et Segota 2010 razvijena je kao trajni stadif
na strmim, sfevernim, hladnim i sjenovitim padinama izmedu 1100 i 1500 m, uglaviiom na Velebitu. Aso-
cifacija Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro, Segota et Sapié 2010 rasprostire

Comrespondence: Joso Vukeli¢, University of Zagreb, Faculty of Forestry, Department of Ecology and Silviculture,
Svetoimunska cesta 25, HR-10002 Zagreb, Croatia, E-mail: jvukelic@sumfak.hr
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se pretefno iznad 1400 m nadmorske visine na éesto neprohodnim, izrazito stfenovitim, otvorenim vrhovi-
ma i gornfim strmim kamenitim izloZenim padinama sjevernoga Velebita i Bjelolasice .

Kljuine rijeli: Picea abies (L.) Karsten, Sumske zafednice, altimontansko-subalpski pojas, dinar-
sko gorje, Hrvatska

INTRODUCTION
uvobD

The Dinaric area in the Republic of Croatia above an altitude of 1200 m covers 76,000 ha, or
only 1.4% of the area. Of this, over half are under forests, while the rest consists of scrub communities,
mountain clearings, grasslands and rocks. The forest cover is completely dominated by the subalpine
beech forest, while spruce in Croatia, unlike the Alps and the Carpathians, does not constitute a special
height belt, nor does it form large complexes as it does in Slovenia and Bosnia and Herzegovina. It is
developed as a permanent stage and inhabits localities that are not conducive to the growth of beech and
fir stands; therefore, spruce is favoured by local climatic and orographic factors across its entire natural
range, which gives it precedence over beech and fir (Beck-Mannagetta 1901, Horvat 1925, 1938, 1950,
1962, 1963, Ani¢ 1959, Horvat, Glavac i Ellenberg 1974 et al.).

Phytocoenoses containing spruce as the edifying species are found in three large massifs in
Croatia: Risnjak in Western Croatia, Bjclolasica in the Central Dinaric range and Velebit. The floral com-
position of spruce communities growing on these massifs differ from one another as a consequence of
their biogeographic position and floral-genetic development, general ecological factors, macro and mi-
cro-climatic features of particular associations, and anthropogenic impacts. Spruce forests of Western
Croatia are still under the alpine influence; even their macro-climate differs significantly from other Di-
naric areas in Croatia. For example, the average annual temperature in the subalpine belt of Northern
Velebit is 3.5 °C, and the average annual rainfall is 1898 mm (meteorological station ZaviZzan, 1594 m
above sea level, period 1961-1990, data from the State Hydro-Meteorological Service). At Veliki Risn-
jak, situated about 100 m lower in Gorski Kotar, the average annual temperature is about 2 °C and the
precipitation quantity is higher by almost 2000 mm than on ZaviZan.

Spruce forests in the altimontane and subalpine belt of Croatia were described by Ivo Horvat
(1950, 1962) as a macro-association Piceetum croaticum subalpinum. He presented this association in a
synthetic form with 19 relevés (in Cestar 1967), comprising mainly the Gorski Kotar area. Subsequent
research into spruce forests of Croatia (Bertovi¢ 1975, Vukeli¢ et al. 2010a, Vukeli¢ et al, 2010b) high-
lighted their heterogeneity, so two new associations were described. The association Hyperico grise-
bachii-Piceetum (=Calamagrostio variae-Piceetum Bertovié 1975 nom. Illeg.) was identified in the
rocky part of Velebit above an altitude of 1400 m, The second association, Laserpitio krapfii-Piceetum
abietis Vukelié, Alegro et Segota 2010, is developed as a permanent stage on steep, north-facing, cold
and shady slopes between 1100 and 1500 m above the sea. However, both these associations are distrib-
uted mainly on Velebit, while stands from Western Croatia growing towards the border area with Slove-
nia, which were also included in Horvat’s complex of Piceefum subalpimun, are not part of them. For this
reason, we surveyed the Risnjak massif and Bjelolasica areas, compared the stands with the results of
earlier research into spruce forests of Croatian and adjacent areas, and defined them into three independ-
ent associations in terms of ecology and floral composition.

MATERIALS AND RESEARCH METHODS
MATERIJALI I METODE ISTRAZIVANIA

Research was conducted using the method of the Zurich-Montpellier Phytocoenological School
with a six-point scale. The relevés were entered into the Turboveg database (Hennekens & Schaminée
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2001) and were statistically processed in the Primer 6 software (Clarke & Gorley 2001), We used MDS
(Non-metric Multi-Dimensional Scaling) and the UPGMA (Unweighted Pair-Group Method Using
Arithmetic Averages) agglomerative hierarchical method with the Bray-Curtis similarity index. The av-
erage Ellenberg’s ecoindicator values (Ellenberg 1979) of the communities were calculated by means of
the JUICE 7.0 software (Tichy 2002) and were compared in STATISTICA 8.0 (StatSoft Inc. 1984-2008)
using the Kruskal-Wallis test (p<0.05).

The floristic composition was classified according to the social affiliation of the species, plant
nomenclature was coordinated according to the Flora Croatica Database (Nikoli¢ 2008), and mosses
were adjusted according to Koperski et al. (2000).

The floristic composition and structure of spruce stands in Croatia are presented on the basis of
54 phytocoenclogical relevés, of which 19 are by L. Horvat {Cestar 1967), 6 are by S. Bertovié¢ (1975),
and 29 relevés have been investigated by the authors in the past two years. Horvat’s relevés were not
taken into consideration for statistic analysis because they are not in the analytical form. Nine new
relevés of the association Lonicero caeruleae-Piceetum are presented in the analytical Table 1. Three
associations from Croatia and two from Slovenia (Acceto 2006, Zupanéi® 1999) are given in the synoptic
form in Table 2, One of them (column 1) represents the association Lonicero caeruleae-Piceetum from
research by Zupan¢i¢ exactly as he described it.

RESEARCH RESULTS AND DISCUSSION
REZULTATI ISTRAZIVANJA I RASPRAVA

The statistical analysis of 35 analytical relevés, as well as the comparison in Table 2 shows three
clearly distinct associations (Figure 1). The sociological affiliation of the species in particular associa-
tions (Table 3) points to their mutual differences. These differences are the consequence of the biogeo-
graphic position and floral-genetic development, general ecological factors, macro- and micro-climatic
features of a particular association and anthropogenic impacts.
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Figure 1 Multi-Dimensional Scaling
Stika 1 Multidimenzionalno skaliranje

Subalpine Forest of Spruce with Blue-Berried Honeysuckle
(Lonicero caeruleae-Piceetum abietis Zupan&it (1976) 1999 corr.)

The association named Piceetum subalpinum dinaricum was established by Zupanéié in 1976
on Slovenia’s SneZnik, which forms a coherent ecological-vegetational unit with the Risnjak area, i.e.
with Western Croatia. In his later works (1994,1999), Zupanéi¢ renamed the association into Lonicero
caeruleae-Piceetum and defined Loricera caerulea subsp. borbasiana and the moss Sarionia uncinata
as the characteristic species of the association, while Lycopedium annotinum and Vaccinium vitis-idaea
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were identified as locally differential species. With the exception of the moss Sarionia uncinata, other
species participate significantly in the subalpine spruce forests of Gorski Kotar. In addition to the geo-
morphological, ecological and other similarities, this is the most important reason that the stands from
Gorski Kotar have, for the time being, been added to the association Lowicero caeruleae-Piceetum. It
must be stressed, however, that more detailed research is necessary in order to make the final determina-
tion. The floristic composition of the association is given in Table 1. Compared to the other two associa-
tions, the composition is considerably dominated by the species of spruce forests of the class Faccinio-
Piceefea (51:36:39) (Table 3).

Table 1 Floristic composition of association Lonicero caeruleae-Piceetun in Croatia
Tablica I Floristicki sastav asocijacife Lonicero caerileae-Piceetum u Hrvatskof

Ass. Lonicero coeruleae-Piceetum
Number of releve / Brof snimke 1 2 3 4 5 [ 7 8 9
Locality / Lokalitet: Gl G2 |Lil| L2 |MB| BSI | BS2 | BS3 | 883 | & |
Expaosition / Ekspozicija i Sz si ji si si si si i ?
Inclination / Nagib (*) 40 | 45 | 10| 20 |30 | 40 | 45 | 35 | 30 | §
Altitude / Nadmorsia visina (m) 980 | 1010 | 960 | 1050 | 995 | 1020 | 1210 | 1205 | 1290 §;
Relevé area / Povrsinag snimke (m?) 400 | 400 [ 600 | 400 | 900 | 600 | 400 | 400 | 400 E
Cover / Pokrovnost (%) A 80 60 90 80 75 95 85 70 65 ED
B 60 | s0 [ 70 [ 50 |60 [ 40 | 70 [ 60 | 70 | g
C 30 | 80 [0 | %0 [e65 ]| 70 | 70 | 85 | 70 | §
D 80 80 70 | 60 55 25 50 60 65 :.g.
Floristic compesition / Florni sastav
Char. and diff. species of association / Svejstvene i razlikovne vrste asociiacije
a | Lonicera nigra B 1 1 1 2 + + + + 5
a | Lonicera caerulea borbastana . . . . . + + + + 3
a | Lycopodium annotinum c| + + 1 3 2 2 2 2 5
a | Vaccinium vitis-idaea 1 + 1 2
a Vaccinio-Piceenion
Polystichum [onchitis + + + + + 3
Luzula sylvatica + + . 1
Luzula luzulina + + 1
Plagiothecium undulatum D] . + + + + . . . . 3
Rhytidiadelphus loreus . . . . . + 1 1 i 3
Mylia taylori + 1
Rhizomjum punctaturn . . . . . . . + 1
b Abieti-Piceenion
Abies alba A 2 1 1 2 + 2 1 + 2 5
Abies alba ‘ B 3 3 2 2 1 + + . 2 K]
Clematis alpina 3 1 1 1 1 2 2 1 2 5
Valeriana tripteris c| 3 2 1 2 + ; 2 1 + 5
Dryopteris expansa 1 1 + + + + + + 5
Veronica urticifolia 1 + + 1 + . 1 1 + 5
Abies alba + + + + + + . 3
Dryopteris dilatata + 1 + + + + . 3
Adenostyles alpina . . . . . + + 2 2
Streptopus amplexifolius + + 1
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Along with the already mentioned differentiating species and compared to the other two sub-
alpine spruce communities in Croatia, the phytocoenosis Lonicere caeruleae-Piceetum is characterized
by higher participation of the species Calamagrostis arundinacea, Abies alba, Gentiana asclepiadea,
Solidago virgaurea, Phegopteris connectilis, while of other syntaxa, Cardamine trifolia is particularly
distinct.. On the other hand, compared to the ecologically and physiognomically similar community La-
serpitio krapfii-Piceetum, the species Melampyrum velebiticum, Calamagrostis varia, Carex ornythopo-
da, Campanula rotundifolia agg., and a larger number of the species of the order Fagetalia are either
absent or are less well represented. '

Figure 2 Association Lonicero caeruleae-Piceetum in locality Ga¥parac in Gorski Kotar
Slika 2 Asocifacifa Lonicero cacruleae-Piceetum na lokalitetu GaSparac u Gorskome kotaru

The most representative stands of this association are located in the rocky massif of Risnjak
(Figure 2), especially in the Smrekovac area, as well as in several localities of Velika Kapela, where Bi-
jele and Samarske Stijene are particularly prominent,

Subalpine Forest of Spruce with Laserpitinm krapfii
{Laserpitio krapfii-Piceetum abietis Vukeli¢, Alegro et Segota 2010)

The association Laserpitio krapfii-Piceetum abietis, researched and determined by Vukelic,
Alegro and Segota (2010), only partially encompasses Horvat’s macro-association Picetum croaticum
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stebalpinum from 1950. The community belongs to the altimontane and subalpine belt of the Dinaric area
in Croatia. It is predominantly developed on steep, north-facing, cold and closed sinkholes and depres-
sions, where snow is high and of long duration and altitudes range from 1100 to 1500 m. As a rule, the
phytocoenosis Hyperico grisebachii-Piceettum occurs above it.

The phytocoenosis Laserpitio krapfii-Piceetum has macro-climatic features of a pre-alpine
beech forest in whose belt it is sitvated. However, the decisive factor for its occurrence is the microcli-
mate modified primarily by the relief, altitude and other geomorphological factors (Cindri¢ 1973).

The characteristic species of the association is Laserpitium krapfii, the differentiating species
are Knautia drymeia, Pefasites albus, Euphorbia amygdaloides, Symphytum tuberosum, Adenostyles al-
liaria, Melampyrum velebiticum and Campanula rotundifolia agp., while Valeriana montana, Geranium
sylvaticum and Trollius europaeus have diagnostic importance.

The phytocoenosis of spruce with Laserpitium krapfii is developed as a permanent stage on
more humid, colder and shadier sites. Locally, it descends into sinkholes and lower slopes to the beech-fir
forest, and is therefore richer in the Adenostvletalia species in relation to the ofher two associations (Ta-
ble 3). Due to dolomitized limestone and breccia, which supply the soil {(calcomelanosol and cambisol)
with large quantities of calcium, as well as to strong impacts of zonal beech forests on the narrower and
smaller complexes of these spruce stands, the best represented elements are those of the order Fagetalia
and lower units, which makes them the differentiating species of beech forests. The average soil pH de-
termined in water for the layer of 0 to 5 cm in depth is 5.50.

Subalpine Forest of Spruce with Hypericum richeri ssp. grisebachii
(As. Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro, Segota et Sapié 2010)

The association Hyperico grisebachii-Piceetum is distributed above 1400 a.s.l. (slightly lower
on Samarske Stijene). It often covers inaccessible, distinctly rocky tops, ridges, hips, karren, and very
steep sunny slopes high up. The stoniness of the terrain, always above 50%, is the essential feature of the
site of spruce forest with Hypericum richeri ssp. grisebachii and significantly contributes to the broken
tree canopy and the structure of shrubs and ground vegetation. The soils are generally different sub-types
of calcomelanosol, ranging from organogenic, organomineral to browned soils, and less frequently shal-
low cambisol (Bakgié et al. 2010). The ecological amplitude of the occurrence of the community is very
narrow, whereas the specific conditions of the relief, pedology and climate (represented by Zavizan Me-
teorclogical Station) are not favourable for the successful development of forest vegetation.

In relation to the other two, the community is poorer in spruce species, as well as in the species
of the order Fagetalia and Adenostyletalia (Table 3). Due to the rocky mountain tops and ridges where it
oceurs, it is much richer in the species of primary and secondary mountain screes and pastures of the class
Asplenietea trichomanis and Seslerietea albicans. The differentiating species of the association, Salix
appendiculata, Sambucus racemosa, Juniperus communis subsp, nana, Achillea clavenae, Gentiana
Iutea subsp. symphyandra, and locally Festuca bosniaca and Convallaria majalis reflect exacily these
conditions. The high participation of the species of the class Erico-Pinetea and lower units - Calama-
grostis varia, Cirsium erysithales, and even Carex ornithopoda, deserves special mention, The number
and the cover of the species of the orders Fagetalia and Adenostyletalia is considerably lower than in the
phytocoenosis Laserpitio krapfii-Piceetum (31:45), which occurs in lower positions.

Although the phytocoenosis does not have any commercial significance, its protective and nat-
ural-scientific importance is very high. The most important stands are found in the National Park of North
Velebit and on Samarske Stijene, and less so on other rocky tops of Velika Kapela and the Risnjak massif.
Its composition is not uniform in this entire distribution range: the high ridges which it inhabits are rela-
tively remote enclaves with their geobotanical and horologic specific features. Some particular localities
contain rare and protected species, e.g. Samarske Stijene with Berberis croatica, Leontopodium alpinum,
Saxifraga paniculata and others.
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Other Differences in the Constitution of Site and Vegetation

In addition to the already highlighted differences between particular associations, their phyto-
coenological analysis also indicates the general floristic-vegetational characterisation in terms of their
position in the entire Dinaric massif. It is partly explained in the works of Vukeli¢ et al. 2010a and 2010b
and will not be repeated here.

Table 2 Phytocoenoses of Commeon Spruce in the Altimontane and Subalpine Belt
Tablica 2 Fitocenoze obicne smreke u altimontanskom i subalpskom pojasu

Number of column / Brof stupca: 1 2 3 4 5 6
Number of releves / Broj snimaku: 39 197 17 10 16
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1 - Lonicere coeruleae-Piceetum (Slovenija; Zupandi€ 1999)

2 - “Piceetum croaticum subalpinum”™ (Gorski kotar, Velebit; Horvat in Cestar 1964)

3 - Lowicero coéruleae-Piceetum (Gorski kotar; Vukelié [ dr. 2010)

4 - Campanulo justinianae-Piceetum abietis (Slovenija; Accetto 2006)

5 - Hyperico grisebachii-Piceetum abietis (Sjeverni Velebit, Samarske stijene; Vukeli€ et al. 2010)
6 - Laserpitio krapfii-Piceetum (Sjeverni Velebit ; Vukelié et al. 2010)

A -Trees / drvece B - Shrubs / grmife C - Undergrowth / prizemno rasée D - Mosses / mahovine
a-f- sinsystematic affiliation / sistematska pripadnost

*The table excludes species that are represented in only one column with presence degree 1 / Izostavijene su viste kofe
se pojavijufu samo u fednom stupcu sa stupnjen udjela 1
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Subalpine spruce forests in Western Croatia are similar to spruce forests of the Dinaric and sub-
alpine region of Slovenia. They contain boreal sprice species, such as Lonicera nigra, Lycopodium an-
notinwm, Huperzia selago, Listera cordata, Calamagrostis arundinacea and Rhytidiadelphus loreus. On
the other hand, spruce forests of Velebit show greater similarity with Bosnian and Herzegovinian sub-
alpine communities Sorbo-Piceetun Fukarek 1964 and Pyrolo-Piceetum (Fukarek 1969) Zupanéi€ 1990,
although there are also a number of species that differentiate them. For example, about thirty species that
constantly occur in spruce forests of Northern Velebit are either absent or occur very rarely in the related
forests of Bosnia and Herzegovina: Campanula rotundifolia agg, Knautia drymeia, Calamagrostis varia,
Polystichum lonchitis, Clematis alpina, Adenostyles alpina, Maianthemum bifolium, Heracleum
sphondyllium, Doronicum austriacum, Melica nutans, Actaea spicata, Mercurialis perennis, Petasites
albus, Carex digilata, Moehringia muscosa, Silene vulgaris and others. On the other hand, these associa-
tions contain species which are either not represented or are less frequent in sub-alpine spruce forests of
Velebit, such as Homogyne alpina, Melampyrum sylvaticum, Moneses uniflora, Orthillia secunda, Listera
cordata, Rhyiydiadelphus loreus, Plagiotecium undulatum, Avenella flexuosa, Pleurozium schreberi,
Corallorrhiza trifida, Pyrola rotundifolia, Pulmonaria obscura, Knautia dinarica, Scabiosa leucophylla
and others. In conclusion, going from the north-west towards south-east of the Dinaric range, the alpine-
boreal and Central European species are completely absent or their participation is decreasing, while the
Illyrian and Balkan species are gradually occurring or their presence is increasing (Horvat 1953, Zupanéié
1980, 1988, 1990, Vukeli¢ i dr. 2010a). |

Table 3 Number of species by syntaxonomic categories ‘
Tablica 3 Brof vrsta prema sintakisonomskim kategorifama '

Le-P Hg-P Li-P Lb-P Hg-P Lk-P |
number of species % |
Vaccinio-Piceenion 14 8 8 8.7 6.2 52 |
Abieti-Piceenion 8 5 9 49 39 3.8
Vaccinio-Picelon 5 4 5 3.1 31 3.2
Vaccinlo-Piceetea, Piceetalia 25 19 17 154 14.7 11
Spruce species }, 52 36 3 32.1 279 252
Erico-Pinion, Erico-Pinetalia 2 4 3 1.3 3.1 1.9
Aremonio-Fagion 9 3 7 5.6 2.3 4.5
Adenostyletalia 13 12 19 ] 9.3 12.3
Fagetalia 24 20 28 14.8 155 18.1
Querco-Fagetea 8 7 7 49 54 45
Asplenigtea 8 7 5 4.9 5.4 3.2
Seslerietea albicans 1 8 6 0.6 6.2 3.9
Other 6 21 15 3.7 163 9.7
Moss 30 11 26 24.1 8.6 16.7
¥ 162 129 155 100 100 100

The three associations differ in terms of ecological factors (Table 4). The association Hyperico
grisebachii-Piceetum proved to be the coldest, confaining the least humidity and nutrients, the lowest
acidity degree and the highest amount of light, thus reflecting the subalpine rocky terrains and open sites
in which it grows. The association Lonicero caeruleae-Piceetum has the highest acidity degree and site
humidity. This is also understandable, since the area in which it occurs is colder than the rest of Croatia
and receives a much higher amount of rainfall. In such conditions, the decomposition of the organic floor
is the poorest, causing the highest acidity by the formation of raw humus. In terms of light conditions,
humidity, acidity and nutrient wealth, the association Laserpitio krapfii-Piceetum is between the two
previous ones.
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Table 4 Comparison of ecological indicator values (Kruskal-Wallis test; p<0,05)
Tablica 4 Usporedba ekoindikatorskih vrijednosti (Kruskal-Wallis test; p<0,05)

! LkP HgP L¢P
Ecological factor
Mean | Std. Dev.| Mean |[Std.Dev.| Mean | Std, Dev.
Light 4.87 0.300 5.26 0.251 4.26 0.240
‘Temperature 4.00 0.334 3.66 0.248 3.99 0.148
Continentality 3.64 0.171 4.09 0.133 3.79 0.096
Moisture 5.37 0.140 5.21 0.193 540 0.113
‘Soil reaction 6.04 0.353 6.10 0.203 5.58 0.248
Nutrients 4.96 0.277 4.40 0.422 4.93 0.230
CONCLUSIONS
ZAKLIUCCT

The results of the analysis and comparisen of the floristic composition, ecological conditions,
distribution range and physiognomy of the recorded stands show three clearly distinct associations with
the following synsystematic affiliation:

Class: Faccinio-Piceetea
Order: Vaccinio-Piceetalia
Alliance: Vaccinio-Piceion
As: Lonicero caeruleae-Piceetum abietis Zupanéic (1976) 1999 corr.
Laserpitio krapfii-Piceetum abietis Vukelié, Alegro et Segota 2010
Hyperico grisebachii-Piceetum (Bertovié 1975) Vukelié, Alegro,
Segota et Sapi¢ 2010

The association Lonicero caeruleae-Piceetum with the characteristic species Lonicera caerulea
subsp. borbasiana, Lonicera nigra and Sanionia uncinata was identified in the Gorski Kotar area. In rela-
tion to the other two associations, the prevailing species of this association are those of spruce forests of
the class Vaccinio-Piceetea. In terms of Ellenberg’s ecoindicator values, it proved to be the most acido-
philic and contains the least amount of light.

The association Laserpitio krapfii-Piceetum belongs to the altimontane and subalpine belt of
the Dinaric area in Croatia. It is predominantly developed on steep, north-facing, cold and closed sink-
holes and depressions. It has macro-climatic features of a pre-alpine beech forest in whose belt is occurs,
The characteristic species of the association is Laserpitium krapfii, while species of the order Fagetalia
and lower units constitute the differentiating species.

The association Hyperico grisebachii-Piceetum cxtends above an altitude of 1400 m. and in-
habits the tops of Samarske Stijene, and less so other rocky tops of Velika Kapela and the Risnjak massif,
The differentiating species of the association include Salix appendicuiata, Sambucus racemosa, Junipe-
rus communis subsp. nana, Achillea clavenae, and Gentiana Iutea subsp. symphyandra. The species of
the class Erico-Pinetea should be pointed out for reasons of their high participation. The amount and

: cover of the species of the orders Fagetalia and Adenostyletalia is much lower than in the phytocoenosis
Laserpitio krapfii-Piceetum, which occurs in lower positions.
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THE EFFECT OF REGULATING STREAMFLOWS
ON THE BEAVER HABITAT IN CROATIA

UTJECAT UREDIVANIA VODOTOKOVA NA STANISTA DABRA U HRVATSKOJ
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"University of Zagreb, Faculty of Forestry, Department of Forest Protection
and Hunting Management, Sveto§imunska cesta 25, HR-10002 Zagreb, Croatia

Abstract

Beaver adjusts well to all the changes in its habitat on condition that food and water is provided
throughout the year. In some cases beaver inhabits areas with very few food resources.

The fact that beavers unexpectedly choose some quite unusual habitats to settle on was in fact the
reason for doing the research on these seemingly marginal habitats in the first place.

Although in Croatia there is a fair amount of well preserved habitats, some smaller stream flows
are permanently being regulated, and that’s which has to a higher or a lesser degree diminished their natu-
ral quality. In order to establish the real effect of stream flow regulation on the beaver habitat, research was
made on 9 rivers in Central Croatia and it consisted of fieldwork and mapping the stream flows, As a con-
trol method we used topographic maps 1:25.000 and satellite photos provided by Google Earth.

938 km of stream flows were inspected on 9 km of rivers. It was recorded that natural vegetation
covers 70% of those stream flows. 18% of stream flows were previously regulated (leveling beds, building
dams etc.), but, due to ecological succession, herbaceous and ligneouns vegetation - which we named “suc-
cessive vegetation” - recovered and made it possible for the beaver to inhabit those tetrains once again. On
those parts of stream flows, beavers are commonly present, but there is also a danger of them getting hurt
or forced out beacause of the stream flow regulation that periodically takes place.

Some time after the stream flow regulation, beavers cannot settle on those terrains because they
have no vegetation. The stream flows that are regulated every year, cannot be inhabited by beaver at all.

Instructions that can be given to the company that conducts the stream flow regulations are not to
remove the vegetation directly on the banks or inside the 5m perimeter. That would provide the conditions
for the beavers, birds and other semi aquatic animal species. It would also prevent water temperature from
rising and enrich the water with oxygen. Those instructions are being partly accepted, but in the future they
should be applied on the majority of regulated stream flows.

Key words: Beaver, streamflow regulation, vegetation, protection of habitat, population density

Safetak

Dabar se dobro prilagodava svim promjenama u stanistu, pod wjetom je da &itave godine osig-
rana voda i hrana. U nekim slucajevima obitava na ekstremno siromasnom podrucju kada je u pitanju
izbor hrane. Uprave odabir stani§ta i nastanjivanje dabrova na nekim neoéekivanim podrudfima ponuka-
le su na Istrazivanje dabra u naizgled marginalnim stanistima. lako Hrvatska ima oétvana stanista, neki
manji vodotoci su pod stalnim meliorativnim zahvatima éime je bitno smanjena ili u potpunosti devastira-
na prirodnost lik vodotokova.

Correspondence: Marijan Grube3ié, University of Zagreb, Faculty of Forestry, Department of Forest Protection

and Hunting Management, Svetofimunska cesta 25, HR-10002 Zagreb, Croatia, E-mail: mgrubesic@sumfak.hr
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Da bi wrvrdili stvarni utfecaf na stanista dabra, pa i na same familije kofe su veé nastanjene na
pojedinim lokacijama, izvrSeno je istrafivanje prirodnosti staniSta na 9 rijeka srediSnje Hrvatske.
Istrazivanja su viSena obilaskom i terenskim kartiranjem vodotokova a za kentrolu | kao pomoéna metoda
kod planiranja i provodenja terenskih istraZivanja slufile su topografske karte 1:25.000 te satelitski snimci
Google Erth programa.

Na 9 rijeka ukupno je istrafeno 938 kin vodotokova. Na istrazenin vodotocima utvrdeno je 70 %
privodne vegetacije, odnosno u cifelosti ocuvanih prirodnik stanista. Na 18 % tokova izvriena je ranife
melioracija (uredenje vodotoka, izravnavanje korita, izgradnja nasipa i sl) ali se privodnim putem (sukce-
sifom) vratila zeljasta i drvenasta vegetacifa, kofu smo nazvali sikcesivna, jer se prirodnim procesom
sukcesije vratila vegetacija i na taj nacin stvoreni su uvjeli za obitavanje dabrova. Na takovim dijelovima
vodotokova Cesta je prisutnost dabrova, ali je i stalna opasnost od progjerivanja ili stradavanja, jer se ti
dijelovi vodotoka periodicki ponovno ciste od vegetacife i ureduju.

Nakon uredivanja vodotokova odredeno vrijeme nema uvjeta za dabrove jer nema ni vegetacife
(dok se ponovio ne razvije) a na dijelovima gdje se svake godine Cisti vegetacifa, trajno je , sterilno®
podrucie za dabrove.

Sugestija poduzelu koje gospodari vodama, da se ostavija vegetacifa neposredno na obali i do 5
metara uz obalu, kake bi ostali wvjeti za dabra, druge semiakvatiéne vrste, ptice moévarice, kako bi se
sprijedilo zagrijavanje vode i vriilo obogadivanje vode kisikom, dielomicno je prihvadeno i na nekim
dijelovima se primjenjuje, ali bi to trebalo primifeniti na vucinu vodotokova koji su ve¢ uredeni i koji se
odrZavaju &idéenjem vegetacije u inundacijskom pojasu.

Kljuéne rijeci: Dabar, uredenje vodotoka, vegetacija, zastita stanista, gusteéa populacije

INTRODUCTION
uvon

Beaver habitats are well known and defined by the fact that beaver belongs to the semi-aquatic

animal species. Hence, water surfaces rich with green succulent vegetation are the most suitable habitats
for beaver, because they before all provide food but also peace and shelter.

Regarding the wide array of plant species beaver uses for food in the vegetation period or in

winter, when the major part of its menu consists of soft broadleaves’ bark, beaver inhabits a wide area of
suitable biotopes. Beaver is well adjusted to environmental changes, provided that food and water are
available throughout the year. In some cases, it also inhabits extremely poor habitats regarding food. Due
to its relatively modest habitat demands, which the animal itself arranges in order to enhance living con-
ditions, as well as high reproduction capacity (Heidecke 1983, Heidecke et al, 2003) provide this species
with an advantage when inhabiting new areas. Beaver’s ability to adjust to different habitat conditions
enabled successful reintroduction in the greater part of Europe (Weinzierl 1973, Reicholf 1976, Zahner
et al., 2003, Grubegi¢ 2008). Watershed of the river Sava is one of the areas where three spatially divided
projects of beaver introduction were successfully carried out { Grubegi¢ et al. 2001, Grube§ié et al.

Immediately after the beaver’s return to Croatia, a dynamic spreading of beavers through the

rich network of confluents commenced, even at a remarkably large distances in very short periods
(Grubesi¢ 2008).

The search for new habitats is the reason why beavers inhabited some unexpected areas

(Grubegi¢ 2008). Certain locations of beavers’ families triggered the research of causes for migrations to
larger distances and inhabitation of apparently marginal biotopes. These “marginal” biotopes in the mid-
dle part of Croatia are primarily the results of human activities regarding streamflow regulation and
maintenance. '

Similar problems for beaver, but also with beaver, in the inadequate habitat conditions are

known in the areas where beaver is present long since and in greater numbers (Schwabet et al. 1994,
Maier 1994, Zahneret et al. 2005). The influence of men on beaver habitat and the environment which
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they inhabit is the conflict that lead towards the disappearance of beaver from the major part of Europe
(Zahner et al. 2005), and with its reappearance it is actual again.

Together with the monitoring of beaver population in Croatia, there is also a need for the mon-
itoring of natural state of certain habitats, especially confluents inhabited by beavers.

MATERIALS AND METHODS
MATERIJALI I METODE

For the purpose of this research and analysis, streamflows from the central part of Croatia which
comprise the watershed of the river Sava were used.

The. following confluents were taken into analysis: Kupa, Glina, Odra, MreZnica, Korana,
Lonja, Cesma, Pakra, Ilova, Dobra and Krapina. During the field research, and in regard to beaver habi-
tats recording and mapping of their distribution, these streamflows were analyzed and recorded on their
specific parts according to the state they were in regarding the natural environment. Streamflows were
divided into three categories regarding they natural look, Le. the extent of the anthropogenic influence,
Certain segments of streamflows were defined based on the following criteria:

— Segments of steramflows which remained intact and withstood natural appearance, where
there were no regulations of river bed, shores and the littoral, i.e. which maintained their
original course, natural shores and original - pristine vegetation inside the streamflow as well
as on the shores and the surrounding area (min. 15 metres far from the shore).

— Streamflow segments under anthropogenic influence where some regulation has been carried
out, shores and dikes were constructed, but in time succession took over the shores and the
littoral area covering them with vegetation, shrubbery and trees which are very similar to the
original ones (succulent plants of swamp and humid habitats, soft broadleaves’ trees and
shrubs), so that there is an impression of an almost criginal habitat.

— Segments of streamfiows under anthropogenic influence where regulations were carried out,
shores and the littoral part are arranged and (at least annually) grass mowing, succulent veg-
etation and trees and shrubbery removal is being conducted alongside the streamflow.

For certain parts of streamflows, their length and state of the flow, shores and the littoral area

were observed and recorded.

For the purpose of habitat mapping, standard maps in proportion 1:25.000 and GPS equipment
were used to state the positions of transition points and distances of certain parts of springflows. All the
streamflows and specific situations were photographed and documented.

As a control method for determining the conditions of specific segments of springflows, satel-
lite images from Google Earth application were used.

Collected data base on locations of specific beaver families was used to perform the estimation
of the optimal habitat capacities of specific streamflows, i.e. the dangers beaver families may encounter
regarding springflow regulations.

RESULTS
REZULTATI

The research was conducted on eleven rivers in total length of 1 186 km, which comprises 95%
of the total length of all catchments. Collected data on the vegetation structure are presented in table 1.
Cleaning and removing of vegetation is the most intense on river Lonja where more than 40% of stream-
flow is without vegetation. Almost 100% natural vegetation was recorded on 6 of the researched stream-
flows (62% of the researched area). These streamflows are the greatest potential for spreading of the
beaver population. Apart from the vegetation mapping, a model of beaver population development was
also made (presented in Figure3).
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Table 1 Confluents researched reparding the type of vegetation
Tablica I IstraZivani vodotoci obzivom na tip vegetacife

Investigated Natur‘fil Withopt Successliun
G | Lugh | 08, | e | et | prion
Rijeka Duljina duljna vegetacija vegetacije vegetacija
% km km km
Kupa 296 100 291 5 0
Glina 113 95 106 1 0
Odra 50 91 42 0 4
MreZnica 64 100 64 0 0
Korana 134 100 134 0 0
Lonja 133 92 36 54 32
Cesma 123 70 0 17 69
Pakra 72 88 35 9 19
Tlova 85 91 48 11 33
Dobra 104 100 104 0 0
Krapina 75 160 15 11 49
Succession vegetation
Sukcesivna vegetacija
Without vegetation
Bez vegetacife
9%

Natural vegetation
Prirodna vegetacija
4%
Figure 1 Structure of vegetation on the research area
Slika 1 Strufitura vegetacije istraZivanog podrudia

Number of families
Broj familija
17%

Habitat potential families
Potencijal staniSta
83%

Figure 2 Relation between the temporary state and the habitat’s potential
Slika 2 Odnos sadasnjeg stanja | potencijala stanista
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DISCUSION AND CONCLUSIONS
RASPRAVA I ZAKLJUCCI

The analysis of 11 streamflows in a length of I 186 kilometres shows that preserved natural
spots with original vegetation are still dominant on shores and littoral areas. This is what enables the
further spreading of beavers® families, i.e. filling of the available living space suitable for dwelling of
beavers’ families.

After the more detailed analysis of the wider area around the researched streamflows, the con-
clusion arises that the intensity of actions on streamflows coincides with the intensity of utilization of the
surrounding surfaces, namely agricultural. Actions for streamflow regulations, construction of dikes and
canals and their regular maintenance (grass mowing, shrubbery and trees removal), are the efforts made
in order to protect the area from floods and water logging. Unfortunately, these actions also negatively
affect habitats of mammals, birds and fish. It is beyond any doubt that preservation or return of the natu-
ral vegetation on meliorated parts of streamflows would result in favourable habitat conditions for nu-
merous species, among which is also a beaver. Having in mind the experiences of researchers in other
parts of Europe (literature citing) regarding beavers’ presence within the agricultural ecosystems, the
question emerges whether such localities are at all desirable as habitats for beavers, concerning all the
potential damage they can cause on crops and shores, which will also affect the level of tolerance towards
this species, shifting the attitude from destrable to undesirable.

Hence, it is beyond any doubt that streamflow regulation affects negatively the natural compo-
sition of the same, as well as other water and swamp habitats, but the amount of natural streamflows and
their segments where succession brought back the initial vegetation after the regulation took place still
provides stability and sufficient space for beaver population, with the possibility of spreading and the
increase of population density. '

According to the above stated, it is estimated that there is still room for the increased number of
beavers, enhancement of the population density within the suitable parts of streamflows as well as colo-
nization of confluents, oxbow lakes and other water surfaces with permanent water and a quality food
basis.

According to foreign findings (Meyer et al, 2006), the estimation is that the optimal number of
beavers for the researched streamflows is approximately 310 families, which is almost five times bigger
number than at present.
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Figure 3 Model of beaver population development on the research area
Slika 3 Medel razvoja populacije na istrafivanom podrudju
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Based on the present research, the conclusion is that a population doubles in the period between
3 to 4 years, which means that 14 years remain until the habitat reaches its full capacity (Figure 3).

Measures required for protection of beavers and their habitats
Potrebne mjere za zastitu dabrova i staniSta

Having in mind that it is impossible to stop the regulation of streamflows, which is highly justi-
fied in some cases (flood prevention); it is essential to conduct regular activities regarding the informing
and education of staff in water management companies. In the first place, contacts must be maintained
with the competent staff and managers who decide when, where and what will be regulated and agree on
protection measures for beaver families which inhabit the areas planned for regulation. It is also impor-
tant to spread the information to the executive chiefs and machine operating staff who implements the
streamflow regulation operations, especially mechanics who operate the machines, because the greatest
danger a beaver may encounter is to be squashed by a machine while seeking logical refuge inside its den.
It is recommended to exclude areas with dens, dams and increased beaver activities from such regulation
operations, unless they are necessary for other water management objects.

Despite of wide regulation operations on streamflows, which were conducted on several places
without the increased danger from floods or other negative consequences of the increased water-level,
there is a great chance that such sites could in perspective be “returned” into the state of suitable habitats
not only for beaver but also for the rest of the semi-aquatic species as well as swamp birds and the fish
fauna.

Hence, in some regions (e.g. Zutica), where beaver colonisation was conducted in Croatia and
the surrounding area, the agreement with the water management sector was reached, and-even partially
realized, to leave vegetation alongside shores of water management objects (canals, streams, oxbow
lakes) and in the zone of 5 metres from shores. This resulted in several positive effects, for instance:

— preservation of the original shore vegetation as well as the natural features of the stream-

flow

— on parts of sireamflows which are already regulated, alongside shores and in the littoral, suc-
culent and wooden vegetation grows which is in its composition very similar to the vegeta-
tion which grows on natural habitats (succession of vegetation)

— food, shelter and reproduction space for semi-aquatic species and swamp birds is ensured

— The vegetation prevents overheating of water in summer, thus providing more favourable
conditions for organisms which live in the water.

— Alongside the streamflow, there are various obstacles (fallen trees, branch piles and soil) that
generate waterfalls which enrich the water with oxygen and also purify it (halt solid sub-
stances that the water carries).

In cooperation with the respective ministry for nature protection, the strategy for the regulation
of streamflows, priorities and the extent of operations must be agreed, since it is not always necessary to
completely remove the vegetation from a streamflow and the surrounding area under the excuse of prop-
er functioning of a streamflow or a canal.
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Abstract

Climate is a complex ecological factor described by different climate elements and events that
affect vegetation development and its natural distribution. For forest vegetation, the most important factors
are air temperatures, amount of precipitations, air humidity, snow and wind. The aim of this research was
to determine changes of climate elements in Gorski kotar region, The increasing or decreasing trends of
individual climate elements were analysed using the linear trend method, Values of climate elements from
the referent line were compared to the period from 1991 to 2007, For the research of climate element
trends in the region of Gorski kotar the meteorological stations with the longest period of observations
were chosen. Trends of air temperatures at all meteorological stations were positive, Negative trend of
annual precipitation was recorded at all meteorological stations. Trend of days with snow and maximal
snow height showed the smallest changes. Forest vegetation in the region of Gorski kotar is adapted to
certain climate conditions that are predominant in this region. These conditions change through time, and
this reflects on growth and development of all organisms. Assumed climate variations can lead to changes
in spatial distribution of forest vegetation, change in composition, structure and productivity of forest eco-
systems, change in ecological stability, health status of forest as well as non-wood forest functions.

Key words: climate variation, climate elements, Gorski kotar

Saietak

Klima je kompleksan ekoloski &imbenik koji opisujemo pomoéu razlicitih Klimatskih elemenata i
pojava koji uijedu na razvoj vegetacije I njeno prirodno rasprostivanje. Za Sumsku vegetaciju najvaznije su
temperature zroka, kolicine oborina, viaga zraka, snijeg i vietar. Cilj istraZivanja je bio utvrditi promjene
klimatskih elemenata na podruciu Gorskog kotara. Trendovi smanjenja ili povedanja pojedinih kimatskih
elemenata analizirani su pomocu linearnog trenda. Usporedene su vrifednosti klimatskih elemenata refe-
rentnog niza sa razdobljem 1991-2007. Za istrazivanje trendova kiimatskih elemenata na padrudju Gorskog
kotara odabrane su meteoroloSke postaje sa najduljin razdobljem motrenja. Trendovi temperatura zraka na
svim melteorcloskim postajama su pozitivai Na svim meteoroloskim postajama je utvrden negativan trend
vrijednosti godisnjik kolicina oborina. Trendovi broja dana sa snijegom i moksimalnih vising snifega su
pokazali najmanje promjene, Sumska vegetacija na podrudju Gorskog kotara je prilagodena na odredene
klimatske uviete koji previadavaju u tom podruciu. Ti se wyjeti mijenfaju kroz vrifeme, a to se odrafava na
rast i razvof svih organizama. Pretpostavijena kiimatska kolebanja mogu dovesti do promjena u prostornof
razdiobi Sumske vegetacije, promjeni t sastavu, strukturl § proizvodnosti Sumsidh ekosustava, promfeni
ekoloske stabilnosti, zdravstvenog stanja Suma te opcekorisnih fimkeija Suma.

Kljuéne rijeci: kolebanje kiime, klimatski elementi, Gorski kotar
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INTRODUCTION
uvopD

The term climate change refers to the change that takes place in one direction while the climate
variation refers to the thythmic oscillation with larger or smaller deviations around a single mean value.
In determining climate change, time becomes a key factor. Namely, a change in one direction during a
certain period can be observed as part of climate variation if observed for a longer period of time. Climate
change can be determined by using change of one climate element. Change of one element is associated
with changes of other elements and appearances. Changes of air temperatures are associated with change
of precipitation (Kirigin, 1975). According to Penzar et al, (1975) changes can occur at the same time for
most of climate elements (air temperature, air humidity, air pressure, precipitation) or just some of
them.

Significant climate changes that appear or will appear in the future as a result of increased CO,
levels, will have serious biological and ecological consequences on forest ecosystems. The threat of
negative climate events must not be underestimated, especially for species very sensitive to climate stres-
sors like silver fir (Becker et al., 1989). Among stress factors effecting damage of forest ecosystems,
destruction of tree assimilation system and subsequent dieback of entire ecosystem Oszldnyi (1997),
drought, climate change and sudden and unexpected temperature changes were reported.

Since the problem of tree dieback is mainly associated with air temperatures and amount of
precipitations (Vajda, 1965, Prpié, 2001, Ugarkovic, 2011), the effect of these two climate elements can
be the crucial factor causing tree dieback.

Climate changes are an important element in the process of tree dieback as they determine
water balance, especially in sitnations of dismrbed water supply and water transport in forest trees
(Tesche, 1989; Saxe, 1993). According to UsSupulié et al. (2007) climate is the main factor causing tree
dieback. Long perennial droughts have weakened the condition of plants and their system of defence
against biotic harmful agents (mistletoe, Armillaria fungi and insects). At the same time, these conditions
have caused Bark beetle reproduction over the critical threshold for species number,

Trends are the greatest in the northern boreal geographical latitudes, 1-2°C from 1970. The great-
est warming happens during spring and winter, when the minimal daily air temperatures raise more rap-
idly than the maximal ones (Easterling et al., 1997; Boisvenue & Running, 2006; Bonsal et al., 2001).

Global precipitations trends are less consistent, but have been generally showing an increase of
3 to 5% in the last decade (Groisman et al., 2004; Boisvenue & Running, 2006). This increase of pre-
cipitation amount does not necessarily mean that greater water amount is available to the forest. High air
temperatures cause greater water losses by evapotranspiration, and an increase of annual precipitations
amount in the form of rain increases surface flow (water loss), greater than accumulation of water in form
of snow cover (Knowles et al., 2006).

Height of snow cover decreased significantly during the tast 30 to 50 years in the west part of
the USA, as well as and in Canada, and spring flow appears one to four weeks earlier (Stewart et al,,
2005). Also, there is evidence that moist climate becomes even moister, and dry climate even drier, re-
sulting in greater extremes in hydrological cycle.

Hasselman (1997) found that during the last century mean air temperature increased by 0.5°C.
‘Weber et al, (1997) reported changes of temperature regime during the 20" century for the mountain re-
gion of Middle Europe. Research included differences between maximal and minimal air temperatures
during a hundred year long linear trends. Mountain meteorological stations at higher altitudes showed
small changes in differences between maximal and minimal air temperatures.

Seletkovi¢, Tikvi¢ and Ivkov (1993) analysed metcorological data over the last hundred years
from the meteorological station Zagreb-Gri¢ and found changes in temperature and precipitation regime
in Croatia, Mati¢ et al. (1998) defined climate changes that caused dieback of certain tree species, espe-
cially of silver fir. At the same time, stands with different ratio of tree species in the mixture ratio were
formed, somewhere with other tree species.
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In order to understand importance and role of climate changes on growth and increment of for-
est trees, Hasenauer et al. (1999) used ecosystem model "Forest=BGC” to predict net primer production
of forest trees. Authors researched growth and increment of forest trees in regard to climate change in
Austria for period from 1961 to 1990 and found no changes in precipitation amount i.e. precipitation
regime, Authors reported significant increase of the mean annual air temperature of 0.7°C, the mean an-
nual minimal temperature of 0.8°C, winter temperature of 2.3°C as well as an increase of vegetation
temperatures and prolongation of vegetation period by 11 days. All these climate changes resulted in an
increase of radial increment of silver fir trees in Austria. Owing to air temperature increase during the last
twenty years, heights of annual snow cover in Northern Hemisphere decreased by 10% (Groisman et al.,
1994). For this reason in Alpine countries like Austria, with maximal amount of precipitation during
vegetation period (Auer, 1993), prolongation of vegetation period as a result of higher air temperatures
in combination with changes of habitat conditions can result in increased forest production.

Forest ecosystems are affected by numerous local meteorological and climatic conditions. Var-
ious ecological processes (photosynthesis, evapotranspiration, respiration, decomposition of substances,
ctc.) are closely connected with metecrological conditions. Recent damages of forests in Europe are mare
and more emphasised (Mueller-Edzards et al., 1997). Meteorological stress factors (like drought, high
and low temperatures, cold, etc) are considered to be the possible causes of these forest damages. To
study these processes and determinate possible causes, correct climate data are necessary (Xia et al.,
2001).

Emphasised sensitivity of fir and beech-fir forests, as well as tree dieback and dieback of entire
stands have contributed to the choice of Gorski kotar region as location for climate researches. The aims
of this research were to determine variation and calculate trends of climate elements (air temperature,
precipitation amount, number of warm and cold days, number of snow days, and height of snow).

RESEARCH AREA
PODRUCJE ISTRAZIVANJA

The research was done in the mountain region of Croatia, in the area of beech-fir and fir forests
in Gorski kotar. According to Képpens classification, Gorski kotar can be classified into Cfsbx type of
climate. This type is characterised by moderate warm rain climate, without the drought period. The mean
annual air temperature in the researched region was 7.2°C, and the mean amount of precipitation was
about 2000 mm (Seletkovié, 2001). The basic substrate is composed of limestone, dolomites and sand-
stones of varying age. The dominant soil types are humus, brown and illimerized soils, rendzinas, dystric
brown soils and brunipodzol. The relief of researched region is very irregular and loose. It is broken with
heads, ditches, rocks, coves and cliffs i.e. karsts geomorphologic forms.

MATERIALS AND METHODS
MATERIJALI I METODE

For meteorological stations (table 1) in the researched region, linear trends of annual air tem-
peratures and amount of precipitations, absolute maximal and minimal air temperatures, number of warm
and hot days, number of days with precipitation > 0.1 mm, number of days with snow >1 cm, maximal
snow height were calculated. The data analyséd using the linear-regression method.

By using the Student’s f test of independent samples, the mean values of climate elements of the
referent line (1961-1990) were compared with the period 1991-2007.

According to conclusions of the 13" Meeting Commission for Climatology of the World Met-
rological Organization, the referent period 1961-1990 is used for general comparisons, up to the end of
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Table 1 List of meteorological stations, type of station and monitoring period
Tablica 1 Popis meteoroloskih postaja, tip postaje i obradeno razdoblje motrenja

Meteorological station Type of station Menitering period
Meteoroloska postaja Tip postaje Razdoblje motrenja
Vrelo Lidanke . 1960 - 2007
Climatological
Lokve Brana Klimatolotea 1960 - 2007

Parg 1950 - 2007
Mrzla Vodica Rain gauge 1946 - 2007
Ravna Gora KiSomjerna 1946 - 2007

the next referent (normal period) 1991-2020, meaning untill 2021 (Prikaz br.18, 2008; Segota & Filipéié,
1996). All data were analysed using KlimaSoft 2.1 and Statistic 7.1. software.

RESEARCH RESULTS
REZULTATI ISTRAZIVANJA

According to the results presented in Table 2 linear trends of annual air temperatures in the re-
searched region are positive. The mean annual air temperatures and the absolute maximal temperatures
are increasing significantly. The trends of the absolute minimal air temperatures are negative and are not
significantly different (Table 3).

Table 2 Linear trends of annual and vegetation air temperatures
Tablica 2 Linearni trendovi i signifikantnost trendova godisnjih i vegetacijskih temperatura zraka

Mean annual temperature (*C)
Meteorological station Srednje godisnje temperature (°C)
Meteoroloska postaja L];;gii; ﬁzl:d Beta B ¢ plevel (95%)
Vrelo Lianke Y=0,0508x + 6,4551 0,6468 0,0508 4,7984 0,0000*
Lokve Brana Y=0,0161x + 6,8087 0,3506 0,0161 2,5396 0,0145*
Parg Y=0,017x + 6,7459 0,3782 0,0170 3,0578 0,0034*

*p<0,03

Table 3 Linear trends of mean annual and absolute annual maximal and minimal air temperatures
Tablica 3 Linearni trendovi | signifikantnost trendova srednjih godifnjih | apsolutnih godisnjih maksimainih § minimal-

nih temperatura zraka

Absolute maximal temperatures (°C)
Meteorological station Apsalutne maksimaine temperature (°C)
Meteoroloska postaji i
e [ Tnerimt ] me | | | pe
Vrelo Litanke Y=0,1008x + 28,378 0,5019 0,101 3,2832 0,0024*
Lokve Brana Y=0,0489 + 28,101 0,4137 0,0489 3,0827 0,0034*
Absolute minimal temperatares (°C)
Apsolutnie minimalne temperature (°C)
Vrelo Lidanke =-0,0182x -17,235 -0,0499 -0,0181 -0,2829 0,7790
Lokve Brana Y=-0,0157x- 17,268 -0,0639 -0,0156 -0,4347 0,6657
*<0,05
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Significant increase in the number of warm and hot days was found in the researched area
(Table 4).

Decreasing trends of annual precipitations were found at all meteorological stations. Decreas-
ing trend of annual precipitations was significant at meteorological stations Vrelo Lidanke and Lokve
(Table 5).

Table 4 Linear trends of number of warm and hot days
Tablica 4 Linearni trendovi i signifikantnost trenda broja toplih i vruéih dana

Number of warm days (T = 25°C)
Meteorological station Broj toplih dana (I'> 25°C)
Mereoroloska postaja Linear trend
Lineams trend Beta B t p-level
Vrelo Li¢anke Y=0,8093x + 13,749 0,5824 0,81 4,0531 0,0003*
Lokve Brana Y= 0,384x + 8,4043 0,4896 0,384 3,8090 0,0004*
Parg Y=0,2539x + 12,63 0,4351 0,254 3,6163 0,0006*
Number of hot days (T = 30° C)
Broj vruéih dana (T = 30° C)
Vrelo Lifanke Y=0,1751x - 0,8877 0,5200 0,175 34444 0,0016*
Lokve Brana Y= 0,0569x - 0,4991 04712 0,057 3,6236 0,0007*
Parg Y= 0,0407x - 0,1307 0,3744 0,0407 3,0218 0,0037*
*p<0,05
Table 5 Linear trends of annual and vegetation precipitations
Tablica 5 Linearni trendovi i signifikantnost trendova godisnjih i vegetacijskik kolicina oborina
Annual precipitations (mm)
Meteorological station Godisnje kolicine oborina (mm)
Met, I i i
eteoroloska postaja g_imem trends Beta B ¢ p-level
inearni trend
Vrelo LiXanke Y=-13,543x + 2801,4 -0,3712 -13,54 -2,2620 0,0306*
Lokve Brana Y=-15,265% + 27244 -0,4943 -15,26 -3,8574 0,0003*
Parg ¥=-2,6431x + 1920,7 -0,2125 -2,643 -1,6281 0,1091
Mrzla Vodica Y=-2,7766x +2794,3 -0,1061 -2,800 -0,8199 0,4155
Ravna Gora Y=-1,0819x + 1965 -0,0654 -1,052 -0,5035 0,6164
*p<0,05

The trend of the number of days with precipitation was also negative i.e. decreasing. The trend
of the number of days with snow was negative in the area of Lokve, while in the area of Vrelo Liganke
and Parg an increase in the number of days with snow was found. In the area of Vrelo Litanke and Parg
the decreasing trend in maximal spow height was also characteristic. This decreasing trend of maximal
snow heights was found at all stations, except in the area of Lokve (Table 6).

Significant increase in the mean annual air temperatures for period 1991-2007 in regard to the
referent line was from 0.5° C to 1.0° C (Table 7).

Similar to the significant increase in the mean annual air temperatures, the significant increase
in the number of warm days ((T = 25° C) in the peried 1991-2007 was from 10 to 14 days (Table 8).

According to the results presented in Table 9, significant increase in the number of hot days
(T = 30° C) in the period 1991-2007 was from 1 to 3 days.

In the researched area, annval precipitations during 1991-2007 in regard to the referent line
have decreased from 48.3 mm in the area of meteorological station Parg to the significant 289.4 mm in
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Table & Linear trends of number of days with precipitation, number of days with snow and maximal snow height

Tablica 6 Linearni trendovi i signifikantnost trendova broja dana sa oborinom, broja dana.sa snijegom | maksimalnih
visina snifega

Number of days with precipitation = 0,1 mm

Meteorological station Broj dana sa oborinom > 0,1 mm
Meteoroloska postaja Linear trend
Linearni trend Beta B t p-level
Vrelo Litanke Y=-0,3439x + 160,05 -0,2221 -0,3439 -1,2887 0,2067
Lokve Brana Y=-1,025x + 192,28 -0,6261 -1,025 -5,4469 0,0000*
Parg =-0,1758x + 178,13 -0,1676 -0,1758 -1,2722 0,2085

Number of days with snow > 1 cm
Broj dana sa snijegom = I cm

Vrelo Lidanke Y=0,0814x + 81,193 0,0268 0,0814 0,1519 0,8801
Lokve Brana Y=-0,3445x + 101,13 -0,1797 -0,3445 -1,2396 0,2213
Parg ¥Y=10,0213x + 97,218 0,0144 0,0212 0,1085 09139

Maximal snow height (cm)
Maksimalne visine snijega (cn)

Vrelo Lizanke Y=-0,2941x + 73,235 -0,0870 -0,2941 -0,4045 0,6243
Lokve Brana Y=0,1617x + 33,393 0,1687 0,162 1,1613 02514
Parg Y=-0,1672x + 75,192 -0,0897 -0,1672 -0,6742 0,5029

*+p<0,05

Table 7 Result of ¢ test for mean annual air temperature values (°C) from referent line with period 1991-2007
Tablica 7 Rezultat Studentovog i-testa nezavisnih uzoraka usporedbe srednjik vrijednosti godiSnjih temperatura zraka
(°C) referentnog niza sa razdobljem 1991-2007

. . Referent line . .
Meteorological station R Period 1991-2007(°C) Level of significance
Meteorolofka postaja Referentni (?é)l 961-1930 Razdoblje 1991-2007 (°C) Razina znadajnosti
Virelo Litanke 6,8 40,55 7,8+ 0,67 *
Lokve 7,0+ 0,54 7,5+0,71 .
Parg 6,9+ 0,57 7.8+0,84 *

*p<0,05; (LSMEAN+SD)

Table & Result of £ test comparison of mean number of warm days (T > 25° C) of referent line with period 1991-2007
Tablica 8 Rezultat Studentovog 1-testa nezavisnih uzoraka usporedbe srednjih vrijednosti broja toplih dana (T > 25° C)
reterentnog niza sa razdobljem 1991-2007

Meteorological station Referent line 1961-1990 Period 1991-2007 Level of significance
Meteorolosta postaja Referentni niz 1961-1990 Razdoblfe 1991-2007 Razina znadajnosti
Vrelo Litanke 20,9+ 10,49 348+1347 *
Lokve 14,3 4+ 7,40 24,8+ 12,94 *
Parg 18,0+ 6,98 27,7x11,12 *
*p<0,05; (LSMEANSD)

the area of meteorological station Lokve. In the area of meteorological station Ravna Gora an increase of
9.3 mm was found (Table 10).

The number of days with precipitation in the area of meteorological stations Vrelo Lianke and
Lokve has deceased by 6 days and by the significant 18 days. In the area of meteorological station Parg,
an increase in number of days with precipitation of 5 days was recorded (table 11).
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Table 9 Result of ¢ test comparison of mean number of hot days (T = 30° C) of referent line with 1991-2007
Tablica 9 Rezultat Studentoveg 1-testa nezavisnih uzoraka usporedbe srednjih vrijednosti broja vrudith dana (T = 30°C)
referentrnog niza sa razdobljem 1991-2007

Meteorological station Referent line 1961-1990 Period 1991-2007 Level of significance
Meteoroloska postaja Referentni niz 1961-1990 Razdoblje 1991-2007 Razina znacajnosti
Vrelo Litanke 0,6 1,08 3,7£4,13 ' *
Lokve 0,3+£0,71 1,9+2,38 *
Parg 0,74 1,29 2,174+2,48 *
*p<0,05; (LSMEANZSD)

Table 10 Result of 7 test comparison of mean precipitation amount (mm) of referent line with period 1991-2007
Tablica 10 Rezultat Studentovog t-testa nezavisnih uzoraka usporedbe srednjih vrijednosti kolicine oborina (mm) refer-
entnog niza sa razdobljem 1991-2007

Metcorslogclstaton | i 19611990 Reoble Level of gnincance
(mm) 1991-2007 (mm) 4

Vrelo Li¢anke 2630,9 + 428,36 2497,7 4 281,40 us

Lokve 2433,6 £ 440,89 2144,24: 273,50 *

Parg 1849,3 £ 176,51 1801,0+ 194,45 ns

Mrzla Vodica 2759,0 + 4447 2634,2 £366,4 ns

Ravna Gora 1919,6 + 269,51 1928,9 + 259,06 ns

ns—nesignifikantno; ns=not significant; *p<0,05; (LSMEAN+SD)

Table 11 Result of ¢ test comparison of mean values of days with precipitations ( = 0.1 mm) of referent line with period
1991-2007

Tablica 11 Rezultat Studentovog t-testa nezavisnih uzoraka usporedbe srednjih vrijednosti braja dana sa oborinom (= 0,1
mm) referentnog niza sa razdobljem 1991-2007

Meteorological station Referent line RPe;%dr Level of significance
Metearoloska postaja Referentni niz 1961-1990 190921 _%0‘6‘22, Razina znalafnosti
Vrelo Litanke 156,7 + 16,47 151,3+ 14,26 ns
Lokve 172,4 £21,59 154,1+ 14,73 *
Parg 167,9£15,20 173,0 % 17,34 ns

ns=nesignifikantno; ns=not significant; *p<0,05; (LSMEANZSD)

Table 12 Result of ¢ test comparison of mean values of days with snow (= 1 cm) of referent line with period 1991-2007
Tablica 12 Rezultat Studentovog t-testa nezavisnih uzoraka usporedbe srednjih veijednosti broja dana sa snijegom (= I

cm) referentnog niza sa razdobliem 1991-2007

Meteorological station Referent line Rzze;io?} ” Level of significance
Meteoroloska postaja Referentni niz 1961-1990 1991 _20{”, Razina znadajnosti
Vrelo Lifanke 81,7 + 36,97 83,4 422,64 ns
Lokve 97,5+ 27,60 86,2 23,57 ns
Parg 103,6 £ 25,59 95,8 +:21,06 ns

ns=nesignifikantno; ns=not significant; (LSMEAN=£SD)

A decrease in the number of days with snow in period 1991-2007 was recorded in the areas of

all meteorological stations. This decrease was from 1 to 12 days and was not significant (Table 12).
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DISCUSSION
RASPRAVA

Along with air temperature that depends on cloudiness and air insolation, precipitations as a
main source of soil moisture have the greatest effect on development of vegetation. Dry periods as stress
factors are one of the main reasons of dieback, damage and poor health status of silver fir forest ecosys-
tems (UN-ECE & EC, 2003). Dry years, especially on calcium lacking soils, have a negative impact on
Ca status in silver fir trees (Potodic et al., 2005).

Precipitations deficiency, along with high air temperatures weakens the resistance of cerfain
forest tree species as a result of increased evapotranspiration. According to Vajda (1965) because of lack
of precipitations, soil becomes drier and drier on a daily basis so that a tree canriot compensate for water
lost by transpiration from soil. The increase of air temperatures in the region of Gorski kotar that has been
determined will affect the general increase of potential evapotranspiration and the decrease of soil mois-
ture. Therefore, longer dry periods affect the seil dryness and deterioration of physiological processes in
trees. The increase of the mean annual air temperatures and the occurrence of climate excesses important
for the today’s climate change can cause stress states for tree species of narrow ecological valence. This
especially refers to the direct ecological factors (heat. and water).

With the rapid decrease of precipitation amount causing the physiological weakening of a tree,
concurrent increase of the air temperature happens, having a very unfavourable effect on the develop-
ment and spreading of harmful insects (Androié, 1969).

Changes in physiological status caused by precipitation deficiency are considered to be the
cause of Spanish fir dieback and deterioration in the region of Pyrenees (Fromard et al., 1991). These
changes are reflected in decreased increment. Greater dieback of trees along with decreased increment,
increased numbers of dry years, and other stress factors result in a decrease of wood stock of certain spe-
cies in comparison to the normal which brings into question the functioning of forest ecosystem of cer-
tain species.

Air temperature has key effect on climate character, In that respect, the differences found be-
tween temperatures of analysed periods have given us important insight on whether and how these dif-
ferences affected the change of climate character of the researched area. In the area of meteorological
stations in Gorski kotar the mean annual air temperatures during 1991-2007 in regard to the referent line
have increased significantly by 0.5°C to 1.0°C. At the same meteorological stations a decrease in the
mean annual amount of precipitation of 48.3 mm up to 289.4 mm was found.

A greater increase of the mean annual air temperatures was observed in the area of meteorological
stations at the edge of Gorski kotar in comparison to meteorological stations in the inland areas. Also, a
greater decrease of the anmual amount of precipitations was observed at the edge of Gorski kotar region.

In 1988 in Greece in the areal of Greek fir (Abies cephalonica L.) forests, only 60% of annual
precipitations and 26% during vegetation period was recorded in comparison to the referent line 1961-
1987. The 1988 drought in Greece caused physiological weakening of Greek fir trees, as well as grada-
tion of secondary pests resulting in catastrophic dieback of trees in 1989. In Gorski kotar region, such a
drastic decrease of precipitations as in the case of 1988 drought in Greece was not found.

In the area of meteorological stations of Gorski kotar region linear trends of the number of days
with snow, and of maximal snow heights showed no significant changes. In the area of all meteorological
stations, a negative relation between number of days with snow and maximal snow heights was observed.
A positive trend in number of days with snow was followed by a negative trend of maximal snow heights.

The researches of Us€upulié et al. (2007) showed that perennial drought, particularly a very dry
year of 2003 was critical for bark beetles infestation. This indicates the need of taking into account cli-
mate conditions in managing the forests, especially in planning and performing protective measures. In
dry years more attention should be paid to the forest hygiene maintenance. In case of fractured and wind-
thrown trees the bark needs to be removed or trees taken out of the forest immediately. Cutting and export
of wood from forest needs to be expedited. Stanovsky (2002) researched the effect of climate factors on
health status of forest ecosystems in Czech Republic. During the ten-year long research period (1991-
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2000) the trend of dieback trees coincided with the duration of drought period. Using cross-correlation
function, a highly significant correlation was found between the duration of drought period (days) and the
volume of dicback trees. The cause of this catastrophic dieback of forest ecosystems in Silestan Lowland
region was precipitation shortage during the vegetation period and gradation of secondary pests. Accord-
ing to Ugarkovié et al., (2010, 2011) air temperatures, amount of precipitations, number of dry days and
potential evapotranspiration in Gorski kotar are climate factors that significantly affect tree dieback and
crow defoliation of silver fir. Global climate changes will cause changes in the environment, and conse-
quently the changes of ecological niches.

Researches done by Anié et al. (2009) showed that climate change will significantly affect tree
species with narrow ecological valence. Authors found that double increase of greenhouse gasses con-
centration caused an increase of the mean annual air temperature of 2.5°C and a decrease of the mean
annual precipitations of 152 mm in comparison to the referent line 1950-2000. The research showed that
these changes could cause decrease of silver fir ecological niche in Croatia (p<0.9) by almost 85% com-
pared to the present state.

The observed significant increase of the mean annual air temperatures in the period of 1991-
2007 from 0.5°C to 1°C and the decrease of precipitations from 48.3 mm to 289.4 mm shows significant
variation of climate elements important for forest ecosystems of silver fir.

CONCLUSIONS
ZAKLIUCAK

Based on the research conducted, certain variations of climate elements in the region of Gorski
kotar were found. The trends of the mean annual and the absolute maximal air temperatures, as well as
the number of warm and hot days were positive and significant, The trends of the absolute minimal air
temperatures showed no significant changes.

In the area of all meteorological stations, negative trends of annual precipitations were found.
The trends were significant in the area of the meteorological satiations Vrelo Li¢anke and Lokve. A
negative trend of days with precipitations was significant only in the area of metrological station Lokve.
The trends of snow precipitations showed no significant changes.

Changes of air temperatures were much more pronounced than in the case with precipitations
and snow. In the area of meteorological stations in Gorski kotar, the mean annual air temperatures in the
period of 1991-2007 in regard to the referent line have significantly increased by 0.5°C to 1.0°C. In ac-
cordance with the increase of the mean annual air temperatures and with the significant positive trend of
the absolute maximal air temperatures, the number of warm days during the period of 1991-2007 has
increased by 10 to 14 days, and the number of hot days by 1 to 3 days.

For the same meteorological stations a significant decrease of annual precipitations of 48.3 mm
to 289.4 mm was found.
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Tablice

Tables

Tablice trebaju sadrzavati samo rezultate istraZivanja, tj. brojane vrijednosti. Treba izbjegavati tablice
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Table 1 Measures of central tendency and variability of the investigated pedological variables for the surface mineral soil
horizons per studied localities

Tablica I Mjere centralne tendencife i varijabiliteta istrazivanih pedoloskih varijabli za povr§inske mineralne horizonte
tala po istraZivanim lokalitetima,

Varizble Upits Papuk - PAP Macelj- MAC | Medvednica - MED | Vrbovske - VRB
Farijabla Jﬁ,f,'z N [ Mean | 2 [ N [ nean | 3 f N | Mean | S5 f N | Mean o~
Inclination @ 10| 24 880 1| 4 35 525 | 6 20 363 | 10 17 8,13
Thickness cm 10 7 301 | 4 8 163 | 6 10 1,51 | 16 6 5,15

a o 2,0-0,2 mm mas. % 10 ( 290 (10,22] 4 | 163 | 1242 6 194 | 907 { 10| 7,6 7,42
E § § 0,2 - 0,02 mm mas. % 10 | 428 | 8,18 | 4 | 57,1 |13,08| € | 37,7 | 8,13 | 10 | 496 | 5,44
§ g g 0,02 - 0,002 mas. % 10 194 | 6,11 | 4 16,1 | 1,27 | 6 | 283 | 466 | 10 | 26,8 | 5,53
= <0),002 mas. % 10] 88 187 | 4 104 [ 1,83 ]| 6 14,6 | 2,29 | 10 | 16,1 | 4,44
pHH,0 - 10 | 444 1 027 | 4 | 402 | 045 6 | 431 [ 0,15 | 10 | 4,10 | 0,28

pH CaCt - 10| 38 | 024 ) 4 | 341|036 6 | 3,74 0,14 10] 3,58 | 0729
OneC gkg! 10 | 564 [19,16 | 4 | 1060 [35520| 6 | 1063 | 2498 | 10 | 54,1 [43,12

Nitat, gket 10| 37 |o92| 480 [265|6]| 66 [3,04]|10] 44 | 241

CM - 10 15 2,18 | 4 13 375 6 19 9,10 | 10 12 2,65

Ca emol kg [ 10| 0,87 [ 079 | 4 | 271 | 027 [ 6 | 1,08 [ 086 | 10| 053 | 081

Mg emol(#) kg™ [ 10 ) 6,30 [ 008 | 4 [ 0,05 [ 000 | 6 | 0,05 | 001 | [0 0,08 | 0,11

Na cmol(+)kg* | 10| 932 (002 | 4 | 053 (006 6 | 037 | 0,07 | 10| 0,34 | 0,02

B3 K omol(t) kg { 10 | 0,79 [ 0,15 | 4 | 1,20 | 0,40 | 6 [ 0,80 | 008 | 10 | 0,68 | 0,09
gé Al cmol(+ykg? | 10 | 4,19 | 191 [ 4 | 439 [ 2,19 | 6 | 429 | 1,23 | 10 | 11,68 | 4,85
g § H emol(+} ke | 10 | 105 | 060 | 4 | 248 | 1,41 | 6 [ 1,77 | 029 | 10| 2,80 | 1,09
EE Fe cmol(+) ke [ 10 [ 0,00 [ 009 | 4 | 029 | 024 | 6 | 0,13 { 006 [ 16| 023 | 0,19
E §. Mn cmel(¥)kg' | 10| 0,11 (007 | 4 | 0,07 (0,04 | 6 | 031 | 011 [ 10 | 0,08 | 0,04
2 3 BCE emol(¥) kgt | 10 | 229 | 079 { 4 | 449 | 062 | 6 | 239 | 086 | 10| 1,73 | 090
ACE cmol(¥) kg | 10 | 544 | 250 | 4 | 7,23 [ 355 | 6 | 650 | 1,42 | 10 | 14,78 | 5,59

CEC emol(f) kgt | 10| 7,72 | 232 | 4 | 11,72 | 409 | 6 | 889 | 2,13 | 10 | 1651 | 5,18

Base saturation % 10 [ 31,8 713,30} 4 [ 41,3 [12,51| 6 | 26,6 | 3,99 | 10 | 12,3 | 9,28

Slike

Figures

Slike su crteZi, karte, grafikoni, dijagrami i fotografije. Kolor slike objavljuju se o trosku autora. Svaka
slika treba biti oznatena naslovom i rednim brojem, prema redosljedu kojim se pojavljuje u tekstu &lanka.
Fotografije treba priloZiti kao zaseban dokument u jednom od formata *.tiff ili *.jpg u rezoluciii 300 dpi,
dok crteZe, grafove i dijagrame treba slati u rezoluciji 600 dpi. Redni broj slike i naslov stavljaju se ispod
slike. Klju¢ne informacije potrebne za razumijevanje slike nalaze se ispod naslova ako nisu veé navedene
unutar same slike.



CrteZe, grafove i dijagrame preporuéliivo je, osim u jednom od gore navedenih rasterskih formata, poslati
i u izvornom vektorskom obliku u jednom od formata *.eps, *.cdr, *.dxf, *.xls, *.sta
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Slika 1. Horizontalna projekcija stabala na pokusnoj plohi lijevo, rezultati PP analize desno

RASPRAVA

DISCUSSION

U raspravi autor bi trebao naglasiti najvaZnija saznanja provedenog istraZivanja i nastojati ne ponavljati
do u detalje sve svoje rezultate. Potom treba razmotriti sve moguée razloge zbog kojih su dobiveni
upravo takvi rezultati te nadiniti usporedbu s drugim relevantnim navodima iz literature. Osobito je
va¥no istaknuti ogranitenja vlastitog istra¥ivanja te naposlijetku navesti kako se dobiveni rezultati
odraZavaju na buduéa istraZivanja.

ZAKLIUCCI

CONCLUSIONS

Zakljutke treba povezati 5 navedenim ciljevima istraZivanja. Treba istaknuti samo najznacajnije
zakljutke,
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REFERENCES
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Clanak iz zhornika
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Disertacija
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protection and applied ecology. Every article is reviewed by at least two international critics.
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Texts written in English should be sent in electronic form to Editor’s e-mail address (baksici@sumfak.hr).
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Preparation of the manuscript
Texts should be formed according to the following instructions:

» Document stored in MS Word program (*.doc format);

+ Page size: A4;

» Font: Times New Roman, 12 pt;

+ 1.5 line spacing

» All margins 2.5 cm;

» Do not use any styling (numbering, title design, bold letters);
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Title - As short as possible, giving a clear picture of the issue.
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Abstract — Description of the issue, the applied methods and materials, research area, and a short
presentation of the main cenclusions. Contains maximum 250 words. A abstract should end with up to
seven key words that are characteristic of the article and translate on Croatian language.

Authors’ titles and addresses — Written after the abstract. Author’s name and titles are accompanied by
address and e-mail.

Main text — The main text of the paper should be divided into chapters. The following are the basic
chapters:

INTRODUCTION

UvoD

The introduction is a short and clear presentation of the research area. The main task of the author is to
justify the reasons for carrying out such research, support them by arguments, and to explain what is
expected that this research will reveal. The introduction should end with a hypothesis and the aims of the
research. It does not contain the results and conclusions.

MATERIALS AND METHODS

MATERIJAL I METODE

The data on the time and place of the research (location), the criteria of cheosing the test plots, the used
materials and methods, and the applied methods of statistic analysis,

Statistic analysis

Statisticke analize

Authors should include all applied statistic tests, and the preliminary chosen level of significance (p), i.e.
the p-value they considered statistically significant (0.05 or 0.01). This passage should end with the data
on the used cornpuler statistics program, its producer and version.

RESEARCH RESULIS

REZULTATI ISTRAZIVANJA

Research results are presented clearly and precisely in text form, tables or graphs, so that the most
significant results are given first. The results should be illustrated by a reasonable number of tables and
figures. The results given in tables or graphs need not be repeated in the text, while the most important
remarks are to be pointed out. It is important that with all tested differences the accurate p-value is given
as a full number (e.g. p = 0.048 instead of p>0.05).

Tables

Tablice

The tables should contain only the research results, i.e. the numerical values, Tables with verbal data
should be avoided. Instead, such data could be presented as prompts. The tables should be marked by
headings and numbers (in the text they are referred to as Table 1, Table 2, etc.). Each column must have
a short heading, while a- more detailed explanation can be put into the legend below the table, All unusual
abbreviations must also be explained in the legend.



Table 1 Measures of central tendency and variability of the investigated pedological variables for the surface mineral soil
horizons per studied localities

Tablica I Mjere centralne tendencije i varijabiliteta istraZivanih pedoloskih varijabli za povrsinske mineraine horizonte
tala po IstraZivanim lokalitetima.

Variable A;Jz:e Papuk - PAP Macelj - MAC Medvednica - MED | Vrbovsko - VRB
Varijabla josmiee | N [Mean | S f N Mean | | N | Mean | 6| N | Mean |
Inclination ° 10| 24 | 880 | 4 35 [525] 6 20 | 363 (10 17 | 8,13
Thickness cm 10 7 3011 4 3 1,63 ] 6 10 | 1,51 | 10 6 5,15
85, 2,0-0,2 mm mas. % 0] 290 1022| 4 | 163 [1242| 6 | 194 | 907 [ [0 | 76 | 742
E ':'g' ] 62-002mm mas. % 10| 42,8 [ 818 | 4 | 57,1 [13,08] 6 | 37,7 | 8,13 | 10 | 49,6 | 544
{:: g § 0,02 - 0,002 mas. % 10| 194 [ 611 | 4 | 160 [ 1,27 ] 6 | 283 | 466 | 10 | 268 [ 553
A <0,002 mas., % 100 88 | 1,87 | 4 | 104 | 1,83 | 6 | 146 | 229 | [0 | 161 | 4,44
pHH,( - 10| 444 | 027 | 4 | 402 | 045 | 6 | 431 | 0,15 | 10| 4,10 | 0,28

pH CaCt - 10 (38 | 024 | 4 | 341 | 036 | 6 | 3,74 | 0,14 | 10| 3,58 | 0,29
OigC gkg! 10 | 564 [ 19,16 | 4 | 1060|5520 6 | 1063 (24,98 | 10 | 54,1 | 43,12

N tot. gkgt 0| 37 |]092| 4| 80 |265( 6| 66 | 3,14 |10] 44 | 241

CM - 0] 15 | 218 4 13 | 375 6 19 | 910 |10 12 | 2,65

Ca cmol(t)kg'| 10| 087 | 0,79 | 4 | 271 | 027 | 6 | 1,08 | 0,86 | 10| 0,53 | 0,31

Mg cmol() kg | 10 ] 030 | 008 | 4 | 005 | 0,00 | 6 | 0,05 0,00 | 10} 0,18 | 0,11

s Na cmol(t) kgt | 10| 032 (0,02 | 4 | 0,53 | 006 | 6 | 037 | 0,07 | 10| 034 | 0,02
= E K cmol(t) kgt | 10| 0,79 [ 0,15 | 4 | 1,20 | 0,40 | 6 | 089 | 0,08 | 10 | 0,68 | 0,09
E '§. Al cmol(P) kgt [ 10 ] 4,19 | 191 | 4 | 439 (219 | 6 | 429 | 1,23 | 10 | 11,68 | 4,85
§S H cmol(H) kg™ | 10 [ 1,05 | 060 | 4 | 248 [ 141 | 6 | 1,77 | 0,29 | 10 | 2,80 | 1,09
E- i Fe cmol(f) kg [ 10 [ 0,10 | 009 [ 4 | 029 [ 024 [ 6 | 0,13 | 0,06 | 10 | 0,23 | 0,19
'§ ‘5’. Mn cmol( kg | 10 [ 0,11 | 007 [ 4 | 607 [ 0,04 [ 6 | 031 | 0,11 | 10| 0,68 | 0,04
§ -:E: BCE emol(+yke? | 10 [ 2,29 | 0,79 | 4 | 449 [ 062 | 6 [ 239 | 086 | 10 | 1,73 | 090
ACE emol(+)kg? | 10 | 544 [ 250 [ 4 | 723 | 3,55 | 6 | 650 | 1,42 | 10 | 14,78 | 5,59

CEC cmol(H) kg [ 10 7,72 | 232 | 4 (11,72 409 | 6 | 889 | 2,13 | 10 | 1651 ] 5,18

Base saturation % 10| 31,8 [1330( 4 [ 41,3 |1251| 6 | 266 | 399 [ 10 ] 123 | 9,28

Figures

Slike

The figures are drawings, maps, graphs, diagrams and photographs. Figures in colour will be published
at author’s expense. Each figure should be named and numbered, according to the sequence found in the
text of the article, Photos are to be enclosed as a separate document in one of the formats *tiff, or *jpg,
resolution 300 dpi, while resolution 600 dpi is required for drawings, graphs and diagrams. The names
and ordinal numbers of figures are put under them. The key information is placed below the name, unless
already in the figure



In addition to the above mentioned raster formats, we recommend that drawings, graphs and diagrams be
also sent in the original vector form, in one of the following formats: *eps, *cdr, *dxf, *xls, or *sta.
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Fig.| Horizontal projection of trees on test site on the ieft, results of PP analysis on the right.
Slika 1. Horizontalna projekcija stabala na pokusnoj plohi lijevo, rezultati PP analize desno

DISCUSSION

RASPRAVA

This chapter should contain the major findings of the research, without detailed repetitions of all results.
All possible reasons for the achievement of such results should be discussed. Comparison with other
relevant quotations from the literature should be made. It is particularly important to point at the
limitations of the authors® own research. It should be concluded how the achieved results reflect upon
future research.

CONCLUSIONS

ZAKLIUCCI

The conclusions should be connected with the related research aims. Only the most significant conclusions
should be mentioned.
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