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Abstract

This work researches structural composition, texture and diversity of development
phases of virgin forest ,,Ravna vala“ on BjelaSnica. Virgin forest ,Ravna vala®“ is
located in central part of Bosnia and Herzegovina, about 20 km south west from
Sarajevo on mountain Bjelasnica, on altitude of 1280 to 1450 m. First time it was
described in 1978. Within it we have positioned permanent plot of the square shape in
size of 1 ha. Research was conducted on permanent plot in three time series: in years
1978, 1988 and 2008, and on 46 temporary systematically positioned circular plots in
diameter of 12.6 meters, where each represents as per 1 ha of virgin forest area. In
virgin forest we have registered 689 trees per hectare and wood supply mass of 701
m’/ha. Through analysis of dynamics of growth of specific species trees, it is visible
that beech suppresses fir, i.e. there is a shift in main species in virgin forest, therefore,
in the last 30 years number of beech trees has tripled in the lower diameter classes.
Virgin forest has mostly present optimum phase and evenness phase, and rejuvenation
phase. Texture diversity is expressed through Shannon index in value of 1.69, and
evenness index has the value of 0.86.
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INTRODUCTION - Uvod

Virgin forests are very important reference areas for research of natural
structures and processes that are ongoing without anthropogenic influence. By
comparison of virgin with management forests, one can have an insight in man
influences and what kind of activities can be conducted in the future (DROESSLER
2006). In most European countries silviculture goals are oriented toward natural multi-
functional forest management. In the process there is often lack of reference values
from anthropogenically intact forests — virgin forests, or they are presented
theoretically (MEYER et al. 2001). Contrary to that, Balkan Peninsula has remaining
virgin forests where many researches have been conducted (LEIBUNDGUT 1993,
KORPEL 1995, TABAKU 1999, VRSKA et al. 2001, MEYER et al. 2003, ANIC et al.
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2006, DUBRAVEC et al. 2006, 2007, VISNJIC et al. 2009, DIACI et al. 2011, VISNJIC
et al. 2013).

Inside forests of beech and fir with spruce in Bosnia and Herzegovina there
are sections intact by man — virgin forests. Most of them have been separated and
described many decades ago, such as: Peru¢ica, Ravna Vala, Bobija, Pljesevica
(PINTARIC 1978, LEINBUNDGUT 1986, PINTARIC 1998, BEUS and VOJNIKOVIC
2002, SEBASTIA et al 2005, VISNJIC et al. 2009, 2013), where their structural and
vegetation characteristics have been researched.

In this paper we have researched structure, dynamics, texture composition
within virgin forest of beech and fir with spruce “Ravna vala” on Bjelasnica.

MATERIAL AND METHODS - Materijal i metode
Object of research

Researches are conducted in virgin forest of beech and fir with spruce “Ravna
vala” on BjelaSnica. Virgin forest “Ravna vala” is located in central section of Bosnia
and Herzegovina, about 20 km south west from Sarajevo on mountain Bjelasnica, on
altitude of 1280 to 1450 m Virgin forest is exposed towards north east. It has an area
of 45.04 hectares (Figure 1).
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Figure 1. Location of virgin forest reserve “Ravna vala
Slika 1. Lokacija prasumskog rezervata “Ravna vala”

Parent substrate is made of limestone and dolomite as well as moraine debris
on which, in mosaic manner, on smaller surfaces, soils of different depths have grown:
rendzina, kalkomelansol, and calcaric cambisol (CIRIC, 1966). Climate is continental
with strong mountain influence (LUCIC, 1966). Average annual temperature is 6°C,
and annual precipitation sum is 1600 mm.
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Research area is dominated by communities of beech and fir (4bieti-Fagetum
TREG. 1957), in which spruce can also appear. Individually or in smaller groups in
depressions on deeper soils, valuable broadleaved species appear; sycamore maple
(Acer pseudoplatanus) and wych elm (Ulmus glabra).

Work methods

Virgin forest “Ravna vala” was described in 1978 when it has been separated
and within it placed permanent plot square in shape in size of 1 ha. On permanent plot,
in many occasions, measurement of all trees of diameter above 10 cm, measured on
height of 1.3 m (d; ;m>10cm) was conducted, in years 1978, 1988 and 2008. These
data were used for analysis of beech and fir tree growth dynamics within virgin forest.
On whole area of virgin forest (45.04 ha) recordings of taxation elements on sample
plots, in diameter of 12.5 m, were done. In total, 46 sample plots with systematic
dispersal were placed, in a way that each represented 1 ha of virgin forest area (Figure
1). Complete measurement of all trees of more than 5 cm in diameter, on 1.3 m of
height, was conducted on all plots.

As indicator to texture diversity development phases were used, that were
determined by MEYER method (1999). To quantify development phases within virgin
forest, three experimental plots, square in shape with sides in length of 75 meters,
were placed. Distribution of these plots within virgin forest was random. Each plot
was divided into 36 equal smaller plots, square in shape with sides in length of 12.5
meters. Affiliation of each small plot to virgin forest development phase, by using
MEYER method (1999), was conducted (Table 1). Development phases are presented
graphically in topographic method. Average texture diversity of virgin forest was
calculated based on presence of development phases and their participation in
percentage on research plots.

Table 1. Virgin forest development phases by MEYER 1999.
Tabela 1. Razvojne faze prasume po MEYER 1999.

Virgin forest

development phases Description

Canopy density is smaller than 25%, and rejuvenation i.e. coverage of natural

Clearing-gap phase young growth on area is less than 50%.

Young growth, that covers more than 50% of area, is growing in broken

Rej tion ph. . o . .
cuvenation phase canopy density of tree tops, or inside the stand that is in decomposition phase.

Starts when trees reach diameter of 7 cm on 1.3 m of height. It is characterized
Optimum phase by good increment, i.e. net production of wood mass and reduction of tree
number due to strong competition.

Long-term constant in net growth (production and decomposition) in high

Evenness phase cycle of growth, and dying-out.

Net production of wood mass is increasing in significant portion through

Regeneration phase . . .
g p increment of remaining trees in the stand.

Long-term constant in net growth (production and decomposition) due to

Terminal phase . . o
P small or missing cycle of production and decomposition.

Strong degradation of large tree net mass happens, which is a lot larger than

D ition ph, . . .
ccomposition phase the increment and it cannot be annulled by large tree regeneration processes.
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RESULTS - Rezultati

Structural characteristics
Number of trees

In virgin forest we registered average of 689 trees per one hectare.
Distribution of number of trees per diameter classes has a form of declining curve that
at the beginning suddenly drops and then is asymptotically getting close to zero
(Graphic 1). Out of tree species, beech dominates with participation of over 77% (533
trees), out of which the largest number is in the lowest diameter class (10 cm), 419
trees. Unlike beech, other species do not have expressed declining sequence with
diameter increase.

Besides beech, out of main tree species, there is 127 trees of fir, i.e. 18.4%,
while there is the least of spruce, 15 trees (2.18%).

Out of other species present in virgin forest we have to mention maple (Acer)
and mountain-ash (Sorbus aucuparia). Maple is registered in all diameter classes up to
70 cm and participates with 1.89% (13 trees). Mountain-ash is recorded only in the
lowest diameter class of 10 cm, and its participation is negligible (below 1%).
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Graphic 1. Distribution of trees per diameter classes of all tree species in virgin forest “Ravna
vala”
Grafik 1. Raspodjela stabala po debljinskim klasama svih vrsta drveéa u prasumi “Ravna
vala”
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Stock

Total stock in virgin forest is 701 m*/ha, where largest portion has the fir with
stock of 463.7 m¥ha, i.e. 66.2%, than beech with 197.7 m*/ha or 28.2%, maple with
25.1 m’/ha or 3.6%, spruce with 14.5 m’/ha or 2.1%, and mountain-ash below 1% of
total stock. Although beech dominates in tree numbers, fir has the largest portion in
the stock, which is concentrated in larger diameter classes (>50 cm), in which larger
number of fir trees are present (Graphic 2).
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Graphic 2. Distribution of stock per diameter classes and tree species in virgin forest “Ravna
vala”
Grafik 2. Raspodjela zalihe po debljinskim klasama za sve vrste u prasumi “Ravna vala

Development phases and texture diversity

Table 2 presents participation, in percentage, of individual development
phases on examined plots within virgin forest. Participation of individual development
phases on examined plots varies, but domination of the same development phases on
all three plots is noticeable. Therefore one can see that rejuvenation phase participates
with 21.3%, evenness phase with 24.9% and optimum phase with 28.7%, and these
value vary a little on all three plots. Clearing/gap phase participates with 12% while
percentage participation of remaining development phases is significantly smaller.
Regeneration phase participates on 6.4% of the area, terminal phase on approximately
3.6%, while decomposition phase participates on only 2.7% of virgin forest area.
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Table 2. Percentage share of development phases in virgin forest “Ravna Vala”
Tabela 2. Procentualni udio razvojnih faza u prasumi “Ravna vala”

Plot 1 Plot 2 Plot 3 Mean (%)
Development phases/ razvojne faze %) %) (%) sredina
Clearing-gap phase/ faza progale 0 16.6 19.4 12.0
Rejuvenation phase/ faza podmladivanja 222 19.4 222 21.3
Optimum phase/ optimalna faza 33.3 25 27.7 28.7
Evenness phase/ faza izjednacavanja 27.7 27.7 19.4 24.9
Regeneration phase/ faza regeneracije 8.3 5.5 5.5 6.4
Terminal phase/ terminalna faza 2.7 2.7 5.5 3.6
Decomposition phase/ faza raspadanja 5.5 2.7 0 2.7

In Figure 2 we can see that all development phases appear in virgin forest.
Larger groups build rejuvenation phase, optimum phase and evenness phase. These
groups are mutually connected into groups and make more-less large groups, while
individually, on whole area on examined plots, regeneration phase, terminal phase and
decomposition phase appear (Figure 2).
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Figure 2. Development phases of the virgin forest on small areas with 12.5 m edge length
Slika 2. Prostorni raspored razvojnih faza unutar prasume, na plohama duzine stranice 12,5

m.

Presence of all 7 development phases in virgin forest and approximately the
same participation of three dominant development phases on examined plots, as well
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as uniform participation of other phases, although with smaller participation, point out
the high texture diversity (1.69) which is depicted through relatively high evenness
index with mean of 0.86. (Table 3).

Table 3. Texture diversity of virgin forest calculated on the basis of development phases
Tabela 3. Teksturni diverzitet prasume izracunat na osnovu broja i zastupljenosti razvojnih

faza

Index
Plots/ plohe
Shannon Evenness
Plot 1/ ploha 1 1,52 0,85
Plot 2/ ploha 2 1,68 0,86
Plot 3/ ploha 3 1,65 0,92
Mean/ sredina 1,69 0,86

Dynamics

Transition of number of trees of certain tree species in function of time in the
virgin forest can be seen through comparison of the share/participation of individual
tree species in three surveys in years 1978, 1988 and 2008. Total number of trees of all
tree species with diameter larger than 10 cm on 1.3 m height is shown in Table 4.
From the table is visible that in year 1978 permanent plot within virgin forest had 346
trees and that their number is increasing. In 1988 there were 387, while number of
trees in 2008 was 478. In the process it is visible that ratio of number of trees of beech
and fir in mentioned time interval (1978-2008) has completely changed. In 1978 fir
was dominant species with 210 trees, while beech had a share of 102 trees, while in
the measurement in 2008 on the plot there was 224 trees of beech and 172 trees of fir.
Similarly, but in smaller volume, we have had a behavior of spruce and maple. While
number of trees of spruce gradually decreased, number of trees of maple has
increased.

Table 4. Development of the total number of trees of individual species on permanent plot
(1ha) in the virgin forest (1978-2008)

Tabela 4. Izmjena broja stabala glavnih vrsta drveca izmedu 1978-2008. godine na trajnoj
plohi u prasumi

Species/ vrste 1978 1988 2008
Beech/ bukva 102 144 224
Fir/ jela 210 209 172
Spruce/ smrca 20 19 14
Sycamore/ javor 14 15 23
Total/ ukupno 346 387 478

106



Cemal Visnji¢, Besim Bali¢, Sead Vojnikovié, Faruk Meki¢, Amir Uzunovié

Increase in number of trees of beech is particularly visible in diameter class of
20 cm. (Graphic 3). Number of trees in that diameter class in period 1978-2008 nearly
tripled. Also, in diameter class of 21-40 cm, there was increase in number of trees of
beech but not in such large ratio. Decrease in number of trees of fir is mostly
noticeable in lower diameter classes of fewer than 40 cm. In larger diameter classes
(41-60 cm and > 60 cm) number of trees of beech remained almost the same, but in fir
it has mildly increased, particularly in diameter class > 60 ¢cm and in period 1978-
1988. Such trend clearly point out the shift of tree species within virgin forest, i.e. it is
visible that fir is being suppressed by the beech.
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Graphic 3. Dynamics of beech (Fagus sylvatica) and fir (Abies alba) diameter structure, 1978
to 2008

Grafik 3. Dinamika debljinske strukture bukve (Fagus sylvatica) i jele (Abies alba) od 1978 do
2008

DISCUSSION - Diskusija

Structure (diameter and stock)

In virgin forest “Ravna vala” we have determined average of 638 trees per
hectare, whereby beech dominates with 77% while fir participates in only 18% of the
total number of trees. In research in virgin forest “PljeSevica” in north-western Bosnia
the determined number of trees per hectare was 652 (VISNJIC et al. 2009). There also
dominates beech with participation of 64%. Almost the double smaller number of
trees per hectare where recorded by ANIC et al. (2008) in beech-fir virgin forest
“Corkova uvala” in Croatia (440 st/ha) with participation of beech of 49% and fir of
45%.

All these researches talk about recent domination of beech in Dinaric virgin
forests especially in lower diameter classes, while fir is dominant if higher diameter
classes. This clearly says that beech takes over domination and gradually suppresses
fir (DUBRAVEC et al. 2006, 2007, DIACI, et al. 2008, ANIC, 2008, VISNJIC 2009).

In respect of stock, there is in average of 701 m’/ha of live wood mass in
virgin forest “Ravna vala”. If these results are compared with researches in virgin
forests of beech and fir in the region; north Bosnia 772 m’/ha (VISNJIC et al. 2009),
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Croatia 671.23 m’*/ha (ANIC and MIKAC. 2008) and Slovenia approximately 800
m’/ha (DIACI et al. 2008), we cannot find larger differences. Unlike beech
domination in diameter class per number of trees, here in total stock dominates fir
which is similar in the other researches. Domination of fir in the stock is explained in
larger participation of fir per number of trees in diameter classes above 40 cm.

Texture diversity

Analysis of texture diversity spots the transition of individual development
phases of virgin forest on small area, whereby the most representation is of optimum
phase (28.7%), evenness phase (24.9%) and rejuvenation phase 22%. In researches of
development phases of Albanian virgin forests conducted by TABAKU (1999) terminal
phase dominated with 50%. Researches conducted by LEINBUNDGUT (1993) in
beech-fir virgin forest Perucica, also show domination of terminal phase and initial
decomposition phase with the share of 40%. Larger share of terminal phase of 60%
were found by ANIC AND MIKAC (2008) in their researches. Dominance of terminal
phase is typical characteristic of Dinaric beech-fir virgin forests. Expressed relief of
Dinaric Mountains gives protection to these forests from the wind. Because of that
there is large number of old living and dying standing trees that characterize terminal
phase (ANIC AND MIKAC 2008). However, in virgin forest “Ravna vala” already
appeared the transition of old trees and rejuvenation is abundant on whole area which
is visible from the share of rejuvenation phase which is in the third place with 22% of
participation. Larger bare arcas were not spotted, but there is presence of dying of old
trees on whole area which opens up possibility for growth of young trees especially of
beech.

Average texture diversity of virgin forest “Ravna vala” shows Shannon index
of 1.69 while evenness index is 0.86. Tabak (1999) in researches on texture diversity
of Albanian virgin forests gained similar values. Shannon index had a value between
1.5-1.7 while evenness index varied between 0.7 and 0.8.

Dynamics

Analysis of dynamics of diameter structure development per number of trees
of specific tree species showed that in 30-year period number of beech trees in
diameter classes up to 20 cm nearly tripled, while number of fir trees in the same
diameter classes was halved. Researches of DIACI et al. (2008) inside Slovenian virgin
forests showed that share of fir in virgin forests is decreasing, and share of beech is
increasing, while in largest diameter classes fir still dominates. Similarly in researches
of LEIBUNDGUT (1993), KORPEL (1995), BONCINA et al. (2003), SEBASTIA et al.
(2005) and DUBRAVEC et al. (2007) show expressed domination of beech in young
trees and lower diameter classes. This points-out the fact that we have ongoing
transition of tree species, where in future beech will take over a role of dominant
species inside Dinaric virgin forests of beech and fir with spruce. Since impact of man
in virgin forests is excluded, and emission of harmful gases does not have expressed
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direct impact, all says that transition of main tree species is basically reaction to actual
climate changes.

CONCLUSIONS - Zakljuéci

Number of trees per hectare and wood mass stock gained with these
researches match similar researches in the region, which points to conclusion that
Dinaric virgin forests of beech and fir are stable forest communities. In them there is
no stronger disturbance of the status, and expressed Dinaric relief provides them with
protection from storm winds. Trees die individually on whole area and their position is
abundantly regenerated by young growth of the same or other tree species which fill
out the gaps. That way, number of trees inside virgin forests significantly does not
change as well as virgin forest stock. In virgin forest “Ravna vala” currently is
ongoing transition process of main tree species. Beech in lower diameter classes
replaces fir and slowly suppresses it. This trend shall continue in the future when
beech will take a main role also in larger diameter classes. Transition of main species
is under influence of natural factors, and largest influence represents climate changes.
That virgin forest “Ravna vala” is stable forest community is shown by its texture and
texture diversity. Virgin forest has all 7 development phases. Development phases are
not grouped, but appear on smaller areas in whole virgin forest which additionally
increases stability of virgin forest and enables more uniform transition from one phase
into another without expressed turbulences on larger area of the virgin forest. The
most present are optimum development phase, rejuvenation phase and evenness phase
each with over 20% of share in the area of virgin forest. Texture diversity as indicator
of structural diversity has value of 1.69 which concurs with researches in the region,
while evenness index is very high and has value of 0.86. These indexes confirm
mentioned statements that virgin forest “Ravna vala”, even beside much expressed
dynamic changes, is very stable and divergent forest ecosystem.
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Structural characteristics, dynamics and texture development of virgin forest Ravna vala on
Bjelasnica

SAZETAK

U radu su prezentirani rezultati istrazivanja strukturnog sastava, dinamike, teksture i diverziteta
razvojnih faza prasume "Ravna vala" na Bjelasnici. Prasuma "Ravna vala" se nalazi u
centralnom dijelu Bosne i Hercegovine, oko 20 km jugozapadno od Sarajeva na planini
Bjelasnici, na nadmorskoj visini od 1280 do 1450 m. Prvi put je opisana 1978. godine. Zbog
svoje izuzetne vrijednosti i posebne dinamike rasta i razvoja Cesto je bila predmetom
istrazivackih projekata, Sto je 1 rezultiralo postavljanjem trajne eksperimentalne plohe
kvadratnog oblika povrSine 1. ha. Istrazivanja su provedena na trajnoj plohi u tri navrata: 1978,
1988 i 2008 godine, i na 46 privremenih sistematski postavljenih kruznih ploha radijusa 12,6
metara, od kojih svaka reprezentuje po 1 ha povrsine prasume.

U prasumi "Ravna vala" je utvrdeno prosjecno 638 stabala po hektaru, pri ¢emu dominira
bukva sa 77%, dok jela ucestvuje sa svega 18% u ukupnom broju stabala. U pogledu zalihe
Zive drvne mase u prasumi ,,Ravna vala” je utvrdeno prosje¢no 701 m’/ha.

Analizom teksturnog diverziteta uocava se smjena pojedinih razvojnih faza praSume na malom
prostoru, pri ¢emu su najzastupljenije optimalna faza (28,7%), faza izjednacavanja (24,9 %) i
faza podmladivanja 22%. Prosjecni teksturni diverzitet praSume ,,Ravna vala“ pokazuje
Shannonn-indeks od 1,69 dok je indeks izjednacenosti Evenness 0,86.

Analiza dinamike razvoja debljinske strukture po broju stabala pojedinih vrsta drvecéa je
pokazala da se u vremenskom periodu od 30 godina broj stabala bukve u debljinskim klasama
do 20 cm skoro utrostrucio, dok je broj stabala jele u istim debljinskim klasama opao za
polovinu.

U prasumi "Ravna vala" u toku je proces smjene glavnih vrsta drve¢a. Bukva u nizim
debljinskim klasama zamjenjuje jelu i postepeno je potiskuje. Ovaj trend ¢e se nastaviti i u
buduénosti kada ¢e bukva preuzeti glavnu ulogu i u ve¢im debljinskim klasama. Smjena
glavnih vrsta je pod uticajem prirodnih faktora a najveci znacaj imaju klimatske promjene. Da
je praSuma "Ravna vala" stabilna Sumska zajednica pokazuje i njena tekstura i teksturni
diverzitet. U praSumi je prisutno svih 7 razvojnih faza. Razvojne faze nisu grupisane ve¢ se
javljaju na manjim povrSinama u Citavoj prasumi §to dodatno povecava stabilnost prasume i
omogucava ujednaceniji prelazak iz jedne faze u drugu bez izrazenih turbulencija na vecoj
povrsini praSume.
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