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STRUCTURAL, PRODUCTION AND DYNAMIC CHAR-
ACTERISTICS OF THE STRICT FOREST RESERVE
“RACANSKA SLJIVOVICA“ ON MT. TARA

Abstract: Mixed forests of broadleaves and conifers, thanks to their high pro-
ductivity and high biodiversity, are the most valuable part of the growing stock in
Serbia. The aim of this research was to analyse the mixed old-growth forests of
fir, spruce and beech in the reserve “Racanska Sljivovica“ so as to define the laws
which could be applied in the future forest management on Mt. Tara. The research
was based on the data of six periodic complete inventories followed by standard
dendrometric and statistical processing. Forest structure was similar to the typi-
cal selection structure. The recruitment dynamics (except beech) was relatively fa-
vourable, with the ratio to dead trees amounting to 1.72. The number of trees and
the volume increased constantly, attaining 422.2 trees-ha™!, i.e. 800.3 m3-ha !, and
the volume increment was above 12 m3-ha™!, despite a slight drop. Silver fir was the
protagonist of the selection structure and productivity. It is necessary to stimulate
the survival and development of beech at the concrete site, to examine the balanced
number of trees and volume, and to investigate the relationship between the number
of recruited trees and the stand volume.
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CTPYKTYPHE, IPOU3BOJHE U JTUHAMMWYKE KAPAKTEPUCTHUKE
CTPOI'OI' T'YMCKOTI PE3EPBATA ,,PAYAHCKA II/JbBUBOBUIIA“ HA
TAPHA
M3Boa: Mewosure nryme guinhapa u yeTuHapa 300r BUCOKE MPOM3BOJHOCTH U
H3PaXKCHOT OMOMMBEP3UTETa IMPEICTaB/bajy HAJBPCIHUJU J€0 UIYMCKOr (HoHa
Cpbuje. Llnsp mcTpaxkuBama OHO je a ce aHAJU30M MEIIOBHUTHX IIyMma jeie,
cMpue 1 OyKBe MpalryMCKOT OpeKJia y pe3eprary ,,Pauancka lllssuBoBuma“ youe
3aKOHHTOCTH KOje OM MOTOM MMaJie IPHUMEHY y rasfoBamy Iymama Tape. Oc-
HOB HCTPaKMBamba YMHE MOJALHU LIECT HEPUOANYHUX MOTIYHUX (TOTAIHHX) IIpe-
Mepa KOju Cy HOABPTrHYTH KJIACHYHO] JEHIPOMETPHjCKOj M CTATHCTHYKO] o0Opa-
mu. CTpykTypa mryma OIucCKa je TUIMUYHOj IpeOHpHO] CTPYKTypH. [JuHammka
ypacTtama (ocuM OyKBe) pelaTHBHO je IMOBOJbHA, Ca OJHOCOM IIpeMa OZYMPIUM
crabnuma of 1,72. Bpoj crabana u 3ampeMuHa KOHTUHYHPAHO PACTy, AOCTIKY
usHoc 422,2 kom-ha™!, onnocro 800,3 m3-ha!, a 3anpeMuHCKH IPUPACT je U TTIOPESI
Onaror maja BUCOK - npeko 12 m3-ha'. Jena je Hocuian npeGupHe CTPYKType U
HPOM3BOIHOCTH, HY)KHO je CTUMYJIHCATH OIICTAHAK U pa3B0j OyKBe Ha KOHKPETHOM
CTaHUILTY, IPEUCIUTATH yPAaBHOTEXEHHU Opoja cTabalia M 3alpeMUHY U HCTPaXKUTH

Be3y usmel)y 6poja ypaciux crabaja u 3alipeMUHE CacTOjUHE.
KibyuHe peun: pe3epBaT, IpauryMCKH THII, CTPYKTYpa, IPOM3BOJHOCT, AMHAMHUKA

1. INTRODUCTION

Mixed forests of broadleaves and conifers (in most cases beech and fir, and also
beech, fir and spruce) and conifers (most often fir and spruce) occupy 3% of the grow-
ing stock area in Serbia, 4.3% of its volume, and 4.8% of its current volume increment
(Bankovi¢ etal., 2009). In Serbia, mixed forests are distributed on the mountain mas-
sifs - Tara, Zlatibor (Murtenica), Zlatar, Cemerno, Golija, Mokra Gora, Prokletije, Sar
Planina, Veliki Jastrebac, Kopaonik and Go¢ in the west, Stara Planina in the east, and
the northernmost sites are on Mts. Rtanj and Malinik. Their small area percentage, excep-
tionally high productivity at individual sites, ecological diversity (high species diversity,
tree sizes and spatial arrangements), higher resistance to adverse effects of different biotic
and abiotic factors, and structural complexity, make these forests extremely significant
from the protection, social and production aspects, and in this way also very interesting
in the scientific sense. For this reason, both in Europe and in Serbia, mixed stands of the
above tree species have been selected and protected as strict forest reserves (SFR). Long-
term monitoring of SFRs can be a substitute for the research in old-growth forests, which
are very rare in Europe. This type of substitution is justified by numerous authors (Prpi¢,
1972, 1979, Schiitz, 1989, Biris etal., 2000, Ani¢, 2007), taking into account the fact
that today all forests are, directly or indirectly, more or less, anthropogenically modified.
Consequently, SFRs are reference locations for the research of natural processes and their
dynamics (Meyer, 2005). The essence of their selection and conservation, according to
Diaci et al. (20006), is reflected in the preservation of the original forest composition for
future generations, in the conservation of rare and threatened plant and animal species, in

94



STRUCTURAL, PRODUCTION AND DYNAMIC CHARACTERISTICS OF THE STRICT ...

the development of basic and applied natural sciences, conservation of genetic resources,
in the promotion of education, recreation and other values of forest ecosystems, etc. The
researches in these stands are also the sources of new ideas in silviculture, especially
nowadays when new silvicultural models are being developed to imitate natural processes
(nature-based silviculture, close-to-nature silviculture). In this sense, the more the ideas
on the development of natural forests, first of all SFRs, are widened and deepened, the
more forestry practice receives trustworthy incentives and reliable theoretical explana-
tions of the application of management methods and forms classified in the wider concept
of close-to-nature management (Korpel, 1996). The study of productivity of perma-
nently protected stands of various tree species makes it possible to study their maximum
production potential at the concrete site (M1linSek, 1968, Tomani¢,Jelisavcié, 1997,
Tomanié¢, Malini¢, 1997, Stojanovi¢ etal., 2007, Veen et al., 2010). Therefore, the
point of the SFR selection and conservation, inter alia, is also to acquire the scientific
(theoretical) ideas based on complex and in-depth studies of their dynamics, structure and
productivity. The results could be implemented in the regularly managed forests, so that
their functionally optimal state can be achieved and maintained.

Systematic and comprehensive research of mixed forests of broadleaves and co-
nifers, and conifers in Serbia started by the middle of 20t century. In this aim, the Strict
Forest Reserve “Racanska Sljivovica“ was designated and protected on Mt. Tara in mixed
forests of fir, spruce and beech by the Institute for Nature Conservation of Serbia. The
objective of the research was, based on the data of six periodic complete inventories, to
analyse the structural and production characteristics of the forests in the Reserve, as well
as their changes (development) in the period from 1960 to 2010. The assessed laws and
specificities in the development of these extremely complex forest ecosystems, as well as
in the complicated inter-relationships of the component tree species, could be practically
implemented in the regular management of the mixed forests of fir, spruce and beech in
the wider region of Mt. Tara.

2. MATERIAL AND METHOD

2.1. Study Area

The study area is located in the Strict Forest Reserve “Rac¢anska Sljivovica®, in
the Forest Management Unit “Tara®, as an integral part of Tara National Park. The FMU
“Tara” is located between 43° 51” and 43° 57° north latitude and 17° 03* and 17° 11’ east
longitude. It mainly covers the limestone plateau of the mountain Tara in the altitudinal
belt from 900 to 1,350 m. The area of this Management Unit is 3,620.55 ha, of which as
much as 94.8% accounts for the mixed, selection forests of fir, spruce and beech. The
bedrock consists of dense limestones of the Middle and Upper Triassic periods. The soils
consist of all soil forms on limestone, with the greatest percentage of well-developed ter-
ra fusca. The average annual climate elements for the wider region of Mt. Tara, over the
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study period 1975-2005 were: air temperature 7.9°C, precipitation 977.3 mm, relative air
humidity 83.4%, sunlight 1,699.5 hours, and the main wind directions were northeast and
southwest. The above values indicate the continental mountainous climate, nearing the
milder variety of subalpine climate (Medarevi¢, 2005).

The Reserve “Racanska Sljivovica“ is a part of the Compartment 156/a of the
above Management Unit and it occupies an area of 15.43 ha, on moderately steep ter-
rain of balanced slope from 6° to 10°, altitude from 1,160 to 1,200 m. Its aspect is east-
northeast, occasionally northwest. Bedrock consists of oganogenic dense limestones, and
the soil is brown on limestone and dolomite, medium deep (40-80 cm), fresh and slightly
skeletoid. The dead cover in the Reserve is abundant in medium-thick layer undergoing a
favourable process of humification. The species in the tree storey are: Abies alba, Picea
abies, Fagus moesiaca, while Pinus silvestris, Pinus nigra and Acer pseudoplatanus oc-
cur in very small numbers. In the shrub storey, the most frequent species are: Rubus hir-
tus and Daphne mezereum, and in the ground flora layer: Asperula odorata, Cardamine
bulbifera, Oxalis acetosella, Mycelis muralis, Viola silvestris, Geranium robetianum,
Cardamine ennaeaphyll, Rhamnus fallax, etc. (Cvjeti¢anin, Novakovié¢, 2010). The
Reserve consists of old-growth forests belonging to the category of high mixed forests
of fir, spruce and beech. In the typological sense, they belong to the forest type Piceo-
Abieti-Fagetum typicum on deep to medium deep brown soils on limestone. The stand
in the Reserve “Racanska Sljivovica® is characterised by a complete canopy (0.7) and by
mediocre health (Medarevic, 2005).

2.2. Data collection and processing

Since 1960, these forests have been managed by the control method - the Go¢ vari-
ety (Milojkovi¢, 1962) which, inter alia, includes the implementation of a complete in-
ventory providing the information on these complex forest ecosystems. The information
periodically collected on the basis of the complete inventory is the most reliable assess-
ment of forest state, of the changes over time, the inventory dynamics and the productivity
(Medarevié, Obradovic¢, 2007). The data of periodical inventories per management
periods from 1960 to 2010, stored in the database of the information system on forests in
Serbia, are the foundation of this research. In the above system, the Reserve volume was
calculated by the tariff method (Bankovi¢, 1991, Bankovié¢, Panti¢, 2006). The un-
reliable records on the trees which were in the previous management periods (except the
last one) removed from the Reserve, and which in the given case refer only to dead wood,
were the main obstacle in the determination of volume increment by the control method,
which is, according to Mirkovic¢ (1959), methodologically the most accurate procedure
for the calculation of volume increment. For this reason, it was calculated by the incre-
ment percentage method where volume increment percentage was calculated based on
regression models (Bankovi¢ etal., 2002).

The statistical data processing consisted of the calculation of the basic measures of
variation (arithmetical mean, minimum, maximum, and the coefficient of variation) for
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the number of trees and volume per hectare, i.e. parameters a, (skewness) and o, (kur-
tosis), as the numerical expressions of the deviation of actual volume distribution per di-
ameter classes from the theoretical form of normal distribution. Skewness was assessed
by the following scale: |0,4/<0.25 - low skewness, 0.25<|0,|<0.50 - medium skewness and
|og/>0.50 - high skewness. The above statistical analyses were performed using the soft-
ware package STATGRAPHICS Centurion XV-Version 15.2.11.

3. RESULTS

In addition to edificator species (fir, spruce and beech), the tree layer in the Reserve
“Radanska Sljivovica“ also consists of Scots pine, Austrian pine and maple (4. pseudo-
platanus). The abundance of these species is extremely low and it had a decreasing trend
over the study period. In 1960, there were 12.7 trees, and in 2010 5.6 trees per hectare, so
their effect on the structure, productivity and dynamics of the Reserve forests was incon-
siderable. For that reason, these tree species were not taken into account in the presenta-
tion of the study results.

3.1. Number of trees

Distribution of trees by diameter classes as an indicator of forest structure in
mixed stands of broadleaves and conifers and conifers in SFR depends on the process of
regeneration, recruitment, increment (transition period) and decline. The above processes
are conditioned by a complex of ecological and stand factors among which the dominant
role is that of the light regime in the stand. In the concrete case of fir, in the first two in-
ventories (1960 and 1970), tree distribution was characterised by a lower, compared to
typical selection structure insufficient number of trees in the smallest-diameter degrees
and by an excess of trees in the medium-diameter classes (32.5-47.5 cm). In general, in

00T %0 — 970, —isso || 32
90+ |- - =t == D80 _ | 45
QOIS e 2 ,_,gogo, _ —=20l0s 40
< H05E 41 - T — — — — = 35
BICONSRIE — — —— — —— — 5 30
50+ ---------------—--—-—- 5
ik CEEEEEEEEEERS 220
Blor N~ 15
20 - NS - 10
101 5
0 ; . —— 0 : . .
L7:SE 37.5  STSRSNE 17.5 375 575  7ASEESHS
dbh classes [cm] dbh classes [cm]
Diagram 1. Diameter structure of fir trees Diagram 2. Diameter structure of spruce trees
I'paduxon 1. /IeOpuHCKa CTPYKTYpa jene I'paduxon 2. JIeGpUHCKA CTPYKTYpa CMpUe

97



Damjan Panti¢, Milan Medarevi¢, Stanisa Bankovi¢, Snezana Obradovi¢, Biljana gljukic’, Biljana Pesi¢

97
81
74
< 61
g s
n
=] 3]
24
14
0 > ; . - :
1173 37.5 57.5 77 7S 17.5 37.5 SIS TS 97.5
dbh classes [cm] dbh classes [cm]

Diagram 3. Diameter structure of beech trees  Diagram 4. Diameter structure - total
I'padukon 3. [leGipuHCcKa CTpYKTYpa OyKBe I'padukon 4. [le6puHCKA CTPYKTYpa - YKYITHO

- 2R g
0B N B 7
60 L — — _ T _ _ . 6
IS S
SO0 — — — — - — — St < 5
Q
240 L _ _ _ ~EogE g,
3] . 3
230 | _ _—Beech _—Fir || 3 3
= — Spruce — Total || =
20 | S N\ U5l 5
(O INSART '
0 0+ : . : :
1970 1980 1990 2000 2010 17.5 37.5 57.5 /75 97.5
year dbh classes [cm]
Diagram 5. Recruited trees Diagram 6. Dead wood (Ne of trees) in 2010
I'paduxon 5. Ypacna ctabna I'paduxon 6. MpTtBO 1pBO (Op. cT.) y 2010. rox.

this period tree distribution indicated an atypical selection structure (Diagram 1). By the
development of the more favourable light regime in the Reserve in the period 1980-2010,
the recruitment of fir trees was intensified (Diagram 5), and the part of the distribu-
tion curve representing the smallest-diameter trees was prolonged and asymptotically
approached to the ordinate, while the number of trees in medium-diameter classes de-
creased sharply. The consequence of these processes over the given period was the fir tree
distribution, similar to the typical selection structure. The asymmetric and excessive bell
distribution with the maximum number of trees in diameter classes 42.5 cm, i.e. 47.5 cm
respectively, characterised the spruce tree distribution during the first two inventories
(Diagram 2). The recruitment of spruce trees (especially in the period 1970-1990) led to
the increase in the number of trees in the thinnest-diameter degrees and in this sense, to
the prolongation of the left tail of the distribution curve, but in contrast to fir, the number
of trees in medium classes (in absolute amounts) remained high. Because of that, spruce
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tree distribution in the period after 1980 had the characteristics of the hidden binomial
distribution. Insufficient regeneration, minimal recruitment, poorer shade tolerance and
greater inferiority of beech in the struggle for life space, compared to the competitive
species (fir and spruce), resulted in the fact that spruce structure was very distant from
the typical selection structure throughout the study period (Diagram 3). Under the effect
of the domination of fir trees in the Reserve, the percentage of which in the total number
of trees per individual periods ranged from 57.5% to 62.1%, the distribution of the total
number of trees (Diagram 4) had for the most part the characteristics of fir distribution.
Some differences, as the consequence of the effect of spruce diameter structure, were re-
flected in the higher percentage of trees in the diameter classes 32.5-52.5 ¢cm, because of
which the distribution of the total number of trees was somewhat more distant from the
typical selection structure than it was the case with fir diameter structure. By all means,
this was also caused by the great deviation of beech diameter structure from the selec-
tion structure.

In SFR “Racanska Sljivovica® beech recruitment (Diagram 5) was absent in some
management periods of the study period (1960-1970 and 1990-2000), and in other peri-
ods it amounted to 0.2-0.9 trees per hectare. During the last management period, the ratio
between the recruited and dead trees was 0.75. This means that dead beech trees were
compensated by recruitment to the main stand by only 75%. Spruce recruitment ranged
from 5.1 tree per hectare in the period 1960-1970 to the maximum values of 32.7 trees
per hectare in the period 1970-1980, after which it had a decreasing trend. During the last
management period, it amounted to 14.6 trees per hectare, with the ratio to dead trees of
1.45. The number of recruited fir trees ranged from 18.7 in the first management period
to 44.8 trees per hectare in the last period during which the ratio to dead trees was 1.88.
Total number of recruited trees varied from 23.7 to 72.2 per hectare, but during the last
management period (2000-2010) it was 60.3 trees per hectare, with the ratio to dead trees
in the period amounting to 1.72.

The last inventory (2010) in the r
Reserve showed that 35.1 trees were 100 b
killed (dead and decayed) per hectare, of a@>50 cm
which 23.8 trees were fir, 10.1 spruce and a 80 -
1.2 beech. Although these are exception- % 60 | |4=30,1-50 cm
ally shade tolerant tree species, due to a §
long-lasting and deep shade, the greatest 40T
number of dead trees (50.4%) were in the -
category of small-diameter trees within 0
the diameter classes of 12.5-22.5 cm (Dl- 1960 1970 1980 1990 2000 2010
agram 6). Year

The number of beech trees Diagram 7. Tree distribution per diameter

in the study period varied mini- classes
mally (Cy=5.71%), between 404 and TI'paduxon 7. Qucrpubyuuja crabama mo me6-
46.9 trees-ha™! and decreased by 11.1% JBUHCKHM KJlacama
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(Table 1). The last inventory showed the increase in the number of spruce trees by 43.4%
compared to 1960. The number of spruce trees over the study period was mainly charac-
terised by an increasing trend, with high variability per individual management periods
(€4=20.4%) and it ranged from 92.2 to 138.6 trees-ha™'. In contrast to spruce, the variabil-
ity in the number of fir trees, as the dominant tree species in the Reserve, per individual
management periods, was substantially lower (C=6.91%). The number of fir trees ranged
from 203.6 to 248.3 trees-ha! and, compared to the beginning of the study period, it in-
creased by 22.0%. The total number of trees and its trend are the consequences of the
percentage of individual tree species in the Reserve and the range of the number of trees
over the study period. In this sense, the total number of trees generally increased continu-
ally, with a moderate variability (C,=8.32%) and it ranged from 342.7 to 422.2 trees-ha™'.
According to the inventory in 2010, there was an increase by 23.2% in the total number
of trees compared to 1960.

Table 1. Changes in the total number of trees and its distribution per diameter classes
Tabeaa 1. [Ipomene ykymHor Opoja cTabaja i lberope TUCTPUOYIIH]je 1Mo AeOJPHHCKUM Kacama

Inventory year / Fonuna npemepa N .
i . min | max | ¢
Tree species/ 746, | 1970 | 1980 | 1990 | 2000 | 2010 | arit. N
Bpcra npseha
trees-ha=t/ kom-ha! %

Beech/bykBa | 46.9 | 458 | 451 | 404 | 434 | 417 | 439 | 404 | 469 | 571
Spruce /Cmpua | 92.2 | 929 | 124.7 | 138.6 | 128.8 | 132.2 | 118.2 | 92.2 | 138.6 | 20.4
Fir / Jena 203.6 | 226.8 | 229.4 | 243.0 | 239.5 | 248.3 | 231.7 | 203.6 | 248.3 | 6.91

Total / Ykynno | 342.7 | 365.5 | 399.2 | 422.0 | 411.7 | 422.2 | 393.9 | 342.7 | 422.2 | 8.32

Diameter class

Knaca ne6sbune %
d<30cm 43.0 | 42.6 | 487 | 544 | 513 | 526
d=30.1-50 cm 374 | 351 | 26.1 | 21.8 | 217 19.6
d>50 cm 19.6 | 22.3 | 252 | 23.8 | 27.0 | 278

Legend / Jlerenma: N arit. - arithmetic mean of tree number / apuT™MeTHuKa cpeauHa Opoja crabana,
min - minimum number of trees / MuHUMaIHU Opoj cTabana, max - Maximum num-
ber of trees / makcumanuu 6poj crabna, Cy [%)] - coefficient of variation of tree num-
ber / Bapujanronu koedurmjeHt 6poja crabana, d - diameter at breast height / mpcuun
MPEYHUK cTabna

Grouping of trees in diameter classes enables a better insight into the inventory
dynamics over a time period. In the concrete conditions, the percentage of small-diameter
(d<30 cm) and large-diameter trees (d>50 ¢cm) had an increasing trend, as opposed to the
category of medium-diameter trees (d=30.1-50 cm), whose percentage in the total number
of trees decreased continually (Diagram 7). Precisely, the percentage of small-diameter
trees increased in the relative sense by 22.3%, large-diameter trees by 41.8%, and the
percentage of medium-diameter trees, compared to 1960, decreased by 47.6% (Table 1).
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3.2. Volume

Volume distribution per diameter classes is directly dependent on the distribu-
tion of the number of trees, site quality, characteristics of tree species, etc. Fir volume
structure in SFR “Racdanska Sljivovica® was characterised by positive and high skew-
ness (0,,=0.640-1.094) in all management periods, except in 2010, when it was also posi-
tive (Table 2), but medium skewed (0,,=0.268). Taking into account the structure of these
forests and the fact that fir is the protagonist of the structure, during the study period the
kurtosis (a,) of its volume structure increased, and variation width per individual man-
agement periods amounted to 85-95 cm (Diagram 8). Spruce volume per diameter classes
(Diagram 9) was characterised by high and positive skewness (0,,=0.955-1.289), high kur-
tosis and variation width from 80 to 95 cm. Beech volume structure was highly variable
and it ranged from low and positive skewness (a,=0.167) in 1960, via high and negative
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skewness  [0,=(-0.747)-(-0.901)] over
1970-1990, to high (a,=0.702) and low

100 |- (0,=0.145) positive skewness in the pe-
< 80| riod 1990 - 2010. During the entire study
% d>50 cm period the distribution was kurtic, and
E Uy the variation width ranged between 85
g and 95 cm (Diagram 10). Total volume

|

structure sublimed the characteristics

20 | d=30,1-50 cm el
of the structure of individual tree spe-
E==G cies, especially fir as the dominant spe-
1960 cies in the Reserve. For that reason, the

total volume structure was characterised
Diagram 12. Distribution of volume per Biolley by high and positive skewness (a;=0.418-

diameter classes 0.964) with the mitigating trend towards
I'padukon 12. luctpubyuuja 3anpemune mo  the end of the analysed period. Kurtosis
Kkacama nebspune Biolley-a was high, it had an increasing trend, and

variation width of the distribution ranged
from 85 to 95 cm (Diagram 11).

Table 2. Skewness and kurtosis of volume distribution in the study period
Tadena 2. CHMETPHYHOCT M CIUJBOLITEHOCT AMCTPHOYyIHja 3ampeMHUHE y HCTPaXKHBAaHOM
[IEPHONY

Inventory year Fir / Jena Spruce / Cmpua | Beech / BykBa Total / Ykynno

Tonuna npemepa | ¢, 0, 0, 0, o, 0, a, a,
1960 1.094 | -0.360 | 1.289 | —0.672 | 0.167 | —0.404 | 0.964 | —0.940
1970 0.804 | —0.987 | 0.955 | —-1.071 | —0.901 | —1.013 | 0.818 -1.076
1980 0.640 | -1.007 | 0.988 | —1.093 | —0.865 | —0.609 | 0.816 -1.107
1990 1.022 | -0.790 | 1.022 | —1.121 | —0.747 | —0.875 | 0.901 -1.114
2000 0.652 | -0.678 | 0.991 | —1.007 | 0.702 | —-0.464 | 0.717 | —0.983
2010 0.268 | -1.225 | 1.263 | —0.373 | 0.145 | —1.106 | 0.418 -1.361

BZ;Ej?;?LV;;d;Ea 85-95 cm 80-95 cm 85-95 cm 85-95 cm

Legend / Jlerenna: o, - measure of skewness / mepa acumerpuje, o, - measure of kurtosis (excess) / mepa
CIJBOLITEHOCTH (EKCLIEC)

Beech volume per hectare in the period 1960-2010 permanently increased between
69.6 and 123.9 m3-ha™!, with high variability (c,=23.62%) and an increase of 78.0%, com-
pared to the beginning of the above period. The increasing volume trend was also found
in spruce. It ranged between 210.2 and 291.1 m3:-ha’!, and the coefficient of variation
was C,,=13.50%. In 2010, spruce volume increased by 38.5% compared to the beginning
of the study period. The volume of fir, as the dominant tree species in the Reserve, in-
creased constantly per individual management periods, from 252.3 m3-ha! in 1960 to
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385.3 m*ha ! in 2010, with the coefficient of variation c,,=15.64%. Percentage increase
in fir volume accounted for 52.7% (Table 3). The logical consequence of the increase in
volume of tree species in the Reserve was also the increase in total volume per hectare. It
ranged from 532.1 to 800.3 m3-ha™!, and at the end of the fifty-year period the percentage
amounted to 50.4%.

Table 3. Changes in total volume and its distribution per Biolley diameter classes
Tabeua 3. [IpoMeHe ykyIHe 3anpeMHHe U lheHe TUCTpUOyIHje Mo Kiracama fedspune Biolley-a

Inventory year / FonuHa npemepa \V} .
i . min. max.
Tree species/ [ ¢y | 1970 | 1980 | 1990 | 2000 | 2010 | arit. ~
Bpcra npseha
m3-hat %

Beech/byksa | 69.6 | 83.4 | 82.7 | 87.2 | 1209 | 123.9 | 94.6 | 69.6 | 123.9 | 23.62
Spruce / Cmpua | 210.2 | 213.3 | 226.6 | 252.6 | 271.5 | 291.1 | 244.2 | 210.2 | 291.1 | 13.50

Fir / Jena 252.3 | 287.3 | 331.6 | 357.6 | 371.3 | 385.3 | 330.9 | 252.3 | 3853 | 15.64
Total / Ykynno | 532.1 | 584.0 | 640.9 | 697.4 | 763.7 | 800.3 | 669.8 | 532.1 | 800.3 | 15.48

Diameter class
Knaca ne6spune

%

d<30cm 7.7 6.7 7.6 8.0 6.8 6.6
d=30.1-50cm | 38.1 | 33.0 | 30.3 | 22.2 | 195 | 178
d>50 cm 542 | 603 | 62.1 | 69.8 | 737 | 75.6

Legend / JIerenaa: V arit. - arithmetic mean of volume/aputmeTiuka cpejiHa 3alipeMuHe, Min - minimum
volume/MUHUMaTHa 3apeMUHa, max - maximum volume/MakcHMallHa 3alIpeMHHA,
Cy [%] - coefficient of variation of volume/Bapujauronn koepuuUHMjeHT 3aNpPEMUHE,
d - diameter at breast height/npcuu npednux crabna

In the study period, the share of volume of small-diameter trees (d<30 cm) in the
total volume per hectare decreased relatively by 14.3%, volume of medium-diameter trees
(d=30.1-50 cm) by 53.3%, and the percentage of volume of large-diameter trees (d>50 cm)
increased by 39.5% (Diagram 12).

3.3. Volume increment

The volume increment, as one of the most reliable indicators of stand vitality and
productivity and the site production potential over the study period and per tree species
in SRS “Racganska Sljivovica“ is presented in Table 4.

In beech, the current volume increment ranged from 1.10 to 2.38 m3-ha!, with
high variability per individual management periods (C,,=30.08%). Maximum value
of beech increment was recorded by the inventory in 2000, after which its increment
dropped. Spruce increment is also characterised by high variability (¢, =24.82%), which
ranged from 2.90 to 5.18 m3ha!, with a constant decrease after 1980. Compared to the
above tree species, the variability of fir volume increment in the study period was lower
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(c,,=14.48%), its increment ranged within 4.87-7.12 m*-ha!, reaching the maximum in
2000 after which it declined. On the whole, the current volume increment in the period
1960-2010 amounted to 8.87-13.40 m3-ha~'. The maximum value was attained in 1990,
and in the last two management periods there was a mild decrease by 4-8% compared to
the maximum value.

Table 4. Changes in current volume increment
Tabeua 4. [IpomeHe Texyher 3anpeMHHCKOT IpUpacTa

Inventory year / l'onuna npemepa |

v min. | max. c

Tree species 4960 1970 | 1980 | 1990 | 2000 | 2010 | arit. "

Bpcra apseha

m3-ha! %
Beech /Bbyksa | 1.10 | 1.38 1.42 1.30 | 2.38 1.93 1.59 1.10 | 2.38 | 30.08

Spruce /Cmpua | 2.90 | 3.28 | 518 | 503 | 337 | 3.60 | 3.89 | 290 | 518 | 24.82

Fir / Jena 487 | 560 | 672 | 707 | 712 | 6.86 | 6.37 | 487 | 712 | 1448

Total / Ykynuo | 8.87 | 10.26 | 13.32 | 13.40 | 12.87 | 12.39 | 11.85 | 8.87 | 13.40 | 15.70

Legend / Jlerenpa: | arit. - arithmetic mean of current volume increment / apuTmeTnuKa cpeuna rexyher
3aMpeMHUHCKOT mpupacTta, MiN - minimum current volume increment / MUHUMAITHA
TekyhH 3alpeMUHCKH IpUpacT, max - maximum current volume increment / Makcu-
Mannu Tekyhu 3anpemuHcky mpupact, ¢, [%] - coefficient of variation of current vol-
ume increment / BapujalluoOHU KOEHUIIM]EHT TeKyher 3apeMHUHCKOT TpupacTa

4. DISCUSSION

Tree distribution per diameter classes is a characteristic parameter used by many
authors (Korpel, 1995, Peterken, 1996, Goodburn, Lormier, 1999, Altay etal.,
2005, Govedar, 2005, Ani¢ etal., 2006, Westphal etal., 2006) in the structural defi-
nition of old-growth forests, i.e. SFRs. Based on this parameter, it was concluded that
forests in the Reserve “Racanska Sljivovica®, in general and at the development stage
after 1980, were structurally similar to typical selection forests, and that fir is the pro-
tagonist of such structure. The significance of fir for the development and maintenance
of the sustainable selection forest structure at the local level (area of Mt. Tara) is reported
by Milojkovi¢ and Mirkovié¢ (1955), Tomani¢ (1996/1997),and Medarevi¢ etal.
(2007). At the regional level, this significance is explicitly pointed out by Korpel (1996),
who states that without a significant percentage of fir in the 5 and 6" vegetation degrees
(5t - forest of beech and fir, 6' - forest of beech, fir and spruce) in European countries,
it is not possible to count on a stable and functional selection forest. The absence of suf-
ficient and continued regeneration and recruitment, unfavourable ratio of recruitment
to tree decline with the implication of extremely irregular diameter structure, decrease
in the total number of trees in the study period by 11.1% and greater demands for light,
point to the unfavourable conditions in SFR for beech development and to its inferior po-
sition compared to spruce and fir. This can be the confirmation of the studies reported

104



STRUCTURAL, PRODUCTION AND DYNAMIC CHARACTERISTICS OF THE STRICT ...

by Milojkovi¢ and Mirkovié¢ (1955) and Tomani¢ (1996/1997) regarding the un-
favourable position of beech in mixed stands with spruce and fir in the area of Tara. To
prevent further disturbance of forest composition from the aspect of the percentage of in-
dividual tree species, and soil degradation (acidification), suitable management measures
(primarily more favourable light regime) should be applied to stimulate regeneration,
recruitment and survival, to increase the percentage of beech trees in the mixture of the
stands which belong to the same forest type. In this sense, selection felling is required as
the main tool for the sustainable regulation of structural relations in selection forests and
their conversion to a balanced state (Medarevi¢, 2005). High and positive skewness,
high kurtosis with continual increase and significant variation width in volume structure
are the signs of volume accumulation in larger diameter classes and significant tree sizes
attained at this site, first of all by fir. This should be taken into account in the definition
of felling maturity diameter in regularly managed forests.

The sustainability of selection management (selection structure), inter alia, also
depends on the volume of regeneration, recruitment, and the ratio between the num-
ber of recruited and dead trees in the stand (Mayer, 1976, Leibundgut, 1978, Al-
tay et al., 2005). The magnitude of recruitment depends on numerous factors, such as:
tree species, site quality, regeneration success, stocking, stand volume and cycle period
(Medarevi¢, Obradovi¢, 2007, Medarevi¢ et al., 2010). Taking into account the
high significance of recruitment, it is logical that it was dealt with by many authors. They
determined primarily the minimum number of recruited trees from the aspect of achieve-
ment and sustainable maintenance of selection structure. Thus Mileti¢ (1959), based on
several methods, found the number of 5.9 to 9.2 of recruited trees annually per hectare.
In the area of Tara, Tomani¢ and Malini¢ (1997) define 7.8 trees and point out that
the recruitment dynamics of tree species is such that it leads to a permanent increase in
the percentage of fir in mixed stands with beech and spruce. In the management class of
selection forests of fir, spruce and beech at the better sites of Mt. Tara, Medarevi¢ and
Obradovic¢ (2007) recorded the average 7.7 recruited trees per hectare annually in the
period 1970-2000. The annual recruitment of 7 trees per hectare is considered as the mini-
mum for the sustainability of selection structure (Medarevi¢ etal., 2010). However, the
above studies disregard a very important and, with regard to recruitment, more reliable
indicator of dynamic processes in forests, and that is the ratio of the number of recruited
trees to the number of dead trees. In SFR “Racdanska Sljivovica® there were on average
5.4 recruited trees per hectare per year during the entire study period. Based on the above
criteria, this number of recruited trees is insufficient and it points to the deterioration of
the relevant conditions, and also to a serious disturbance of the forest reserve viability and
structure. However, if we consider the ratio of recruited trees and dead trees during the
last management period with the reliable data on dead trees, then this conclusion refers
only to beech for which the ratio was 0.75. For spruce it was 1.45, for fir 1.88, total 1.72.
Therefore, even with the exceptionally high volume in the last management period, it in-
dicates a good inventory regeneration and relatively favourable dynamic processes in the
Reserve. Regarding the recruitment dynamics, an interesting subject for future research
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is to study the nature and to model the relationship between the number of recruited trees
and the size of volume per hectare. The point at which further increase in volume causes
the drop in the number of recruited trees below the critical minimum for the desired ratio
to dead trees, could represent a criterion for the determination of the balanced volume.

According to the criteria of Helsinki Conference (2003), dead wood is considered a
key indicator of forest ecosystem biodiversity and sustainable management. Consequent-
ly, the recording of dead trees in regular inventories is increasingly practiced in European
forestry. During the last inventory, the presence of dead trees in different phases of degra-
dation was recorded throughout the area of SFR “Raganska Sljivovica“. More than a half
of the recorded number of dead trees was in the thinnest-diameter classes (12.5-22.5 cm).
Similar distribution of dead trees was also observed by Ani¢ and Mikac (2008) in the
study on old-growth stands of fir, spruce and beech (with a minimum percentage of other
hard broadleaves) in “Corkova Uvala® in Plitvicka Jezera national park. They ascribed
such distribution of dead wood to the extreme suppression of the trees in the thinnest-
diameter categories, which is survived by the majority of trees by entering the stagnation
stage, while a lower percentage of trees die. Thanks to the mixture, all-agedness in the
widest sense, and a series of other parameters, forests in the entire area of Mt. Tara, not
only of the analysed Reserve, are characterised by high biodiversity.

The Reserve “Racanska Sljivovica” was characterised by a steady increase in the
number of trees per hectare over the study period, in the end amounting to 422.2 trees-ha',
with the following percentage of tree species (beech:spruce:fir) 9.9:31.3:58.8%. This
number of trees attained the volume of 800.3 m®ha! with the mixture proportion
(beech:spruce:fir) which amounted to 15.5:36.4:48.1% in 2010. An intensive drop in
the percentage of medium-diameter trees, protagonists of increment power in selection
stands, in the total number of trees and the accumulation of volume in the largest-diam-
eter categories, resulted in the drop in volume increment and (logically) in the drop in
increment percentage in the last two management periods. However, the volume incre-
ment is still maintained at a rather high level - above 12 m3ha!, and the percentage in-
crement accounts for 1.55%, and for that reason the above drop cannot be qualified as a
sign of serious forest devitalisation in the Reserve. The high productivity of old-growth
forests of fir, spruce and beech in SFRs was also reported by other authors. In the study
of inventory elements of natural (old-growth) mixed stands of the above tree species in
Bosnia and Herzegovina, Drini¢ (1956) reports the volume of 600-1,343 m3-ha! and
the current volume increment of 4.19-8.82 m3-ha!. In the case of beech percentage of
above 40%, Korpel (1996) reports the volume of 450 to 900 m3-ha! in Slovakian old-
growth forests, and in the case of a higher percentage of conifers (especially fir) - 500-
1.100 m3-ha™!, which clearly indicates that conifers (fir and spruce) are the protagonists
of high productivity in these mixed forests. A similar conclusion can be made based
on the data reported for old-growth forest “Lom® (Republic of Srpska) by Govedar
et al. (2006). These authors found that under the conditions of the mixture proportion
beech:spruce:fir=29:29:42%, the volume in old-growth forest amounted to 1.216 m3-ha™!
and the number of trees was 966 trees-na'. In the old-growth forest “Corkova Uvala“in
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Plitvicka Jezera National Park, Ani¢ and Mikac (2008) found 440 trees per hectare and
the volume of 671.2 m3-ha!, under the conditions of the mixture proportion beech: spruce:
fir=42:6:52%. Based on the presented values, obviously the increase in beech percentage
in the mixture leads to the lower volume per hectare. On the sample plots established in
the stands of Piceeto-Abieti-Fagetum typicum on brown soil on eruptives, in SFR in the
National Park Biogradska Gora, Curovié (2011) found that the average number of trees
was 347 trees-ha™ and that the average volume was 797 m®-ha!, with mixture proportion
beech:spruce:fir=20.5:33.8:45.7%. Forest productivity in regularly managed forests of fir,
spruce and beech was investigated by several authors in the area of Tara. Milojkovié
and Mirkovi¢ (1955) recorded the volume of 342 to 587 m*-ha~! on sample plots, the cur-
rent volume increment of 5.1 to 8.9 m3-ha! and the increment percentage of 0.90-2.32%.
According to Milojkovi¢ (1962, 1986), the average number of trees in sustainable se-
lection structure in these forests should be 450 to 480 trees-ha™!, and balanced volume
should be 410 m3-ha™!, under the percentage of 80% of conifers and 20% of broadleaves.
Tomani¢ (1996/1997) considered that, in these forests, the optimal number of trees
should be 660 trees-ha! and the optimal volume 600 m3-ha'. In all management classes
covering the high selection forests of fir, spruce and beech in the forest Piceo-Abieti-Fag-
etum typicum on deep to medium deep soils on limestone, in the area of entire Mt. Tara,
Medarevié (2005) found the average volume of 543 m3-ha™!, the volume increment of
9.8 m3ha! and the increment percentage of 1.82%. In the study of structural and produc-
tion characteristics of forest types in Tara National Park, Medarevi¢ etal. (2007) found
the volume of 990 m3ha! in the old-growth stands of the above forest type, and in other
stands, where the average number of trees was 456 trees-ha!, the average volume was
709 m3-ha!, the average current volume increment was 15.9 m3-ha! and the average vol-
ume increment percentage was 2.24%. The analysis and the comparison of the presented
data on the productivity in the Reserve and in the regularly managed forests, makes it
necessary to re-evaluate the balanced number of trees, and especially the balanced vol-
ume in mixed forests of fir, spruce and beech in Piceo-Abieti-Fagetum typicum on deep
to medium deep brown soils on limestone in the area of Tara. In the case of the balanced
number of trees, we are closer to the conclusion reported by Milojkovié¢ (1962, 1986)
that it should range from 450 to 480 trees-ha™! than to Tomani¢’s (1996/1997) conclu-
sion of 660 trees-ha™!. However, because of the exceptionally high volume, relatively
high volume increment and also continual and sufficient regeneration (except for beech)
and recruitment, with a favourable ratio of dead trees, we are more inclined to accept
Tomani¢’s statement (1996/1997) that the balanced volume should amount to about
600 m3-ha! is more acceptable. By all means, these values should be confirmed or cor-
rected by additional research, which should also include the qualitative analysis of vol-
ume, the analysis of dominant trees development and increment, transition times, etc.
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5. CONCLUSIONS

The essence of this research was not to assess the state of the forest Reserve
“Racanska Sljivovica“from different aspect of being able to intervene, in the sense of im-
provement, by different management measures, because the strictest regime of protection
excludes such an option. The objective was to observe some laws related to the spontane-
ous development, structure and productivity in mixed forests of fir, spruce and beech at
the given site, which could then be implemented in the regularly managed forests in this
area. In this sense, regardless of a series of limitations in this research resulting from the
Reserve regime of protection, it is possible to make the following conclusions:

1. In the mixture with beech and spruce, fir is a tree species which forms and en-

sures the structure and production sustainability of these forests;

2. At the concrete site, as regards the spontaneous development of the inventory,
beech is an inferior species compared to conifers. For this reason, managed for-
ests have to be supported by some management measures (improvement of light
regime in the stand) in the regeneration, recruitment, survival and increase in
the mixture percentage;

3. The number of trees of the main tree species (edificators) in the study period was
uniform in beech (entire period), quite increased in spruce (in the period 1970-
1980) and increased in fir (in the period 1960-1970). The period 1980-2010 was
characterised by the stability (uniformity) of the number of trees in the Reserve;

4. Atthe same time, the stand volume increased continuously and stably from 1960
to 2010. Under the increase of the total number of trees in the study period by
23.2%, the volume accumulated and increased by 50.4%. The disproportion of
the previous ratio was caused by the change in the percentage of the main di-
ameter categories in the total volume over time. The percentage of volume of
small-diameter trees in the study period (50 years) decreased by 14.3%, medi-
um-diameter trees by 53.3%, and the percentage of volume of large-diameter
trees increased by 39.5%. This points to the present processes of stand “layer-
ing® in the structural sense, but also to the “phase of stability* in the life cycle of
old-growth forests. The movement of the first layer towards the larger categories
and the physiological maturity of tree dying leads to the “phase of degradation®
in due time and to the structure more or less close to selection structure. Pro-
duction stability, measured by the continuity of increment and production, es-
pecially in the last 40 years, also points to the “phase of stability“in old-growth
forests from the development aspect;

5. The specificity and spontaneousness of productivity in old-growth forests re-
quires an additional and more complex research and continuous monitoring of
the inventory, to create a real base for the definition of management normatives
and directives in managed forests;

6. The quantity of stand volume which is followed by the drop in the number of re-
cruited trees below the critical minimum which provides a favourable approach

108



STRUCTURAL, PRODUCTION AND DYNAMIC CHARACTERISTICS OF THE STRICT ...

to tree dying should be researched and possibly implemented as one of the indi-
cators for the assessment of balanced volume.
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Hawmjan [ManTuh
Munan Menapesuh
Crannma bankosuh
Cresxxana O6panosuh
buwpana lpykunh
bupana [Temuh

CTPYKTYPHE, IPOU3BOJHE U JTUHAMUYKE KAPAKTEPUCTUKE CTPOI'OI'
IIYMCKOI PE3EPBATA ,,PAYAHCKA IIIJbUBOBUIIA“ HA TAPU

Pezume

MermoBute myme aunrhapa v 4eTHHApPA, ¢ 003MPOM Ha BUCOKY ITPOU3BOAHOCT M U3PAKEHU
OMOIMBEP3UTET, MPEACTaBJbajy HajBpenHUjU neo ImyMckor ¢oraa Cpbuje. OuyBaHOCT nAena
WHBEHTapa yTHIAJa je Ha TO Ja ce MOjeANHE CACTOjHHE KOje MPHITAaajy OBOj KaTETOPUjH LIyMa
3aIITUTE Ka0 CTPOTH IIYMCKH pe3epBaTH JenaH o1 lUX jecTe U pe3epBar ,,Pauancka LlIssnBoBuma‘“
Ha Tapu, kojuM cy oOyxBalieHe MELIOBUTE IIyMe jeiie, cMpue U OyKBe IpauryMCKOT KapakTepa
Ha tumy myme (Piceo-Abieti-Fagetum typicum) Ha IyOOKHM IO cpenme AyOOKuM cMmehum
3eMJBHIITHMA Ha Kpeumaky. Ll1b ucTpakuBama y 0BOM pe3epBary (panryMu) OHo je aa ce youe
HEKe 3aKOHUTOCTH Be3aHe 3a CTPYKTYpHY H3rpal)eHOCT, IPOU3BOIHOCT U pa3Boj (INHAMHKY) OBHX
MEIIOBUTHX IIyMa Ha KOHKPETHOM CTaHUIITY.

[Nomany neprogMYHUX NOTHYHHUX (TOTANHUX) peMepa y nepuoxny ox 1960. mo 2010. ro-
JIMHe, IeTIOHOBaH! y 6a3u rmojgaraka nHGpOpMaIHoHOT cucTeMa o irymama CpOuje, mpeacTaBibain
Cy OCHOB 3a CIPOBE/ICHA HCTPaXkKUBambe. 3alpeMHHa CacTOjUHE 00pauyHaTa je 110 METOy TapH-
(a, 3aIpEeMHHCKH IPUPACT IO METOY IIPOLIEHTAa PUPACTA, JIOK je CTATHCTUYKA 00paia mojaTaKka
nojpa3ymMeBaa yTBphruBame OCHOBHUX MapaMeTapa BapujallMOHe CTATUCTHKE.

Huctpubyiuja ctabana jeae TOKOM IpBa JBa mpemepa, 300r MamKa HajTAalbUX M BUIIKA
crabana y cpenme jakum crenenuma (32,5-47,5 ¢m), uMa aTunuyHy npebupHy crpykrypy. Ct-
BapameM MOBOJbHH]jET CBETIIOCHOT PeXXHUMa y pe3epBary HakoH 1980. roquHe HHTE3UBUpA ce ypa-
cTame, cMamyje ce Opoj cpeame jakux cradana, ITo pe3yanuTpa pacnonesioM OJIUCKOM THIIMYHO]
npebupHoj cTpykTypu. [loBehano ypacrame kox cMpue Huje Ouio nponpaheno maxom 6poja cra-
0aa cpenme jakux IpeyHuKa, 300T 4era oBa BpcTa IpBeha HAKOH MOMHEYTOT MEpHOIa UMa IPU-
KpHBEHY OMHOMCKY THCTPHOYIH]jy. ByKkBa TOKOM 4HTaBOT HCTPa)KMBAHOT TIEPUO/IAa HMa H3Y3eT-
HO HETIPaBWJIHY AHCPHOYLH]jy-jako yoaJbeHy O TUIUYHE mpebupHe cTpykType. Kako je jema
JIOMUHaHTHa BpcTa apBeha y pesepBaTy JIOTHYHO je Ja QUCTpHOyIUja yKymHOr Opoja crabana
y HajaBehoj Mepn mMa omymke gucTpuOymuje crabanxa ose Bpcre npseha. IlpeTxomHn HaBoxn
HEJIBOCMHUCIICHO yKa3yjy Ha TO Jia je Y MELIOBUTOCTH ca CMPYOM U OYyKBOM jelia rpaguTels U da-
KTOp OZlpKarba CTPYKTYpHE U3rpal)eHoCTH OBHX IIyMa.

[Nopen noxMnahuBama, HECMETAaHO ypacTame je HEOIXOAHA IPETIOCTaBKa TPajHe Ipe-
oupme mwyme. [lepmManeHTHO, y 10OBOJEHOM OpOjy U ca IIOBOJBHUM OTHOCOM IIpeMa U3ITy YHBaby CTa-
6aJa U3 CacTOjUHE ypacTame yKasyje Ha lbeHy OHOJIOIIKY U CTPYKTYpPHY CTaOHIIHOCT. YpacTame
OyKBe y I0jeAMHUM ypehajHuM pa3no0ipuMa je H30CTajalio, a y APYTrUM ce KPeTao y HHTepBaly
o1 0,2 no 0,9 crabana no xektapy. Tokom nocneamer ypehajHor nepruosa KOHCTATOBAH je OJHOC
ypacuna crabna/usnyuyena (MpTBa) crabana koju je usnocuo 0,75. Kox cMpue ypacrame ce Kpetaio
oxn 5,1 crabno mo xekTapy y nepuony 1960-1970. ronune, mpexo MakCUMaJIHE BpeJHOCTH of 32,7
crabasa mo xekTapy y nepuony 1970-1980. ronune, HakoH yera nmokasyje onaaajyhu tpeaa. Tokom
nocnenmwer ypehajor nepuoga oHo je m3Hocmio 14,6 ctabana Mo XeKTapy ca OJHOCOM Ipema
n3nydeHuM ctabiauma ox 1,45. Bpoj ypacnux crabdana jene kpetao ce ox 18,7 y mpBoM ypehajaom
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pasno0ssy 1o 44,8 crabana mo XeKTapy y mocieImheM MEPHOIY TOKOM KOjer je OTHOC peMa H3IIy-
yeHUM (MpTBHM) cTabnuMma u3zHocuo 1,88. Ykymnan 6poj ypacnux crabana Bapupao je ox 23,7 o
72,2 mo xeKTapy, ¢ TUM IITO je TOKOM Tociemer ypehajuor nepuoaa (2000-2010. rogune) u3Ho-
cuo 60,3 crabana o XeKTapy ca OZHOCOM IpeMa U3YyMpPIIMM cTabauMa y HCTOM mepuoay ox 1,72.
W3HeTH nojany ykasyjy Ha pelaTHBHO 100pe TUHAMHYKe ITpoLiece y peepnary. Vzyserak ox oBa-
KBE OILIEHE IPEe/CTaBJba Mo3uIMja OyKBe Koja je y KOHKPETHUM yCJIOBHMa HH(EpHOpHA BPCTa Yy
OJTHOCY Ha jeJIy U CMPUY M YHjH je ONICTaHAK U JAaJbU Pa3BOj Y EKOHOMCKMM IIyMaMaM CIIMYHHX Ka-
paKkTepUCTHKA HY>KHO CTUMYJINCATH Ta3InHCKUM Mepama. Kaza je y nuramy qTuHaMuKa ypacrama
crabana 6ynyhum uctpaxuBamuMa Tpeba HCIUTATH U MOZAEIOBaTH Be3y n3Mely Opoja ypacnux
crabaJia 1 3alpeMUHE CaCTOjUHE Ha XeKTapy. Tauka y K0joj ca JaJbiM IOpPacToOM 3alpeMuHe Opoj
ypaciux crabia rnajaa UCIox KpUTHYHOT MHHIMYMa IIPH KOjeM je OTHOC IpeMa H3ITydeHUM CTa-
OnmMa ToBoJbaH, Tpeba Jla IpeAcTaBjba jedaH O MHAMWKATOpa 3a yTBphHUBame ypaBHOTEKEHE
3arpeMuHe.

Hocnenmum mpemepom (2010. Ton.) y pesepsaty je peructpoBano 35,1 oqympiaux cra-
Oama mo xektapy. Bumie ox momoBuHe HaBemeHOT Opoja MpHIaza KaTeropuju TaHKUX crabaia
(me6spuHCKH cremeHu 12,5-22,5 cm). OcHOBHHM pa3jior OBakBe OUCTpuOynuje Opoja crabaia
MPTBOT JIpBETa Hajla3W Ce EKCTPEMHO] 3aCeHHU cTaliia HajTakuX AEOJPMHCKUX KaTeropuja, Kojy
BeliHa MpeXHBIbaBa YIaCKOM Y CTaUjyM BereTHpama, 10K Mambu 0poj oxymupe. [Ipema oBom
WHJIMKATOPY, a ¥ 300T MEIIOBUTOCTH, Pa3HOJOOHOCTH Y HajIIMPEM CMUCIY U HU3a APYTHX Mapa-
MeTapa HryMe menor noapydja Tape, He caMo HCTpaKMBaHOT pe3epBara, KapaKTEepHUILy ce u3pa-
KCHUM OMOIUBEP3UTETOM.

Bpoj crabana OykBe y mocMaTpaHOM Mepuoay cMamuo ce 3a 11,1%, kon cmpue u jene ce
nmosehao 3a 43,4%, ogHocHo 3a 22,0%. Ykynan Opoj crabajia U BEroB TPeH I MOCIEIUIa Cy 3a-
CTYIJbEHOCTH TIOjeAMHUX BpcTa ApBeha y pe3epBaTy U KpeTama BHXOBOT Opoja crabaa TOKOM
MOCMAaTPaHOT TMepHoa. Y TOM CMUCIY, YKyIaH Opoj ctabaia yriaaBHOM je IMao KOHTHHYHPAaHU
pacT u kpeTao ce oa 342,7 no 422,2 kom-ha. IlIpemepom 2010. roguHe perucTposaHo je noseha-
B¢ OBOT TaKCAIIMOHOT elieeMHTa y oqHocy Ha 1960. ronuny 3a 23,2%. Yuemhe TaHKuX crabana
(d<30 cm) y penaruBaOM cmuciy noehaio ce 3a 22,3%, crabaina jakux gumensuja (d>50 cm) 3a
41,8%, nok je yuemnrhe cpenme jakux crabdana (d=30,1-50 cm) y onqHocy Ha 1960. rognHy cMambeHO
3a 47,6%.

Huctpubynuja 3anpeMuHe Mo AeOFMHCKUM CTETIEHUMa AUPEKTHO je yCIOBJbEHA JIHCT-
pubymujom Opoja crabana, GOHUTETOM CTaHHINTA, ocoOnHaMa BpcTa ApBeha uta. OcuM y moje-
IuHUM ypehajauM neprognma koj OyKBe, 3alIPEMHHCKY CTPYKTYpPY CBe Tpu BpcTe Apseha u cy-
MAapHO YTJIABHOM KapaKTEepHIe jaka M MO3UTHBHA aCHMETHpja, U3PakeHa CIUbOLITEHOCT M Ba-
pHjallMoHa LIMPHHA Koja je u3Hocuia oz 80/85 no 95 cm. OBakBa cTPyKTYpa MHAMKATOP je Ha-
roMuiaBama 3apeMHUHE Y jaduM AeOJbHHCKUM CTETICHUMA, Kao U 3HaYajHUX JMMEH3Hja cradbaia
KOje ce JOCTHIKY Ha OBOM CTaHHILTY, IIPe CBera KoJ jeje, 0 4ueMy CBaKako Tpeba BOAMTH pauyHa
MIPUIITMKOM JeuHUCcamka MPEeYHHKA CEYUBE 3PENIOCTH y IIyMaMa y KOjuMa ce peJOBHO rasayje.

3anpeMuHa 10 XeKTapy CBe TPH BpcTe ApBeha mepmaHeTHoO pacte, amosehame 2010. ronnae
Y OJIHOCY Ha TIOYETaK UCTPAKUBAHOT Meproia koa 0ykse usnocu 78,0%, kon cmpue 38,5% u xox
jene 52,7%. Jlormuna mocneanna nosehama 3anpeMuHe Bpera apseha Koje rpaje pe3epsar jecte
u nosehame yKymHe 3anpeMuHe Ha xektapy. OHO ce KpeTano y unTepBany 532,1-800,3 mé-ha !,
na OM Ha Kpajy IMeAeceTOroqulimer nepuoaa m3Hocmio 50,4%. Ydenrhe 3ampeMuHe TaHKUX
ctabna (d<30 cm) y yKyIHOj 3allpeMUHH pe3epBaTa Ha XeKTapy cMammJIo ce 3a 14,3%, 3anpeMute
crabana cpenmwe jakux aumensuja (d=30,1-50 cm) 3a 53,3%, nox ce yvewhe 3anpeMuHe crabaia
jakux numensuja (d>50 cm) nmosehano 3a 39,5%.
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Texyhu 3anpeMMHCKM npupacT Koi Oykse KpeTao ce y pacmony 1,10-2,38 m3:-ha!, ca
naznom HakoH 2000. rogure. Kox cmpue on je uznocuo oa 2,90 o 5,18 m3-ha!, ca magom Hakon
1980. ropune. ITpupact jee Bapupao je y unreppaiy 4,87-7,12 mé-ha!, nocturao je Makcumym
2000. rogrHE ¥ HAKOH TOTa M0Yeo nagaTu. 30MpHO MoCcMaTpaHo, TeKyhH 3alIPeMIHCKH IPUPACT y
nepuony 1960-2010. ronuue uzHocuo je 8,87-13,40 m3-ha~!. Makcumana BpeiHOCT JOCTUTHYTA j€
1990. rogune, na 6u y mocienma aBa ypehajHa nepruoaa JOIIIIO 10 BEToBOT Oiaxer maja 3a 4-8%
Y OZHOCY Ha MAKCUMAJIHY BPEAHOCT.

V3HeTH nojanu o BACHHM 3allpeMUHE M 3alPEMUHCKOT IPUpacTa, Yy KOMOMHALUjH ca JIu-
HaMUKOM noamitaljiBama 1 ypacTama, Kao M OlHOca IIpeMa OfyMHpamy cTadana, Hamehy motpely
[IPEUCIMTUBAbA U CBEHTYAJIHOT KOPUIOBaba YTBPHEHOT H3HOCA yPAaBHOTEKECHE 3alpeMUHE Ha
KOHKPETHHM CTaHUIITHMA Yy ycnoBuMa Tape, uMajyhu npu ToMe y BUIy M CBE cHEU(DUUHOCTH
IpairyMe y OfIHOCY Ha PEIOBHO ra3/l0BaHe LIyMe

U nopex HU3a OrpaHuyYeHba Y OBUM MCTPAKUBAKBMMA, IPOU3ALIIUM U3 PEXKHUMA 3aIUTHTE
pesepBaTta, moryhe je nzBectu cienehe 3akspyuke:

— y cMecH ca OyKBOM 1 cMpPYOM jena je BpcTa agpBeha koja rpaau u 06e36elyje ctpykTypHy

U IIPOU3BOAHY TPAJHOCT OBUX LIYMa;

—Ha KOHKDETHOM CTaHHMIITY, y OJHOCY Ha CIIOHTaHH pa3BOj MHBEHTapa, OykBa je
nH}pepuopHaBpcTay ofHOCY Ha YeTHHape. 300r Toraje y iyMmaMa HpuBpeJHOT KapakTepa
onpeheHUM ra3quHCKUM Mepama (Io0oJblIaleM CBETIOCHOI PEXHUMa Y CACTOjHHH)
noTpeOHa MoApIIKA BEHOM NoaMIahuBay, ypacTamy, ONCTaHKY U noBehamwy yuenrtha
y cMecu;

— 6poj crabana ocHOBHUX BpcTa apeeha (eaudukaTopa) y mocMaTpaHoM mepuopy 6mo je
yjenHadeH kox Oykse (CBO BpeMme), kog cMpue 3HaTHHje yBehau (y mepuoxy 1970-1980.
roauHe) u kox jene ysehan (y nepuony 1960-1970. ronuue). Ilepuox ox 1980-2010. rogu-
He KapakTepuule crabuiaHocT (yjennadenoct) 6poja crabana y pesepsary;

— y HCTO BpeMe 3alpeMIHa CACTOjuHE KOHTHHYHPAHO U cTabuiHo pacte o4 1960-2010. ro-
nune. Kox nosehamwa ykynHor 6poja crabana y mocmarpaHoM nepuony 3a 23,2% 3anpe-
MHHa ce akymynupaia u ysehana 3a 50,4%. o aucnponopuuje IpeTXoxHOr O1HOCA
J0Bela je mpomeHa yderrha OCHOBHUX Je0/bHHCKUX KaTeropyja y yKyIHoOj 3alpeMUHN
TOKOM BpemeHa. Yueuihe 3ampeMuHe TaHKHX cTabana y momarpanom nepuony (50 ro-
J1HA) cMamuilo ce 3a 14,3%, cpenme jakux cradana 3a 53,3%, nok ce yyeurhe 3anpemu-
He jakux crabaia nosehasno 3a 39,5%. OBo yka3yje Ha HpUCYTaH IPOLEC ,,paciojaBama’
CacTojuHe y CTPYKTYPHOM CMHCILY, aJI1 U Ha ,,(pa3y cCTaOMIHOCTH ™ y OHOCY Ha XXKHBOTHHU
Hukiyc npamyme. [Tokper npsor cnpara ka 1e6/bUM KaTeropujama 1 GU3HOIIOLIKO] 3pe-
JIOCTU OAyMHpama BOAU y JOTJICIHOM BpEeMEHY Ka ,,(a3u pasrpagme” U CTPYKTYpH y
Mam0j uiu Behoj Mepu Oirckoj npedupHoj. I[IpousBoaHa cTabUIHOCT, MEpeHa KOHTH-
HYHUTETOM IIPUPACTa U NPOAYKIHje noceOHo y mocnenmux 40 roqnHa, Takohe, ykasyje
Ha ,,pa3y cTrabuIHOCTH™ mpalryMe y pa3BojHOM CMHCIY.

— cneun(UYHOCT U CIOHTAHOCT MPOU3BOJHOCTH Tpairyma Hamehe norpely 3a qomaTHUM
Y KOMILJICKCHUJjUM HCTPaXUBabUMa U KOHTHHYETHUM NpahembrMa HHBEHTapa, Kako Ou
Ce CTBOPMJIM PEaJIHM OCHOBHM 33 yTBpHBambe HOPMaTHBA M CMEPHMLA 3a Ta3[0BABE Y
CKOHOMCKHM ILIIyMaMa;

— M3HOC 3allpeMUHe CaCTOjUHE HAaKOH KOjer 01a3u 10 mnajaa opoja ypaciux ctabaja UCIoz
KPUTHYHOT MUHHMYyMa KOju 00e30elyje moBosbaH OIHOC IpeMa U3ayduBamy crabaa
Tpeba UCTPAXKUTH U BEHTYaJIHO KOPUCTUTH Kao jellaH Off MHIMKATOpa 32 YTBphHBabe
YPaBHOTEXCHE 3alIpEMUHE.
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