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ABSTRACT

We investigated relations between the amount of precipitation and daily hospital admissions for
cardiovascular diseases in the City of Ni§ during the 2001 to 2010 period. There were variations in the number
of cardiovascular disease related hospital admissions in relation to the amount of rainfall, but they were not
statistically significant. Hospital admissions were the most frequent when the amount of snowfall in the period
up to 4 days before admission to hospital care was greater than 10 cm, and statistically significant differences
were confirmed for Lag 2 in relation to the days with no snowfall (p=0.02) and to the days when the amount of
snowfall was up to 5 cm (p=0.04).

Key words: weather, precipitation, hospital admissions, regression, analysis of variance
INTRODUCTION

Interest in the impact of weather on human health is increasing, especially in the
light of potential climate changes [1,2]. Most investigations have focused on the effect of
temperature on health through a time series approaches or focusing on extreme events
(heat waves, cold spells) using episode analysis. Recently, studies on the effect of high
temperatures on morbidity provided evidence of an increase in emergency hospital
admissions for specific causes [3]. Schwartz et al. reported an effect of heat on cause-
specific admissions within a few days after exposure and a short-term displacement of
the events (harvesting effect) [4]. Smaller amount of studies have investigated adverse
health effects of humidity, atmospheric pressure, precipitation, wind speed, wind
direction, total cloud cover, solar radiation and visibility [2].

Health effects of precipitation
Most of the studies to date that have investigated the health effects of

precipitation concentrated on the impact of snow. They demonstrated that heavy
snowfall is associated with a significant increase of deaths and hospital admissions for
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stroke and myocardial infarction. Adverse health effects showed a large increase for a
three- to eight-day period after the snowfall. This increase is most likely a function of
after-snowfall activities (snow shovelling, difficult movement). The risk is more
significant in males than in females, probably because they are more exposed to snow-
related physical activities [5].

Rainfall appears to have a limited impact on health. Kalkstein [6] has shown
that a significant decline in mortality is experienced the day after summer rainfall, and
the assumed mechanism of influence is an indirect effect of high summer temperature
decrease. Precipitation and temperature also influence the decrease of time people spend
outside, and the length of exposure to out-door air pollution.

Regression analysis

The goal of regression analysis is to model the expected value of a dependent
variable y in terms of the value of an independent variable (or vector of independent
variables) x. In simple linear regression, the model y=a+fxx is used, where for each unit
increase in the value of x, the conditional expectation of y increases by £ units. However,
in time series studies that estimate associations between day-to-day variations in weather
variable values and day-to-day variations in adverse health outcomes, that type of linear
relationship model cannot be used. One widely used approach for such an analysis
involves a semi-parametric Poisson regression with polynomial, splined or smoothed
dependent-independent variable functions to assess the relations between daily mortality
or morbidity counts, weather variables and confounders (seasonality, long term trends,
other weather variables and air pollution) [7].

Semi-parametric regression models are usually fitted using Akaike information
criterion (AIC). Polynomial, splined and smoothed exposure-response curves are
estimated to visually assess the shape of the relations between adverse health events and
weather variables but it is often difficult to interpret the individual coefficients in a semi-
parametric regression fit.

In some studies, instead of using an exposure-response curves function, authors
used linear terms to represent low and high values. It is a way to obtain quantitative
effect estimates of those values on adverse health events according to the logistic
regression model. Low values were those below the 10th centile and high values were
those above the 90th centile [8].

In other studies authors simply compared adverse health event counts between
months or seasons with different weather variable levels [9].

One-way analysis of variance

One-way analysis of variance (one-way ANOVA) is a statistical method used to
compare means of two or more samples using the F distribution. The ANOVA tests the
null hypothesis that samples in two or more groups are drawn from the same population.
To do this, two estimates are made of the population variance. The ANOVA produces an
F statistic, the ratio of the variance calculated among the means to the variance within
the samples. If the group means are drawn from the same population, the variance

2
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between the group means should be lower than the variance of the samples, following
central limit theorem. A higher ratio therefore implies that the samples were drawn from
different populations [10].

In order to perform one-way ANOVA, there are three basic assumptions to be
fulfilled: each sample is randomly selected and independent, each population from which
a sample is taken is assumed to be normal, and the populations are assumed to have
equal standard deviations (or variances). Independence of cases is a requirement of the
design. Kolmogorov-Smirnov and Shapiro-Wilk tests can be use to test normality and
Levene's test can be used for homogeneity of variances.

Post hoc tests in one-way ANOVA are designed for situations in which the
researcher has already obtained a significant omnibus F-test with a factor that consists of
three or more means and additional exploration of the differences among means is
needed to provide specific information on which means are significantly different from
each other.

Consider comparing 3 groups and testing 3 true null hypothesis. In using p=0.05
for each test, the probability of making a correct retention is 0.95. The probability of
making three consecutive correct retentions is 0.95x0.95x0.95=0.86. Therefore, the
probability of making at least one incorrect decision is 1-0.86=0.14. This is the family-
wise type | error rate and it increases as the number of post hoc comparisons increases.
The level of significance for a family of tests thus far exceeds that of each individual
test. Many tests are developed to keep the family-wise error rates in check, such as:
Least square difference (LSD), Duncan, Dunnett, Tukey’s honest square difference
(HSD), Bonferroni, Scheffe and others. For post-hoc tests, the validity of the results is
questionable if the population variances differ regardless of whether the sample sizes are
equal or unequal. It is recommended to choose Dunnett’s C procedure in instances where
the variances are unequal, and Tukey-Kramer modification of Tukey test in cases where
the sample sizes are unequal.

OBJECTIVE

The aim of this paper is to investigate relations between the amount of
precipitation and daily hospital admissions for cardiovascular diseases in the urban area
of the City of Ni§ during the 2001 to 2010 period using both, the regression and one-way
ANOVA statistical methods.

MATERIALS AND METHODS

The data on daily hospital admissions in the urban area of the City of Ni§ during
the 2001 to 2010 period are taken from Public health institute of Ni§ Informatics and
medicine biostatistics centre electronic database. Daily values for amount and
precipitation types are taken from the Republic hydrometeorological institute.

The influence of precipitation on hospital admissions for cardiovascular
diseases is tested up to single lag day 6. Polynomial exposure-response curves were
estimated to visually assess the shape of the relations between counts of daily hospital
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admissions and amount of rainfall and snowfall. AIC was used for curve fitting and up to
6th polynomial degrees were tested.

To compare numbers of hospital admissions for cardiovascular diseases
between the days with different precipitation levels, one-way ANOVA with Tukey-
Kramer post hoc test was used. Analyses were performed using R: A language and
environment for statistical computing, version 2.12.0 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

According to the 2002 census, there were 250000 residents in the City of Nis,
171000 of them within the 32 km? urban area.

There were 48507 patients hospitalized for cardiovascular disease during the
2001 to 2010 period with daily average of 13.28+7.81 hospitalized persons (table 1).
There were 1199 (32,8%) days with rain and 364 (10,0%) with snow. Average daily
amount of rain was 1.65+4.47 mm and 0.78+3.00 cm for snow.

Table 1. Number of cardiovascular disease related hospital admissions and amount of
precipitation during the 2001 to 2010 period

Statistical parameter Fospitl Rainfall Snowfall
admissions (mm) (cm)
Average 13.28 1.65 0.78
Standard deviation 7.81 4.47 3.00
Minimum / / /
Maximum 52 52.60 32.00
] I 7 / /
Quartiles Median 12 / /
11 18 0.20 /

The shape of the relations between daily hospital admissions for cardiovascular
diseases and both rainfall and snowfall appears graphically as a 'S' shape (fig. 1). The
lowest AIC values suggest that both rainfall and snowfall two days before hospital
admissions (Lag 2) have the strongest relationship with hospital admissions for
cardiovascular diseases, and those relationships are best approximated with polynomial
curves of the fourth degree. The number of hospital admissions was the largest in days
without rain and in days with the amount of rainfall between 30 and 35 mm. On the
contrary, the number of hospital admissions was the smallest in days without snowfall.
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Figure 1. Shape of the relations between number of daily hospital admissions for
cardiovascular diseases and amount of rainfall and snowfall

The number of admissions for hospital care was the largest when there was no
rainfall one, two and five days before, and when the amount of rainfall was over 15 mm
on the day of admission and 3 and 4 days before (table 2).

All differences in the number of hospital admissions caused by cardiovascular
diseases in relation to rainfall amount were not statistically significant.

Table 2. Comparison of hospital admissions in relation to rainfall amount

Number of hospital admissions (Mean+SD)

Lag period in relation to rainfall amount
(days) | I 1 v ANOVA

0mm 0.1to5mm | 5.1to 15mm | 15.1 to 53 mm

(n=2453) (n=814) (n=279) (n=106)
0 12.45+6.27 | 12.47+6.20 | 12.42+6.23 | 12.8046.72 F=0.05; p=0.99
1 12.59+6.26 | 12.31+6.42 | 11.65+#5.70 | 12.09+6.48 F=0.98; p=0.40
2 12.72+6.38 | 12.10+6.04 | 11.28+5.27 | 11.04+6.42 F=1.35; p=0.25
3 12.47+6.23 | 12.4446.43 | 12.2945.71 | 12.74+7.27 F=0.06; p=0.98
4 12.45+6.17 | 12.25+6.38 | 12.38+6.28 | 13.82+7.11 F=0.61; p=0.60
5 12.62+6.33 | 12.2945.93 | 11.7246.65 | 11.1545.55 F=1.61; p=0.18
6 12.52+6.33 | 12.63+6.17 | 11.3045.76 | 12.57+5.94 F=1.53; p=0.21

The number of cardiovascular disease related hospital admissions was the
greatest when the amount of snowfall was over 10 cm on the day of admission to
hospital care, and also on the 4 preceding days (table 3). Hospital admissions were
statistically significantly more frequent when the amount of precipitation two days
before them (Lag 2) was greater than 10 cm, than when there was no snowfall (p=0.02)
or when the amount of precipitation was up to 5 cm (p=0.04). Although F-test indicated
possible significant differences in hospital admissions in relation to snowfall amount one
day before admission to hospital care (Lag 1), Tukey-Kramer test did not confirm
significant differences in relation to days with different amounts of precipitation.

Observably, the frequency of hospital admissions is abruptly dropping when the
amount of snowfall 5 and 6 days before admission to hospital care surpasses 10 cm.

5
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Table 3. Comparison of hospital admissions in relation to snowfall amount

Number of hospital admissions (Mean+SD)
Lag period in relation to snowfall amount ANOVA and
(days) | 1 1l v Tukey-Kramer
Ocm 0.1to5cm |5.1tol10cm |10.1to38cm |posthoc test
(n=3288) (n=276) (n=51) (n=37)
0 12.3746.26 |13.26+5.97 |12.32+7.60 |14.45+5.90 F=1.60; p=0.19
1 12.34+6.25 |13.19+5.98 |13.21+7.34 |156046.79 | 268 p=004
Post hoc test: n.s.*
F=3.41; p=0.02
2 12.38+6.26 |12.56+5.84 |13.93+7.23 |1650+668 || osthoctest
I'vs. IV: p=0.02
Il vs. IV: p=0.04
3 12.3946.25 |12.68+6.39 |13.75#5.86 |14.80+6.14 F=1.46; p=0.22
4 12.44+6.29 |12.33+5.74 |13.3946.30 |14.35+7.36 F=0.84; p=0.47
5 12.4046.21 |12.76+6.84 |14.0046.72 |11.85+4.68 F=1.77; p=0.15
6 12.4246.21 |12.92+6.93 |12.8245.13 |11.90+6.27 F=0.39; p=0.76

NOTE: n.s. - non significant.
DISCUSSION AND CONCLUSION

A semi-parametric Poisson regression is a widely used approach to assess the
relations between daily adverse health events and weather variables, but it is often
difficult to interpret the results in cases where independent variables of interest are not
fitted by straight lines. Such is the case with investigations focused on relation between
amount of precipitation and daily hospital admissions.

In the first step, the model extending Poisson regression to estimate the
appropriate lag periods with the strongest relationship between hospital admissions for
cardiovascular diseases and amount of precipitation was applied. The model fitting was
based on AIC. To construct the models, the appropriate lag period for rainfall and
snowfall that gave the smallest AIC value were used. Individual lags from day 0 to day 6
were all examined. In the same way the degrees for polynomial functions of precipitation
influence approximation were selected.

In the second step graphical analysis based on regression results was used to
visually assess the shape of the relations, and to estimate the appropriate cut-off points of
rainfall and snowfall. Subsequently, one-way ANOVA was performed to compare
hospital admission counts between days with different precipitation values. Kolmogorov-
Smirnov test and Levene's test were used to test normality and homogeneity of
variances. The number of days in four compared groups was unequal, so Tukey-Kramer
modification of Tukey post hoc test was performed.

Study results show that there were variations in the number of cardiovascular
disease related hospital admissions in relation to the amount of rainfall, but they were not
statistically important.

Hospital admissions were the most frequent when the amount of snowfall in the
period up to 4 days before admission to hospital care was greater than 10 cm.
Statistically significant differences were confirmed for Lag 2 in relation to the days with
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no snowfall and to the days when the amount of snowfall was up to 5 cm. This confirms
the thesis that snow has physiological influence on cardiovascular diseases, probably
because it causes increased physical effort. However, the abrupt drop in the number of
hospital admissions 5 and 6 days after snowfall has stopped indicates a possibility of
existing ‘harvesting effect’. The term means a short-term forward admissions
displacement with compensatory decrease in the number of hospital admissions during
the subsequent days after a snowfall [11].

This research shows that precipitation, especially snowfall, can have an acute
influence on people’s health. To further inspect the effect, additional analysis of
numerous confound factors is necessary, for example air pollutant concentrations, other
meteorological factors and cyclic morbidity oscillations caused mostly by infectious
disease epidemics.

Finally, it should be noted that while the paper is specifically devoted to
precipitation-hospital admissions relationship, using both the regression and one-way
ANOVA could be a useful statistical method to assess the relations between other daily
adverse health events and weather variables in cases when independent variables of
interests in regression models are not fitted by straight lines.
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ABSTRACT

Ecology and sustainability are two terms that have recently become very popular in any field of life.
Both terms are now used intermittently and sometimes they are starting to substitute each other. Although
generally there should be no problem when two different terms are used to describe the same subject a problem
arises however when different subjects that the two terms refer to get confused and loose individual meaning.
In fact ecology and sustainability are two different concepts with distinguished meanings. Ecology is the
relations that living organisms have with respect to each other and their natural environment while
sustainability is a way of development that meets the needs of the present without compromising the ability of
future generations to meet their own needs. In other words ecology is mainly the protection of environment
while sustainability has three important dimensions: environmental, economic and social. In order to achieve
a sustainable future an optimum golden cut needs to be found between ecology and the three aspects of
sustainability. This is because ecology and sustainability today have started to be a prerequisite for any
development in any field of sciences from economy, environment, engineering, natural, social, political, health,
legal, cultural, etc. However, because of different and extremely wide and sometimes abusive definitions of
ecology and sustainability many solutions offered as sustainable are in fact unsustainable. One of the reasons
for that is because they deal with a narrow field of a particular science, do not make the relationship with other
sciences and do not properly define their applicability within the big picture. There might be very good ideas,
projects and achievements in any particular field of sciences. However in order to make them sustainable they
have to be applicable in practice and in long term. Hence a close link and better coordination is needed between
all fields of sciences and engineering because the latter is able to apply in practice the achievement of sciences
such as natural, environment, agricultural, medicine, health etc. but also to push new development in sciences
such as economical, legal, social and political ones, by giving them new grounds and new horizons. The
purpose of this plenary paper is to make the case of this necessary link between various sciences and
engineering and to stress the prime role of the new technologies in sustainable developments.

Key words: ecology, sustainability, environment, economy, society, definitions, abuses, sciences,
engineering, technologies, coordination
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ABSTRACT

Protection of the hydrography bodies of the National park Durmitor (Montenegro) is a complex and
responsible task, particularly because the lakes are situated within a national park which is a part of the world
heritage of natural beauties. As lakes are evolutive water bodies they have to be studied in detail if preservation
and evaluation actions are to meet the purpose. Problems are numerous and varying: the majority of the lakes
are small and some of them are difficult to reach, some lie on limestone bedrock, some are attached by
hydrophilic vegetation, information on water balance and heat regime is lacking.

Key words: Durmitor, national park, hydrography bodies, protection, evaluation
INTRODUCTION

The fundamentals for exploring the lakes on Mount Durmitor were set by
geographer Jovan Cviji¢ (1865-1927) in 1899. His studying of the traces of Pleistocene
glaciers enriched the world scientific throught by new data on glaciology and limnology.
His papers that were published in the editions of the Serbian Academy of Sciences and
exchanged with many institutions in the world, attracted the attention of numerous
foreign explorers. This is why the list of scientists who studied Mount Durmitor contains
a large number of foreigners [1].

Among the mountain in Montenegro Durmitor is distinguished by a number of
natural features. That is why it has been attracting the attention of nature lovers,
mountaineers, and scientists of different specializations. Vast expanses on Mount
Durmitor were proclaimed a national park after a decision of Assembly of the People's
Republic of Montenegro in 1952. Some time later (1962) the teritory of Durmitor
National Park came under the jurisdiction of the Forest Administration of Zabljak.

In 1978, Durmitor National Park acquired its present appearance, area and
boundaries by the Act on National Parks in Montenegro. The Community of Durmitor
National Park was instituted and seated in Zabljak, its responsibility being to protect this
unique mountain in their care. Durmitor national Park covers an area of 39,000 hectars
and extends over the territories of five municipalities: Zabljak, Pljevlja, Pluzine, Savnik
and Mojkovac. The largest areas in the National Park are the canyon of the Tara River
(15,804 ha) and the central part of Mount Durmitor (8,710 ha).
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By its organization the Park resembles the natural preserves in America. This
means that it is open to tourists all yaer round. The development of tourism is not
detrimental to the main task of the national park, which is to preserve and promote
natural and anthropogenic values. Some localities have the characteristics of strictly
controlled preserves where no works that may change the landscape and disturb the
environmental balance are allowed. This must be observed because the Tara River, as an
integral component of Durmitor National Park was classified as an ecological preserve of
our planet biosphere by the 1977 UNESCO Man and Biosphere programme. Also, at the
session of the International Committee for World Cultural and Natural Heritage, held in
Paris, 1980, Durmitor National Park was placed on the list of world cultural and natural
heritage under the auspices of the United Nations. Among numerous tributes we proudly
mention the award for preserving the Tara River environment that was presented to
Durmitor National Park by the International Association of Tourist and travel Agencies
on the 27 th Congress in Lisbon in 1987.

With regard to morphology, Mount Durmitor consists of three wholes, each of
them with its own hydrographic phenomena, processes and bodies. The central part is
mountain massif that rises to an altitude of 2,523 m. As such, it receives maximun
rainfall, but due to its limestone structure and specific morphology of the terrain there
are no major water bodies except for several small glacial lakes, swamps, and springs of
small discharge.The eastern section of Mount Durmitor is represented by Jezerska
Plateau at an altitude of 1,400 — 1,500 m. Besides lakes, it is also known for a number of
swamps and periodical water sourses mostly disappearing in sinkhols and ponors. The
waterless Pivska Plateau extends in the west [2].

National Park Durmitor and Mount Durmitor and the town of Zabljak as a
unique hub of Montenegro, the first ecological state in the world, must also base their
identity on the lakes in which they see their reflections multiplied as in crystal mirrors.
The more thoroughly we learn about the lakes and evaluate them in a proper way, the
more dazzling they appear to be. Endeavours to preserve the authenticity of the
landscape and high quality of lake waters must be based on detailed investigations of all
the lakes together and each one in turn. It appears that a modern department for
observations in hydrology, meteorology, and ecology should be soon set up in order to
monitor closely the pulsations of the lakes and nature on National Park Durmitor, as this
is an area of complex correlations, direct and reciprocal. The lakes are not all that
numerous. They will not be there for ever. They are evolutionary water bodies of low
self purification potential.

HYDROGRAPHY OF MOUNT DURMITOR

Hydrogrphic bodies on National Park Durmitor are numerous and (Peac
Bobotov kuk altitude 2,523 m) diverse. On Mount Durmitor and in its vicinity there are:
Permanent river courses (Piva, Tara, Bistrica, Komarnica, Mlinski potok); Periodical
river courses (Susica, Zabljacka River, Moti¢ki potok, Veliki potok, Bijeli potok, Suvi
potok, Smrdaljica, Virski potok, Suvi do, Strijezevica); Surface river courses (Piva, Tara,
Bistrica, Komarnica, Draga); Subterranean water courses (Zabljaéka River from the
ponor to Bijeli bukovi, a stream to Malo Crno jezero to Dubrovska vrela, stream from
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Skrke towards Skakala, some section of the Susica River discharged from the Jezerska
povrs to Ljutica).

Natural hydrographic bodies (Barno jezero, Zeleni vir, Ljutica, Piva, Tara, Bare
Mari¢a, Ravnjak, Susica, Celina, Mlinski potok, Valovito jezero, Crno jezero,
Poscensko jezero, Modro jezero, Riblje jezero, Skréka jezera, Zmijinje jezero, Zminitko
jezero, Zabojsko jezero); Anthropogenic hydrographic bodies (Lake Mratinje on the Piva
River); Transit river courses (Tara, Piva, Komarnica with Pridvorica); Domicile
hydrographic bodies (Crno jezero, VraZje jezero, Pos¢ensko jezero, Riblje jezero, Modro
jezero, Skréka jezera, Zabljacka rijeka, Toplik, Celina, Ljutica, Barno jezero, Jablan
bara, Sevarita lokva, Skakala, Mlinski potok, Zeleni vir, Bukovica, Zugic¢a bare, Ljutica);
Pre-Pleistocene hydrographic bodies (Piva, Tara, Komarnica, Bukovica, Bistrica,
Draga); Post-Pleistocene hydrographic bodies (Crno jezero, Zmijinje jezero, Vrazje
jezero, Riblje jezero, Pos¢ensko jezero, Malo jezero, Modro jezero, Skréka jezera,
Skakala, Zeleni vir, Sevarita lokva); Periodical limnologic bodies (Suitko jezero);
Standing limnologic bodies (Lakes: Riblje, Crno, Vrazje, Skréka, Valovito, Zmijinje,
Malo, Zabojsko, Pos¢ensko, Modro, Zminicko, Zabojsko); Standing swamps and karst
fens (Barno, Govedje, Gostaja, Okrugljica, Zeleni vir, Lokvica, Begova bara, Crepulj
poljana, Miloseva lokva, Surutka); Periodical marshes and puddles (Bare Zugica,
Sevarita lokva, Mari¢a bare, Macanove bare, Boban, Buc¢an bare, Krstaji¢a bara, Virske
bare); Permanent springs (Ljutica, Bukovica, Ravnjak, Bjelovac, Musovi bukovi, Bijeli
bukovi, Sige,Turska glava, Oko, Jezerac, Sokolac, Kaluderovaca); Periodical springs
(Studenac, Pistelina, Varezina voda, Kamenica, Mari¢a voda, Sarban, Celina, Toplik,
Pasinac);

Eutrophic hydrographic bodies — rich in organic matter (Barno jezero, Govedja
lokva, Sevarita lokva, Po$éensko jezero); Oligotrophic hydrographic bodies — poor in
organic matter (Crno jezero, Tara, Piva, Mratinje storage reservoir- artificial lake,
Komarnica, Bistrica, (Skréka jezera, Zeleni vir, Modro jezero); Oligosaprobic
hydrographic bodies oxygen rich pure waters (Crno jezero, Modro jezero, Piva, Tara,
Komarnica, Celina. Ljutica, Oko); Mezzosaprobic hydrographic bodies -  less
contaminated waters with reduced oxygen content (Barno jezero, Zmijinje jezero,
Poséensko jezero, Valovito jezero, Sevarita lokva).

Polyvalent and polyphase hydrographic bodies (Tara, Piva, Komarnica, SuSica,
Zabljacka reka, Crno jezero, Barno jezero); Monovalent and monophase hydrographic
bodies (Valovito jezero, Modro jezero, Riblje jezero, Celina, Ljutica, Savin izvor);
Anthropogenic modified - dammed or caught hydrographic bodies (Piva, Glava
bukovice, Oko, Paginac, Saransko oko, Pistet); Former hydrographic bodies (Vrelo
Pive); Newly created hydrographic bodies (Mratinje, Glava Bukovice, water mains for
Zabljak);

Among the hydrographic bodies on Mount Durmitor are the rivers of Tara and
Piva and Black Lake that are important, easy to recognize, and attractive to tourists.
They are of specific water regime and balance and rich in power potential. They should
be evaluation and protected before any other actions are undertaken [3].
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The lakes of the National Park Durmitor

Name of lake A B C D E F

Crno 1422 1150 810 516200 4395 49,1
|Zmijinje 1520 230 123 16740 560 7,7
Malo 1791 255 105 17470 730 8,5
Veliko Skreko 1686 580 165 56800 1720 17,2
Malo Skréko 1711 136 94 10800 440 15,2
Poscensko 1487 215 155 15300 700 3,6
Modro 1609 230 75 7300 630 3,3
Valovito 1695 225 84 11600 710 3,5
Vrazje 1411 635 295 118310 1440 10,6
Riblje 1409 340 220 42400 840 55

A = altitude in m, B = length in m, C = width inm, D =area in m?,E = length of the shore in m,
F = maximum depth in m.

PROTECTION AND EVALUATION

Most of National Park Durmitor and the area which is by geological and
morphological features similar to it are formed of Mesozoic and Tertiary limestone and
dolomite, Upper cretaceous flysh, clastic sediments of the Paleozoic and Middle triassic
ages, diabase hornstone formations, igneous rock and verfen sandstone. Rock masses
differ in water-bearing properties and correlations, so that even on a short stretch of land
one may come across extremely contrasted water bodies and peculiar hydrographic
systems on the surface and in underground sectors which, beside the lack of
superimposed orographic and hydrographic drainage basins, cause the unique bifurcation
of Crno jezero (Black Lake) waters [6].

The lakes that originated in different parts of the Mount Durmitor, with their
picturesque scenery and unique environment, represent its singular feature. The Durmitor
lakes are an element of identification for naturalist and tourists, a basis for investigations
into a series of phenomena and processes, a key to solving numerous problems in science
and practice. They were first mentioned in the descriptive, scientific and other papers on
the nature of Mount Durmitor and of Montenegro one hundred years ago. These two
have always been considered inseparable in their impressiveness, tranquility and silence
that they introduce into the space dominated by rocky cliffs, sky jutting peaks, defiles
and canyons, meadows and pastures, forest complexes and small settlements.

Seven land complexes of unique values and specific ecosystems have been
singled out in the Durmitor National Park. A special regime of protection applies to
forest of juniper and trees in the Mlinski Potok (creek) drainage basin, to black pine
forest on the Crna Poda site, to Crno jezero (Black Lake) with the surrounding forest, to
the Skrke glacier cirque with Skréka jezera (Skrke Lakes) and a section of the Susica
River basin, to Barno jezero (Barno Lake) and its immediate vicinity, to Zabojsko jezero
(ZabojskolLake) and vicinity, and to the canyon section of the Tara River basin.

Taken as a whole the lakes on National Parks Durmitor have been well
preserved till the present. Almost all of them have remarkably pure water and are far
from pollutants from town and village settlements and industrial facilities. However,
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the karst processes are doing their bit. At the bottom and in the shore area of some lakes,
ponors are widening and new ones appearing. Unknown and uncontrollable quantities of
water are lost. Quantities of eroded materials drift into some of the lakes filling their
basins and decreasing space for water accumulation. Due to small depth, heat regime is
changed, hydrophilic vegetation growth is accelerated, and the fauna undergoes changes.
The overgrowth of hydrophilic plants and decreasing of the lake water volume increase
organic matter decay and carbon dioxide content, the negative indicators of water purity.

Natural processes and Man's impact upon the environment on Mount Durmitor
and its lakes lie at the root of the changes of the original properties of these water bodies
and unique ecosystems. Natural changes are partly consequences of global changes in
the climate and development of erosive and accumulative processes in the relief and, as a
rule, they are long lasting.

In contrast to these, the anthropogeneous changes and other action in nature
provoke such disturbances that cannot be fully comprehended in a short time. "The
processes prompting mountain lakes vanishing have different rates, but compared with
the anthropogeneous influences they are very slow. This gives a chance to evolutionary
biocenosis of these ecosystems to follow and adjust themselves to changes or experience
the fate of the lake and vanich themselves.” [4].

The lakes on National Park Durmitor are a specific natural feature and value for
tourism trade on the mountain. As such, they require specific treatment for the sake of
their protection. Both actions must be based on detailed scientific investigations.
Investigations and implementation must be comprehensive and permanent as all the
lakes are not equally endangered, nor equally accessible and interesting for tourists. For
better knowledge of the lakes on National Park Durmitor and in order to develop tourist
trade and carry out preservation of unique ecosystems, it is necessary to conduct
systematic and detailed ichtiologic investigations regardless of the generally known fact
of poverty in fish in highland lakes. Black Lake, as mentioned before, was spawned in
1901 with brown trout (Salmo trutta) from the Bukovica River. The young of Phoximus
phoximus were brought to it in 1936 and of brook trout (Salvelinus alpinus) in 1959.
Some time later Salmo gairdneri was spawned. It was intended for sports fishing, but this
spawning action proved to be unjustified. In the eighties the lakes on Durmitor were
spawned with Salmonidae that mostly came from the Blagaj nursery [5].

Though, at first sight, the lakes on National Park Durmitor may seem small in
size, heavily accessible, of minor economic importance, and uninteresting for science
and practice, they are coming into light as significant, continuously changing
components of the highland area which they endow with a number of unique features. As
the lakes are highly interesting from the aspects of genesis, hydrography, biology and
tourism, they are frequently taken as research subjects. Particularly interesting in this
respect is Crno jezero (Black Lake) which, in the course of the last several years, have
been the subject of many research studies of hydrographic character that have proved
more useful than any of the preceding ones [7].

Complex problems of environment and the evaluation of Crno jezero (Black
Lake) should be considered in light of the positive statements that were reported at the
symposium devoted to this water body. As an attractive tourist sight Crno jezero (Black
Lake) will continue to be most frequented in summer. An organized tourist trade with
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appropriate information services and tourist guiding predetermine the proper valuation of
the lake and near lake country. As plenty of data have been collected in the meantime,
possible approaches to further investigations and eventually practical actions are clearer.
Priority tasks are to make the water balance as uniform as possible and preserve spring
water during summer months. It will also be necessary to determine all the peculiarities
of the runoff and of the surface inflow, amount of precipitation, time and way in which
the openings at the bottom of Malo jezero (Small Lake) function, the filling of the basin
with material from Mlinski potok ( creec) drainage area, the hydrophilic vegetation, the
Celina spring behaviour, the evaporation column, and other elements.

Only a few mountains in Montehegro and in the vat expanses of the Balkan
Peninsula attract the attention of explores the way Mount Durmitor does. Generations of
scientists have come and gone. The written material on National Park Durmitor is
growing into a library. From general to specific, from relief to vegetation, from climate
to hydrography and limnology, the pieces are fitted into a unique mosaic.

National Park Durmitor and the town of Zabljak as a unique hub of
Montenegro, the first ecological state in the Europe and the world, must also base their
identity on the lakes in which they see their reflections multiplied as in crystal mirrors.
The more thoroughly we learn about the hydrographic bodies and evaluate them in a
proper way, the more dazzling they appear to be. The hydrographic bodies (lakes, rivers,
creeks, swamps, springs , karst fens, marshes) are not all that numerous. They will not be
there for ever. They are evolutionary water bodies of low self purification potential.

By applying the concept of active environmental protection, which means
prevention and preservation and not healing and rehabilitation of damages, satisfactory
results are possible. Some errors from the past (stocking, non-functional water intake,
uncontrolled cattle grazing, roads) should be overcome. Concrete actions and permanent
control of the activities that bear risks for the hydrographic bodies and the environment
in general can now give appropriate results. Large funds are needed for some actions and
they will have to be provided since from the viewpoint of the present and future
generations even the smallest endangering of the nature on National Park Durmitor is
inforgivable. Once impaired, the natural balance can hardly be reinstated. It is known
that only the original and well preserves environment is a true tourists and general value
for the society and that it is a national property that must be rationally managed [8].
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ABSTRACT

From a total of 34 new species of seven species or 20.5% are new findings for the Balkan Peninsula,
a 27 species or 79, 4% for the new Serbia. In the Reserve algoflorae three new species of the partition
Charophytha of which two types of Serbia, a new one for the Balkans region. Other discovered species are
invertebrates. Among the 25 species of invertebrates are new to Serbia and the other six species are new to the
Balkan Peninsula. Since the new invertebrate species were noted in the following groups Oligochaeta,
Ostracoda, Rotatoria, Hydroacarina, Aranida i Insecta (Coleoptera-fam. Curculionidae, Hydrophyllidae i
Carabidae), Hymenoptera (fam.Fornicidae) i Lepidoptera (fam.Noctuidae)). The greatest number of species
discovered in Serbia is among the invertebrates insects from the fam. Curculionidae seven species, followed by
Rotatoria six species, Aranida five species, other groups have had one new species for Serbia.

Key words: new species, flora, fauna, reserve Zasavica
INTRODUCTION

The first data on the diversity of North Macve, and therefore the area of today's
reserve lists F.V.Taube (1777), followed Panci¢, J.(1860) and Dombrowski (1895). Then
follows a period of over half a century of intermittent research by small groups and
individual researchers. To be launched in 1995 conservation initiatives. The following
year, the Institute for Nature Research and started bringing the Regulation on the
preceding Protection (Official Gazette of the Republic of Serbia br.51/95). After a year
of preliminary research on the proposal of the Institute for Nature Protection of the
Government of the Republic of Serbia proclaimed 1997 as Zasavica Special Nature
Reserve and categories with an area of 1851 ha, of which 671 ha in the second mode of
protection (Official Gazette of the Republic of Serbia no. 19/97).

After placing the stream Zasavica with the protection of the environment started
with the intensive inventory of flora and fauna, especially in the period 1997-1998.
years. a synthesis of previous results is presented in the Proceedings of Scientific
meeting, held 2001. years. Then realized that this is a very valuable biological area Next
years of research have been continued or expanded in some areas. To 2007. he held
different scientific expert Meeting with international participation, where research results
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are summarized in the last ten years. This extensive research and made the discovery of
new species of flora and fauna of Serbia and the Balkan Peninsula. This paper aims to
show so far discovered a new species of flora and fauna of Serbia and the Balkan
Peninsula in the Reserve Zasavica.

MATERIALS AND METHODS

Research conducted in the reserve through group and individual research
through one-day and weekend courts, maintenance of summer research camps, and
through a formal employee of an associate-researcher in the research reserve. During the
organized day and night tours. Set the various traps in accordance with the group being
researched. Part of the research is conducted across the reserve on their diplom's,
master's and doctoral thesis work.

RESULTS AND DISCUSSION
According to data as of 2011.th year in a reserve Zasavica was discovered 34
new species of flora and fauna of Serbia and theBalkan Peninsula. Overall view of newly

discovered species is given in Table 1.

Table 1. Summary of newly discovered species of flora and fauna in the reserve
Zasavica for Serbia and the Balkan Peninsula

new species
Species for for Balkan
Serbia | Peninsula
A Charophytha Tolypella prolifera (Ziz ex A.Braun)Leonhardi,1863 +
::] Charophytha Tolypella intricata (Trenter. ex Rothleonh)Leon., 1863 | +
e Charophytha Nitella confervacea (Breb) A Braun x Leonh.,1863 +
Oligochaeta Rynchelmis limosella * +
Ostracoda Candona aff.candida (O.F.Miiller,1776) +
Rotatoria Mytilina acanthophora Haver,1938 +
C Rotatoria Lepadella apsida Harring,1916 +
L Rotatoria Lepadella (Heterolepadella) ehrenbergi (Perty,1850) +
f Rotatoria Lepadella imbricata Harring,1914 +
a Rotatoria Lepadella triptera rhomboidulata (Bryce,1800) +
g Rotatoria Lecane elongata Harring et. Myers, 1926 +
a Rotatoria Monommata appendiculata Stenroos,1898 +
Rotatoria Ptygura furcillata +
Rotatoria Testudinella caeca (Parsons,1892) +
Rotatoria Collotheca ornata cornata (Dobie,1849) +
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Rotatoria Stephanoceros fimbriatus (Goldfuss,1829) +
Hydroacarina Hydrachna geographica Miiller,1776 +
Hydroacarina Hydrachna crassipalpis Piersig,1897 +
Aranidae Cyclosa oculata (Walckenaer,1802) +
Aranidae Mendoza canestrinii (Ninni,1868) +
Aranidae Philodromus albidus Kulczynski, 1911 +
Aranidae Sibianor aurocinctus (Ohlert,1865) +
Avranidae Herineus graminicola (Doleschall,1852) +
Curculionidae Hylobius (Callirus) transversovittatus (Goeze,1777) +
Curculionidae Bagous puncticollis Boheman,1845 +
H Curculionidae Stenopelmus rufinasus Gyill, +
i Curculionidae Dryophthorus corticalis Payk, +
a Curculionidae Pelenomus quadricorniger (Colonnelli,1986) +
g Curculionidae Rhinoncus bruchoides Hbst, +
g Curculionidae Ceutorhynchus picitarsis Gyll, +
Hydrophillidae Acilius canaliculatus +
Carabidae Pterostichus (Bothriopterus) quadrifoveolatus Letzner  +
Formicidae Bothriomyrmex communistus Santschi,1919 +
Noctuidae Orbona fragariae (Vieweg,1790) +

(* Note: A new species of SR.Jugoslavia)

The reserve has recorded around 400 species of micro and macro-algae.
Distribute Charophytha in reserve Zasavica is represented with a total of nine species
from three genera (Chara 3, Nittela 4, Tolypella 2). Newly discovered harofe the
reservation belonging to the genus Nittela and Tolypella. Rod Nittela has the highest
recorded four species harofita, a kind of Nittela confervacea is new to Serbia, while the
genus Tolypella is represented by two species of which T.intricata new species in Serbia
and West Balkans and T. proliferation of new Serbia. (Vesic,et.al., 2011)

For the previous period it was discovered over 550 species of arthropods filum,
of which 31 species are new species for Serbia or the Balkan Peninsula.

Hydrobiological studies have shown that the water stream river and surrounding
ephemeral waters live some of the newly discovered species. In the area of Banovo
Polje, the named place Trebljevine the benthos Zasavica where the Drina sources
1998.th years., the gravelly surface where the substrate does not exceed 15-18 ° C, was
found oligoheta Rynchelmis limosella which was then the first time in SR.Jugoslavia,
and subsequent research has reaffirmed, so that the continuity of these lines determined
oligohete. (Miljanovié,et.al.,2001) Among 197 zooplanctons species, six species of
Rotatoria are new species for Serbia, and five are new to the Balkan Peninsula. These
rotatories inhabit the cold spring waters in Banovo Polje to the hot summer of eutrophic
water Zasavica very much of the species inhabits shallow and ephemeral spring waters,
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such as Lecane elongata living in submerged mosses. Type Mytilina acanthophora is a
rare species in Europe. (Bobic,2001) In Obedska pond Zivkovic (1973) finds only genus
Ptygura without the kind of determination, so that the species is determined Ptygura
furcillata new for Serbia. Index saprobic species ranges from 1.0 for the type of Lecana
elongata to 2.12 (B) for Stephanoceros fimbriatus and 2.3 (a-B) for the type Collotheca
cornata ornata. This range of values of saprobic index indicates that water quality varies
from oligo-saprobic the o-B-mezosaprobic water ie. in the range of | to II-Ill Class.
(GrginCevi¢ & Pujin,1998) The ephemeral waters, together with rare endemic
branhiopodes crabs Chirocephalus brevipalpis (Orhgidan, 1953), which is the
westernmost finding Zasavica and only south of the Sava and the Danube, was found
ostracodes Candona aff. candida, which is a new species for Serbia. (Petrov,et.al, 2007)
The hydrobiologic studies were performed and water mites (Hydrachnidia) of which is a
type Hydrachna geographica registered for the first time for the fauna of Serbia, a
species of H. crassipalpis registered for the first time for the fauna of the Balkan
Peninsula. (Pesic,et.al., 2007)

During the entomological survey it was found several new species for Serbia.
Fauna Aranida Reserve has 104 species, of which five species are new for Serbia.
(Grbic.et.al, 2011) According to Valerian, F. (2000) Cyclos oculata species is
categorized as a rare species on the Red List of Europe. Newly discovered species of
spiders in Serbia are present in the region. So paleoarctics salticidnes types of spiders
Mendoza canestrinii and Sibianor aurocinctus are present in Macedonia for which data
M.canestrinii dating from 1921. (Doflein) for S.aurocinctus in 1929. (Stojicevic).
(Kamnenov,2005) While the kinds Herineus graminicola and Cyclos oculata are present
in Romania. (Ingmar & Petrisor, 1999) Familia Curculionidae Zasavica total of 86
species. According to data from the European database (Fauna Europaea) was recorded
in Zasavica seven new species for Serbia. (Pesic, 2011)

The 2007th-year published a paper Pesic&Stankovic (2007) where leaf weevil
Zasavica made of 43 species, which are allocated for two new types of Serbia Hylobius
transversovittatus and Bagous puncticollis. Further investigation and processing of
materials list is expanded to 86 species when added five new species in Serbia. Of these
seven newly discovered species has an interesting ecology of species Dryophthorus
cortical and Bagous puncticollis. Type Dryophthorus cortical lives very often near the
nest, but for now does not know whether there is a connection between them and the
ants. Looking at the map of a species D.corticalis in Europe, we see that there is in
Central Europe, Scandinavia and much of Britain, Italy, France and some states of the
former USSR. In our environment was observed in Hungary and Bulgaria. (Pesic, 2011)
While Bagous puncticollis species is related to the floating aquatic macrophyte
vegetation ie. for plants from the following genera: Elodea, Stratiotes Hydrocharis and
(Hydrochariaceae) whose leaves are larvae feed. In an environment B.puncticollis
species was found in the USA, Hungary and Romania. (Pesic, 2007) Mirmecofauns
reserves, has 31 species, which is the fifth known ant fauna of Serbia, a species observed
Bothriomyrmex communistus is new for Serbia. (Karaman, M.,Karaman. G.,2007) The
processing of materials Hydrophyllidae fauna was found a new species in Serbia. It is a
type of Acilius canaliculatus whose genus inhabited Europe, North Africa, Asia Minor,
and Siberia. He lives in small ponds, is a good swimmer, and in the evening and at night
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leave the water and seek new habitats, overwinter in the water. (Hari & Borm,1981)
Fauna Carabidae reserve has a total of 72 species, among which was identified species of
Pterostichus (Bothriopterus) quadrifoveolatus like new for Serbia. (Curcic & Stankovic,
2011) The ground beetles inhabiting the eastern Palearctic grassy habitats and forest
habitats where the it hides under stones, rotten logs, stumps, etc. The processing of
materials lepidopterological moths was found Orbona fragariae species as new for
Serbia. (Stojanovic & Curcic, 2011) The species is found at the site of Turkey meadow
on the edge of the forest community middle age Genisto elate-quercetum Horv.1939
well built with undergrowth of Fragaria vesca, which she hosted. (Erde$ & Janjatovic,
2001)

Previous investigations have shown that space is important to reserve a place
for national and international conservation of species and ecosystem diversity, and
therefore Zasavica 2000th The area was declared for the IBA in 2001 and became a
member of the Federation EUROPARK. That scientific and professional community
recognizes the importance of international reserves Zasavica was nominated for the 2005
and 2008 IPA area declared a Ramsar site (Stojni¢, et.al., 2008).

CONCLUSION

From a total of 34 new species of seven species or 20.5% are new findings for
the Balkan Peninsula, a 27 or 79,4% species for the new Serbia. . In the Reserve algo-
flor's three new species of the partition Charophytha of which two types of Serbia, a new
one for the Balkans region. Other discovered species are invertebrates. Among the 25
species of invertebrates are new to Serbia and the other six species are new to the Balkan
Peninsula. Since the new invertebrate species were noted in the following groups:
Oligochaeta,  Ostracoda,  Rotatoria, = Hydroacarina,Aranida  and  Insecta
(fam.Coleoptera,Curculionidae,Carabidae  and  Hydrophyllidae), = Hymenoptera
(fam.Fornicidae) and Lepidoptera (fam.Noctuidae)). The greatest number of species
discovered in Serbia is among the invertebrates insects from the fam. Curculionidae
seven species, followed by Rotatorias six species Aranidas five species, other groups
have had one new species for Serbia
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ABSTRACT

Based on the analysis of the air temperature trend in Serbia over the period 1950-2008, it can be
concluded that the trend of increase of mean air temperature (by about 1.2 °C in the twentieth century) is
present in the greatest part of the territory, except in southeast Serbia, where the trend of the decrease of mean
air temperature was reported. It is expected that these trends of climate change in Serbia will continue in the
future, which will significantly alter the structure and function of forest ecosystems, thereby imposing the need
for the change of the previous forest management. In order to predict new changes and adaptability of the
forest ecosystems, it is necessary to initiate scientific researches, modernize forest policies, and apply more
adaptive forest management practices in Serbia. This paper analyzes problems and challenges in forestry in
Serbia caused by climate change and the negative impacts of the climate change on the forests and forest
management. The greatest challenge to the management of the forests and other natural resources is posed by
the development of the adaptive measures in forest management, as well as by their increasing vulnerability
under various climate change scenarios.

Key words: adaptive forest management, the impact of climate change, forest ecosystems, Serbia

INTRODUCTION

Global warming and the potential changes of temperature and humidity, point
out to a very wide range of the effects, both on the forest system in general and on the
individual trees [1-3]. Since the effects of global warming can be so intense in some
regions that they can cause the changes in the forest productivity in composition of the
plant and animal species in them, the forest cover would become unsustainable. Some
effects of climate change are already noticeable and there is a need and opportunity to be
better prepared for future change. Individuals, societies and institutions should be aware
of the impacts that climate change is likely to have and should have strategies to adapt to
them. Forest, and the goods and services they provide, are essential for human well-
being. An assessment of the likely impacts of climate change on forests and forest-
dependent people, therefore, is important for effective climate change adaptation. Such
an assessment can also assist the development of options for avoiding the harmful effects
of climate change and to take advantage of the opportunities provided by it. The previous
activities aimed at reforestation, tending and regeneration of forest ecosystems were
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based on the climate parameters from the previous multi-annual period and did not take
into account the recent climate change which was reported in Serbia as well. This paper
is aimed at pointing out to the possible conditions of the forest ecosystems in Serbia due
to global warming and the type of actions which can be taken, based on the study of the
trend of the changes of air temperatures in Serbia.

MATERIALS AND METHODS

The paper is not based on the experimental methods, but on the methods of
analysis and synthesis, with the elements of generalization and specialization,
comparative analysis and inductive-deductive methods, modelled on the current
theoretical-methodological knowledge.

The assessment of the change of climate characteristics in Serbia is presented
by the results of the climate modelling under the most commonly used scenarios of IPCC
(Scenario SRES A1B and Scenario SRES A2) [4]. The scenario A1B of the model of the
increase of the mean annual temperature in Europe in the late of the 21% century (from
2071 to 2100) in comparison with the climate normal values (from 1961 to 1990)
belongs to the group of the moderate scenarios, which anticipates that CO,
concentration will be about 700 ppm by the end of the century. The SRES A2-scenario is
a “medium-high” scenario and specifies a tripling of atmospheric greenhouse gas
concentrations by the end of the 21% century.

The analytical method, which implied the use of the results of the previous
researches on the climate parameters, their change and effects on the condition of forest
ecosystems in Serbia, was applied. The data provided by the Republic
Hydrometeorological Service of Serbia, Public Enterprise “Srbijasume”, The Ministry of
Agriculture, Forestry and Water Management — Forest Directorate, Republic Agency for
Spatial Planning, Spatial Development Strategy of Serbia from 2009 to 2020, Spatial
Plan of the Republic of Serbia until 2020, as well as the suitable scientific papers,
studies, projects and monographs dealing with this problem, were analyzed and
processed.

The proposed measures are based on the previous works and experiences that
have proved effective.

RESULTS AND DISCUSSION

It is known that the occurrence and survival of vegetation in certain area, its
distribution and altitudinal differentiation, along with the other ecological conditions, to
a great extent also depends on the climate characteristics of the area. The numerous
researches point out to this fact: Kolic [5], Jovanovic and Kolic [6], Krstic [7], Krstic et
al. [8], Smailagic et al. [9], Krstic and Cirkovic [10].

The possibility and rationality of using some forest functions, as well as the rate
of achieving the goals related to the forest management, depend on the pre-existing
conditions, particularly in regard to the functional optimum determined for some primary
purposes. The condition of forests in Serbia is unsatisfactory in several regards. There
are the following disturbing factors of planning and permanent use of forest ecosystems:
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forest desiccation, wildfires, strong winds and storms, climate change, polluted air, as
well as the process of soil acidification. Several examples can be used to prove the
previous statement.

The damage by defoliation in Serbia in 2003 on conifers accounts for 39.6%, and on
broadleaves it accounts for 21.4%. The annual forest area in Serbia damaged by wildfires
over the period 1990-2004 covers an area of 2,324 ha. The forests covering an area of
13,018 ha were destroyed in the wildfires in Serbia in 2000 only. The following quantity
of gases was emitted by the wildfires over the period 1990-2004: 148,420 t CO,, 380 t
CH,4, 3,500 t CO and 60 t NO, [11].

The occurrence of desiccation to a great extent depends on the high
temperatures and amount of precipitation. Along with the amount of precipitation and
their distribution in the growing season, the lack of moisture in the soil has a great
impact on the process of forest of desiccation. Fighting against the heavy drought, forest
trees decelerate transpiration, which implies absorption of lower quantities of nutrients
from the soil and deceleration of all other physiological processes. Under such
conditions, if the period of drought is extended, the trees physiologically weaken and
become less tolerant to the other anthropogenic, abiotic and biotic causes of forest
desiccation.

Serbian forests are characterized by the relatively high potential carbon-dioxide
absorption from the atmosphere and thereby they significantly contribute to the
alleviation of the adverse effects of the climate change. Based on the preliminary
calculation, there are around 120,237,000 tonnes of carbon-dioxide in the Serbian
forests, and around 5,000,000 tonnes of CO, is absorbed annually (NFI) [11].

The scenario of partial application of measures aimed at decrease of emission of
greenhouse gases (Scenario A1B, SRES/IPCC) implies that the mean air temperature in
Serbia would increase by 3-4°C compared to the reference period 1961-1990, and the
amount of precipitation would decrease by about 12% per a year, compared to the
reference period, i.e. by about 24% in summer. However, if no measures are taken
(Scenario A2, SRES/IPCC), considerably higher increase of air temperature is
anticipated, particularly in summer (by 4-5°C), as well as the greater decrease of
precipitation, which would be equal to 30%, particularly in spring.

Based on the Spatial Development Strategy of Serbia 2009-2013-2020 [12],
scenario A1B and A2, SRES/IPCC, during this century point out to the fact that in the
next decades more adverse effects on the water supplement and biological diversity in
Serbia can be anticipated, which would be, among other, reflected in changes of vertical
and horizontal zonal distribution of vegetation; increase of soil degradation and
intensification of desertification process due to the increased erosion, soil salinisation,
decrease of nutrients in the soil; decrease of arable land due to erosion; increase of risk
from diseases and pests; increased risk from disappearance of numerous species due to
synergistic effects of climate change and site fragmentation; redistribution and migration
or disappearance of some forest species due to high temperatures and decrease of ground
waters; increase of the risk from wildfires, etc.

Environmental pollution leads to numerous ecological problems, climate changes
and global warming, creating negative impact on forest ecosystems: rapid deforestation and
forest degradation, biodiversity loss, occupation of habitats by allochthonous species,
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change in pollination system, change in plant dispersion and regeneration, change in forest
growth and ecosystem biomass, change in relation between species/habitat, change in
ecosystem nitrogen cycle, increased mortality due to climatic stress and reduced forest
ecosystem vitality and health due to cumulative impact of different stresses [13].

ADAPTIVE FOREST MANAGEMENT - ADAPTIVE MEASURES

According to Lim and Spanger-Siegfried [14], the need for adaptation within
forest management varies across ecosystems and tenure types and is related to the
vulnerability of forests to climate change as well as to the vulnerability of forest-dependent
people to changes in the provision of ecosystem goods and services. The United Nations
Development Programme — Global Environment Facility has developed an Adaptation
Policy Framework (APF) that provides an approach that permits users to clarify their own
priority issues and to implement adaptation strategies, policies and measures.

The APF has four basic principles:

— Adaptation to short-term climate variability and extreme events is included as a
basis for reducing vulnerability to longer-term climate change.

— Adaptation policy and measures are assessed in the context of development.

— Adaptation occurs at different levels in society, including the local level.

— Both the strategy and the process by which adaptation is implemented are

equally important [14].

Roberts et al. [15] provide survey of current forest management trends which
are promoting forest and forestry adaptation to new climate changes. The proposed
management measures are mainly oriented to creation of stable, resistant to negative
climate changes, forests. The management model which aims at preserving forests in
their most natural form, avoiding mono-cultures and creating mixed forests, both in the
structure of species and age, is supported. Furthermore, it aims at maintaining natural or
nature appropriate regeneration, as methods of maintaining genetic diversity, and
consequently, forest ecosystems sensitivity reduction.

There is a large number of potential methods, related to resolving issues that have
arisen in forestry owing to global climate change and forest adaptation to new
environmental conditions [14-17]. A survey of potential strategic and operational methods
of adaptation, which can be implemented as adaptive measures of forest management are:

— strictly comply with legal provisions concerning prevention of unlimited and
unrestrained wood felling;

— protect climate refugia by different measures;

— minimise habitat fragmentation and maintain connectivity;

— protect high forests;

— strategically increase the size and number of protected areas, particularly in
exceptionally valuable habitats;

— protect most endangered ex-situ species;

— create artificial forest reservations or arboreta for the purpose of rare species
preservation;
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improve regional co-operation concerning species management and protection;
support changes in distribution of endangered and sensitive species by means of
their introduction to new areas;

in artificially planted woods and mixed cultures, encourage natural genetic
diversity, imitate the structure of neighbouring forests and avoid direct
substitute of natural ecosystem;

maintain seed sources (seed banks and seed facilities);

allow forest regeneration through natural succession after large disturbances
wherever possible;

plant and sow genotypes resistant to draught and other climate extremes, insects
and diseases;

increase genetic diversity of trees used in setting up plantations;

reduce stress factors not linked to climate conditions, in particular air pollution,
in order to increase ecosystem ability to respond to climate change;

re-cultivate degraded area in order to preserve genetic diversity and improve
ecosystem health;

carry out monitoring of all forests by means of establishing and improving
national, regional and operational network for monitoring forest health
condition, and subsequently, diagnostic — forecast services, as well as services
for invasive species distribution monitoring;

actively implement control measures against pests and diseases;

improve plantation stability by means of increasing species and structure diversity;
increase use of commercial thinning in draught areas in order to increase tolerance
of remaining trees and to introduce species tolerant of draught, where possible;
increase people’s awareness in regard to potential impact of climate changes on
fire regime and promote proactive actions in regard to fuel management and
community protection.

include climate parameters in forest growth and production models;

apply thinning or selective removal of suppressed, damaged trees of poor quality;
adapt the time of annual wood felling in such a way that forest processes remain
in a state of most possible balance.

It is certain that implementation of number of measures aiming at adapting

forests to climatic changes conveys a degree of uncertainty. According to Inness et al.
[13], essentially, adaptive forest management can be understood as a systematic process
aiming at constant improving of management policy and practice itself by monitoring,
and later, learning by means of analyses of operative programmes results.

CONCLUSION

Given the possible irreversible processes in the climate system with the

immeasurable consequences to the living world, it is necessary to take the preventive
measures aimed at alleviation of the effects of the climate change and adaptation to the
altered climate conditions. The suitable anticipations of the climate change and update of
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the database will point out to the needs and application of the sector strategies and action
plans for the adaptation and measures aimed at alleviation.

The fact that the climate change occurs much more rapidly than it was
anticipated has pointed out to the need to incorporate the problems regarding the adverse
climate change on the natural resources in the priorities of the National Strategy of
Scientific and Technological Development of Serbia. It is needed to conduct the
continuous researches and monitor the influence of the climate change on the vertical
and horizontal zoning of vegetation, alternations in the current forest ecosystems and
effects of this change during the establishment of new forests.

A key strategy applicable to all forests, regardless of which scenario is used, is
adaptive management. While much research has been undertaken, there are large gaps in
our knowledge of the impacts of climate change and the most appropriate adaptation
strategies. For individual managers, the most appropriate management approach in many
cases (but not all) given such uncertainty is adaptive management. Policies and regulations
must be sufficiently flexible to allow adaptive management to take place, and there needs
to be a recognition that mistakes will be made. It is important that lessons are taken from
such mistakes, and that they are rectified as quickly as possible. Commitments at several
different levels are required — not just between scientists and managers but also amongst
policymakers and the public. Effective mechanisms are required to ensure that existing and
novel adaptation approaches can be readily ‘translated’ into policy and practice.

The concept of the spatial development of the Republic, aimed at the alleviation
of the effects of global warming and climate change on the forest ecosystems in Serbia,
should include the determination of the effects of climate change on the availability of
the natural resources, above all forest ecosystems and biodiversity aimed at planning
sustainable development and ecologically acceptable activities in the domains
susceptible to the climate change. It implies the adoption and application of new,
adaptive measures aimed at preservation and protection of forest land in accord with
international conventions, national plans and sector strategies.
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ABSTRACT

The structure of beech trees, oven dry above-ground biomass and carbon stock were researched on a
permanent sample plot in an unmanaged mixed beech stand on Fruska Gora. The analysis was based on two
periodic measurements, the first at the stand age of 97 years, and the second at the age of 105 years. In both
measurements, dominant beech trees accounted for 94% of the number of trees and 98% of volume. The
increased phytosociological weakening of trees resulted from the stand spontaneous development, which had
an adverse effect on the structure of stand basal area and volume increment, as well as on oven dry above-
ground biomass and carbon stock.

Key words: beech, tree structure, above-ground biomass, carbon stock, Fruska Gora
INTRODUCTION

The research of unmanaged forests that are excluded from direct human impact
facilitates important implications for forest management, especially for the silvicultural
concepts which employ the stand selfregulation mechanisms in the achievement of
management goals [1, 2, 3]. In that respect, the most suitable forests are protected forests
in which management measures have been excluded over a long period, and old-growth
forests whose adaptation mechanisms to environmental conditions present the foundation
for the definition of sustainable forest management. The retrospective and the conceptual
basis of such ideas are reported by Brang [4]. During the spontaneous development, the
selfregulation mechanisms in old-growth forests and unmanaged forests establish the
close-to-nature structure, but the adequate responses to their relationship and
significance for silvicultural concepts are still lacking. The comparative researches in
beech stands point to numerous unfavourable consequences in unmanaged stands on the
tree structure and increment potential [5, 6, 7, 8, 9], and thus also to reduced carbon
stock in their biomass [10].
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Because of the special ecological, historical and social significance, Fruska
Gora forests are today under different protection regimes within the National Park and
they make possible various comparisons with intensively managed forests. Beech forests
on Fruska Gora are an isolated and ecologically specific part of the beech forest range in
Serbia. The most mesophilous forests on Fruska Gora are submontane beech forests, and
forests of beech and sessile oak occupy the transitory positions, which are also the
spatially most widely distributed forests in the National Park forest area [11].

The aim of the study is to define the stand structure, oven dry above-ground
biomass and carbon stock in an unmanaged maturing beech stand. Carbon stock
estimation in woody biomass is significant in the global policy of climate change
mitigation, and the study results should be used in the objectivisation of the production
and ecological roles of unmanaged beech stands.

MATERIAL AND METHOD

The study area is Mt. FruSka Gora, characterised by temperate continental
climate with distinct seasonal alterations. According to [12], mean annual air
temperature is 11.2°C and 17.9°C during the vegetation period. Mean annual
precipitation is 663 mm, of which about 55% falls during the vegetation period. The
study area is a beech stand in the Management Unit “Ravne*, Compartment 18 ¢, on the
northern and north-eastern slopes, at the altitude of 360-380 m. Based on the forest
management plan data [13], the stand is classified as the forest of beech and sessile oak
(Querco-Fagetum typicum - on brown forest soil to lessive brown forest soil, and eutric
brown to lessive brown soil). The composition of beech forest is mixed: beech is
dominant in the tree storey, and the following species are individually admixed:
Quercus petraea, Quercus cerris, Tilia platyphyllos, Tilia tomentosa, Tilia cordata and
Carpinus betulus. Beech accounts for 75% of the number of trees and for 82% of the
volume. The stand is in the protection zone of the first degree (Nature Reserve) and there
have been no silvicultural measures over a period of several decades. To preserve the
originality and genetic diversity of beech in the area of NP “Fruska Gora®, since 1996 a
part of the stand has been used also as a seed stand. By the end of 2003, a permanent
sample plot (1 ha) was established in the most homogeneous part of the stand and all
trees with diameter at breast height (d,30) above 10 cm were numerated, marked with
paint, and measured [14]. According to the Management Plan data [13], the stand age
during the first measurement in 2003 was 97 years, and during the second measurement
in 2011, it was 105 years.

On the permanent sample plot, the numerated trees were measured: two cross
section diameters to the nearest 1 mm, and height with altimeter Vertex Ill. The trees
were classified by crown class (BP), stem quality (KD) and freedom of crown position
(OK), by three-step classification:

- Crown class (BP): dominant (1); codominant (2); suppressed (3);

- Stem quality (KD): good (1); medium (2); poor (3);

- Crown shape (OK): freely formed crowns, without neighbouring tree crown
touching, or touching less than 25% of the crown perimeter (1); one-side crown
reduction - neighbouring tree crown touching 25-50% of the crown perimeter
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(2); multiple-side crown reduction - touching neighbouring tree crowns more
than 50% of the crown perimeter (3).

Volume was calculated using volume tables for beech in high stands in Serbia.
Current (average periodical) volume increment was calculated by the control method and
it referred to the same group of trees. Total oven dry above-ground biomass of beech
trees was calculated by equation [15], and carbon content in the biomass was calculated
by equation [16].

RESULTS AND DISCUSSION

Tables 1 and 2 present growth elements of beech trees in the stand, estimated
oven dry above-ground biomass and carbon stock in the biomass at the ages of 97 and
105 years. In both inventories, dominant beech trees accounted for 94% of the number of
trees and for 97% of volume, 81% of trees had good and medium stem quality and they
accounted for about 85% of volume. The proportion of tree categories (crown class and
stem quality) in oven dry biomass and carbon content was adequate to the proportion of
tree categories in volume. Between two inventories, significant changes were recorded in
crown shape. At the age of 97, trees with freely formed crowns accounted for 22% of the
number of trees and 32% of volume, and the trees with multiply reduced crowns
accounted for 26% of the number of trees and 16% of volume (Table 1).

Table 1. Growth elements, oven dry above-ground biomass, and carbon stock of beech
trees at the age of 97

Structure ICrown class ICrown shape IStem quality
elements Total 1 2 3 1 2 3 1 2 3
N [trees-ha™] (153 144 7 2 33 80 40 36 38 29

G [m*ha] 25.47 24.75 063 [0.09 759 [13.19 468 [7.11  [14.12 4.24

V [m*ha] 382.44 [372.88 8.45 |1.12 (12331 |196.33 [62.80 [112.14 [212.66 [57.64

m [kg-ha] 247533 [241258 5542  [733 78324 [127344 41864 [71681 (137211 (38641

C [kg-ha™] 122261 (119201 [2706 (354 38837 62857 20568 (35466 (67724 19071

N [%] 100.0 94.1 4.6 1.3 21.6  [52.3 26.1 235 [57.5 19.0
G [%] 100.0 97.2 2.5 0.4 29.8 518 184 279 [55.4 16.6
V [%] 100.0 97.5 2.2 0.3 322 [b13 164 [29.3  [55.6 15.1
m [%] 100.0 97.5 2.2 0.3 31.6 [514 169 290 554 15.6
C [%] 100.0 97.5 2.2 0.3 31.8 514 16.8 290 554 15.6

N=number of trees; G=basal area; V=volume; m=oven dry hiomass; C=carbon content

At the age of 105 years, beech crown structure was characterised by even more
unfavourable state compared to the state at the age of 97. The trees with freely formed
crowns accounted for 9% of the number of trees and for 14% of volume, and the trees
with multiple-side reduced crown accounted for 50% of the number of trees and for 35
% of volume (Table 2).
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Table 2. Growth elements, oven dry above-ground biomass, and carbon stock of beech
trees at the age of 105

Structure ICrown class ICrown shape IStem quality
elements Total 1 2 3 1 2 3 1 2 3
N [trees-ha™] [153 144 7 2 13 63 77 36 88 29

G [m*ha] 29.26 28.47 069 010 [3.82 [14.55 10.89 8.36  [16.14 ([4.76

V [m*ha] 47189  1460.78 [9.85 |1.26  |67.41 [240.59 [163.89  |141.45 [260.69 [69.74

m [kg-ha] 298699 [291552 6337 811 41863 [151736 (105100 (88510 (164548 45641

C [kg-ha™] 147766 (144278 [3097 (392 20819 [75233 51714 43879 81337 [22551

N [%] 100.0 94.1 4.6 1.3 8.5 41.2 50.3 235 [57.5 [19.0
G [%] 100.0 97.3 2.4 0.3 13.1  49.7 37.2 28.6 [55.2 [16.3
\V [%] 100.0 97.6 2.1 0.3 14.3  [51.0 34.7 30.0 [55.2 [14.8
m [%] 100.0 97.6 2,1 0.3 14.0 [50.8 35.2 29.6  [55.1 (153
C [%] 100.0 97.6 2.1 0.3 141 50.9 35.0 29.7 5.0 [15.3

Table 3 presents current increment of basal area, volume, above-ground
biomass, and carbon stock of all beech trees, trees of different crown class, crown shape
and stem quality per hectare, between the ages of 98 and 105 years.

In the total structure of the increment of basal area, volume, oven dry above-
ground biomass, and carbon stock, dominant trees accounted for more than 98%, trees
with freely formed crowns - 16%, and trees with good stem quality - 33%. Trees with
multiple-side reduced crown (50% of trees) accounted for about 29% of increment, and
trees with poor stem quality (19% of trees) accounted for about 14% of increment. Trees
with one-side reduced crown and trees with medium stem quality accounted for more
than 50% of increment.

Table 3. Current increment of basal area, volume, oven dry above-ground biomass, and
carbon stock of beech trees between the ages of 98 and 105 years

Elements of Total Crown class Crown shape Stem quality
increment 1 2 3 1 2 3 1 2 3
ic [M*ha’yr'l0.4743 |0.4658 [0.0077 [0.0008 [0.0758 [0.2622  [0.1363 [0.1556 [0.2528 |0.0659
iv [m*ha’yr'll11.18 1099 (018 002 [1.83 [6.12 3.23 366 [6.00 [1.51

in [kgha*yr']l6395.8  |6286.7 [99.4 [9.7 1049.2 [3521.3  [1825.3 [2103.7 [3417.2 [874.9

ic [kgha™yr'l3188.1 31346 488 [47 5262 [17589 0031  [1051.6 [1701.7 [434.9

i [%] 1000  [98.2 1.6 0.2 16.0 553 28.7 328 [53.3  [13.9
iv [%] 1000  [98.3 1.6 0.2 164 [54.7 28.9 328 [53.7 [135
im [%] 1000  [98.3 1.6 0.2 164 [55.1 28.5 329 [53.4 137
ic [%] 1000  [98.3 1.5 0.1 165 [55.2 28.3 330 534 [136

Compared to the stand average, higher average annual increase in basal area,
volume, above-ground oven dry biomass, and carbon stock was shown by dominant
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beech trees by 4%, trees with freely formed crown by 88-94%, and trees with good stem
quality by 39-40%. The annual increase in the above elements of the codominant and
suppressed trees with multiple-side reduced crowns and trees with poor stem quality was
on average from one to two thirds of the stand average (Table 4).

Table 4. Current increment of basal area, volume, oven dry above-ground biomass, and
carbon stock of different categories of beech trees, and the coefficient of increase
compared to the stand average between the ages of 97 and 105 years

\Value Coefficient
Category ic iv im ic i _ I .
Ic v Im Ic
[m?ha*yr'][[m*ha™yr'][kg-hatyr'] [kg-hat-yr]
IAll trees 0.0031 0.0731 41.8026 20.8375 1.00 1.00 1.00 1.00

0.0032 0.0763 43.6578 21.7681 1.04 [1.04 (104 [1.04
0.0011 0.0252 14.2006 6.9771 036 [0.34 034 |0.33
0.0004 0.0087 4.8404 2.3468 013 (012 012 (0.11

0.0058 0.1410 80.7079 40.4748 1.88 1.93 193 [1.94

0.0042 0.0971 55.8939 27.9185 134 133 [1.34 [1.34
0.0018 0.0419 23.7050 11.7285 057 [0.57 [0.57 [0.56

0.0043 0.1018 58.4348 29.2103 139 139 [1.40 (140
0.0029 0.0682 38.8321 19.3371 093 093 093 |0.93
0.0023 0.0522 30.1698 14.9966 073 .71 [0.72 [0.72

Crown class

Crown shape

Stem quality

WIN[PFP[WON[FP W[N]~

The study results on the increment potentials of the particular categories of
beech trees indicate that the stand spontaneous development was the responsible factor
for the phytosociological weakening of trees. Based on the current increment of the study
elements averagely attained by dominant beech trees, and also considering the beech
tolerance of lateral shade over long time periods, it can be assumed that in the study
stand in near future there will be no biological re-layering and tree devastation.
However, in future, this can be expected under the established regime of stand protection
in the changed site conditions, consistent with the supposed climate changes and the
advanced process of phytosociological weakening of trees. Based on the monitoring of a
permanent sample plot in unmanaged beech stand (17), the authors concluded that during
the study ten-year period it was the trees from the lower layers that were predominantly
declined, and based on the reduced crown vigour the authors pointed out the process of
devitalisation of beech trees whose natural dying and removal from the stand can be
expected in future.

CONCLUSIONS
In the study beech stand, which was excluded from management processes and
developed spontaneously over a several-decade-long period, at the age of 97 years beech

accounted for 75% of tree number and for 82% of volume. 94% of the trees were
dominant and they accounted for 98% of volume, 22% of the trees had freely formed
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crowns and they accounted for 32% of volume, and 24% of trees had good stem quality
and they accounted for about 30% of volume.

At the stand age of 105 years, it was recorded that the percentages of trees per
crown classes and stem quality remained the same, and that crown structure was more
unfavourable compared to the state at the age of 97 years. The measurement at the age of
105 years showed that the trees with freely formed crowns accounted for about 9% of
tree number and about 14% of volume.

In the total structure of the increment of basal area, volume, above-ground oven
dry biomass, and carbon stock, between the ages of 98 and 105 years, dominant beech
trees accounted for more than 98%, trees with good stem quality - about 33%, and trees
with freely formed crowns - about 16%. About 84% of the above increments was
realised by the trees with one-side to multiple-side reduced crowns.

Compared to the stand average, which is the usual measure representing the
stand growth, higher average annual increase in basal area, volume, above-ground oven
dry biomass, and carbon stock was achieved by dominant beech trees by 4%, trees with
freely formed crowns by 88-94%, and trees with good stem quality by 39-40%. The
annual increase in the above elements of the codominant and suppressed trees with
multiple-side reduced crowns amounted to on average from one third to two thirds of the
stand average, which confirms their secondary ecological significance in the stand
structure.
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ABSTRACT

Forest fires are becoming more common occurrences throughout the world. By reducing the number
of forest fires are kept natural resources, which enable their improvement. VVojvodina is a region with least
forests throughout Europe, with only 6,4 % area under forest, which makes the problem of maintenance and
improvement of forests more important. Uncontrolled or misused fires can cause tremendous adverse impacts
on the environment and human society. Besides destroying valuable habitat, wildfires pose a severe risk to
people living in or near affected areas. Prevention from forest wildfires demands better education about
importance of nature preservation and consequences and costs of unplanned burning. It is particular important
for the protected Area of outstanding features “VrSac Mountains”.

Key words: Forest fires, education, VrSac Mountains
INTRODUCTION

The area of outstanding features “Vr8ac Mountains” is located in the south-
eastern part of the Pannonian Plain in west-east direction. The length of the mountain
massif is 20 km of which most is in Serbia and the smaller one in Romania. The total
area of the protected area VrSac Mountains is 4408 ha of which 190 ha under the first
degree, under a 2936 ha and 1282 ha under the third level of protection.

Subject protect of Vr8ac Mountains are plant and animal species important for
biodiversity conservation, areas of specific geological and geomorphological
phenomena, important forest and meadow ecosystems, habitats of plant and animal
species, fauna and hunting deer. Because of its natural values VrSac Mountains are
1982" was placed under the protection of the Regional Nature Park to 2005" given the
status of a region of outstanding feature of the IUCN categories IV classification with the
prescribed regime of care I, Il and 111 level.!

Only in 2007, there were 34 interventions of Vrsac Fire department, with 23
interventions in July.? There are two main types of forest wildfires accidentally caused
by humans in this area:

(1) abutt of cigarette thrown from a car and
(2) burning grass in fields.
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MATERIAL AND METHODS

The Fire Department of Vr8ac Municipality collected data about all
interventions from 2000 to 2009. The data were filtered related to the area of Vrac
Mountains. There was also prepared a questionnaire with ten questions, and people from
villages near VrSac Mountains were asked several questions about the most often causes
of wildfires. There were 401 samples within the population, mostly children.

RESULTS AND DISCUSSION
Preliminary analysis has showed that in most cases, almost 100%, forest fires

were human-induced. Totally, there were 108 wildfires near VVrSac Mountains in the last
ten years. In the largest wildfire, 10 hectares of the forests have burned out. 2
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Figure 1. Distribution of wildfires in Vrsac Mountains during the observed period
(Strbac 0.2009)

Most wildfires begin near picnic places, during, or just after holidays, when a
lot of people visit VrSac Mountains. The possible cause is preparation of barbecues, and
the fact that, after leaving the picnic place, tourists do not extinguish their fireplaces
completely.

Another common cause of wildfires is burning fields after harvest by farmers.
This type of wildfires is very dangerous, if the burning field is located near a forest,
because it comprises a large area. In the case of certain whether conditions, the wildfire
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can spread along the forest border very fast. This is, especially, a case if a field is located
South-East of the forest, due to a wind rose in VrSac region. The third most possible
cause of a forest wildfire is a cigarette butt that one hits outside from a car window.
Several fires started just because of that reason.

Analysing the hourly distribution of the wildfires, one can see that most fires
begin in the afternoon, with the peak at 6 PM. From the survey can be seen that the
farmzers burn their fields during the day, leave the fields and the fire starts to spread after
that.

40



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

Figure 4. Forest wildfire near cottages in Vr$ac Mountains (Vu¢anovi¢ M. 2012)
CONCLUSION

The main aim of this research is to make a contribution to the general objective
of sustainable development through the encouragement and education of local
communities in importance of biodiversity and role of prevention of forest wildfires. It
can be concluded that the need to devote additional attention in the future education of
the population on issues related to the behaviour of fire. Continued lecturing is necessary
because the fact that the principal cause of wildfires is accidents or carelessness.
Prevention from forest wildfires demands better education about importance of nature
preservation and consequences and costs of unplanned burning.
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ABSTRACT

In this paper we present results of adaptability and vitality analysis of Mediterranean floral element
species (Ficus carica L.) in urban conditions of Belgrade. Floristic material includes 221 specimens of fig tree
which were grown on public and private green spaces at Banovo Brdo. Different parameters were analyzed
including absolute height, vitality, decorative value and fructification in different periods of age. The research
determined that analyzed specimens are characterized by good phenotypic and biological features, which is
confirmed by their general appearance, resistance to climate change, functionality and visually-esthetic value.
Repeated monitoring confirmed that all of the specimens are fructifying due to which the species can have
greater use in fruit growing but also in the practices of Landscaping and Horticulture in changed conditions of
temperate continental climate.

Key words: fig tree, allochthonous dendroflora, cultivation, genetic potential
INTRODUCTION

Introduction of woody plants in Serbia is believed to have happened in the
distant past, but research in regards to these plants is of a newer date and majorly focuses
on comparison between introduced plants and autochthonous plants regarding the speed
of growth and longevity. Nevertheless, current research of allochthonous dendroflora
must be more detailed in order to familiarize with their breeding and aesthetic
characteristics. This would provide us with the possibility of making more informed
decisions when using these plants in changed climate conditions.

Taking into account mentioned facts the paper demonstrates results of
adaptability and vitality analysis of Mediterranean floral element species (Ficus carica
L.) in urban conditions in Belgrade. In local and foreign literature it is known that Ficus
carica L. (Fam. Moraceae Link.) is dioecious or monoecious deciduous species with
widely branched treetop originating from Western Asia. Its cultivation begun around
4,000 years BC in Near East, and it is grown for ages in Mediterranean (South Europe
and North Africa) where it expands spontaneously. Even though it is a species of
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Mediterranean floral element, it can be submitted to frost and it is recorded in high
numbers in regions with continental climate and temperate continental climate. It bears
fruit two times per year. First fruits (spring yield) which form on old branches generally
decay due to frost, while main yield on young branches matures in (summer) autumn
(Jonhson et al., 2011; Stover et al., 2007; Zohary et al., 1975). Other than the use in fruit
growing, fig tree is often grown as decorative species, mainly because of its interesting
habit, light-gray and smooth bark and unusual polymorph leafs.

MATERIAL AND METHOD

Floristic material includes grown specimens of fig tree at Banovo Brdo in South
West Belgrade. Average elevation of researched area is 159 m. Soil type is degraded
chernozem, eutric cambisol, and alluvial deposit which are under influence of
anthropogenic factors in great degree changed and degraded. Banovo Brdo is located in
Moesian phytogeographical province, Pontic-Central Asian and Sub-Mediterranean
floral elements are predominant (Jovanovi¢, 1951; Sari¢ et al.1997, Obratov-Petkovi¢ et
al., 2000).

Climate is temperate continental with worm summers and cold winters.
Analysis of meteorological data is based on climate information (from Republic Hydro-
meteorological Service of Serbia) for thirty-year period from year 1960 until 1990 and
from year 1970 until 2000. Based on data for average monthly air temperatures during
two thirty-year periods rise in average temperatures is noted. Average yearly air
temperature for period from year 1970 until year 2000 is 12.0 °C, which is an increase of
0.1 °C in comparison to previous period. The coldest month in Belgrade is January with
1.2 °C which also indicates a rise because of the fact that for the previous thirty year
period this parameter was 0.4 °C. Winter temperatures in the Mediterranean areas range
between 5 and 12 °C, which is between 4 and 11 °C higher than Belgrade temperatures.
July is usually the hottest month in Belgrade with 22 °C on the average - which is 3°C
lower than in the Mediterranean. The average maximum monthly temperature for
January (the coldest month) in Belgrade was 11 °C higher for the period between years
1970 and 2000 than for the previous period. The month with the highest average
maximum monthly temperature is July with 34.9 °C, which is 7.6 °C more than when
compared with the previous period. The average minimum monthly temperatures are
below zero for November, December, January, February and March. Month of January
has the lowest average minimum temperature: -8.9 °C and -2.3 °C. During the last thirty-
year period Belgrade had, on the average, 2051.1 sun hours every year, 30.5 hours more
than in the previous period. The yearly average (1970-2000) for the precipitation was
692.1 mm, compared to 683.4 mm during the previous period. These quantities resemble
the ones which characterize Mediterranean climate: 500-700 mm per year. The end of
spring and the beginning of summer bring most precipitation, while in the Mediterranean
most precipitation happens during fall and winter. The most common form of
precipitation in Belgrade is rain, while snow is less common and it usually does not stay
for long on the ground. During the colder part of the year the falling snow can be very
wet, and there are instances of icy rain. In the Mediterranean, snow is a very rare
occurrence. The average yearly relative humidity was 69% for both thirty-year periods in
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Belgrade, which is 9% more than in the Mediterranean. According to the average
monthly wind speeds and their frequency, the prevailing wind at the beginning of the
vegetation period blows from the South East, and during the second half of the
vegetation period - from the North West. In the Mediterranean region, the most common
winds are sirocco, bora and mistral.

The field research covered: identifying Ficus carica L. species on green spaces
at Banovo Brdo, and measuring height with a tape, while decorative value, vitality and
yield were rated visually on a scale ranging from 1 to 5, where 1 is a specimen without
esthetic value, with low vitality and minimal yield, and 5 is a specimen with exceptional
esthetic qualities, excellent vitality and maximal yield.

RESULTS AND DISCUSSION

During the research of green spaces at Banovo Brdo in Belgrade 221 Ficus
carica L. specimens were recorded which grow as a tree or as a bush. There were 59.7%
of bushy specimens, while there were 40.3% of the ones that grow as a tree. At number
66, Nikolaja Gogolja Street we recorded the use of fig tree as a vertical greening in
combination with vines (Figure 1). Highest number of analyzed specimens of fig tree
were grown on private green spaces (88,1 %), while smaller number of specimens were
recorded on public green spaces (11,9 %).
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Figure 1. Fig tree used as vertical greening
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According to changeability of absolute height, and grades for vitality,
decorative value and yield we recorded variability of parameters between specimens.
Values of statistical parameters as indicators of variability for analyzed features are
presented in Table 1.

Table 1. Analyzed parameters for 221 specimens of fig trees at Banovo Brdo in Belgrade

(<5}
Parameter =4 =
.Q_J i
5 s £
= 3 2 o
Specimen 2 2 8 S s
= < S o __ > _
it - = — i ) — i
2 X E ) X < X
Tree 89 3.1 4.1 3.9 3.8
Bush 132 2.9 4.1 3.7 3.9

Ficus carica L. in the researched area had average height of 3.0 m. Lowest
height was 1 m, and highest was 8 m. Recorded heights show us that fig tree is in fact
reaching the heights which are mentioned in the literature (Ocokolji¢ et al., 2003) for the
Mediterranean region (10 m). Belgrade is not an exception, because fig trees can be
found in large numbers on green spaces in Great Britain as well. The biggest fig tree
garden is located in Tarring, Sussex which is the sunniest part of Britain. In this garden
there are 70 specimens with average height ranging from 3.5 to 4.5 m. Wild fig trees can
grow on junkyards and on abandoned land (Dickson et al., 1996), which is an occurrence
on public green spaces and abandoned yards of Banovo Brdo. Fig tree cannot colonize
new regions which is true for London as well as is for Belgrade. Fig trees in Britain
reproduce mainly by vegetative propagation. Nevertheless, if a specimen appears by
generative reproduction its origin is usually from an introduced fruits (Dickson et al.,
1996).

Average grades of vitality and decorative value are 4.1 and 3.8 respectively;
while minimal and maximal grades are 1 and 5. These very good average grades show us
that fig tree has adapted to temperate continental clime conditions of Belgrade. Fig trees
with more vitality were the ones recorded in private yards. Average grades for vitality
were the same for both bushes and trees (4.1). But, average grade for vitality of
specimens on private green spaces (4.1) is greater than vitality of specimens on public
green spaces (4.0), which demonstrates the importance of tending. Average grade for
decorative value of bushes is 3.7; while for trees it is 3.9 due to ornamental, smooth and
gray bark, and unique treetop architecture. Average grade of decorative value of
specimens which grow in private gardens is significantly higher than average grade of
specimens which are grown on public green spaces (3.9 to 3.5 respectively).

Yield and quality (size and weight) of fig tree fruits depend upon the light,
temperature, air humidity and pollination. Nevertheless, good fig fruiting can lower the
vegetative growth of the plant during the next season (Gaaliche et al., 2011, Trad et al.,
2012). Fig tree yield in the researched area was very good and the average grade was 3.8;
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fruiting was good in both bushy and woody specimens (3.9 and 3.8 respectively).
Specimens on public green spaces have had lower average yield grade (3.5), due to
recording of some specimens without a yield, even though great number of analyzed
specimens were awarded with the maximal grade of 5. Average grade of yield abundance
was significantly higher in specimens which were grown on private green spaces (4.1).

The research has confirmed the views underlined by Dickson et al., (1996),
which were that species Ficus carica L. is exceptionally adjustable and that it has wide
range of propagation and adaptability to different environments.

CONCLUSION

Through analysis of green spaces at Banovo Brdo 221 specimens of Ficus
carica L. were recorded. Highest number of these specimens (88.1 %) is grown on
private green spaces, and only 11.9 % is grown on public green spaces.

On the basis of reached heights of fig trees on green spaces at Banovo Brdo it
was determined that fig trees in Belgrade reach maximal height which the species
reaches in Mediterranean region. Through comparative grade analysis of vitality of all
the specimens we determined very high average grade of 4.1 which demonstrates good
adaptability of fig tree in environmental conditions of researched area. Relative analysis
of decorative values’ grades of all the specimens it was determined somewhat lower
average grade in comparison to vitality grades (3.8). Average grade of yield is 3.8.
Specimens which were grown on private green spaces had higher grades for vyield,
vitality and decorative value than specimens on public green spaces; and especially in
comparison with specimens which have been recorded on unregulated space.

Research of growth and development of fig tree specimens in Belgrade
confirmed their phenotypic and biological characteristics, which is seen through general
appearance, resistance to diseases and pests, functionality and esthetic value.

Repeated monitoring showed that very high number of specimens abundantly
fructifies, which demonstrates successful acclimatization and adaptability in changed
temperate continental climate conditions.
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ABSTRACT

Taking into account that the generatively produced seedlings are characterised by higher resistance,
longevity and better-formed root systems, this paper presents the analysis of the yield and quantitative and
qualitative characteristics of the seeds of 14 Empress Trees, aged from 10 to 50 years, cultivated at four
different sites in Belgrade.

The comparative analysis of all parameters shows that the superior trees were selected from the
same site (Zemun), which supports the thesis that, in addition to genotype effect, the effect of site conditions
was also significant for Empress Tree seed yield and viability, while the effect of tree age on reduced seed
yield was not recorded.

Key words: Paulownia tomentosa (Thunb.) Steud., selection, genotype, photoblastism, germination
INTRODUCTION

Green space functionality, in addition to other conditions, is determined by the
correct selection of woody species, i.e. by their traits, such as adaptation, viability and
ornamentalness (Ocokolji¢, 2006). Consequently, in the selection of mother trees to be
used for seed collection, it is necessary to choose the individuals whose multiannual
Generative production of planting stock from the selected mother trees will be more
economic, and the seedlings will be of better quality if the selected individuals are
previously tested and show the best seed germination.

Namely, the seedlings of generative origin are more resistant, more vigorous,
and long-living, and have better-formed root systems. Also, the progeny obtained by this
type of reproduction is characterised by genotype and phenotype variability which
enables better species adaptability (Stilinovi¢, 1985, 1987).

The fructification and germination of the species Paulownia tomentosa
(Thunb.) Steud. were studied in the function of determining the best trees for future
seedling production and tree breeding.
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MATERIAL AND METHOD

Seed germination of 14 trees of different ages (10 - 50 year-old) of the species
Paulownia tomentosa (Thunb.) Steud. grown at four localities in Belgrade: Banovo
Brdo, Dorc¢ol, Novi Beograd and Zemun (out of 25 trees at 5 study localities), was
analysed in laboratory conditions.

The abundance of seed yield (for 25 individuals) was assessed in the field. The
evaluation of the abundance of seed yield was performed by the method of quantification
of phenological traits using points from 0 to 5, in which the trees with no seed vyield
obtained 0 points, and the trees with rich seed yield obtained 5 points. The trees with no
seed yield (0 points) were not included in this analysis. The fruits were collected in the
autumn (20 fruit groups from each of 14 individuals).

The morphometric analysis of fruit groups was performed in laboratory
conditions (length and width of fruit groups were determined by millimetre paper
measurements, and the number of capsules per fruit group was determined by counting).
After that, the seeds were extracted and stored in glass jars, in a dry and dark place till
the establishment of the experiment.

The light induced germination of Paulownia tomentosa (Thunb.) Steud. seeds
was observed under exposure to fluorescent white light bulb (Philips 100w), and the
chamber temperature was 21°C. 400 seeds (4 x100) were placed on wet filter paper in
each of 14 petri dishes. Filter paper was moistened with distilled water with Previcur
energy 3ml/1l, to prevent the infestation of pathogenic species of the genus Fusarium.
The dishes with seeds were imbibed in the chamber at the temperature 01C21Seed
germination started after 7 days, four days later than that reported by reference data. The
analysis of empress tree seed germination lasted for 21 days, according to the standard
procedure (Stilinovi¢, 1985; Grbi¢, 2003).

The statistical analysis included: abundance of seed yield, mean value of fruit
group length, fruit group width, number of capsules, number of seeds per fruit group, and
the values of germination indicators. The data were processed using STATGRAPHICS
Plus Programme and presented in Table 1. The results of seed germination were
calculated using the formulas of germination indicators, after which the values were
statistically processed.

RESULTS AND DISCUSSION

The species Paulownia tomentosa (Thunb.) Steud. was analysed at five sites in
Belgrade: Banovo Brdo, Dor¢ol, TaSmajdan, Novi Beograd and Zemun. All the analysed
trees at Banovo Brdo produced a very abundant seed yield which was scored with
maximal points (5). At Doréol, the trees were scored 1 and 5, so their mean seed yield
score was 3. Five individuals in the TaSmajdan Park did not have yield. The seed yield of
the trees at Novi Beograd was poor 1.75. In Zemun, seed yield of empress trees differed,
so their mean score was 3.4. The seed yield of the following seven trees was maximal: 1,
2,3,4,5,8and 21. The results of analyses of fruit characteristics and parameters of seed
germination are presented in Table 1.
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Based on the multiple scale analysis of fruit group length mean values,
individual trees were classified into nine homogeneous groups. The highest value of fruit
group length (46.65 %) is assigned to tree number 22, which belongs to homogeneous
group a. Tree number 23 (45.45 %) belongs to the second homogeneous group ab (single
overlapping). Tree 25 is in the third homogeneous group abv with two-fold overlapping
(39.25 %). Tree no. 6 (38.35 %) is in the fourth homogeneous group bv with one-fold
overlapping. Tree no. 24 is in the fifth homogeneous group abvgd (four-fold
overlapping), mean value 37.75 %. The sixth homogeneous group vg with single-fold
overlapping comprises tree no. 21 (34.6 %), and the seventh group gdd with two-fold
overlapping consists of trees no. 1, 8 and 17 (28.6-29.2 %). The eighth homogeneous
group dd with single-fold overlapping comprises the trees 2, 3, 4 and 5 (24.36-25.5 %).
Tree no. 19 belongs to the ninth homogeneous group & and its mean value is 17.67 %.

Tree number 19 has much lower value of fruit group length compared to other
trees, and the best one was tree number 22.

Table 1. Mean values of fruit characteristic and germination parameters

Fruit Fruit Number of
Tree group group N:amfféff seeds per Kt Ek SVTK 1k
number length width ?%) fruit group (%) (%) (%) (%)
(%) (%) (%)

1 28,95 16,1 19,5 52 820,6 94,25 15,25 12,62 1191,75
gdd gd vgd vg ab ab ab ab

5 24,65 16,15 18,6 34183,6 81,25 14,25 12,32 1000
dd gd vgdd gd d db b d

3 24,75 14,94 11,37 29 883,8 90,5 10,75 12,3 11145
dd gd dd qd abv bvgd b bvg

4 24,36 16,21 15,14 436149 93,5 16 12,77 1194,5
dd vgd gdd vgd ab a a ab

5 25,5 15,71 29,43 49 404,1 86,75 7 11,92 1034,75
dd gd bv vg vgd gd v gdd

6 38,35 23,35 23,9 53918,7 83,75 8 12,3 1030,75
bv a vg vg gd vgd b dd

8 28,6 18,3 21,0 48 454,4 94,25 12,75 12,32 1164
gdd bvg vgd vg ab abv b abv

17 29,2 17,1 20,4 47 627,0 96 7,75 12,37 1189
gdd vgd vgd vg a gd b ab

19 17,67 10,83 2,67 4 060,33 95,5 11,25 12,5 1195,75
a d d d a abvg ab a
34,6 21,55 49,4 1116410 92,25 10,75 12,57 1159,5

21
vg abv a a abv bvgd ab abv

29 46,65 22,2 20,9 39048,2 87 6 11,57 1008,5
a ab vgd gd vgd d v d

23 45,45 24,7 37,2 94 127,7 90 14 12,62 11345
ab a b ab abv ab ab abv

24 37,75 22,0 10,5 23059,0 89 13 12,42 1106,25
abvgd abvg vgdd gd bvg ab ab vgd

25 39,25 24,05 26,8 69 657,8 95,5 10,5 12,55 1198
abv a bvg bv a bvgd ab a

Kt - germination capacity, EK - germination energy, SVTK - mean germination time, and Ik - germination
intensity. The symbols 4, b, v, g, d, d represent the classification to homogeneous groups.
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Based on the multiple scale analysis of fruit group width mean values,
individual trees were classified into eight homogeneous groups. The highest value of
fruit group width (24.7 %) is attained by tree number 23, belonging to homogeneous
group a which also includes trees 6 (23.35 %) and 25 (24.05 %). The second
homogeneous group (one-fold overlapping) ab comprises the tree 22 (22.2 %). Tree no.
24 belongs to the third homogeneous group abvg with three-fold overlapping (22.0 %).
The fourth homogeneous group abv with two-fold overlapping includes only tree no. 21
(21.55 %). Tree no. 8 is in the fifth homogeneous group bvg (two-fold overlapping),
mean value 18.3 %. The sixth homogeneous group vgd with two-fold overlapping
consists of trees no. 4 and 17 (16.21-17.1 %), and the seventh group gd with single-fold
overlapping includes trees no. 1, 2, 3 and 5 (14.94-16.1 %). The eighth homogeneous
group d includes tree no. 19 (10.83 %).

Tree number 19 attained a much lower value of fruit group width, compared to
other trees. The best tree is number 23 whose homogeneous group also comprises trees
no. 6 and 25, which also attained high values.

Based on multiple scale analysis of mean values of capsule numbers per fruit
groups, individual trees are classified in ten homogeneous groups. The highest value of
the number of capsules per fruit group (49.4 %) was attained by tree number 21
belonging to homogeneous group a. The second homogeneous group b includes tree no.
23 (37.2 %). Tree no. 5 is in the third homogeneous group bv with single-fold
overlapping (29.43 %). The fourth homogeneous group bvg with two-fold overlapping
consists of tree no. 25 (26.8 %). Tree no. 6 is in the fifth homogeneous group vg (one-
fold overlapping), mean value 23.9 %. The sixth homogeneous group vgd with two-fold
overlapping consists of trees no. 1, 8, 17 and 22 (19.5-21.0 %), and the seventh group
vgdd with three-fold overlapping includes trees no. 2 (18.6 %) and 24 (10.5 %). The
eighth homogeneous group gdd with two-fold overlapping includes tree no. 4 (15.14 %).
Tree no. 3 belongs to the ninth homogeneous group dd with single-fold overlapping,
mean value 11.37 %. The tenth homogeneous group & includes tree no. 19 with the
lowest mean value 2.67 %.

Tree number 19 has a very low value of the number of capsules per fruit group
compared to other trees, and tree number 21was the best with the highest number of
capsules per fruit group.

Based on the multiple scale analysis of the mean value of the number of seeds
per fruit group, individual trees were classified into seven homogeneous groups. The
highest value of the number of seeds per fruit group (111,641.0 %) was reached by tree
number 21 and it belongs to homogeneous group a. The second homogeneous group ab
includes tree no. 23 with single-fold overlapping (94,127.7 %). Tree no. 25 is in the third
homogeneous group bv with single-fold overlapping (69,657.8 %). The fourth
homogeneous group with single-fold overlapping vg consists of trees no. 1, 5, 6, 8 and
17 (47,627.0 — 53,918.7 %). Tree no. 4 is in the fifth homogeneous group vgd (two-fold
overlapping), mean value 43,614.9 %. The sixth homogeneous group gd with single-fold
overlapping consists of trees no. 2, 3, 22 and 24 (23,059.0 — 39,048.2 %), and seventh
group d includes tree no. 19 (4,060.33 %).

Tree number 19 again has the lowest value compared to other trees, and the best
tree is tree no. 21, with the highest number of seeds per fruit group.
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After fruit collection and capsule cleaning, the germination of seeds of each
individual was tested in laboratory conditions. The study parameters of seed germination
were: germination capacity (Kt), germination energy (Ek), mean germination time
(SVTK) and germination intensity (Ik). The classification was determined based on
multiple scale analysis. The result of germination testing was that 90 % of seeds
germinated in 21 days.

Based on the multiple scale analysis of the germination capacity mean value,
individual trees were classified into seven homogeneous groups. The highest value of
germination capacity (96 %) was reached by tree number 17 and also trees 25 and 19
showed no significant statistical difference (95.5 %) — so these three mean values are
classified in the homogeneous group a. The second homogeneous group (one-fold
overlapping) ab comprises the trees 1, 4 and 8 (93.5-94.25 %). Trees no. 3, 21 and 23 are
in the third homogeneous group abv with two-fold overlapping (90-92.5 %). The fourth
homogeneous group with two-fold overlapping bvg consists of tree no. 24 (89 %). Trees
no. 5 and 22 are in the fifth homogeneous group vgd (two-fold overlapping), mean
values from 86.75 to 87 %. The sixth homogeneous group gd consists of tree no. 6
(83.75 %), and the seventh group d is tree no. 2 (81.25 %).

Tree number 2 attained a far lower value compared to other trees. The study
results show that tree number 17 had the best germination capacity.

Based on the multiple scale analysis of the mean value of germination energy,
individual trees were classified into eight homogeneous groups. The highest value of
germination energy (16 %) was attained by tree number 4 and it belongs to the first
homogeneous group a. The second homogeneous group with single-fold overlapping ab
comprises the trees 1, 2, 23 and 24 (13 - 15.25 %). Tree no. 8 belongs to the third
homogeneous group abv with two-fold overlapping (12.75 %). The fourth homogeneous
group with three-fold overlapping abvg includes only tree no. 19 (11.25 %). Trees no. 3,
21 and 25 are in the fifth homogeneous group bvgd (three-fold overlapping), mean value
from 10.5 to 10.75 %. The sixth homogeneous group vgd includes tree no. 6 (8 %), the
seventh group gd consists of trees no. 5 and 17 (7 — 7.75 %) and the eighth group d
includes tree no. 22 (6%).

Tree number 22 has the lowest value compared to other trees. The study results
show that tree number 4 has the best germination energy.

The seeds started germinating seven days after imbibition, although, according
to references, germination starts 72 hours after swelling. Based on the calculation of the
parameter EK, it can be observed that almost the entire quantity of seeds capable of
germination germinated within the period of ten days.

Based on the multiple scale analysis of the mean value of mean germination
time, individual trees were classified into four homogeneous groups. The highest value
of mean germination time (12.77 %) was reached by tree number 4 in the homogeneous
group a. The second homogeneous group with single-fold overlapping ab comprises the
trees 1, 19, 21, 23, 24 and 25 (12.42 -12.62 %). Trees no. 2, 3, 6, 8 and 17 are in the third
homogeneous group b (12.3 -12.37 %). The fourth homogeneous group v consists of
trees no. 5 and 22 (11.57 — 11.92 %). As the parameter of mean germination time SVTK
is calculated by the same formula as SMK, except that the last day of germination
analysis is denoted by zero, and not the day of the establishment of seed germination
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test, the seeds with faster germination will also have a higher SVTK value. It is this
difference that will be the reason of the opposite classification of mean SVTK values
into homogeneous groups compared to SMK. Tree number 4 has the longest mean
germination time, and tree no. 22 has the shortest mean germination time.

Based on the multiple scale analysis of the mean value of germination intensity,
individual trees were classified into eight homogeneous groups. The highest value of
germination intensity (1198 %) was reached by tree number 25, which together with tree
no. 19 (1195.75%) makes the homogeneous group a. The second homogeneous group ab
with single-fold overlapping comprises the trees 1, 4 and 17 (1189 -1194.5 %). Trees 8,
21 and 23 are in the third homogeneous group abv with two-fold overlapping (1134.5 -
1164 %). The fourth homogeneous group bvg with two-fold overlapping includes only
tree no. 3 (1114.5 %). Tree no. 24 is in the fifth homogeneous group vgd (two-fold
overlapping), mean value 1106.25 %. The sixth homogeneous group gdd includes tree
no. 5 (1034.75%), the seventh group dd is tree no. 6 (1030.75%) and the eighth group &
consists of trees no. 2 and 22 (1000 — 1008.5 %).

Trees number 2 and 22 of the same homogeneous group, have the lowest values
of germination intensity, and trees no. 19 and 25 have the highest germination intensity
values.

CONCLUSION

In the analysis of seed germination of 14 trees of the species Paulownia
tomentosa (Thunb.) Steud. at 4 localities in Belgrade, based on the analysis of seed yield
abundance, empress trees cultivated at Banovo Brdo were identified as plus trees, but
their values of other parameters for fruits and seed germination were at the average level.

Based on the comparative analysis of fruit group parameters, the trees cultivated
in Zemun were singled out as elite trees, and tree no. 19 at Novi Beograd was the tree
with the lowest viability. At the individual level, the following Empress Trees were
singled out: 22 (with the highest fruit group length), 23 (with the highest fruit group
width) and 21 (with the highest number of capsules and seeds per fruit group). Based on
the results of quantitative and qualitative parameters representing the germination
dynamics of 14 trees at four localities, it can be concluded that the seeds of the species
Paulownia tomentosa (Thunb.) Steud. are positively photoblastic. Namely, light
stimulates seed germination which is proved by high seed sensitivity to the effect of
white light. A good germination percentage resulted seven days after imbibition under
white light, which is a significant deviation from the reference data by which empress
tree seeds germinate 72 hours after imbibition and exposure to light (Bonner, 1990). The
following Empress Trees were singled out based on the comparative analysis of the
analysed germination parameters: tree number 17 (the best germination capacity), tree
number 4 (the highest germination energy), tree number 22 (the shortest mean
germination time) and tree number 25 (the highest germination intensity).

Based on the study analyses at four localities in Belgrade, six trees were
identified as plus trees: 21, 22, 23, 25, 4 and 17, therefore they are recommended as the
best trees for future production of seedlings and tree breeding.
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ABSTRACT

Norway maple is an adaptive species suitable for urban areas. In Belgrade city center majority of
parkway trees has been graded 4 for their vitality and decorative value, although in each street there is at least
one tree with phytopathological and entomological injuries. The trees are up to 100 years old with height up to
18 m, and diameter at breast height up to 53 cm. Crowns shape are mostly oval. Results show that Norway
maple is very suitable for parkways in urban coenoses. Superior trees could be used as material for vegetative
propagation, as well as for their seeds.

Key words: Norway maple, trees in alleys, phenotype, adaptability, variability
INTRODUCTION

Ecological importance and function of urban parkway trees is firstly to connect
variety of urban and suburban green spaces in unique system which greatly enlarges their
influence on city's microclimate. Trees in alleys make an average air temperature lower,
has hygienic role, increase relative air humidity, decrease mechanical wind power and
noise and has aesthetic function (Anastasijevi¢, 1979). Unfavorable environmental
conditions require careful selection of species for the formation of linear populations in
urban areas. Limitations are primarily increased levels of air pollutants, increased
average air temperature (Yow, 2007), reduced relative air humidity (Changnon, 2003),
increased cloudiness (Romanov, 1999). Trees in urban areas have also limited space for
root growth, changed balance of air and water in soil and less nutrients (Anastasijevic,
1979).

Acer platanoides L. (Norway maple) is famous for its attractive form, small
number of entomological and phytopathological pests, adaptability to poor soil and
resistance towards polluters (Nowak et el., 1990). Norway maple produces abundant
fruit, has large photosynthetic potential, big leaves, is shade tolerant and has rapid
growth (Kloeppel et al., 1995, Sanford et al., 2003). Among species: Alnus incana L.,
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Salix caprea L., Prunus padus L., Pinus sylvestris L., Rhamnus frangula L., Picea abies
Karst., Betula pendula Roth., Populus tremula L., Sorbus aucuparia L. and Acer
platanoides L., unfavorable conditions showed the least influence on growth and
development of Norway maple (Lehvavirta et al., 2002). Furthermore, if nutrition level
decreases, leaves size do not change nor biomass reduces (Black-Samuelsson et al.,
2003). These characteristic makes Norway maple very convenient species for urban
parkways.

MATERIAL AND METHODS

Obijects of research are Norway maple trees in 23 streets in Belgrade city center.
Avrea is confined with streets: Cara DuSana, DZordzZa VasSingtona, 27. Marta, Ruzveltova,
Bulevar Kralja Aleksandra, Beogradska, Nemanjina, Karadordeva, Pariska and Tadeusa
Kosc¢uska.

During object recogniction, trees of Norway maple in alleys were noted and
maped and were classified in phenotypes according to crown shape (round, oval, layered
and vase). Age of Norway maple trees was determend according to information from
literature and its assesement in the field.

Trees height is determined by ocular method - sighting. Diameter at breast
height is determined by measuring trunk diameter at the height of 1,30 m. Vitality is
evaluated based on the presence of witch’s broom, bark cancers, cracks on the bark, the
symptoms of disease, wood-rotting fungi; and evaluation of decorative value according
to shape of crown, height of branching etc. on scale 0 to 5. Zero representing tree of low
vitality without aesthetic values and 5 represents tree of good vitality of extraordinary
aesthetic values.

Descriptive statistics was used for the quantitive processing of biometric data.

RESULTS AND DISCUSSION

In Belgrade city center the most common species of parkway trees is Norway
maple which form lines of trees in 23 streets. There are 1384 Norway maple trees in
alleys which mostly build green lines made exclusively from one species except in
Hilandarska, Lomina, Kraljice Natalije, Svetozara Markovi¢a and Desanke Maksimovié
Street where apart from Norway maple, Tilia grandifolia Ehrh., Tilia argentea DC., Tilia
parvifolia Erh., Fraxinus excelsior L., Acer pseudoplatanus L. and Aesculus
hipposactanum L. are found. Trees form lines on both sides of the streets, one on each
side of alley, except in Gospodar Jevremova, Cetinjska, Hilandarska, Topli¢in venac,
Carice Milice, Kraljice Natalije, Lomina i Admirala Geprata where trees form line only
on one side of the street.

Norway maple trees in alleys according to data from 1979. were 10 to 70 years
old. Research showed that only several trees were replaced with young seedlings
suggesting that nowdays trees age from 40 to 100 years. Taking this into account, it can
be concluded that the avrage age of street trees is 65,5 years, hence around 30% of trees
are at the age between 60 and 70 years. There are 3% of trees at the age of 100 years and
70% of trees are over 60 years old.
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Height of Norway maple trees ranges from 2 m to 18 m. There are 74 trees 2 m
high and only 10 are 18 m high. Majority of trees (162) are 10 m high which is at the
same time the average height of Norway maple trees in alleys in Belgrade city center.
Some injured trees are replaced with young seedlings so that in lines of trees 18 m high,
trees of 2 m or 3 m can be found.

Diameter at breast height of Norway maple parkway trees in Belgrade city
center ranges from 1 cm to 53 cm. There are 20 trees whose trunks has diameter of 1 cm
and 1 tree with a diameter of 53 cm. Majority of trunks (97) has diameter 12 ¢cm, and
average value of trunk diameter is 14 cm, although only 27 trees has trunk of this
diameter. Average values of trunk diameter at breast height ranges from 7 cm in
Admirala Geprata Street where young trees build line of trees, to 23 cm in Skadarska and
Lomina Street where trees are old and of poor vitality.

The vitality grades of the Norway maple trees in the researched area range from
1 to 5. There are 9 trees with graded 1 and 98 trees have grade 5. The majority of trees
(635) have the vitality grade 4 and there are 509 trees with the average grade which is 3
so, in conclusion, the overall vitality of the Norway maple in Belgrade City center is
good. The trees with the lowest average vitality grade (2) are in Skadarska and Lomina
Street while trees in the majority of streets in the researched area have the highest
average grade 4. However, a great number of old trees are damaged with a low chance of
regenerating, mainly because of improper pruning, while phytopatological and
entomological injuries are present on the trees in all the streets in the researched area. In
some streets these injuries are found on only one tree (Studentski trg, Hilandarska) while
they are very frequent in Skadarska and Lomina Street. Young trees are of good vitality
and have a high grade of decorative value which influences the average grade of these
two parameters.

The mark of decorative value of the Norway maple in the researched area
ranges from 1 to 5. Grade 4 being the average. There are 11 trees with the grade 1, 146
with grade 5 and 577 trees with the grade 4. Average grade of decorative value is the
lowest (2) for the trees in Skadarska and Lomina Street where the irregular shape of their
crowns and numerous diseases and defects have nearly completely diminished their
aesthetic value; the highest average grade 5 is in the Hilandarska Street where most of
the trees have no defects, their crowns are roundish, branching is regular and their
vitality is extraordinary.

According to crown shape, i.e. the ratio of width and height of the crown, four
phenotypes are distinguished. The research shows there are 423 trees with round shaped
crowns, 797 with oval crowns, 107 with layered and 57 vase shaped crown. The
roundish shape is typical of Norway Maple (Vukiéevi¢, 1996) and it implies the same
width and height of the crown while other shapes differ from this habitat. Trees with
roundish shaped crowns make for 31%. Crowns of oval shape are narrower than the
typical habit and vase-shaped are, apart from lower width, characterized by less
circumference at the bottom and greater circumference at the top of the crown. Layered
crowns have the width typical for its species but their height is smaller than the height of
the roundish shaped ones. Due to lack of space and light needed for formation of
roundish shaped crowns, irregular crown shapes are formed. Hence, it is in narrow
streets (such as one way streets) with high buildings where the oval shaped crowns are
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formed due to the trees innate tendency to grow towards sunlight. There are 58% of trees
of this type. In the streets where trees are densely planted, both the height and the width
of the crowns are deformed. As a result of inability of trees to grow in width, vase shape
is formed. This shape has the width of the crown greater at the top where enough space is
provided for the side branches to be formed. This type of crowns represents 3%. Layered
type crowns develop as a consequence of a damaged leading branch, i.e. its growth
arrest, while the side branches continue to grow normally leaving the tree crown greater
in width than in height. These represent 8%.

SUMMARY

The paper presents the general characteristics of the population of Norway
maple parkway trees in Belgrade city center. Population genetic diversity has selective
and technological advantages, reflecting at the same time their specific genetic potential.
The level of variability and the existence of genotypes with significant production of
certain features were determined by studying several morphological characteristics of
Norway maple trees. Among evaluated parkway trees uniformity of ecological factors is
assumed, and therefore proven individual variability can be attributed to genetic
constitutions of test trees.

The obtained results can be further used for the selection of genotype whose
application is of great importance in landscape architecture, horticulture and forestry.
Furthermore, they are a basis for fixating potential variability into free variability of
Norway maple.

Among Norway maple in parkways, there are certain superior trees
distinguished by their good grades of vitality and decorative value. These can be used as
a seed source and as material for vegetative propagation. Given the state of Norway
maple trees in streets, this species has proved to be a good choice for alleys, and with
other forms of urban green spaces, Norway maple in streets form stable and functional
system of urban open spaces in Belgrade.
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ABSTRACT

Different environmental characteristics of Serbia are represented by vegetations of Subotica,
Belgrade and Nis. It is found that species of Acer L. genus have high degree of presence in vegetation of these
cities, but are not dominant. Species Acer campestre L. is the most common in vegetation of Belgrade and Nis,
and the next most common is Acer tataricum L. In Belgrade area, Acer platanoides L. is noted as the second
most common species. Species of Acer L. genus are not present in potential vegetation of Subotica, and
therefore hypothesis that environmental characteristics influence structure of natural vegetation is proven.

Key words: autochthonous dendroflora, Field maple, Tatarian maple, Norway maple, variability

INTRODUCTION

The vegetation of certain region consists of plant community (phytocoenosis)
that occur as a result of a long process of mutual competition and adaptation as well as
adaptation to habitat conditions (Tomié¢, 2004). Vegetation structure and characteristics
of phytoceonosis depends on environmental factors and anthropogenic impacts. Natural
potential vegetation develops in areas which are not modified by anthropogenic factors
directly or indirectly, and is formed exclusively depending on climate, pedology and
other environmental condition.

Basic principles of distribution of vegetation and flora in Serbia are determined
by changes of climate and geomorfological characteristics moving from north to south
and (to a lesser extent) moving from east to west. In the first case, relief and climate
change significantly from continental and even pallid climate on the north to different
types of mountain climate on the south and to those types with the growing influence of
the south and submediterranean. In addition, the north is characterized by depression
with the valleys of large lowland rivers, and the south is characterized by montane areas
with low mountains massif ending with high mountains (Jankovi¢, 1984).

There are many species of the genus Acer L. in Serbia: Acer platanoides L.,
Acer monspessulanumL., Acer obtusatum Wladst. et Kit., Acer campestre L., Acer
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marsicum Gussone, Acer pseudoplatanus L., Acer tataricum L., as well as endemics of
Balkan peninsula Acer intermedium Pan¢. and Acer heldreichii Orph. (Vukiéevi¢, 1996).

Bearing this in mind, this paper presents the results of analysis of presence of
Acer L. species in potential vegetation of Serbia, because these type of exploration are
prerequisite for determining biological, and later breeding and decorative characteristics
of autochthonous trees in order to continue with their growing in cultures, plantations
and green areas of cities.

MATERIAL AND METHODS

Floristic material includes regions and coenosis in Serbia in which
autochthonous species of Acer L. genus are found. Exploration of potential vegetation
were conducted according to Braun-Blanquet floristic-ecological principles, which
suggests existence of 5 basic biomes and 4 elementary biogeografical provinces (Gajié,
1961). To determine the distribution of species, quantitive and qualitive analysis of many
stands were conducted (storey, periodicity, vitality, phenotypes, abundance, dominance,
sociability and frequency), and obtained data were synthesized.

Abundance, dominance and sociability are presented in tables (Arabic numbers
from 5 to 1 or sign + are written with species name when making phytocoenological
shot). The species gets number 5 regardless of the number of the individuals if it covers
75-100% of the area, and sign + gets the species which occurs with small number of the
individuals or its dominance is negligible (<1%). Sociability is also graded with Arabic
numbers. Number 5 gets the species which grows in large groups and number 1 if it
grows individually (Tomi¢, 2004).

Phytocoenological shots were taken on areas of 200m® to 1200m? and most
commonly on areas of a couple of acres. Mandatory elements of phytocoenological shot
are: ordinal number, date, phytocoenosis provisional designation, the size of the surface
in m?, locality, basic environmental conditions (orographic and edaphic), observations on
preservation, age and origin of the stand, data about structure of each story, list of
species for each story and for each species combined grade of abundance, dominance
and sociability. After taking at least 10 shots, phytocoenological table is made. Degree of
presence is determined by synthesizing data from tables. Degree of presence is presented
according to scale: V - species present 80-100% and | - species present 1-20% (Tomic,
2004).

RESULTS AND DISCUSSION

Cities Subotica, Belgrade and Ni$ are chosen as representatives of different
climate and geomorphological characteristics, hence the presence of species of the genus
Acer L. were noted and analysed in their potential vegetations.

Phytocoenosis of Subotica are: : Crataego nigrae - Populetum albae Par. 1972,
Populetum albae Jovanovi¢ et al. 1985, Salicetum albae - fragilis Soo (1933) 1958 and
Salicetum cinereae B. Jov. 1953., which are typical for conditions of high soil humidity
unfavorable for species of Acer L. genus (Jankovi¢ et al., 1984). Therefore, species of
Acer L. genus are not registrated in potential vegetation of Subotica.
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There are no plant communities with edificators from the genus Acer L. in
Belgrade area, but there are phytocoenosis in which these species occur with oaks and
beeches. Acer campestre L., Acer tataricum L. and Acer marsicum Gussone occur in
phytocoenosis Quercetum frainetto-cerris Rudski (1940) 1949 s. I. (Jovanovi¢, 1997). In
phytocoenosis Robori-Quercetum frainetto-cerris (Slav. 1952) Jov. et Tom. 1978.
besides English oak and Turkey oak, Acer campestre L. dominates. Field maple occurs
in phytocoenosis Rusco aculeati - Quercetum frainetto-cerris (Rud. 1940) B. Jov.
(1951) 1979. (which is widespread on Avala and in KoSutnjak). Acer platanoides L.
occurs in plant communities Tilio - Fagetum submontanum (Jank. et Mis. 1960) Misié
1972. and Festuco drymeiae - Fagetum submontanum (Jank. et Mi§. 1960) Misi¢ 1972.
(Jovanovi¢ et al., 1997), but in these phytocoenosis is not dominant species (Table 1.).

Table 1. Presence of species of the genus Acer L. in the potential phytocoenosis of
Belgrade

Parameter | Abundance and| Dominance Degree of
Phytocoenosis Species sociability presence
Quercetum frainetto-cerris | Acer campestre L. + 1 \Y
Rudski Acer tataricum L. + 1 v
Acer masricum Gussone. + 1 |
Robori-Quercetum frainetto- | Acer campestre L. + 2 11

cerris (Slav. 1952) Jov. et
Tom. 1978

Rusco aculeati - Quercetum | Acer campestre L. 1 2 11
frainetto-cerris (Rud. 1940)
B. Jov. (1951) 1979

Tilio - Fagetum | Acer platanoides L. + 1 \Y
submontanum (Jank. et Mis.
1960) Misi¢ 1972

Festuco drymeiae - Fagetum | Acer platanoides L. 1 2 11
submontanum (Jank. et Mis.
1960) Misi¢ 1972

Species from the genus Acer L. do not occur in phytocoenosis Quercion
petraeae-cerris Laks. et Jov. 1980, Quercetum frainetto - cerris - virgilianae Jov. et
Vuk. 1977, Salicetum albo-amygdalinae Slav. 1952, Salicetum triandrae Malc. 1929,
Salicetum albae - fragilis Soo (1933) 1958, Populetum nigro-albae Slav. 1952,
Populetum nigrae Jov. et Tom. 1979, Crataego nigrae - Populetum albae Par. 1972 and
Populeto - Salicetum Rajev. 1949 which are also natural potential vegetation of Belgrade
(Koji¢ et al., 1998).

Although they occur in great number of phytocoenological shots (releves) (which
indicates grade of degree of presence), the combined grade of abundance and sociability as
well as grade of dominance show that species of maple genus are not dominant.

In plant communities in Ni$ area, the most common of all species from Acer L.
genus is Acer campestre L.. It can be found in phytocoenosis Quercetum frainetto-cerris
Rudski (1940) 1949 s. 1., Carpino orientalis - Quercetum frainetto - cerris (Knapp 1944)
B. Jov. 1953., Fraxino-Quercetum roboris Rud. (1940) 1949 s.l., as well as in Populeto -
Salicetum Rjev. 1950 s.I. (Jovanovi¢ et al., 1997), in which Acer tataricum L. can also
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be found (Table 2.). Both species are found in great number of phytocoenological shots
but do not have high grades of dominance, abundance and sociability.

Table 2. Presence of species of the genus Acer L. in the potential phytocoenosis of Ni$

Parameter Abundance Dominance Degree of

Phytocoenosis Species and presence
sociability

Quercetum  frainetto-cerris | Acer campestre L. + 1 v
Rudski (1940) 1949 s. I.
Carpino orientalis Acer campestre L. + 1 |
Quercetum frainetto - cerris
(Knapp 1944) B. Jov. 1953
Fraxino-Quercetum roboris | Acer campestre L. 1 3 \%
Rud. (1940) 1949 s.1.
Populeto - Salicetum Rjev. | Acer campestre L. 1 2 1
1950 s.1. Acer tataricum L. + 1 |

Species of the genus Acer L. do not occur in phytocoenosis Quercion petraeae-
cerris Laks. et Jov. 1980, Quercetum frainetto - cerris - virgilianae Jov. et Vuk. 1977,
Quercetum frainetto - cerris physospermetosum (typicum Horv. 1946), Quercion frainetto
Ht. 1954, Hyperico androsaemi - Fagetum submontanum Vuki¢. (1966) 1970 and Salicetum
cinereae B. Jov. 1953. which are also natural potential vegetation of Ni$ (Koji¢, 1998).

SUMMARY

By comparative analysis of potential vegetation in Serbian cities: Subotica,
Belgrade, NiS it is determined that species of the genus Acer L. have high degree of
presence in Belgrade and Ni$ but they are not dominant species; and these species were
not found in phytocoenosis of Subotica.

The wide ecological amplitude of Acer campestre L. is confirmed and this is the
most common maple species in potential vegetation of Belgrade and Nis.

It is also confirmed that species Acer tataricum L. occurs in area of Belgrade
and Ni$ but is frequent in phytocoenosis of potential vegetation in Belgrade area, while
in Ni$ area occurs with a low degree of presence. This type of distribution of Acer
tataricum L. is expected given the lower ecological range than the range of Field maple
and similarities and diversities of ecological conditions in Belgrade and Ni3 area.

Acer platanoides L. is noted as the second most important accompanying
species in Belgrade phytocoenoses where it has high degree of presence. Norway maple
occurs in specific edaphic and climate conditions characteristic only for this area and
therefore is not noted in plant communities of Subotica and Nis.
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ABSTRACT

Quercus robur forest inside natural monument “Rogot” is one of the greatest areas of this forest type
in Serbia southern from the rivers Sava and Danube. This natural monument is located in Batocina area and
there is a group of Alno-Quercion roboris forest. There are analyzed ecological conditions and parameters of
development and production at Fraxino-Quercetum roboris typicum forest. This forest is 76 years old, with 213
trees per ha, cross-section surface of 28.8 square meters per ha, volume of 432.505 m3 per ha and volume
growth of 7.7 m3 per ha. As typical and rare forest in area of Sumadija, it is protected, which gave a possibility
of biodiversity conserving and determining a real strategy for its developing.

Key words: natural monument Rogot, Quercus robur, forest structure

INTRODUCTION

Natural monument Rogot was firstly protected in 11.11.1971- that was
suggestion of Institute for Nature Conservation of Serbia. On the base of law about
protection natural environment, this area belongs to the third grade of protection, which
means limited using of natural raw materials and strictly controlled activities in this
space.

Batocina Parliament made a decision about protection this natural monument,
so this Quercus robur forest is protected as a significant natural fortune.

The aim of this work is to explain why it is so important to protect it, to indicate
producing potential of this forest and to emphasize the importance of biodiversity
conserving. Some other authors tried to solve the same problems, [1], [2], [3], [4], [5].
and they deduced almost the same.

MATERIALS AND METHODS

Natural monument Rogot is located in Central Serbia, Great Pomoravlje area,
15 km far away from Kragujevac — north-eastern direction — and just 3 km far away from
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Batocina, close to the railway Lapovo-Kragujevac and highway Belgrade-Nis. It’s about
1 km far away from highway Belgrade-Nis, and about 4 km from the river Big Morava.
This complex is located between 44 07°50°” and 44 09°00°” of northern geographic width
and between 18 44’50” and 18 46°50”" of eastern geographic length from Paris.
Positions of a central place are X=48 08 500, 48 08 900 and Y = 75 30 750, 75 31 175.

The whole surface is a bit flat, with an average height from 105 till 116 meters. This
area is characterized with continental climate, with an average air temperature on annual basis
10.9 C, average rainfalls quantity on annual basis 633 mm, and there is so often windy.

Collecting of all necessary dates was performed in spring 2009. There were
seven fields on the whole ground, dimensions 50*50 meters [6]. All trees were
measured, diameter on 1.3 meters height was determined with accuracy of 1mm, heights
were determined with accuracy of 0.1 meter by device for height measurements Vertex
I11, and all dates were done with computer program Statgraph 6.0.

RESULTS AND DISCUSSION

This type of forest is located on non-carbonate ground, in the lowest and wettest
part of this complex. Greater part of this area is covered with Fraxino-Quercetum robori
typicum forest, with height between 105 and 108 meters. The ground is mainly flat with
some surfaces whose wettest parts keep the water when there is a big rainfalls quantity.

This forest is in the mid-period of its development. Quercus robur dominates
here and builds forests with a high grade of stability. As for its dimensions, diameter on
1.3 meters height, and its heights, we can deduce that it’s completely well adapted to this
type of habitat. These forests are characterized with lots of undergrowth plants.

As for the highest level of it, there is Quercus robur at the first place, and then
come some other species such as: Fraxinus angustifolia, Populus alba, Ulmus effusa,
Ulmus minor. Among undergrowths it is important to mention following species:
Crataegus oxyacantha, Crataegus monogyna, Cornus mas, Cornus sanguinea, Viburnum
opulus, Lysimachia nummularia, Lysimachia vulgaris, Carex remota, Agrostis alba,
Agrimonia eupatoria.

Table 1. Taxation value of fixed elements

number | T N dg hg G \Y Iv Dg Hg
god | kom/ha | (cm) | (cm) | (m*ha) | (m*ha) | (m*¥ha) | (cm) | (cm)
1. 65 184 431 | 26.3 | 26.8 387.769 7.1 525 | 274
2. 78 192 426 | 274 | 274 417.514 6.7 49.2 27.8
3. 78 192 429 | 274 | 278 423.141 6.8 495 | 279
4, 78 184 416 | 273 | 250 383.190 6.2 50.8 | 28.0
5. 78 188 441 | 278 | 28.7 437.611 7.0 50.8 | 28.0
6. 76 276 389 | 258 | 328 493.227 10.9 42.1 26.0
7. 76 276 39.0 | 254 | 329 485.086 9.3 435 | 26.8
X 76 213 417 | 26.8 | 28.8 432.505 7.7 483 | 274
T — forest age "V - volume per ha
N — number of trees Iv — current volume growth per ha
dg- diameter of a mid-tree Dg — diameter of a mid-tree from 20 % the largest trees
hg — height of a mid-tree Hg — height of a mid-tree from 20 % the largest trees
G - cross section surface per ha X — average values
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On the base of these values we can deduce that these forests have a big
potential, which is related to a big producing potential of the soil where they are located.
This type of forest is characterized with smaller number of trees per ha, but these
representatives have bigger dimensions at the same time, not only of diameter on 1.3
meters height, but also of heights. They also have a big current volume growth of about
7.7 m3 per ha, which gives an average volume of 430 m3 per ha. If we compare these
values with average values for Quercus robur in Serbian [7] forests measured research —
volume 312,3 m*/ha and volume growth 5,5 m®/ha -, and with values for Quercus robur
forests in Srem - volume 500 m*ha and volume growth about 9,0 m*ha [8], we can
deduce about their great producing potential. Apart from this, these forests are in a good
health condition, there is no presence of some harmful insects, which is a big difference
from this type of forest in Srem where we have process of drying its [9].
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Figure 1. Diameter structure

Real structure of this forest makes distribution of heights and diameters. It is
close to Gauss distribution form, which characterizes the same age forests [9], [10].
However, it’s hard to find forests like these, so those distribution forms are just similar to
Gauss. This complex is located at habitat of a big producing potential and there is one
expressed maximum at 37.5 cm diameter grade[13], [14], [15].
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Figure 2. Height structure

Mid-heights of this forest are well-balanced with a producing potential of this

habitat [16]. There is a one height-maximum at the grade of 25.5 meters.

CONCLUSIONS
On the base of everything that’s already said, we can deduce:

Protection of this complex contributed keeping it in a good condition, then
building its stability and increasing its producing potential

Managing of it should be a good example how to balance sustainable
development with different protection grades

High producing values and a big stability of this ecosystem suggest coming
back Quercus robur forests to this are

Conducting of protection measurements should be balanced with Quercus robur
needs, which could prepare it gradually for process of natural reproduction
Inside form of these forests introduces a mixture of different factors

Less intensive working activities in this area affect very positive animal world
Because of increased presence of visitors, it’s necessary to organize some kind
of education and give them enough information in order not to endanger natural
processes there.
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ABSTRACT

Main biological characteristics of Port-Orford cedar (Chamaecyparis lawsoniana (Murr.) Parl.) are
presented in the paper, as well as the results of the research of Port-Orford cedar plantation, established on site
of the montane beech forest (Fagetum moesiacae montanum B. Jov. 1953). Port-Orford cedar is non- native
conifer species in Serbia, which is used in reforestation on a couple of localities only, and on very small area.
The knowledge about bioecological characteristics of this species in its native sites, as well as research of its
stand state and realized production effects, are necessary for introspective of effects achieved by usage of Port-
Orford cedar in plantations on suitable sites. The research of environment conditions and Port-Orford cedar
stands state was done by setting of permanent sample plots in its plantation on Mt. Jelova Gora in western
Serbia.

Key words: Chamaecyparis lawsoniana (Murr.) Parl., bioecological characteristics, stand state
INTRODUCTION

Reclamation of degraded forests can be carried out in accordance with different
methods based on direct and indirect conversion and their combinations. Radical
measures of reconstruction used to be the most commonly applied methods in the past,
which implied substitution of degraded and coppice forests with artificially established
conifer stands.

The area of artificially established conifer stands in Serbia amounts to 124.800
ha or 5.54% of total forest cover [1], the most commonly were used Austrian pine,
Norway spruce, Scots pine, silver fir, Macedonian pine and Serbian spruce, among
native species, and Douglas fir, eastern white pine, European larch and Atlas cedar,
among introduced species. Port-Orford cedar is non-native conifer species in Serbia,
which is used in reforestation on a couple of localities only, and on very small area, and
the data about its development and structural characteristics and productivity of this
species in Serbia very sparse. For that reason the plantation on Jelova Gora Mt.
represents very significant research object. The knowledge about bioecological
characteristics of this species in its native sites, as well as research of its stand state and
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realized production effects, are necessary for introspective of effects achieved by usage
of Port-Orford cedar in plantations on suitable sites.

Conifer monocultures were mostly established on the sites of broadleaved species
which affected the flora composition and diversity and caused soil degradation
(acidification), which is the reason that, despite very good production effects, silvicultural
goal in such situations is conversion of conifer plantations to indigenous broadleaved
forests. The change of floristic composition, i.e. degradation is recorded in conifer
plantations, which, in shade tolerant species causes pauperization- facies nudum [2].

MATERIAL AND METHODS

Researh was conducted in Port-Orford cedar plantations in western Serbia, in
Jelova Gora Mt., which is management by forest enterprise ,,UZice". Geologic bedrock is
composed of schists and sandstones, and soil is acidic cambic with following
characteristics: texture is loam to loam-sand, with good porosity, and good water-air
characteristics, reaction is acidic to strongly acidic, saturation of bases is poor to
medium, and humus supply is medium to strong. In Coenologically researched stand is
on the site of montane beech forests (Fagetum moesiacae montanum B. Jov. 1953), with
flora characteristic of siliceous bedrock and acidic soils: Luzula luzuloides (Lam.)Dandy
et Wilmott, Rubus hirtus W. et K, Poa nemoralis L, Asperula odorata L, Mycelis
muralis (L.)Rchr., Vaccinium myrtilus L, Viola silvestris Lam, Fragaria vesca L. etc.
Establishment of Port-Orford plantation caused change and pauperization of floristic
composition, resulting in lacking of many plant species characteristic of beech forests
(facies nudum).

The analysis of meteorological data was done on the basis of ten years of
stationary measurments (1993-2002) in polygon station on Jelova gora Mt, located at
833 m.as.l. [3]. Average temperature in named interval was 9.5°C. Average air
temperature during vegetation period (April -September) is 15.5°C. The warmest months
are July and August, with average air temperature from 19.2°C to 19.3°C, and the coldest
months are December and January, with average air temperature 0.4°C and -0.1°C.
Average yearly precipitation is 786 mm. Total precipitation in vegetation period is 471
mm or 59.8%, which is very significant for the development of forest vegetation. Based
on Thorntweite climate classification, the climate of researched area belongs to
moderately-humide climate (type B.,).

Stand state was analyzed by placing permanent sample plots at the plantation on
the Jelova gora Mt. Research of stand state at the sample plot was based on the data that
included measurement of basic elements of forest inventory to determine stand
condition, collecting ecological characteristics necessary to define the site conditions and
typology. Diameters of all trees over 7.5 cm D.B.H. were measured, its heights are
measured also, and cores are taken from a certain number of trees in each diameter class
5 cm wide. Elements of stand conditions were calculated using Prodan's functions for the
design of height curve, Schumacher-Hall’s function to calculate the volume, and
diameter increment method to calculate the current volume increment. Also, mean
diameters of the basal area of stands (dq) and the dominant tree (D4) were calculated,
and diameter structure elements are shown by the following statistical indicator:
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arithmetic mean (d,), standard deviation (sq4), coefficient of variation (c,), variation
width (vg), asymmetry coefficient (03) and the coefficient of kurtosis (o4) [4].

RESULTS AND DISCUSSION

BIOECOLOGICAL CHARACTERISTICS OF PORT-ORFORD CEDAR
(Chamaecyparis lawsoniana (Murr.) Parl.)

Port-Orford cedar is ditributed in western part of the USA, in soutwest Oregon
and northwest California, near Pacific coast. Elevations are between 0 and 1500 m.a.s.l.,
on isloated stands even to 1950 m [5]. Port-Orford cedar has best development in areas
with lot of moisture in atmosphere and with wet soils, and it is usually confined to
bottomlands or hills (below 500 m.a.s.l) [6, 7]. It grows most frequently on slopes,
benches and gullies [8]. The climate characteristics on native sites are influenced by the
vicinity of the Pacific ocean. Average yearly temperatures are between 10°C and 13°C.
Winters are wet and moderately cold, and summers are warm and dry. Average yearly
precipitation level is moderate to high and makes 1000 to 2200 mm. Only 5% of this
amount falls in June, July and August, so the summers are characteristically dry. Snow
cover doesn’t forms in sites near the coast, but mountain sites have regular snow cover of
1-2 m. The lowest recorded temperature in native Port-Orford cedar sites is -15°C, but
soils are rarely frozen, minimal recorded temperature is -0,5°C. It is important to
mention that almost all natural stands grow on sites which remain wet during dry
summertime [5, 8].

Port-Orford cedar gros on various sites: sand dunes, moors, margins of
intemittent streams, and drier sites on ultramafic rocks; and on productive soils on
sedimentary rocks and diorite. It grows on soils in the orders Spodosols, Ultisols and
Inceptisols. Soils vary from well developed, deep, productive to skeletal. Average depht
to the surface of the C horizon ranges from 32 cm to 73 cm. Surface soils vary from
sandy loam to clay in texture and often contain much gravel, cobble and stone. Their pH
values range from 4,2 and 7,0 [8].

Port-Orford cedar rarely forms pure stands, it usually occurs in mixed stands
with other conifers, where it can comprise up to 25% of the growing stock [9]. Most
frequent associates are duglas-fir (Pseudotsuga menziesii (Mirb)Franco), sitka spruce
(Picea sitchensis (Bong.)Carr), western hemlock (Tsuga heterophylla (Raf.)Sarg) and
western redcedar (Thuja plicata Donn ex D. Don). These forests usually occur on colder
aspects, norhern, norteastern and eastern [8].

Port-Orford cedar is winterhardy species, it can whitstand temperatures as low
as -22°C. According to USDA frostresistent classification, it belongs to zone 7 [10],
which coers lowland areas of Serbia also. It is shade tolerant species. It is not demanding
in regards to soils, it thrives well on podzols, even on saline soils; provided enough
moisture, it can grow well on calk soils also. Howerver, it develops best on deep, fresh
soils rich in clay, especially if they are in wet climate. Its root system is strong, which
makes it windfirm. It is sensitive to air and soil drought. It copes well with moderately
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poluted air and traffic emisions, but grows poorly in heavily poluted areas [7, 8, 11]. It
can partially withstand stagnant water [12].

Native deceases and insects rarely attack Port-Orford cedar and inflict only
minor damage. Detrimental abiotic factors are drought and frost, to a smaller part cold,
drying winds, as well as air polution. Young trees are sensitive to fire [5]. It can cuffer
from windfalls [6]. However, it is hit by exotic fungus Phytophtora lateralis on its native
sites. Since, the rejuvenation is disabled on many sites, this species is categorized as
vulnerable species in [IUCN red list of endangered species for the year 2010 [13].

Seed production starts when the tree is between 5. and 20. years old, years of
good seed crops occur every 3 to 5 years, with anual medium to smal level of seed crops.
Seedling are shade tolerant, they survive for the long time in the understory, and thay
start to grow vigorously after reducing the canopy. However, if the canopy is very dense,
the seedling are of low vitality and soon die out, and in young even-aged forests it
doesn't form at all. Port-Orford cedar reproduces agressively from seed. It reproduces
fast on burntover areas with equal aggressivity. On clearcuts it reproduces up to
distances of 80 to 110 meters from seed source. It almost always reproduces
generatively, vegetative reproduction occurs very rarely in natural conditions. However,
Port-Orford cedar cuttings root with relative ease [5, 8].

It grows as a high tree, and reaches maximal heights 45 to 55 m (maximally 73
m with diameter of 4,9 m). It lives between 300 and 500 years [6], and the oldest trees
reach up to 600 years [14]. Growth in youth is slow, than moderate [6, 11]. It takes
between 14 and 31 year for rejuvenation to reach 1.3 m height, on clearcuts between 5
and 11 years [8]. The best heights are attained on soils rich in mineral maters. It reach 12
to 30 m of height in 100 godina. In Oregon 60 years old stands reach 23 m height, and 30
cm diameter. They produce about 900 m3 of wood per hectare and have annual increment
5-12 m?/ha in age between 36 to 44 years, i.e. 14-17 m3/ha in age 57 to 65 years. There
are experimental Port-Orford cedar forest areas in many countries of temperate climate.
It achieves good heights, but the overall yield is not higher than by main native tree
species: Great Britain (50 years) height 18 to 27 m visine, annual increment 12-24 m3/ha;
Belgium, Danemark (28-46 years) 5-13 mé/ha; New Zealand (38-78 years) 0,2-20 m3/ha
[5].

Port-Orford cedar is very important as an ornamental species [11], and it is one
of the most frequently grown ornamental species in North America and Europe [6]. First
introduction to Europe was in 1854. [15], and there are now in Europe over 200 cultivars
of this species [14].

There is some interest for growing of Port-Orford cedar in European forestry. In
middle Europe, the productivity of Port-Orford cedar is lower than that of duglas-fir. It is
suited to be planted on wet soils in which spruce suffers from wood rotting [12].
Maximal heights in Europe are half oh those in native sites. In England, a tree of 38 m
height is measured. Average height increment is 35 to 40 cm, and young trees can grow
up to 80 cm yearly [16]. In the territory of former Yugoslavia, near Nova Gorica,
Slovenia, Port-Orford cedar in the age of 40 years had volume 437 m3/ha, height 13.2 m
and annual increment 23,47 ha/m3, while average increment is 17,46 ha/m? [9, 17]. It is
frequent in parks of former Yugoslavia and Serbia, and it is vital, while it rarely occurs
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in forest plantations. It is suitable for growth on stands of mesophilous forests in lower
elevations [18].

STAND STATE OF Chamaecyparis lawsoniana (MURR.) PARL.
PLANTATION ON JELOVA GORA

Analysis of stand conditions was carried out on experimental fields located at an
altitude of 975 m, while its slope is around 5° and south-east exposure. The stand is aged
52 years. Canopy closure is dense. Based on the study of site conditions, climatic factors,
soil and phytocoenological characteristics, the stand is typologically defined as
artificially established stand of patempres on the site of montane beech forest (Fagetum
moesiacae montanum B. Jov. 1953 fac. nudum) on deep acid brown soil on schists.

Basic information on stand state (table 1) indicate a total number of trees is
1650 per ha. All trees are distributed in diameter classes from 10 to 35 cm. Distribution
maximum is in diameter class of 25 cm, with participation of 39.4%. Mean stand
diameter is 25.3 cm with the average height of 21.1 m.

Table 1. Basic data on the stand state

Age (year) 52

dq (cm) 25.3
h, (m) 21.1
D, (cm) 32.3
H, (M) 22.5
No tree-ha™ 1650
basal area (m*-ha™) 82.8
volume (m*ha™) 741.4
mean annual diameter increment (mm) 2.66
mean annual volume increment (m*ha®) 15.2
percentage of annual increment (%) 2.05
sq (cm) 55
cy (%) 22.15
V; (cm) 24.1 (12.2-36.3)
o3 -0.23
0y 3.07

Diameter structure of analyzed stand has parameters that characterize typical
even-aged structure that is characteristic of monocultures (diagram 1). Wood volume
amounts of 741.4 m*ha™, mean annual volume increment 15.2 m*ha™ and percentage of
annual increment 2.05%. Distribution of volume per diameter classes coresponds to the
distribution of trees, with maximum in diameter class of 30 cm with participation of
39,1%. High values of volume are the results of bioecological characteristics and
production potential, as well as leaving out of tending measures, and are consistent with
other results obtained with similar site conditions [17]. The results shows that the ability
of Chamaecyparis, as introduced on montane beech forest site, shows very good
production effects. Comparison of pacempres with other introduced conifers (Douglas
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fir, Weymouth pine, Norway spruce, Serbian spruce, Austrian pine) in the same site
conditions shows that there are significant differences compared to indigenous species,
and that the results approximate to other introduced species.

N (%)

diameter (cm)

Figure 1. Distribution of trees and volume per diameter classes

CONCLUSIONS

The importance of this research, which refers to bioecological characteristics,
environment conditions and stand state in the artificially established stands of
Chamaecyparis lawsoniana, would be reflected in selection of suitable tree species for
the reconstruction and silvicultural measurements, which would have to be adapted to
stand state and site conditions with the aim of improving the present state of the sites and
better use of their production capacities. Also, these results represent first data about
development and structural-productional characteristics of Port-Orford cedar plantations
in Serbia and they are significant for the retrospective of effects, which are achieved bu
using of Port-Orford cedar in plantation on montane beech site, as well as for the
comparation with the other species on the same site. Generally, it could be concluded
that under given beech site conditions, the production potential of Port-Orford cedar is
more or less equal to other introduced species and significantly higher when compared
with domestic conifers.
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ABSTRACT

Bryophytes are the second largest group amongst terrestrial plants, which counts approximately
25.000 species. Playing an important role in ecosystems they could be used in pharmacology, medicine and
agriculture. Serbia has 167 threatened species, that is important to protect; particularly nowadays, when the
environment is severely misbalanced. Herein, we present current advances in use of ex situ protection,
predominantly methods facilitated by biotechnology application in plant material manipulation. Although not
recognized, potential of this approach is respectable. It is important to emphasize each achievement in
compiling knowledge of bryophyte biology and biotechnology, especially when it serves to protect genetic
diversity.

Key words: biodiversity, bryophytes, biotechnology, ex situ conservation, in vitro propagation,
cryopreservation

INTRODUCTION

Bryophytes (Bryophyta) are an evolutionary old division of plants, which
includes three  main  groups: hornworts  (Anthocerotopsida),  liverworts
(Marchantiopsida), mosses (Bryopsida). They manifest a large promiscuity in their
ecological niches — covering a wide spectrum of habitats, except in the marine
ecosystems (sea).

The bryophytes are generally gametophyte-oriented; that is, the normal plant is
the haploid gametophyte, with the only diploid structure being the sporangium in season.
The bryophyte sporophyte remains attached to the gametophyte, and does not become a
free-living plant, as in other land plants. As a result, bryophyte sexuality is very different
from that of other plants. Bryophytes undergo two distinct stages of their life cycle: the
haploid and diploid generations. When a spore is released, it germinates, forming the
protonema, which is a photosynthetic filament of cells. As the protonema matures, it
forms leafy buds, which form the leafy gametophores that produce the gametangia
(antheridia or archegonia). These form at the apex of the stems and produce gametes.
The male plants or plant parts produce antheridia, which produce thousands of sperm.
Water is required for the sperm to be ejected. Stems that produce archegonia are
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identified by the pointed apices of the leaves, which enclose the archegonia, containing
an egg. The sperm produced by the antheridia must swim to the archegonia and down the
neck canal in order to fertilize the egg. The start of the diploid (sporophyte) generation is
marked by the formation of the zygote, which then develops into an embryo. The embryo
grows a shoot apex, directly out of the archegonial neck, which grows to enclose the
developing sporophyte, forming the calyptra. A capsule, called the sporangium, develops
at the apex of the sporophyte. The sporangia contain sporogenous cells, which undergo
meiosis, producing meiospores. This marks the beginning of the haploid gametophyte
generation.

Bryophytes play a major role in terrestrial ecosystems. Even though they are
rather small in size, their relative number compensates the net impact in total biomass.
This makes them an important factor for preventing erosion in woods and swamps. Moss
turfs could also be viewed as mini-ecosystems, providing microenvironment for small
invertebrates and prokaryotes. Furthermore, bryophytes are very important as one of
pioneer organisms inhabiting biologically empty space in the process of primary
successions. They are also important in nutrient, water and carbon cycling on a large
scale. Finally, due to their unique anatomy, some bryophyte species serve as good
bioindicators, showing levels of pollution in observed area(s) of distribution.

It is suggested that mosses are the closest living relatives of the vascular plants
(Goffient&Buck 2004). There are various estimates about the number of bryophyte
living species, with the estimated number varying from 13.370 (Paton et al. 2008)
through 15.000 (Schofield 2000), 16.236 (IUCN 2009) to over 20.000 and up to 28.000
(Sabovljevic&Sabovljevic 2008).

In Serbia bryoflora counts somewhat less than 500 species, of which: 78
liverworts and 419 mosses (Sabovljevic 2000, Sabovljevic&Stevanovic 1999).
According to the Serbian and Montenegrin regional red list (Sabovljevic et al. 2004), 167
species are threatened, including one moss species that is reported to be extinct -
Encalypta serbica. Besides that, Serbia has 36.92% of bryophytes threatened: 13
critically endangered, 21 endangered, 76 vulnerable, 53 low risk species, while for 23
taxa data is deficient.

As regards the use and application of bryophytes — it is not yet developed as it
could be. Even though, there are and could be significant uses of bryoflora. Bryophytes
are used in pharmaceutical products, in horticulture, for household purposes
(Saxena&Hadinder 2004). Peat is a very promising substitute for conventional fuels,
with a novel beneficial property — it is a clean-burning fuel (Glime 2007), while some
peat mosses can be used for novel bioremediation strategies in eliminating acid and toxic
heavy metal discharge, detergents, and dyes from the soil (Sabovljevic&Sabovljevic
2010). Mosses are often used to condition the soil; coarse textured mosses increase
water-storage capacity, whereas fine-textured mosses provide air spaces (Ishikawa
1974). Compounds present in bryophytes have been investigated for antioxidative, anti-
inflammatory, antimicrobial, antivenomous, anti-tumor and other biologically important
activities (Dey and Jitendra 2012). Some bryophytes are found to hyperaccumulate
metals (Dey and Jitendra 2012), while some can be used for monitoring the thickness of
ozone layer (Glime 2007).
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MATERIALS AND METHODS

There is multiple importance of in vitro techniques for this type of applied
research. Depending on the goal of our research, we are able to optimize our experiment
to favour the desired effects of in vitro manipulation on our specimens.

Generally, after collection of sample material, the sporophytes must be
separated from the gametophytes and mildly sterilized. Then, samples must be subjected
to cultivation. Different media compositions and combinations of nutrients are reported
to be successful for usage (Sabovljevic et al. 2003, Duckett et al. 2004, Thelander et al.
2005, Sabovljevic et al. 2012). There should be special attention pointed to chemical
properties of the medium (above all its pH). The cultures should be grown at optimal
temperature, illumination and day/night regime. Effects of physical factors, especially
light intensity and temperature and response on variable external conditions are species
specific (Awasthi&Nath 2010).

Several possible factors that participate in dormancy in bryophyte’s spores have
been already described (Sabovljevic et al. 2003, Silva et al. 2010) and therefore must be
taken into consideration when designing experimental setup. In general, bryophytes
prefer temperatures between 15 and 25 °C. Irradiance in laboratory conditions is often
far below the intercepted by the majority of bryophytes in nature, but that level is
sufficient for their optimal growth. (Duckett et al. 2004).

Plant growth regulators are important supplements of growth medium, because
they can induce specific developmental stages. Auxins and cytokinins are commonly
used in this type of procedure (Schumaker&Dietrich 1998, Cove et al. 2006). Gibberellic
acid has shown positive effect on bryophyte morphogenesis in few examined species.
(Sabovljevic et al. 2010).

Newly formed culture serves as a reliable donor of explants. These explants can
be inoculated and further cultured in growth medium multiple times, and this process is
called micropropagation (Benson 1999). Medium with all nutrients necessary can serve
as plant storage for a determined period, which has been used as in vitro mid-term
storage technique for ex situ preservation of endangered and rare species.

To avoid the genetic alterations that may occur in long tissue cultures storage,
experimental protocols have been developed for the storage of germplasm at very low
temperatures known as cryopreservation. (Benson 1999, Paunescu 2009). Multiple
protocols are optimized and reported to be applicable for various experimental models
(Pence 2008), some of which rely on the ability of abscisic acid as a growth regulator.

These protocols comprise several component parts, many of which interface
with in vitro manipulations. Cryoprotection is the key step, together with the application
of pre-treatment strategies, enabling the usage of cryopreservation for long-term storage
in ex situ preservation. Reduction of moist is also significant stage in preparing plant
material for cryopreservation. Bryophytes are easy to use because they survive loss of
water more easily than other fragile plants. Both gametophyte and sporophyte are
suitable for cryostorage, particularly gametophyte as highly regenerative tissue.
Cryopreserving of bryophyte's spore still remains to be inquired (Pence 2008).
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RESULTS AND DISCUSSION

Many obstructing factors may interfere with our results. There (potentially) are
some problems we shall encounter when trying to gain a satisfactory result.

The initial material must be sterile. For that purpose, better option is to use
sporophyte generation of plants. Complete sterilization of surface and later opening of
capsule can provide sterile spores. Type and concentration of sterilizing agent can be
crucial for final amount of viable initial material (Duckett et al. 2004, Sabovljevic et al.
2012).

After various manipulations and sterilization, the explant which is finally placed
on the medium will inevitably contain stressed, damaged and dying cells (applicable for
any kind of plant material). Dying of tissue may be prevented by the adding glutamine
(Bergmann et al. 1997) or activated charcoal (Kikkert et al. 1996) to the culture medium.
When the explants are placed at a low population density, the concentration of essential
substances in the cells and in the medium shall also make culture development
unfavoured, via activation of programmed cell death (McCabe et al. 1997). The
population density is most often empirically adjusted.

Protocols for culturing are well established and they can be easily modified in
order to satisfy specific requirements of cultured species. Ratio between auxin and
cytokinin will determine the type of culture established. However, usage of plant growth
regulators can provoke changes in genetic property of cultured sample. Therefore, it is
necessary to limit addition of these regulators if the purpose of culturing is preservation
of cultured species (Rowntree et al. 2011). Indirect pathway (via callus) should be
avoided due to increased risk of somaclonal variation occurrence (Panescu 2009).

Cryoprotective pre-treatments are usually applied to germplasm before
cryoprotection; they enhance survival when used in combination with other
cryoprotective strategies, particularly those that have a purpose to avoid ice crystals
formation. Improvements in cryopreserveative protocols enable appearance of many
different methods of safely storaging plant material for long term. Complete procedures
and description of these methods have been published (Engelmann 2004). However,
there are bryophyte species vulnerable to desiccation. Future efforts should be dedicated
to solve the problem of low surviving induced by stressful stage of preparing material for
preservation (Duckett et al. 2004).

Bryophyte spores are likely adaptable to cryostorage, so spore cryopreservation
should prove to be an efficient and stable method for storing a large amount of moss and
liverwort genetic diversity with lowered costs (Pence 2008).

After the complete development of the plant in vitro, it is important to fulfil a
process called acclimatization. This procedure helps plants to survive contrast between
optimal conditions in the laboratory and severe conditions in natural environment, which
is enormously important for reintroduction (Lynch 1999).

CONCLUSIONS

The potential use of applied science for bryophyte protection and its
implications for agriculture and human health are still not explored as it could be.
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Potential utilization of bryophytes for human use is not appreciated enough.
Nevertheless, it may be immensely useful to try and make gene banks, in vitro
cryopreservated and/or living collections, or spore collections of as many bryophyte
species as possible, due to their massive importance for a number of processes in the
ecosystems.

In vitro techniques were predominantly developed to manipulate with vascular
plants, but later were successfully applied in bryology. Differences between possible
techniques in these two groups come from specificities in anatomy and life cycle. In
vitro cultures are strongly applicable for ex situ protection of bryophytes. Further work
with protocols for cryopreserving spores and highly regenerative tissues are still
explored and expected to continue improvement of the efficiency and expand the
applicability with these procedures.

Even though, organised bryophyte conservation seems to be absent in Balkan
countries, and general lack of awareness on this issue is apparent. Perhaps the most
serious threat to bryophytes, and to the natural world as a whole, is the attitude many
governments, businesses, and other groups with influential roles have towards
environmental conservation, placing their economic development before any
environmental concerns.

When we give something to the environment, the nature duly delivers back, as
well as when we take something out of it. The technological progress made by the
mankind have brought us into the position of seriously considering possible negative
consequences of men activities on Earth and now we must realize the importance of
sustainability, as one and only concept that is applicable to save the future. In the light of
knowledge that we posses today — it is essential to redirect at least a part of our
technological aspirations towards a more sustainable society, that makes it both in its
development and protecting (or to say it more accurately: avoid endangering)
exceptional values woven into biological diversity. Protecting rare biological species en
general by use of biotechnology is and will continue to be a good example of the kind of
behaviour future society must rely on in order to get any closer to sustainability.

Acknowledgement

This paper was supported by the Ministry of Education and Science of the
Republic of Serbia, Project No. 173030.

REFERENCES

1. Goffinet B. and Buck W.R. (2004). Systematics of the Bryophyta (Mosses):
From molecules to a revised classification. Monographs in Systematic Botany.
Molecular Systematics of Bryophytes (Missouri Botanical Garden Press). ISBN
1-930723-38-5. 98: 205-239.

2. Paton A.J., Brummitt N.A., Govaerts R., Harman K., Hinchcliffe S., Allkin R.,
Nic Lughadha E.M. (2008). A working list of all known plant species —
progress and prospects towards Target 1 of the Global Strategy for Plant
Conservation. Taxon. 57: 1-10.

81



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

11.

12.
13.

14.

15.

16.

17.

Schofield W.B. (2000). Classification and Number of Bryophyte Species. In:
Hallingback T. and Hodgetts N. (eds). Status Survey and Conservation Action
Plan for Bryophytes; Mosses, Liverworts, and Hornworts. IUCN, Gland,
Switzerland. ISBN: 2-8317-0466-9. pp. 2-5.

International Union for Conservation of Nature. (2009). Numbers of threatened
species by major groups of organisms (1996-2009). Available at URL:
http://www.iucnredlist.org/documents/summarystatistics/2009RL_Stats_Table_1.
pdf

Sabovljevic A. and Sabovljevic M. (2008). Bryophytes, a source of bioactive
and new compounds. In: Govil J.N. and Singh V.K. (Eds.) Phytopharmacology
and Therapeutic Values 1V, the Series "Recent Progress in Medicinal Plants™.
Studium Press, Houston, Texas, USA. pp. 9-25.

Sabovljevi¢c M. (2000). Checklist of hepatics of the Federal Republic of
Yugoslavia. Lindbergia. 25(2): 37-42.

Sabovljevi¢ M. and Stevanovi¢ V. (1999). Moss Conspectus of the Federal
Republic of Yugoslavia. Flora Mediterranea. 9: 65-95.

Sabovljevic M, Cvetic T, Stevanovic V. (2004). Bryophyte Red List of Serbia
and Montenegro. Biodiversity and Conservation. 13: 1781-1790.

Saxena D.K. and Harinder. (2004). Uses of Bryophytes. Resonance. 9(6): 56-65.

. Glime J.M. (2007). Economic and Ethnic uses of Bryophytes. In: Flora of North

America Editorial Committee (Eds). Flora of North America: North of Mexico.
27(1): pp. 14-41. Oxford University Press, New York, ISBN-13:
9780195318234.

Sabovljevic M. and Sabovljevic A. (2010). Potentials of bryophytes for
biotechnological use. In: Govil J.N. (Ed). Comprehensive bioactive natural
products V.1 - Potential & Challenges. Studium Press, LLC, USA. pp. 211-233.
ISBN: 1933699515.

Ishikawa 1. (1974). Bryophyta in Japanese gardens (2). Hikobia. 7: 65-78.

Dey A. and Jitendra Nath D. (2012). Antioxidative Potential of Bryophytes:
Stress Tolerance and Commercial Perspectives: A Review. Pharmacologia. 3:
151-159. doi: 10.5567/pharmacologia.2012.151.159.

Sabovljevic M, Bijelovic A, Dragicevic 1. (2003). In vitro Culture of Mosses:
Aloina aloides (K.F.Schultz) Kindb., Brachythecium velutinum (Hedw.) B.S. &
G., Ceratodon purpureus (Hedw.) Brid., Eurhynchium praelongum (Hedw.)
B.S. & G. and Grimmia pulvinata (Hedw.) Sm. Turc. J. Bot. 23: 441-446.
Duckett J.G, Burch J, Fletcher P.W, Matcham H.W, Read D.J, Russell A.J,
Pressel S. (2004). In vitro cultivation of bryophytes: a review of practicalities,
problems, progress and promise. Journal of Bryology. 26: 3-20.

Thelander M, Olsson T, Ronne H. (2005). Effect of the energy supply on
filamentous growth and development in Physcomitrella patens. Journal of
Experimental Botany. 56(412): 653-662.

Sabovljevic A, Vujicic M, Skoric M, Bajic-Ljubicic J, Sabovljevic M. (2012).
Axenically culturing the bryophytes: Establishment and propagation of the
pleurocarpous moss Thamnobryum alopecurum Nieuwland ex Gangulee
(Bryophyta , Neckeraceae) in in vitro condition. Pak. J. Bot. 44(1): 339-344.

82



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Awasthi V. and Nath V. (2010). Effect of Some Physical Factors on
Reproductive Behaviour of Selected Bryophytes. The International Journal of
Plant Reproductive Biology. 2(2): 141-145.

Silva A.S.M, Porto K.C, Simabukuro E.A. (2010). Effects of Light and
Nutrients on Different Germination Phases of the Cosmopolitan Moss Bryum
argenteum Hedw.(Bryaceae). Braz. Arch. Biol. Technol. 53(4): 763-769.
Schumaker K.S. and Dietrich M.A. (1998). Hormone-induced signaling during
moss development. Annual Review of Plant Physiology and Plant Molecular
Biology. 49: 501-523.

Cove D, Bezanilla M, Harries P, Quatrano R. (2006). Mosses as model systems
for the study of metabolism and development. Annu Rev Plant Biol. 57: 497-520.
Sabovljevic A, Sabovljevic M, Grubisic D. (2010). Gibberellin influence on the
morphogenesis of the moss Bryum argenteum Hedw. in in vitro conditions.
Arch. Biol. Sci. 62(2): 373-380.

Benson E.E. (1999). Cryopreservation. In: Benson E.E. (Ed). Plant
Conservation Biotechnology. Taylor & Francis Ltd. London, UK. pp. 83-96.
Panescu A. (2009). Biotechnology for Endangered Plant Conservation: A
Critical Overview. Romanian Biotechnological Letters. 14(1): 4095-4103.
Pence V.C. (2008). Cryopreservation of Bryophytes and Ferns. In: Reed B.M.
(Ed). Plant Cryopreservation: A Practical Guide. Springer Science+Business
Media LLC, Corvallis, OR, USA. Section Il, pp. 117-140.

Bergmann B.A, Sun Y.H, Stomp A.M. (1997). Harvest time and nitrogen
source influence in vitro growth of apical buds from Fraser fir seedlings.
HortScience. 32: 125-128.

Kikkert J.R, Hubertsoule D, Wallace P.G, Striem M.J, Reisch B.l. (1996).
Transgenic plantlets of chancellor grapevine (Vitis sp.) from biolistic
transformation of embryogenic-cell suspensions. Plant Cell Reports. 15: 311-316.
McCabe P.P, Levine A, Meijer P-J, Tapon N.A, Pennell R.I. (1997). A
programmed cell death pathway activated in carrot cells cultured at low density.
The Plant Journal. 12: 267-280.

Rowntree J.K, Pressel S, Ramsay M.M, Sabovljevic A, Sabovljevic M. (2011).
In vitro conservation of European bryophytes. In Vitro Cell.Dev.Biol.—Plant.
45: 55-64.

Engelmann F. (2004). Plant cryopreservation: progress and prospects. In Vitro
Cell.Dev.Biol.—Plant. 40: 427-433.

Lynch P.T. (1999). Tissue Culture Techniques in In Vitro Plant Conservation.
In: Benson E.E. (Ed). Plant Conservation Biotechnology. Taylor & Francis Ltd.
London, UK. pp. 41-62.

83



XX International Scientific

and Professional Meeting \lli \‘.
"ECOLOGICAL TRUTH" ECO-IST'12 xx i
D £

30 May - 2 June 2012, Hotel “Srbija TIS", Zajecar, SERBIA

THE BOULDER VEGETATION OF MILJIKOVACKA GORGE VALLEY
Milica Miljkovic”, V. Randjelovic, N. Randjelovic

The Faculty of Science, Departman for Biology, Visegradska 33, 18000 Nis, SERBIA

“milica.zeka@yahoo.com

ABSTRACT

In this paper, the boulder vegetation of Miljkovacka Gorge is presented which consists of two
associations in the clints: ass. Micromerio-Parietarietum serbicae, ass. Nova, and at the rocks: ass. Ceterachi-
Ramondietum serbicae R. Jovanovi¢ 1952.

Key words: the boulder vegetation, Miljkovacka Gorge
INTRODUCTION

Miljkovacka Gorge, which flora and vegetation we explored from 2010. to
2011., is situated in Eastern Serbia, near Nis. It is bordered by Svrljiske Mountains —
Kalafat (837 m high) and Kamenicki vis (813 m high) from south and hillsides of Devica
(1187 m high) from north and northeast, which belong to Carpathian-Balkan group of
mountains. According to classification of N. Randelovi¢ and his associates (2009.) the
Valley of Miljkovacka River belongs to area of Balkan Serbia.

Bela River that wells near mountain Devica and KopaljkoSarska River that
wells near Kalafat meats each other near Popsica making PopS$i¢ka River, which gets
name Kravljanska River because it runs through Kravlje, and it changes name to
Miljkovacka River when it’s running through the village Miljkovac, and near the village
Mezgraja it ejects to Juzna Morava as Toponicka River (171 m above the level of sea).

The geological basis of Miljkovacka Gorge and its banks consists of Mesozoic
limestone, arisen in period of Palaeozoic and Mesozoic, like the other boulders on the
mountains of East and Balkan Serbia. Besides them, the gneiss, phyllit, amphibolite,
slate, sediment boulders (the tufa is the most representative near the springs and the
metamorphic boulders like quartzite and marble also) can be found there. In the
geomorphologic way, the Valley of Miljkovacka river is very rugged with numerous
gorge-like and canyon-like types of relief, many caves, sub caves, the boulders with
different condition, age and origin.

During the degradation of geologic basis by anthropogenic factor and ecological
succession of floristic and vegetation processes, there are the pedogenetic processes also
in the Valley of Miljkovacka River. According that, the soils of Valley of Miljkovacka
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River can be classified at two categories: zoned and inter-zoned, which degradation goes
with the vegetation degradation, so in this region the degraded cambisols and degraded
grey forest soils can be found, where the vegetation of boulders and pastures can be
developed.

In view of the fact that at this area, yearly, there are two extremely wet and cold
periods (from January to May and from September to December) and one arid period
during the summer, the flora distribution is justified, and the duration of vegetation
period, the consistency and percent of some life forms also.

The area of Miljkovacka Gorge is not explored enough, and it was the object of
interest by many explorers, like Spas Sotirov, who found at 1977. the new emplacement
of endemic-relic plant Ramonda serbica in the Valley of Kravljanska River, that
contributed to bigger concernment for new explorations by geomorphologist Z.
Martinovi¢ and botanist N. Randelovi¢ who visited this area at 1984. and next year, they
published short paper about some botanic news.

THE SYSTEMATIC REVIEW OF LIMESTONE
BOULDERS ASSOCIATIONS

The associations at clints and limestone boulders:

Class Asplienetea rupestria Br.-Bl. 1934,

Genus Potentilletalia caulescentis Br.-Bl. 1926.

Nexus Micromerion cristatae N. et V. Rand. 2010.

1. Ass. Micromerio-Parietarietum serbicae , N.Rand.,V.Rand. et M.Milj.2011.
Nexus Ramondion nathaliae Horvat 1935.

2. Ass. Ceteracho-Ramondietum serbicae R.Jovanovi¢ 1952.

THE DESCRIPTION OF ASSOCIATIONS

1.Ass. Micromerio-Pariterietum serbicae, ass. nova- zajednica bresine i srpske vijoSnice

Nearby Kravlje, there are big limestone boulders on the right side of riverbank
near the pastures, where the vegetation is developing at clints of rocks.

The vegetation like this we have found earlier in Jelasnicka Gorge where the
similar boulders can be found, with similar vegetation at the clints and on the ledges.

We think that this is vegetation which was not described before, characterized
by the species Micromeria cristata, that builds the limestone boulders association
mentioned before with the species Parietria lusitanica f. serbica.

Besides them, there are next species: Alyssum saxatile, Sedum hispanicum,
Dianthus petraeus, Silene flavescens, Asperula purpurea, Sedum dasyphyllum, Allium
saxatile, Sesleria rigida, Linaria concolor, Artemisia alba, Melica ciliata, Sempervivum
marmoreum, Draba aizoides, and some bushy species Cotinus coggygria, Rhamnus
saxatilis, Syringa vulgaris, Coronilla emerus that present the elements of bushy
vegetation in further progressive ecological succession at these habitats.

The association belongs to the class Asplienetea rupestria, the genus
Potentilletalia caulescentis and new nexus Micromerion cristatae.
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Table 1. Phytocoenotic table Ass.Micromerio-Parietarietum serbicae, ass.nova

1 [2]3]4]5]6]7]8]9l10]11
Characteristic species of association: Kravlje Topilo Life Flora
form | element
Micromeria cristata (Hampe) Griseb. 2 [2]1213|3|3]1 |.].]1]1 H Bal-Anat
Parietaria serbica Pancic 2 [1]1]1 111 1]+ H Med-As
Micromerion cristata:
Sedum dasyphyllum L. 1 | 2(2| 11|21+ |+]+]+ |+ H subMed
Alyssum saxatile L. 2 |2]1]1(1]3]3 |1]3]1 |2 T Carp-Bal
Silene flavescens Waldst. & Kit. 2 [1]1|.]2]2]|3 1111 1 H Carp-Bal
Asperula purpurea (L.) Ehrend. 1 12|.]12]2]2]|3 1]+ [ 2 H subMed
Alyssum murale Waldst. & Kit. . 11 f1p1y1 .| 1]1 |2 H  Euro-subMed
Seseli rigidum Waldst. & Kit. 2 | 1]. +]11 |3 3 H subMed
Dianthus petraeus Waldst. & Kit. 2 [2]1].]. ]3]+ |1 H Bal-Dac
Linaria concolor Gris. +l+ |+ + 1 H Bal
Allium saxatile Bieb. 1 |1 G Med-As
Cephalaria flava (Sibth. & Sm.) Szabo 1 . H Bal-End
Draba aizoides L. 1 + H Alp-Carp
Asperula longiflora Waldst. & Kit. +| 1 H subMed
Potentilletalia caulescentis
IAsplenietea rupestria:
Asplenium ceterach L. . . 1 +]1 +H+ |1 Ch subMed
Sedum acre L. 1|1 112]1]1 + |1 H Euro-Med
Sedum ochroleucum Chaix + . + . . HEIRE R H subMed
ISedum hispanicum L. + 1)1 1 |+ . + T Euro-Med
Melica ciliata L. + 1. 1 | 1]1]. + H Euro-subMed
Asplenium ruta-muraria L. . + +H o+ |+ Ch Boreal
Asplenium trichomanes L. 1 Ch Kos
Festuco - Brometeae
Petrorhagia saxifraga (L.) Link 3 |2|2|2|2]|2|1 |3 1 |+ H subMed
Allium flavum L. 1 1. .|+ NI G Med
Centaurea micranthos + rl+]. 1. 1] +| . + H subMed
Satureja kitaibelii Wierzb. 1)1 1 |+ H Bal-End
IAcinos hungaricus (Simonkai) Silic 1 . + H Pont-Med
Stipa capillata L. . . + |+ H Pont-Med
Potentilla argentea L. + | + . H SPont
Festuca vallesiaca Schleich . + H Euro-As
Scabiosa columbaria L. + | H llir-Ap
Scabiosa ochroleuca L. + . H Euro-Sib
Sideritis montana L. + . T subMed
Artemisia alba L. 2 Ch subMed
Festuco - Seslerietea
Sesleria rigida Heuffel ex Reichenb. 3 2 . 3 2 H Carp-Bal
Paronychia kapela + H subMed
ICarpinetum orientalis
Syringa vulgaris L. . +] . 111 J1]1]. + P Carp-Bal
Coronilla emerus L. 1 [ +]1 . 1 1|1 Ch subMed
Rhamnus saxatilis Jacq. . + |+ + Ch Euro-Med
ICrataegus monogyna W. K. r + . . Ch subBoreal
IAcer monspessulanum L. + |+ P subMed
Fraxinus ornus L. . + |+ P subMed
ICotoneaster niger (Thunb.) Fries + . Ch Euro-As
ICotinus coggygria Scop. + Ch Med-As
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Quercus pubescens Willd. . Ny N + P Euro-subMed
Prunus mahaleb L. 1 P Euro-Med
Euonymus europaeus L. + Ch Euro-As
Accompaniers:
ISempervivum marmoreum Griseb. . el Hl2 1+ | H subMed
Galium album Miller . Ny 1 + |+ H Euro-As
[Teucrium montanum L. . R EAr R H subMed
Euphorbia cyparissias L. . N + |+ T Eur
ICoronilla varia L. . e N H Euro-Med
Hypericum rumelicum Boiss. . ] |+ H Bal
Arenaria leptoclados (Reichenb.) Guss. | . BEIE T Euro-As
Xeranthemum annuum L. . et T subMed
Linaria vulgaris Miller . N . H Euro-Sib
ICarum carvi L. . Ny 1 T Euro-As
IChelidonium majus L. . Ny + H Euro-As
Eur SubBoreal Boreal
Euro-Sib 2% :
4% Euro-As
Alp-Carp__12%
2% Jlir-Ap
2%
Bal-Anat
2%
Bal-Dac Euro-Med
2% pal Carp-Bal Euro- 9%
4% 79%  Spont Med Pont- Med-As subMed
2% 2% 4% 5% 5%

Graph 1. The presence of flora elements of association Ass.
Micromerio-Parietarietum serbicae, ass.nova

The analysis of flora elements:

In this association, and flora analysis shows that, we meet three groups of flora
elements. The first group is consisted of flora elements with Mediterranean
designations: Mediterranean 2%, Sub-Mediterranean 30%, Euro-Mediterranean 9%,
Euro-sub-Mediterranean 5%, Pont-Mediterranean 4%, South-Pont 2% and
Mediterranean-Asian 5%, and the total is 57%. At first look, the presence of this group
of flora elements is great, but this is normal because they grow in hilly regions, on
limestone boulders at rocky basis that heats easily and more easily colds, so the
temperature of the basis, i.e. of these plants habitats, extremely warm or extremely cold.
If you look the habitat of this association, you see the degraded habitat of Mediterranean
type, with small amount of soil covering, in the clints and ledges.

The second group is made by the flora elements of local area, Balkan flora
elements: Carpathian-Balkan with 7%, Balkan (exact meaning of word) with 4%,
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followed by: Balkan endemic species with 4%, Balkan-Dacia plant species with 2%,
Balkan-Anatolian with 2%, Illyrian-Apennines with 2% and Alps-Carpathian with 2%.

The third group is made by the plants of colder northern areas that come to this
habitat from north: European 2%, Eurasian 12%, Euro-Siberian 4%, Sub-Boreal 2% and
Boreal 2%, and Cosmopolite with 2%.

Elements of colder

areas
19%
Elements of warm
Balkan Mediterranean
24% areas
57%

Graph 2. The presence of flora elements groups in vegetation of association
Ass.Micromerio Parietarietum serbicae, ass.nova

On the base of this analysis, we can conclude that the association belongs to
sub-Mediterranean phytocoenosises developed on extremely degraded limestone basis
that is characteristic for warmer areas of East Serbia situated in the development zone of
sub-mediterranean nexus Syringo-Carpinion orientalis, and it belongs to nexus
Micromerion cristatae and to new association Micromerio-Parietarietum serbicae,
which is developing on limestone boulders of lower hilly region of Balkan Serbia
mountains, with characteristic species: Silene flavescens, Sedum dasyphyllum, Alyssum
saxatile, A. muralis, Allium saxatilis, Cephalaria flava, Seseli rigidum, Draba aizoides,
Asperula purpurea, Micromeria cristata and Parietaria lusitanica f. serbica.

p G
9%

T/

12%

Ch
18%

Graph 3. The life forms presence at association Micromerio-Parietarietum
serbicae, ass.nova

As it’s shown on graph 3., hemicryptophytes dominate (H) and this shows that
the described association is situated in zone of moderate-continental climate, and large
presence of chamaephytes (Ch) points to the progressive successive processes to
permanent stadium Carpinetum orientalis serbicum. The plants of this association live in
condition of increased temperature and lower humidity for one part of vegetation season,
the June, the July and the August, the summer period, and it is shown by percent of
therophytes (T). The small number of phanerophytes (P) is effect of high level of basis
degradation by anthropogenic-zoogenic factors, because the habitat of this phytocoenosis
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is situated nearby pastures and the village Kravlje. The small percent of geophytes (G) is
effected by the character of the ground itself, because it is made of boulder clints where
is the small part of pedologic covers, which inhibits the development of sub-terrain
vegetative organs, except the individuals adapting to these extreme conditions of life (for
example, Allium saxatile). According that, the association Micromerio-Parietarietum
serbicae is chamaephyte-hemicryptophytes.

2. Ass. Ceterachi-Ramondietum serbicae R. Jovanovié¢ 1952

On the left side of the riverbank down to the village Kravlje, at the beautiful
canyon, on the vertical limestone boulder, there is one of two tropic relict plants from the
genus Ramonda-R serbica.

The endemic-relict species R. serbica is discovered firstly by the greatest
Serbian botanist (1878)., and at Miljkovacka Gorge, as we mentioned before, it is
noticed by S.Sotirov. And here, like at the others localities, which is described by (1952),
it builds mentioned association with the species Ceterach officinarum.

In association, there are the next species also: Alyssum saxatile, Galium album,
Asplenium ruta-muraria, Draba aizoides, Seseli rigidum, Sesleria rigida, Dianthus
petraeus, Sedum ochroleucum, Cerastium banaticum etc.

The association belongs to the class Asplenietea rupestria, to the genus
Potentilletalia caulescentis and the nexus Ramondion nathaliae.

CONCLUSION

1. Ass. Micromerio-Parietarietum serbicae is new association which belongs to new
nexus Micromerion cristatae, to genus Potentilletalia caulescentis and to class
Asplenietea rupestria, and the association Ceterachi-Ramondietum serbicae,
belongs to nexus Ramondion nathaliae, and to the same genus and class.

2. The new association of East Serbia boulders is studied in detail, and the well
known association with the species Ramonda serbica is just notified in
Miljkovacka Gorge.

3. Until the ass. Micromerio-Parietarietum serbicae grows at clints of rocks, the
ass. Ceterachi-Ramondietum serbicae, grows on the ledges of rocks at the
canyons of East Serbia, higher than first association.

4. The both associations belong to hasmophyte vegetation of limestone boulders of
Carpathian-Balkan mountain system, that is not explored well at area of
Carpathian and Balkan Serbia.
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ABSTRACT

The waterfalls of Stara planina mountain are not as high and impressive as Victoria or Niagara falls,
but in this area, there are more waterfalls than we have assumed. Unfortunately, we have not even heard for
many of those waterfalls, and some of them have been discovered in the last few years. Waterfalls lovers claim
that those waterfalls show their most beautiful side during spring and summer when there is a lot of water
flowing through them. Some of those waterfalls are about 10-20 meters high, but there are several waterfalls
that reach the height over 60 meters. Considering the fact that all of those waterfalls are inside the protected
area “Nature Park Stara Planina” their ecological protection should be considered during the forthcoming
tourist visits to Stara planina mountain.

Key words: Stara planina mountain, waterfalls, protection

The Stara planina mountain is an exceptionally interesting natural and cultural
area in the border zone of Serbia and Bulgaria. Also known as the Balkan mountain
(from which the Balkan peninsula got its name), the Stara planina mountain begins at the
town of Zajecar and stretches across the municipalities of Knjazevac, Pirot and
Dimitrovgrad and across the Republic of Bulgaria, all the way to the Black sea on the
east. Its total length is around 530 kilometers. The highest peak in Serbia is Midzor
(2169 m), while in Bulgaria the highest peak is Botev (2.376 m). As a complex
morphological body, on the west side, it is bordered by the rivers Beli Timok, Trgoviski
Timok and Visocica river, while the entire mountain range is intercut with many rivers
and streams [1]. Because of the vast hydrographical net, this area has recently started to
attract visitors due to its natural beauties located on rivers and streams. As those streams
run through transversal valleys and contain a lot of water, they form many natural
beauties, whose names are present in scientific literature as well as in the language of the
native population (river, creek, stream, waterfall, whirlpool, cascade, waterfall...)
Those natural beauties have primarily been described by the famous Serbian geographer
Jovan Cvijic in the 19™ century. He wrote that “in Eastern Serbia, waterfalls and
cascades are located on small rivers and streams that run through karst terrains, where
the main river produces much more erosion than smaller creeks and that leads to the
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imbalance between the heights of river valleys” [2]. All the occurrences of falling water
from river valleys, Jovan Cvijic has divided into two categories- those waterfalls where
water crosses only one ledge during its fall (he calls those waterfalls skok, buk or
ripaljka) and those waterfalls where crosses several descending ledges and forming
cascades (which he calls slap). Both of those categories contain the following parts:
ledge or several ledges (where the flowing water falls), bucnica ( the cauldron-shaped
depression under the final ledge) and pljusak ( foaming water torrent which dissolves to
drops after falling). The height of the waterfalls is usually around 5-15 meters, but there
are some linked waterfalls which together form heights of over 60 meters.

There is not much scientific information about the waterfalls on Stara planina
mountain. The existing data are often about the waterfalls which are in the proximity of
roads or cultural monuments, while the information about the hidden interesting
waterfalls can currently be found only on the internet [3]. The scientific literature doesn’t
provide systematic and insightful information about their names, locations,
characteristics and there are no suggestions for their protection. As all of these
waterfalls and cascades are located in the basins of greater rivers, in this publication, the
waterfalls are going to be classified according to the basins which contain them.

The basin of Beli Timok river contains the waterfall in Vlaski dol, the Saska
River waterfall and the Suvodol Cascade. The waterfall in Vlaski dol is located less
than 6 kilometers from the city of Zajecar in the southeastern direction. It is located in
the northern part of Stara planina mountain, below the peak of Vrska cuka (692 m) and
near the settlement of Prlita, in the karst valley of the Prlita stream, about 160 meters
above the sea level. The waterfalls has 4 ledges with a total height of about 10 meters.
The biggest and the most beautiful section is about 2 meters high. The Saska River
waterfall is located about 14 kilometers from the city of Zajecar and it is near the
settlement of Vratarnica, but it hasn’t been described in the scientific literature. It is
located on the eponymous river, which flows down from the Stara Planina Mountain
from the Bulgarian direction into the river of Beli Timok. Before the part of Saska river
which is called Zli dol (evil valley), there is a vertical section about 5 meters high where
the relatively beautiful waterfall appears during the periods of greater water level.
Located deep inside the river valley, in the areas which people have deserted since the
middle ages, this waterfall can be accessed only with the help of local guide. The largest
and the most beautiful cascade in this area formed by the deposition of travertine in river
bed is located in the upper part of Selacka reka (a tributary river to Beli Timok).
Considering the fact that it is located near the monastery of Suvodol, it was named after
that (The Suvodol Cascade). The source of the Suvodol river is located 42 meters
upstream from the travertine accumulation and the monastery of Suvodol is located on
one of the travertine terraces nearby. From the source of the river to the travertine
accumulation water is transported through underground tunnels to the pond, from where
it falls through cascades from the height of 38 meters. The travertine accumulation is
about 70 meters wide and its diameter is approximately the same size as the diameter of
the travertine terrace. The main section of the waterfall is separated by dense moss into
several smaller torrents. The various forms of travertine deposits and the water flowing
over the limestone contain a specific esthetic value, not only for the cascade, but for the
whole travertine accumulation [4]. The genetic and esthetic characteristics of this
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waterfall have made this waterfall become one of the protected geomorphologic
creations in the Geo-heritage of Serbia [5].

The basin of Trgoviski Timok river contains the Buk waterfall and the Bigar
cascade. The Buk waterfall has been described by Jovan Cvijic as the most typical
erosive waterfall of its kind on Stara planina mountain. It is located on the Crni Vrh river
(the tributary river to Trgoviski Timok river) which flows over amphibolite schists and
whose river bed contains many rapids and smaller waterfalls in the part from the
settlement of Crni Vrh to the settlement of Balta Berilovac. The Buk waterfall is 4
meters high and its water flow is divided into two parts- the larger amount of water falls
into a deep pit covered with sand, while the other part of water pours down a less steep
path at the right side of the main waterfall. One of the most recognizable and (according
to Jovan Cvijic) one of the most beautiful waterfalls of Stara planina mountain is the
Bigar cascade on the eponymous river in the territory of Stanjinac village. The streams
appears below St.Onufrije monastery and it flows through the valley which is 1000
meters long and about 500-600 meters wide and it flows into the Stanjinac river (a
tributary river to Trgoviski Timok river). The source of the river is located underneath
the limestone section called Pajeski kamen “which separates from the limestone
mountains of Orlja and Pajes”. (Cvijic, 1896) From the source to the mouth of the river,
the valley is filled with travertine deposits which is over the limestone base in the upper
part and over the sandstone base in the lower part of the river. The shallow sinuous river
bed is located in the central part of the wide valley filled with travertine depostis and it is
covered with abundant vert, so it hard to spot the river flow. At the place where this
valley reaches the bigger valley of Stanjinac river, the water (divided into several
cascades) falls from the height of 35 meters and creates a very beautiful cascade
waterfall.

The basin of Topli dol river (and Temstica river) contains the waterfalls
Prskalo, Piljski skok, Cunguljski skok and Kurtulski skok. The road that leads from
St.Djordje monastery (and the settlement of Temska) up the Temstica river goes through
a beautiful canyon, which people sometimes call “The small Colorado” because of the
impressive red rocks that form the canyon. Near the entrance to the canyon, on the right
side of the road towards Bukovicki dol, there is a canyon-like section with a relatively
small, but scenic waterfall. The waterfall is called Prskalo and its water falls from the
height of about 10 meters and at the half of that height it hits a smooth rock and spatters
intensely. Thus the waterfall justifies its name (prskati-spatter), but it also makes the
surrounding rocks very slippery, so it is recommended to observe this waterfall from a
distance. One of the biggest waterfalls of Stara planina mountain are located on the
tributary rivers to Topli dol river. The most interesting of those waterfalls are Piljski
skok, Cunguljski skok and Kurtulski skok. Piljski skok is the second highest waterfall in
Serbia with its height of 64 meters. It is located about 8km east of the settlement Topli
Do, on the river called Lisevsli dol, below the peak of Pilj (1467 m). It consists of two
ledges- Upper and Lower Piljski skok. Due to its remoteness, it was discovered in 2002,
before that, only indigenous population was aware of its existence. Cunguljski skok is
located below the peak of Cungulj (1692 m), it is 42 meters high and it can only be
accessed through mountain roads and paths from the settlement of Topli do (about 18
km). It has been discovered by a group of explorers in 1996. Kurtulski skok is located

93



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

in Krmoljski dol below the peaks of Ostra cuka (1318 m) and Cungulj (1692 m). It is 27
meters high and it is 12km away from the nearest settlement (Topli do). In the vicinity of
these waterfalls, there are also waterfalls called Ciselski skok, Jerisorski skok and
Vurnja.

The basin of Visocica river contains the waterfalls Tupavica, Dragan waterfall,
Bigar, Belsko Vrelo cascade, Crveni Breg waterfall, Kraijna waterfall, Tri kladenca
waterfall, Orlov kamen waterfall, Kopren waterfall and VVodenicka reka waterfall near
the settlement of Senokos in the municipality of Dimitrovgrad. Tupavica waterfall is
not very high, but due to its esthetic values, it can be classified as one of the most
beautiful waterfalls in Serbia. It is located on the small river called Lisevski dol (the
tributary river to Dojkinci river) near the protected area of Arbinje. The waterfall is
consisted of about ten ledges and it is 15 meters high. Although it is located only
hundreds of meters from the road it is hard to find without the help of a guide. In the area
of Arbinje (in the upper part of Dojkinci river) there are more smaller waterfalls and
potholes in river bed (which are called kotlovi by the indigenous population). The most
famous waterfall in that part of the river is located in the place called Draganov vir and it
is called Dragan waterfall after the owner of that piece of land. The waterfall is about 6-
7 meters high and it is located at the right side of the road which leads through Arbinje.
Near the settlement of Paklestica, there is another waterfall called Bigar. It is currently
not a well-known waterfall, but it certainly possesses distinctive esthetical values. It can
be accessed by an old caravan road, which leads next to the ruins of an ancient city. The
inhabitants of that city used to transport the water from the waterfall by large pipes and
use it for drinking and other purposes. The height of the waterfall is around 10m and it is
about half-hour walk away from the settlement of Paklestica, thus only adventurers and
explorers visit this waterfall. The Belsko Vrelo cascade is located at the entrance of the
settlement of Bela, only few meters below the eponymous karst spring. The legend says
that the entire settlement got its name for the whiteness of the waterfall (belo-white). On
the 12 kilometre from the town of Pirot to Stara planina mountain (and the settlements of
Rsovci and Visocka Rzana) and 4 kilometres from “Stara” motel in the territory of the
village of Krajinci, there is a beautiful waterfall trapped between huge rocks, called
Kraijna waterfall. On the left side of the same road, but (farther up the road) between
the villages of Rsovci and Visocka Rzana, in the periods of heavy rains and snow
meltdown, Crveni Breg waterfall appears. Unfortunately, the water runs through this
waterfall only at certain times of year and at that period it runs through the hole in red
sandstones (after which it was named crveni breg - red hill) and pours down into the
river of Visocica. The Tri kladenca waterfall was unknown to wider population all until
2010. It is located on the Dojkinci river (at the altitude of 1645 m) below the eponymous
spring (Tri kladenca). On the right tributary river to Dojkinci river (in the area of
Lisevski dol) there is another waterfall called Orlov kamen waterfall. It got its name
because it is under the rocks where eagles nest (orlov kamen- eagle’s stone), it is about
20 meters high, and it has several ledges (the biggest vertical section is 8 meters high)
and it is difficult to find because it is surrounded by dense spruce forest. The waterfall
that is located the farthest from civilization is in the territory of the village of Senokos
(the municipality of Dimitrovgrad) on the Vodenicka reka river (below the road to
Srebrna glava) and above teh Ivkov vir spring. It is about 6 meters high and it is called

94



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

after the river (Vodenicka reka waterfall) or after the spring (Ivkov vir waterfall). The
waterfall at the greatest altitude in Serbia is located in the basin of Jelovica river (on
Dabidza stream) below the eponymous peak (Kopren, 1963 m) after which it is named
Kopren waterfall. According to the measurements done by dr Sasa Milenkovic from the
Karst Hidrogeology Center at The Faculty of Mining and Geology in Belgrade, this
waterfall (which is located at the altitude of 1820 meters) can get the title of the largest
waterfall in Serbia, because its total height (from the top to the bottom) is 103.5 meters,
with several ledges and an average fall of 56.4 degrees. Below this waterfall, there is
another one (not yet named) whose height hasn’t yet been measured, but according to
visual estimation of the same scientist “ it is not less than 50-60 meters high”.

All the mentioned waterfalls, because of their great sizes and esthetical values,
are becoming a key destination for many mountain climbers and nature lovers in the past
several years. An increasing number of tourist agencies and mountaineering associations
already incorporate the visits to Stara planina mountain waterfalls in their routes and thus
the number of visitors of these attractive natural destinations is getting larger.

The Stara planina mountain was proclaimed a Nature park in 1997 and in the
area of the Park special sectors and protection categories were defined (Sl.glasnik RS,
115/08, Prostorni plan podrucja Stare planine i turisticke regije Stara planina, 2007). The
first category of protection includes the parts of Visocica river, Topli dol river and
Trgoviski Timok river basins and the second category of protection includes the parts of
Temstica river and Beli Timok river basins. With the regime of protection in the Stara
Planina nature park, the amount and different kinds af tourist exploitaions, infrastructural
urbanism and other scenery changes have been defined. But, the intensive tourist activity
in this area includes certain ecological risks (the water basins pollution and the change of
landscape esthetics), and the incoming tourist exploitation will not sustain only on winter
sports and recreational tourism, it is surely going to embrace using other natural values
inside the defined preotected areas.

A large number of tourist visits toward the attractive values of Stara planina
mountain (like the mentioned waterfalls) and the construction of traffic and tourist
infrastructure, is surely going to lead to the deterioration of the appearance and the
authenticity of natural landscapes. The solutions to the negative effects of tourism can be
formed in the mutual cooperation between national, regional and local community and
also scientists, tourist operators and tourists, as with mutual partnership which builds the
collective responsibility toward the sustainability of natural values and cultural
inheritance of the specific tourist destination [6].
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THE WATERFALLS OF STARA PLANINA MOUNTAIN

The Bigar waterfall

The S'uvol cascade The Piljski skok waterfall

96



Eco-Ist’12, Ecological Truth, 30 May - 2 June 2012. Hotel ““Srbija TIS”, Zajecar, Serbia

The Bigar cascade - The Tupavica waterfall The Prskalo waterfall

In order to protect the waterfalls of Stara planina mountain, the primary factor
that should be taken care of is the human activity, which can have a tremendous effect on
the development of tourism in this area (the changes of soil usage, urbanization, the
watercourse arrangements, waterpower usage and similar activities). According to the
law regulations, it should be considered that those objects are put to protection as natural
beauties with specific scientific, educational and esthetical values and as “objects or
advents which are clearly distinguishable and recognizable with representative
hydrographical and other characteristics, usually with attractive and imposing display or
an unusual kind of appearance”. (The Environmental protection Act). In that way those
objects would, as protected natural objects or a part of national heritage, and as our
inheritance to the future generations, represent an attractive part of the natural
surrounding and they would be representative samples in the existing and (yet) unaltered
ecosystem on Stara planina mountain.
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ABSTRACT

A dataset of fifteen sample plots of mixed beech and valuable broadleaved forests in the northeast of
Serbia was used in order to examine tree-size diversity and tree species dominance. For this purpose, structural
index U (Hui et al. 1998) was applied. The results show that in this case the dominance of beech over valuable
broadleaves is not so clearly expressed, as these relationships were analyzed through measures which are
commonly used in forestry. It can be concluded that the applied index is very suitable for the evaluation of
stand structure, tree-size diversity and the level of competition between trees.

Key words: beech and valuable broadleaved species, tree-size diversity, stand structure, dominance
index

INTRODUCTION

Speaking about the necessity of applying new parameters for the
characterization and description of the actual state and structure of the stands in forest
management, Gadow (1993) underlines the importance of determining the degree of
inequality — diversity of tree sizes in a stand. It is well known that tree size diversity
within stands affects economical values in terms of relative profit of different
management regimes and that large tree size diversity may ensure a wide range of
habitats and a continuous supply of large dead trees, providing a high level of
biodiversity in a forest ecosystem (Lexergd, Eid 2006). In these analyses, determination
of tree diameter diversity is particularly emphasized because it is easy to define and it
can be used for different purposes (Staji¢, Vuckovi¢, 2006, Staji¢ 2011).

The basic information about the differences between the trees with regard to
their diameter size can be obtained in different ways: by applying the diameter structure
curves and statistical parameters that characterize these distributions, through so called
degree of homogeneity (Kramer, Akc¢a 1995, Bankovi¢, Medarevi¢, 2003) or through the
index of homogeneity (De Camino 1976). All these methodological approaches have one
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thing in common — their application does not provide detailed information about the
"spatial" differences in the dimensions of trees and their nearest neighbours, which should
be an important part of the database on spatial structure and diversity of forest stands.

The aim of this study is to analyze and quantify the tree size diversity and the
tree species dominance in the mixed stands of beech and valuable broadleaved tree
species and to review information on some characteristics of structure and biodiversity
that are important for the nature-based management of these forests.

MATERIAL AND METHODS

The research of the stand structure and the tree size diversity in the mixed stands
of beech and valuable broadleaved tree species was carried out in four series of sample
plots (15 experimental plots in total) in the northeastern part of the Republic of Serbia, in
the National Park ’Djerdap’’(44°26'36" N, 22°09'45"). These four series represent four
ecological units: A (SP1-SP4), B (SP5-SP8), C (SP9-SP12) and D (SP13-SP15). The
average annual precipitation is 784 mm. The study stands, sized 0,25-0,45 ha (about 5 ha
in total), are in the forest of beech and valuable broadleaves (Turkish hazel, Norway
maple, wild cherry, sycamore, wild service tree, elm, lime, hornbeam and flowering ash).

The average number of trees per ha is: 621 (A), 401 (B), 309 (C) and 570 (D)
and the average volume per ha (m?) is: 453 (A), 431 (B), 494 (C) and 298 (D). The
average quadratic mean diameter and the average quadratic mean diameter of dominant
trees (cm) of two most represented tree species per ecological unit are: beech — 29,1 and
50,9, Turkish hazel — 26,9 and 36,9 (ecological unit A), beech — 38,4 and 56,2, Turkish
hazel — 34,9 and 51,6 (ecological unit B), beech — 42,2 and 61,0, Norway maple — 29,7
and 43,2 (ecological unit C) and beech — 23,7 and 37,3, Turkish hazel — 29,4 and 45,2.

The diversity of the tree size (diameter differentiation) and the tree species
dominance were calculated by the measure of neighbourhood dimensions or dominance
index, i.e. structural index after Hui, et al. (1998):

1.0
Ni=
with: « is a binary value (0 = neighbour is smaller then the reference tree i, 1 = otherwise)

The measure of the neighbourhood dimensions was based on the differentiation
of the diameters of the reference tree and its three nearest neighbours. In general, this
structural index quantifies the number of neighbouring trees that are larger than the
reference tree and clearly illustrates the differences between the sizes of neighboring
trees.

The average value of this index for all tree species together (stand level) and for
two main tree species respectively was calculated as a mean value of all U; values:

n
Ui
i=1

U:

S|
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RESULTS AND DISCUSSION

Table 1 presents the average values of the dominance index per diameter at

stand level (U, g )» then per diameter of beech (Upeecn )» Turkish hazel (U pazer)

stan
and Norway maple (LTn.mame) trees. The values of dominance index Uggnqg in all

sample plots (except SP6) and averagely at the level of the ecological units are
approximately the same and range from 0,44 to 0,49 (Table 1). The values of Ugng

index are quite different from the values of U , and Un.mame indices. The values

t.haze
0f U peech» Particularly within the stands of ecological unit A, are the closest to the

average values of U,q index. This is due to the fact that beech trees outnumber other

species in these stands. Therefore, the values of the beech tree dominance index have the
greatest impact on the values of these indices at stand level.

A special importance of U index lies in the fact that its application provides
results that can be used to determine the level of relative dominance of individual woody
species in the stands. For this purpose, the average index of dominance was determined
for two dominant tree species in each stand respectively. The average values of the index
of dominance of beech (), Turkish hazel and Norway maple trees are also presented in
Table 1.

Table 1. Values of U index-stand level, beech trees, Turkish hazel trees and Norway
maple trees

Ustand Upeech Ut hasel U n.maple
SP 1 0,47 0,47 0,48 -
SP 2 0,49 0,50 0,18 -
SP 3 0,45 0,46 0,52 -
SP4 0,48 0,50 0,42 -
< Average 0,47 0,48 0,40 -
SP 5 0,49 0,45 0,61 -
SP 6 0,33 0,28 0,30 -
SP 7 0,46 0,39 0,38 -
SP 8 0,47 0,34 0,33 -
2 [Average 0,44 0,37 0,41
SP 9 0,48 0,48 - 0,52
SP 10 0,46 0,35 - 0,69
SP 11 0,44 0,40 - 0,51
SP 12 0,46 0,46 - 0,78
O [average 0,46 0,42 0,63
SP 13 0,47 0,54 0,23 -
SP 14 0,47 0,48 0,33 -
SP 15 0,49 0,55 0,39 -
O [average 0,48 0,52 0,32
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The results show that in the stands with beech and Turkish hazel as the most
frequent species (stands of ecological units A, B and D), we cannot establish a uniform
"pattern” of relative dominance of one species over another. In other words, in ecological
units A and B, beech exhibits the greatest relative diameter dominance (SP1, SP3, SP5
and SP6) in one half of the stands, while Turkish hazel dominates in the other half of the
stands (SP2, SP4, SP7 and SP8). On the other hand, all the stands of ecological unit D
are characterized by a clear relative dominance of Turkish hazel over beech. There are
two most frequent species in ecological unit C - beech and Norway maple. By comparing

the obtained results it can be concluded that beech (0,35<U peech <0.,48, averagely 0,42)
has a significant relative dominance over Norway magle (0,51 Un_map|e <0,78,

averagely 0,63).

Even if the mean values are the same, data structure can be characterized by a
quite different variability. Therefore, in order to make the picture of the actual stand
structure and tree size diversity as clear as possible, the determined values of U; index
are classified according to the guidelines of Hui et al. (1998): "class 0" (all three nearest
neighbouring trees have smaller diameters than the reference tree), "class 0.33" (two
trees have smaller diameters than the reference tree), "class 0.67" (one tree has a smaller
diameter than the reference tree) and "class 1" (none of the neighbouring trees have a
smaller diameter than the reference tree).

The same species of trees with the same or approximately the same values of

U index can have quite different distributions of individual values of U; index, which
means that they have different structural form as well (Graph 1). It can be clearly seen if
we analyze for example distributions of individual U; values for Turkish hazel trees in
ecological unit A (Figure 1).

With approximately the same values of the average U index (0,48 and 0,52),
classes "0" and "1" are the most frequent classes in SP1 and "0.67" in SP3. This value of
U; index ("0.67") is determined in about 10% of Turkish hazel trees in SP1, while the
same value applies to 60% of the trees in SP3. It practically means that in SP1 only about
10% of Turkish hazel trees have 2 nearest neighbouring trees whose diameters are larger
than the diameter of the observed tree, while in SP3, almost 60% of Turkish hazel trees
are surrounded by two out of three neighbours with superior dimensions. U; index of
beech trees in this ecological unit has a more regular distribution of values in comparison
to the distribution of the same index of Turkish hazel trees. The same can be said for the
distribution of beech U; index and Turkish hazel U; index in ecological unit C. Anyway,
in 14 out of 15 sample plots in total, U; indices of individual beech trees are recorded in
all four studied classes, which indicate a considerable regularity in the distribution of
these values in all ecological units.
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Figure 1. Values of U index- stand level, beech trees, turkish hasel trees and Norway
maple trees according to classes (SP1-SP15)
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The index of dominance is readily applicable in the assessment of the tree-size
diversity and dominance, which can be proved by comparing the results obtained by
applying U index with the results obtained by applying the parameters that are used to
qualify diameter structure. Based on the values of quadratic mean diameter and average
quadratic mean diameter of dominant trees, it is evident that the beech trees in ecological
units A and B are characterized by larger diameters in comparison to the trees of Turkish
hazel and this element of growth makes beech dominant over Turkish hazel. The results
of the application of U index give a clearer picture of the actual dimensional relations
between the trees of each individual species and their nearest neighbours. The smaller
average value of the index determined for Turkish hazel in comparison to beech in
ecological unit A shows that Turkish hazel has a relative dominance over beech in this
ecological unit. Out of three analyzed dominant tree species, the smallest relative
dominance is asserted by Norway maple, whose trees are usually surrounded by two
rivals with larger and one with smaller dimension.

These results can be used to obtain basic information about the degree of tree
competition in the stands. The basic assumption is that if the trees, which are in the
immediate surroundings of the observed reference tree, have superior dimensions, they
in most cases have better developed crowns and greater potential for competition in
comparison to the reference tree.

With the beech trees, there is a kind of randomness in the distribution of the
rivals with larger and smaller dimensions, which practically means that beech trees are
partly surrounded by one rival with superior dimension and partly by two rivals with
larger dimensions. The trees of Turkish hazel are in most cases trees with greater
dimensions in comparison to the neighbouring trees, so their immediate neighbours are
rivals whose diameters are about 40% smaller. The dimensions of Norway spruce trees
are in most cases less superior in comparison to the neighbouring trees. Therefore, they
are often under strong or extremely strong competition from the neighbouring trees.

CONCLUSIONS

Dimensional differences among the trees can be estimated by the curve which
represents the number of trees per individual diameter degrees or by applying statistical
parameters of diameter structure (for example, coefficient of variation). However, the
stands of identical diameter structure and with the same values of coefficient of variation
can differ considerably because the trees of different diameters can be spatially more or
less mingled. In ecological unit A, relative dominance is exerted by beech in two stands
and by Turkish hazel in the other two. On the average, it can be concluded that Turkish
hazel has a greater relative dominance than beech in this ecological unit. The same
applies to ecological unit B — two stands are dominated by beech and two by Turkish
hazel. However, on average beech has a relative dominance over Turkish hazel at the
level of this ecological unit. In ecological unit D, Turkish hazel can be described as a
species with a greater relative dominance in comparison to beech. In ecological unit C,
beech has considerably more dominant dimensions than Norway maple in relation to their
nearest neighbours. On the average, each Norway maple tree is surrounded by two out of
three nearest neighbours with larger diameters than the reference Norway maple tree.
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At the end, we can say that in the commercial forests, as well as in the
conserved ecosystems, the characteristics of structure and biodiversity are the key
elements for the assessment of forest function, stability and hazards. For this reason,
forest management and administration by the principles of sustainable development
require permanent monitoring of different aspects of structure and diversity. In that
context, spatial distribution of tree dimensions and tree species dominance are important
parameters for the characterisation of the spatial stand structure and diversity.
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ABSTRACT

The paper presents the results of studying diameter growth and increment of artificially established
black locust in the Special Natural Reserve "Deliblato Sands™. To reconstruct the diameter growth and increment,
30 dominant trees from the stands on Rhamneto — Quercetum virgilianae forest type (better and poorer site
classes) were felled. At the age of 25, black locust reached the diameter of 20 cm (better site classes) and 16.5
(poorer site classes) in this area. The lines of growth and current and average diameter increment show that
black locust is a species with intensive growth in youth, early growth peak and intensive subsequent increment
decline.

Key words: Deliblato sands, black locust, diameter growth and increment
INTRODUCTION

One important aspect of forest management and forestry in general is to achieve
maximal production of high quality wood. Under such a management system, a range of
management measures have to be in compliance with the biological patterns of tree
growth as well as with the aim of achieving primary production of commercial timber.
Apart from its commercial importance, the growth of forest trees is of tremendous
ecological significance. Biometric description of the course of growth (growth models) is
a reliable parameter for assessing the ability of different woody species to withstand the
impact of various factors (climate changes and extremes, air pollution, changes in the
level of groundwater, changes in certain site conditions etc). Early detection of possible
devitalization is extremely important from the aspect of discovering its causes and taking
control measures to minimize the damage of both commercial and ecological character
(Vuckovié, Stajic 2001). In this context, observing the responses of individual tree
species to the changes of the main environmental conditions is the most important task in
the process of forest preservation and enhancement because when we talk about some
phenomena, we should have proven quantitative indicators to support our assumptions
(Vuckovié, et al. 2005).
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In the light of the above stated problems of forest management and with the aim of
their minimizing or solving, the economic and ecological importance of investigating the
tree diameter growth is particularly emphasized. An area of great national importance,
whose successful governing and managing requires a range of high quality information
about diameter growth of different tree species, is the Special Natural Reserve "Deliblato
sands". According to Medarevic, et al., (2005) the greatest area of Deliblato sands is
covered by black locust forests (35.9% of the total volume and 45.5% of the total volume
increment). The greatest part of the black locust forests belong to the protected forests of
category |11, which have not only the ecological, but also the production function, which
makes them suitable for economic use.

MATERIAL AND METHODS

The study was carried out in the region of "high sand" (at the altitude above
150 m) of The Deliblato Sands in the Management unit "The Deliblato sands". This
management unit extends between 44%48' and 45°01' of north latitude and between 20°56'
and 21°19' of east longitude. January is the coldest month of the year (-1,4°C) and July is
the hottest (+21,8C). The pluviometric regime of The Deliblato sands has all the
features of the continental middle European pluviometric type of regime which prevails
in much of the continental part of our country. According to mean monthly values of
relative air humidity, the wettest months are December and January, the driest April,
July, August and September.

The research comprises stands of generative origin on two different soil types. For
each soil type, a group (or a series) of five experimental plots was singled out (10
experimental plots in total):

e Series A — artifically established locust stands on Rhamneto — Quercetum

virgilianae forest type, on medium deep leached chernozem,

o Series B - artifically established locust stands on Rhamneto — Quercetum

virgilianae forest type, on the shallower variant of medium deep leached
chernozem with a two-layered humus-accumulative horizon,

Table 1. Basic growth elements of the studied plots

\Y h, H dg Dg

Plot— Nrha (m?) (m) (m) (cm) (cm)

1 832 211 18,2 20,0 19,0 27,6

2 1104 231 17,9 20,8 17,3 26,2

A 3 1120 247 18,6 20,3 17,3 23,8
4 944 187 18,1 20,2 16,9 24,0

5 832 224 18,8 21,0 19,1 25,9

1 1891 178 14,1 16,3 12,1 18,7

2 1478 146 14,4 15,9 13,2 19,2

B 3 2121 184 14,8 17,0 12,0 17,2
4 1872 181 14,7 15,9 14,7 21,0

5 1503 129 13,6 15,8 11,3 14,7
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The stands are 25 (BG) and 29 (AG) years of age The size of the plots was from
250 m? to 625 m?, depending on the stand density, in order to achieve a minimum of 50
trees per plot. The basic growth elements of studied experimental plots are presented in
Table 1.

In order to reconstruct the growth and increment of diameter, a set of 30 trees (15
trees in each series) was felled and their cross-sections were taken at successive
distances of 1 m along the stem from the bottom to the top (0.0 m, 0.3 m, 1.3 m etc.).

Chapman-Richards function was used for the purpose of presenting the
diameter growth of black locust dominant trees. It is one of the most commonly used
functions in this kind of research (Zeide 1993, Pretzsch 2001, Gadow 2002, Kotar 2005,
Staji¢ 2003, 2011):

y=a-(-e®Tf

Based on the obtained growth function, the current (i;) and the mean increment
(ip) functions were derived:

.
[ £(T)dT
_0 _FM

. abc[e (" —1)]c
v e —1 PTT T T

i o

In order to determine the significance of the observed differences in the growth
of trees analyzed in the same series at different ages, the analysis of variance method was
applied. Testing the significance of differences in the diameters of black locust trees at
certain ages (5, 10, 15, 20 and 25 years of age) between the series was done on the basis
of t-statistics.

RESULTS AND DISCUSSION

The most accurate and reliable information about the growth of forests and
forest stands can be obtained through continuous measurements of forest estimation
elements in permanent sample plots. When such data are not available, high-quality
information can be obtained by using a large number of temporary sample plots of
different age (and in different stages of development) and by reconstructing the
increment of the trees of the first biological position, provided that they had free and
undisturbed growth (Vuckovi¢ 1989, Staji¢ 2011).

The effect of age on the change in the diameter of dominant black locust trees was
analyzed because of the fact that under the same site conditions which determine the site
class, tree age is the main factor that regulates the process of growth (Vuckovi¢, et al., 2000).

Diameter growth

The course of the diameter growth of the studied dominant trees are presented
in Figure 1 both per sample plots and per series
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Figure 1. Diameter growth of dominant trees per sample plots and series.

Although the graph (Figure 1) suggests that there is almost no deviation
between the tree diameters within the same series throughout the whole study period, the
significance of differences in the height of trees was tested using the analysis of variance
at a 95% confidence level within each series at the age of 5, 10, 15, 20 and 25. The
results of the conducted test and F-statistics confirmed that there was no statistically
significant difference in the diameters of the dominant trees within the same series of
different sample plots at all ages (5, 10, 15, 20 and 25 years of age).

This means that the null hypothesis about the identical growth of tree diameter
within the same series can be fully accepted. Therefore, the models of diameter growth
were separately defined for each series of black locust trees. Figure 2 and Table 2 show
the lines of diameter growth according to the determined models and presents the model
parameters for each series. The first differences in the growth of black locust diameter
between the series can be observed in the early years. The observed differences are
retained until the age of 25. Based on the defined growth models, the anticipated values
of diameter at the age of 25 are 19.8 cm (series A) and 16.5 cm (series B).
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Figure 2. Diameter growth of dominant trees pe rseries
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Table 2. Parameters of Chapman-Richards’ function and index of curvilinear correlation

) Model: Yy :<':1-(1—(-3‘_b'T )c
Series Parameters Index
a b c p
A 23,59977 0,084311 1,367395 0,97333
B 19,36382 0,108640 2,353830 0,96899

Current and mean diameter increment

The lines of current (i) and average tree increment (i,) in both series are
presented in Figure 3. The current diameter increment of all analyzed dominant trees in
both series peaked between the age of 4 and 9 (Table 3). In series A, this increment
peaked between the age of 4 and 5 and it amounted to 1.17-1.31 cm/year, while in series
B it happened between the age of 7 and 9 and the increment ranged from 0.92 to 1.06
cm/year. According to the determined models of tree diameter growth per series this
increment reached its highest value at the age of 4 in series A (It = 1.23 cm) and at the
age of 8 in series B (It =0.99 cm).

The average diameter increment of all trees (in both series) peaked between the
age of 6 and 15 (Table 3). In series A, this increment peaked between the age of 6 and 9
and amounted to 1.09-1.16 cm/year, while in series B it peaked between the age of 12
and 15 with an amount of 0.74 to 0.81 cm/year. Based on the determined models of tree
diameter growth per series, the peak of the average increment was reached at the age of 7
in series A (Ipmax = 1.12 cm) and at the age of 14 in series B (Ipmax =0.77 cm).
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Figure 3. Current and mean diameter increment of dominant trees per series
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Table 3. Age culmination and maximum values of increment per sample plots and series

Sample Currgnt ipcrement Mgan ipcrement
Plots Age of culmination It ax Age of culmination 1P
(year) (cm) (year) (cm)

Al 5 1,31 9 1,13
A2 4 1,17 6 1,09
A3 4 1,18 6 1,11
A4 5 1,25 8 1,11
AS 4 1,26 6 1,16
Model 4 1,23 7 112
Bl 9 0,98 15 0.74
B2 8 0,92 13 0,77
B3 7 0,99 12 0,79
a S 1,06 14 078
55 8 1,03 14 081
Model 8 0,99 14 0,77

It can be noticed that the better the site conditions, the sooner the peak time of
the black locust diameter increment is reached. Furthermore, the values of the increment
at the peak time are lower if the site class is lower.

The determined peak time of the black locust diameter increment coincide with
the time stated in other literature sources. Rédei (2002) states that the black locust
current increment peaks in the first decade. Risti¢ (1978) found that in Sombor the
current diameter increment peaked between the age of 5 and 7 and the average increment
at the age of 9.

CONCLUSION

The lines of growth, as well as of current and average diameter increment have
a shape which shows that black locust is a tree species with intensive growth in youth
that leads to early growth peak and intensive subsequent increment decline. Its early
attainment of usable size makes black locust a very interesting species from the aspect of
forest operations (Vuceti¢ 2009). Therefore, the defined models of diameter growth
provide a range of useful information about the size of diameter that black locust can
reach in these two characteristic sites in Deliblato sands and about the time needed to
attain these dimensions. They further contribute to proper planning of the optimal
rotation age that is market-oriented and aimed at achieving the maximum revenue or
economic yield. Its intensive growth and high increment of dendromass in the early
youth, high total production of biomass, extraordinary coppice vigour and high wood
density are the characteristics that make it suitable for the establishment of fast-growing
energy plantations and for biomass production.
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Having all these facts in mind, we can conclude that studying the growth and
increment of this economically and ecologically significant species is of great
importance for the forestry of the areas such as Deliblato Sands, which is, according to
Vuckovi¢ et al. (2005), so impressively “between the ecology and the economy’ that it
cannot be compared to any other place.
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EXTENDED ABSTRACT

Fires in the Mediterranean region are nothing but a rear phenomenon. Nowadays with climate
change impacts becoming increasingly prominent, forest fires in Greece occur more often and result mostly to
national disasters. Because of this increased frequency, post-fire management and fires impact research are
becoming rather popular within the scientific and environmental conservation community. Major effects
detected are the decrease of the soil’s hydraulic volume and organic matter, erosion and high seed mortality
due to CO intoxication. Up to date post fire management includes mainly types of large-scale interventions,
namely, log barriers, fencing, logging and plantations, which however only address the latter two of the
aforementioned effects. The more severe effects which relate to soil’s fertility, affect two of the major element
cycles, namely carbon and water, and despite their significance, an appropriate intervention has not yet been
identified. The significance of these effects grows exponentially when referred to a NATURA 2000 site, where
special care is required towards the achievement of an environmentally sound management.

Such a case is the NATURA 2000 site of Mountain Attaviros on the island of Rhodes, in the
Dodecanese region of Greece, which was devastated by the fire in the summer of 2008. The importance of the
implementation area and the rationale behind the method of choice in the experimentation is based on the
numerous species of flora and fauna, which inhabit this protected area. These include: endemic plants such as
the Paeonia clusii Stern ssp.Rhodia, the endemic and endangered freshwater fish Ladigesocypris ghigii as well
as the Dama dama deer, characteristic of the islands fauna and the typical Mediterranean habitats Juniperus
matorral, Cypress forests (Acero-Cupression) with endemic pine forests.

On this specific background the LIFEO8 NAT/GR/000533 project, entitled “Fire RestorAtion
Methodology for MEditerranean Forests — environmental safety & sustainability of 4 interventions in the
Rhodes NATURA 2000 site FRAMME”, was developed, with the ambition of covering the knowledge gap in
contemporary science regarding management and restoration of fire afflicted Mediterranean forests. This will
be achieved through the combinatorial study of 4 different restoration interventions, 2 commonly used and 2
innovative incorporating the reuse of treated wastewater and sludge, standalone and in combinations with each
other, in an area of 1 ha each, that will be realized in 4 geographically targeted repetitions, covering a total area
of 64 ha. Subjects of the interventions evaluation are environmental soundness, restoration effectiveness and
economic efficiency, concluding to a Restoration Guide for Mediterranean fire afflicted forests in the form of a
policy decision tool readily applicable to the greater area of the Mediterranean basin, which will be presented
here for the first time.

Key words: Forest fires, Mediterranean, ecosystems, restoration, Natura 2000, FRAMME
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INTRODUCTION

Forest fires on the Island of Rhodes, before the exponential development of
tourism, were mainly humanly induced and caused by practices which are no longer
carried out today; such as the periodical fires set off by stock farmers aiming to
regenerate the vegetation used to feed their stock. The result of this practice was the
creation of brushwood ecotypes.

Currently, the islands economy depends exclusively on tourism. As a result
traditional occupations, which involved the utilization of forests, have been relinquished
thus reducing the maintenance of any basic routes of approach to such areas making their
access harder. In addition, the eradication of controlled periodical forest fires led to the
accumulation of highly flammable organic matter on the forest floor resulting in forest
fires, which grow much larger in area and more catastrophic.

The impacts of forests fires, which have been identified and assessed best, are
addressed mostly to soil properties. Those can be further divided into many categories. A
most critical impact regards the hydrology of the burned area and consequently the
erosion phenomenon. In relation to the water retention capacity of soil, fire is proven to
increase runoff by almost 77% (Gonzalez-Pelayo et al., 2006), thus leading to the post-
fire hillslope erosion by direct rain-drop impact and overland flow (Smith & Dragovich,
2008, Gonzalez-Pelayo et al., 2010). Though runoff and erosion is proven to depend
upon the post-fire type of vegetative cover (Glenn & Finley, 2010), it also presents an
additive effect that leads to considerably greater runoff and sediment yield, over a period
of seven years (Mayor et al., 2007). In total the above impacts involve hydraulic changes
as well as geomorphological changes. These changes may be caused directly by
weathering bedrock surfaces as well as changes in soil properties and structure, or
indirectly due to the effect of the changes to the soil and vegetation on the hydrological
and geomorphological processes. In addition, forest fires may alter the rates at which
hydrological and geomorphological processes operate, during the period after the fire
until the environmental conditions return to levels similar to those before it. Changes that
can affect hydrological and geomorphological processes include alterations to aggregate
stability, porosity, organic matter and water repellence characteristics. (Shakesby &
Doerr, 2006). Variations in climate, vegetation, soil, topography and fire severity cause
differences in Mediterranean post-wildfire erosion, first-year post-wildfire soil losses are
similar to or even lower than those reported for fire-affected land elsewhere or other
disturbed in the Mediterranean, while removal of organic matter and nutrients in the
commonly thin, degraded soils is arguably just as if not more important than the total soil
loss (Shakesby, 2011). This nutritional and trace elements runoff is also a suspected risk
for disruption impacts on water supply from forest catchments (Smith et al., 2011).

Beside a considerable risk for human health those element leaks are also a
serious threat for soil’s fertility. Humic substances and water extractable organic matter
represent an important part of soil organic matter, and forest fires inarguably cause both
quantitative and qualitative changes on those deposits (Vergnoux et al., 2011a). The
extent of those alterations depends on the frequency and intensity of the fire. Polycyclic
aromatic hydrocarbons concentration in burned soils are more than 20 times higher than
in the control soils and still remain important years after the last fire event (Vergnoux et
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al., 2011b). Fire may burn part or all of a standing plant in its pacing as well as the
organic matter in the upper layers of soil. The nutrients found in the organic matter are
either made more available or volatilised and lost. Ash on the other hand is an important
nutrient source for ecosystem recovery, affecting pH, electrical conductivity and trace
elements concentration improving soil fertility, especially in acidic soils (Pereira et al.
2011). If plants do not absorb ash soluble nutrients right away, then it is highly likely for
them to be lost due to leaching in the groundwater or erosion. (Guerrero et al., 2000)

Plant regeneration after a forest fire involves either the growth of new plants
from seed or by re-sprouting. A lot of attention has been given to the first; however the
re-sprouting mechanism allows the survival of many perennial shrubs. Sprouting plants
begin growing almost immediately after the fire, this way the population turnover of
plants is reduced and the impacts of the fire are minimised. Seed germination depends
mostly on the intensity of the fire since temperatures above 500 °C effectively kill most
species (Emery et al., 2011), while low intension fires may cause CO intoxication and a
decreased germination rate of the seeds (Gomez-Gonzalez et al., 2008).
Mediterranean pine forests present uniqueness among burnt forests described by the
phenomenon of autosuccession (direct regeneration), which has been found to be often
combined with an increase of species richness during the first years after fire due to the
high abundance of short-lived herbaceous plants facilitated by plentiful nutrients and
light (Buhk et al., 2006). Though Mediterranean plant adaptation to fire is a prevailing
theory current trends appear to be more sceptic, 