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The key problem of rural settlements in the South Banat district lasted into the 21st century
through the spread of depopulated areas. Considering that settlements give a cultural
landscape its basic features, that they are the main bearers of functional organization, and
the hotspots of geo-spatial transformation, based on quantitative-qualitative indicators this
paper analyzes the spatial-demographic determinants of the development of 94
settlements, and the impact of depopulation on the changes in the surrounding forest
cover. The time span included in the analytical-statistical research of the demographic
components and forest dislocation lasted from 1990 to 2018. Geo-spatial data for forest
areas were taken from the Corine Land Cover database. The data obtained were then
turned into visual representations, or maps, using the GIS ArcMap 10.8. software. The
results indicated that total depopulation has been an ongoing, 30-years process in this
area on the one hand, while the forest cover in the depopulated settlements located on the
outskirts of the Deliblato sands (a special nature reserve) has decreased, and the forest
cover in the depopulated settlements in the zone of the Vr§ac mountains has increased, on
the other. These analyses are useful for obtaining more detailed insight into the state of
forested areas in this part of Serbia, which is the least afforested one.

Keywords: forest, GIS, spatial analysis, settlements, land cover changes, spatial-demographic transformation

INTRODUCTION

Forests are important as a climatic modifier, a natural air filter (Valjarevi¢ et al., 2021), habitat for
game, source of timber for industry and for fuel, and as recreation and leisure areas (Boisvenue and
Running, 2006; Bonan, 2008; Dercan et al., 2012; Lubowiecki-Vikuk et al., 2021; Gatari¢ and Deréan,
2021). The preservation of forests depends on sustainable development, as well as the environmental
progress of the planet (Achard et al., 2002; Valjarevi¢ et al., 2018).

The total forested surface of the world is 4,06 billion hectares (ha), which is 31 percent of the total
land surface. This amounts to 0,52 ha per capita, even though forests are not equally distributed
among countries geographically (FAO, 2020). An increase in the number of inhabitants and
economic activity leads to the depletion of the forest fund. The increase in the number of
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inhabitants first and foremost leads to an increase in the expansion
of agricultural surfaces at the expense of forests, as well as an
increase in the consumption of wood as fuel, and then leads to
industrialization and urbanization, leaving an impact on the forest
cover (Angelsen, 1999; Alain, 2000; Foster and Rosenzweig, 2003;
DeFries et al., 2010; Mmom and Mbee, 2013). Since 1990 the world
has lost 178 million ha of forests, which is a surface the area of
Libya. Despite that, the rate of net loss of the forest cover has
significantly decreased from 1990 to 2020 due to a decrease in
deforestation in some countries; however, there has been an
increase in the forest cover in others through reforestation, and
the natural expansion of forests (FAO, 2020). The main factors
which contribute to deforestation in some parts of the world
include poverty, low income, and population growth. The most
important cause of deforestation is rapid population growth, which
leads to an increase in the demand for crops and pastures, and
timber for fuel and construction (Dyson, 1994; Geist and Lambin,
2002; Carr et al., 2005; Drummond and Loveland, 2010; Byerlee
et al., 2014; Martinez-Valderrama et al., 2022).

The population and the environment are closely linked in a
complex and dynamic way. This relationship depends on a series of
socio-economic, cultural, political, and developmental aspects
(Cropper and Griffiths, 1994; Frederick and Meyerson, 2003; De
Souza et al,, 2003). A large number of studies focused on the
relationship between changes in both (Agrawal, 1995;
Baumgartner, 2019). One of the more important questions of
the modern age is the question of population growth and
whether land resources could endure this rapid growth in most
parts of the world (UNFPA, 1991; Debel et al, 2014). While
population growth and density are undoubtedly related to the
trends in forest cover changes (Williams, 2006), there is no simple
way to describe or predict this link. It is not surprising that the
relationship is as complex as the regional and cultural variations in
human societies, and the changes in these societies over time.

Ecological principles and empirical findings which indicate
population growth, social and economic development, and the
quality of the environment are in a high and complex mutual
dependence. In order to better understand this system, it is
important to analyze it on a theoretical level. At the same
time, it is necessary to focus on just a few of the numerous
variables, so as to recognize the key cause and effect relationships.

Several theories have attempted to clarify how the population
and development impact the quality of the environment. They
could be classified into two categories: the first one includes
theories which focus on the direct relationship between the
population, development, and the environment, which is why
they are also called direct effects theories, while the others are
referred to as indirect effects theories (Winstein and Pillai, 2001).

One of the more popular direct effect theories of environmental
degradation is the one based on Malthus’s work. Today’s neo-
Malthusianism emphasizes the negative effects of population
growth on the environment and on the quality of life in general
(Ehrlich and Ehrlich, 1990; Myers, 1991; Abernathy, 1993). An
extensive and growing population is considered the deciding factor
for poverty, water pollution, deforestation, the decrease in air quality,
and all other forms of pressure exerted on the environment. With
population growth, renewable sources are spent quicker than they
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can be renewed. This kind of “race” results in a depopulation crisis.
Malthus believed that such a crisis can manifest in war, epidemics,
hunger, poverty. Today, however, this indicates an ecological
collapse (UNFPA, 1991). With an increase in the mortality rate
and the weakening of (bio)reproduction, the effect of an ecological
breakdown is a fall in population growth, and thus, finally, a
population decline, which lasts until the next cycle of population
growth and crises.

The opposing school of thought, which is best represented by
Julian Simon, claims that population growth is desirable. It points
out that, throughout history, society has found the solutions to
overcome the problems it has faced. What emerged from that
point of view is that population growth will also mean a greater
probability that a solution for our environmental problems will be
found (Simon, 1981; Simon et al., 1983; Simon, 1990).

One of the theories which focuses on the indirect relationship
between population, development, and the environment points
out that the level of social-economic independence of a country is
an important determiner of the impact its population will have on
the environment (Jolly, 1991). The deforestation in Latin America
and South-East Asia, the exploitation of fertile areas for mass and
cheap production of industrial material are linked to considerable
profits in developed countries. Another theory from the indirect
effect group is that population growth increases the depletion of
resources and exerts pressure on the ecosystem. Increased land
cultivation can endanger the environment, leading to
deforestation and soil degradation in particular. The pressure
on natural resources over times encourages demographic
changes, such as postponing marriage, a lower birthrate, and
emigration, which is also reflected in the negative population
growth. Thus, we can conclude that natural and demographic
factors emerge together and lead to changes in the environment.

The study of the inverse relationships between the population
and forest covers in scientific circles has been a point of interest
for more than two centuries (Mather and Needle, 2000). Harrison
(1992) cites that population growth is responsible for 79% of the
global deforestation between 1973 and 1988.

Studies carried out in the 1980s and 1990s discovered a strong
link between population growth and deforestation in Central
America, East and West Africa, and South Asia, but a
considerably less clear link in Amazonia (South America) and
Central Africa (Pfaff, 1999; Rudel et al., 2000). On the other hand,
in numerous developed countries, such as the US, China, and
Russia, a recovery in the forest cover has been noted after
previous extensive deforestation.

Based on existing studies on deforestation it is possible to
make several generalizations. In the case of exceptionally low
population density (less than one to two people per square
kilometer), it is possible to maintain large areas of intact
forests in places where the population can sustain itself by
harvesting non-timber forest products, and not through
agriculture. However, even in sparsely populated areas,
external factors such as the demand for timber in other parts
of the country or the world can lead to deforestation which is not
closely linked to the growth of the local population.

Since the agricultural population density increases in the
vicinity of woodland, a strong link is noted between

Frontiers in Environmental Science | www.frontiersin.org

April 2022 | Volume 10 | Article 897201


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Gataric et al.

population growth and deforestation, since the local population
migrates towards the outskirts of woodland complexes and
harvests forests to provide greater areas for agricultural
production. When it comes to soil of poor quality, the lower
the agricultural production per ha, the greater the probability that
more forests will be destroyed per capita.

Meyerson (2004) cites that the situation is different in developed
countries. The population relies less and less on agriculture as the
source of its livelihood, while agriculture relies more and more on
capital and technology, and less on the workforce. Furthermore,
the need for food, fuel, and timber can be met by importing from
other areas of the country and the world. Based on examples from
the US, India, and China, it can be concluded that despite the
significant population growth during the 1990s, there has been a
greater net increase in forest coverage. The general principle
derived from the experiences of these countries can be that after
the transition from the initial phase of deforestation, a combination
of a shortage of wood products and growing economic wealth can
lead a society to establish its true values, reforestation, and forest
management (Allen and Barnes, 1985).

Depopulation is an ongoing process on the European continent
(Eberhardt, 1993; Luki¢ et al., 2012). It is particularly prominent in
less developed and developing countries, and Serbia is no exception
in that respect (Rikalovi¢ et al., 2016). Ediev (2001) used a
mathematical model to precisely determine that population
growth leads to a decrease in demographic potential. During
the final decades of the 20th and beginning of the 21st century,
even the settlements in the South Banat district were affected by
depopulation. It has been the root cause of their complete
devastation, not only in a demographic but also in a broader
economic and social sense.

Even though it is quite clear that demographic changes impact
the use of resources, population growth is only one variable from a
greater group of important variables whose numerous interactions
affect natural resources. The neo-Malthusian perspective on
deforestation singles out an important fact—that there is a
direct link between the increase in population density and
deforestation. However, the strong correlation between these
two phenomena leads us to conclude that population growth is
the only significant variable which impacts forests, when this is
clearly not the case. A compelling argument in favor of the neo-
Malthusian perspective is based on theory and available evidence.
The sudden decline in the rural population in certain provinces in
Indonesia is not accompanied by a noticeable decrease in the
deforestation rate and forest degradation (Kummer and Turner,
1994; Sunderlin and Resosudarmo, 1999).

Since most studies deal with the link between population growth
and density and deforestation, this study poses the opposite question:
what happens in cases when population growth and density are in
decline? Is it possible to stop or slow down deforestation?

This paper studies the link between demographic movement
and changes in the forest cover on a sample of 94 settlements in
the South Banat district in Serbia over the past 30 years. The
general aim of this study is to evaluate the effect of the population
decline on forest resources in the area of the South Banat district
in Serbia. The specific goals of this study include an analysis of the
depopulation trend of the studied area, and an analysis of the
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changes in the forest cover in relation to negative demographic
trends.

STUDY AREA

The South Banat district spans an area from the north of the
Republic of Serbia to the south-east of the Autonomous province
of Vojvodina (Figure 1). It is surrounded by the rivers Danube
and Tami§, to the east it borders Romania, and to the north
it borders with the municipalities of the Central Banat district -
Se¢anj and Zrenjanin. In includes 8 municipalities: Bela Crkva,
Vr$ac, Plandiste, Alibunar, Kovin, Pancevo, Kovaclica, and
Opovo. It covers an area of 4,246 km® of which 3,897 km? are
rural areas SORS (2021). The South Banat district includes 94
settlements, with 293,730 inhabitants, of which 125,444 or 42.7%
live in rural settlements. The largest number of inhabitants live in
Pancevo (76,203), which is also the administrative center of the
district, while the fewest reside in the settlement of Laudonovac
near PlandiSte (21 inhabitants). Accordingly, the greatest
population density is in Panéevo (165 inhabitants per km?),
which is almost double the national average (81.34 citizens).
In the South Banat district we find the Special national reserve
“Deliblato sands”, which spans the area of the municipalities of
Alibunar, Vrsac, Bela Crkva, and Kovin, and covers an area of
34,829.32 ha (Vojvodinasume, 2022). It has been protected since
2002 and represents the greatest oasis of the sand-steppe and
forest vegetation which had once dominated the Pannonian
Plain'. Until the Second World War approximately 2400 of its
hectares had been reforested. After the Second World War to this
day there has been intense reforestation (Milenkovi¢ et al., 2018).
The eastern part of the research area, along the border with
Romania, is an area of extraordinary features, the Vr$ac mountains.
Most of the mountain extends along the borders of Serbia, while a
smaller part is found in Romania. The highest peak of the Vr$ac
mountains is the peak Guduric¢ki vrh (641 m.a.s.l.), which is at the
same time the highest peak in Vojvodina. The Vr$ac mountains are
spatially located in the municipality of Vrsac. They have been
under protection since 2005, and cover an area of 4,371 ha’.

MATERIALS AND METHODS

For the analysis and construction of maps, the ArcGIS 10.8 by
ESRI and Microsoft Excel software was used. The shapefiles used
in the coordinate system of MGI Balkans 7 include: the state
territory of Serbia, the South Banat district, its municipalities, and
the settlement areas. The Digital elevation model of the terrain
(DEM model), with a resolution of 10 m x 10 m (Figure 1), was
used for the visualisation of the study area.

' Author Anonymous (2006). Spatial Plan of the Special Purpose Area of the Special
Nature Reserve “Deliblato Sands”. Novi Sad: Provincial Secretariat for
Architecture, Urbanism and Construction. Official Gazette APV 8/06.

?Author Anonymous (2021a). Spatial Plan of the Special Purpose Area of the
“Vr$ac Mountains”. Novi Sad: Provincial Secretariat for Urbanism and
Environmental Protection. Official Gazette APV 9/21.
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FIGURE 1 | The geographical position of the research area.

For data on the land cover, that is, the way in which land is
being used, the Corine Land Cover database for 1990, 2000, 2006,
2012 and 2018 was used. Changes were expected based on the
differences between the recorded years. In this study, the forests
were divided into three categories according to the Land
Cover—European  Environmental =~ Agency  (CORINE)
methodology. The total area was calculated by adding all three
types of forests: broadleaf forests, mixed forests, and coniferous
forests. Categories of the layers of forests were differentiated and
categorized into a hierarchy of three levels. The classes of forests
are marked as 311—Broadleaf, 312—Coniferous and
313—Mixed.

Data on the land cover for the research area during the studied
years were obtained using the “Clip” tool. The “Merge” tool was
used to combine the polygons of the broadleaf, coniferous and
mixed forests, and these polygons of forests were used for
analysis. In order to obtain a difference in the forest area
between the initial and final year (1990 and 2018), data on the
forests were converted into raster form using the “Polygon to
Raster” tool, so that the “Raster Calculator” could be used
(Nestorov and Proti¢, 2009; Spruce et al., 2020). Thus, maps
were obtained which chart changes in the forest cover with three
types of areas:

- areas where there were no forests in 1990, while there are
forests in 2018 (an increase in forest areas)

- areas where there were forests in 1990, but there are none in
2018 (a reduction in forest areas)

- areas where there were no forests at both recorded points
in time.

The “Tabulate Area” tool was used to obtain data on the areas
on which an increase or decrease in the forest cover was noted for
each settlement area in the South Banat district. The tool
provided data on each settlement area in terms of forest
growth, deforestation, and areas without change in the
number of pixels. The data was then, using Excel and the
settlement area, converted into hectares (Heymann et al,
1994). The overlap between these data and the demographic
movement database provided the basis for Figures 5, 6. The
flowchart of the applied methodology is shown in Figure 2.

The depopulation process was analyzed based on complex
indicators. The demographic indicators used were actually data
from the Statistical Office of the Republic of Serbia (SORS)
regarding the number of inhabitants in each area included in
the Census of 1991, 2002, and 2011 (SORS, 2011a). They are
presented as relative values. The estimated number of citizens in
mid-2018 (as of June 30, 2018) was calculated based on data from
the population census, data on the population growth, and data
on internal migrations.

Vital statistics data from the Statistical Office of the Republic
of Serbia were also used to calculate the type of population
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FIGURE 2 | Flowchart of the methodology applied in the study.

movement. The calculations were made using the Clark model,
based on which three types of population movement were
identified in the South Banat district (Nejasmi¢, 2005;
Vojkovi¢, 2007; Tosi¢ et al, 2009; Jeftic, 2019). Types of
settlements were determined depending on which components
had the greatest impact on population growth or decline. These
include emigration or exodus: total depopulation (dying out, E4),
which indicates one negative migration balance and two
immigration ones, regeneration through immigration (I2), and
very weak regeneration through immigration (I4), with a positive
migration balance but of varying intensity. The basic features of
these types of settlements include:

E4—a negative natural change, negative movement
determined by the census and a rate of natural change
(decline) which is lower than the rate of decline recorded
during the census, I2—a negative natural change, positive
movement determined by the census and a rate of increase
noted during the census which is greater than the rate of
natural change (decline), I4—a negative natural change,
negative movement determined by the census and a rate of
decline determined during the census which is lower than the
rate of natural change (decline) (Friganovi¢, 1978; Nejasmi¢,
2005).

Data on the settlement area, on the total forest area, and the
changes in the number of inhabitants were analyzed using
SPSS (Statistical Software for Social Sciences) 23. The analysis
used in the study is the ANOVA test and the Pearson
correlation test.

RESULTS

According to the Corine Land Cover data from 2018, in the South
Banat district forests and forest areas covered approximately
32,700 ha, which represents 7.7% of the total district area, or

only 0.1 ha per capita. Forests are predominantly of a mixed
character (class 313) and stretch along the Vr$ac mountains,
Deliblato sands and the valley of the Karas river (Figures 3, 4).
The monodominant forests of the Vr$ac mountains are covered
in Black Locust (Robinia Pseudoacacia), Sessile Oak (Quercus
Petraea), and Silver Lime (Tilia Argentea). In the Deliblato sands
we find mixed broad-leaved forests consisting of: the Common
Oak (Quercus Robur), the Sessile Oak, Black Locust, Poplar wood
(Populus nigra, Populus alba), the Linden tree (Tilia cordata),
Maple wood (Acer pseudoplatanus), and coniferous forests
consisting of: the Black pine (Pinus nigra) and White pine
(Pinus sylvestris). Freshwater swamp forests are composed
predominantly of White ash (Fraxinus excelsior), Willow
(Salix alba), Poplar wood (Populus nigra, Populus alba), and
Elm trees (Ulmus minor). Poplars and willow trees are prevalent
along the alluvial plains, around backwaters, ponds, swamps and
canals. Around settlements we find forests of poplars and black
locust, interspersed with white ash and maple”.

The area of the Deliblato sands is mostly covered by the forests
classified as level III protection, as much as 14,870 ha, while the
most valuable forests from the aspect of environmental protection
are classified as levels I and II and cover an area of 2.1 ha. The
forests are to the greatest extent the result of reforestation over the
past two centuries.

The forest area in the South Banat district from 1990 to 2018
has been reduced by approximately 20 ha. A decrease in the forest
cover was noted in 17 settlements, and an increase in 33
settlements (Table 1). No changes to the forest cover were
noted on the territory of most settlements during the studied
period. The greatest decrease in the forest cover was noted for the
settlements of Deliblato, Dubovac and Malo Bavani$te. The
greatest increase was noted for the settlements of Markovac,
Kusi¢ and Vracev Gaj.

From 1991 to 2011, the settlements from the South Banat
district were characterized by continued demographic decline
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FIGURE 3 | Land cover in 1990.
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caused by migration and the constant population decline. From
1991 to 2002, of the total number of settlements (94), 3 had a
positive population growth rate: Kusi¢, Crvena Crkva and
Sumarak, while from 2002 to 2011, the rate was negative in all
the settlements (Table 2).

The rural population during the studied period (1991-2011)
reduced numerically from 155,538 to 125,444 inhabitants, while
at the same time the share of urban citizens increased from 52.6 %
to 57.3%. Only the settlements of Pancevo, Pavli§ and Sumarak
showed an increase in the number of inhabitants, but due to
resettlement and not population growth (Gatari¢ et al., 2016).
Specifically, in addition to the settlement of Pancevo, which is a
subsystem of the Belgrade agglomeration (Kruni¢, 2012), the
settlement of Pavli§ is a suburb of the town of Vr$ac whose
individual parts have in a morphological sense merged with the
city center. In that context, the population concentration and
economic activities in cities significantly impacts the quality of
the environment as well. All this endangers the process of
sustainable urban development, and furthermore impacts the
local social-economic and ecological systems (Morar et al., 2021).
An increase in the number of inhabitants in the settlement of
Sumarak, which is located on the territory of the municipality of
Kovin, occurred when it morphed from a temporary weekend
settlement into a permanent one. At the same time, the settlement
saw an increase in the forest cover (Figure 5).

Analyzing the migration balance at the level of the settlements
from 1991 to 2011, 78 settlements in the South Banat district had

a negative migration balance. This means that these settlements
are of the total depopulation type (E4), that is, are characterized
by the population dying out. Their concentration is highest in
settlements located on the territory of the following
municipalities: Alibunar, Bela Crkva, Kovacdica, Kovin, Opovo,
Plandiste and VrSac (Figure 6) (Gatari¢ et al,, 2016). Long-term
depopulation is reflected in the ageing of the population and the
weakening of the biodynamic potential. Based on age, the
population of the South Banat district is in a deep
demographic ageing stage. According to the Census of 2011,
the mean age for the district was 41.9, which is an increase from
the mean age of 39.9 recorded in the Census of 2002 (SORS,
2011b). This value indicates that the South Banat district is
affected by population ageing. The causes of the increase in
the mean values of the population age include population
decline, the extended life span, and migration. The oldest
population was recorded in the municipality of Alibunar,
whose inhabitants on average were 44.7 years old (42.2 is the
national average). The analysis of the average age of the
population at the level of the settlements has clearly indicated
that the oldest population lives in the settlement of Vr$acki Ritovi
on the territory of the City of VrSac (with an average age of
53.1 years), followed by Banatski Sokolac in the municipality of
Plandiste (51.1 years) (SORS, 2011b). Nejasmic¢ (1992) cites that
such an ageing population brings with it a decrease in economic
activity as well. Over the past 30 years it has also been reflected in
the forestry service employment rate.
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FIGURE 4 | Land cover in 2018.
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324: Transitional woodland-shrub
411: Inland marshes
[ 511: Water courses
512: Water bodies

TABLE 1 | The number of settlements based on changes in the forest cover from 1990 to 2018.

Decrease in the forest
cover

Number of settlements 17

TABLE 2 | The number of settlements based on the intensity of the inter-census
changes from 1991 to 2011.

An increase/decrease in Total

the number of number of settlements
inhabitants

—76.2 to -50.1% 5

-50 to -30.1% 25

-30 to —20.1% 29

-20to -10.1% 22

-10to 0% 10

0-47.7% 3
DISCUSSION

Previous studies determined that deforestation highly correlates
with the logarithm of population density (Pahari and Murai,
1999). However, this fact is negated by this study of the territory
of the South Banat district. There are two zones in this district:
one of increase and one of decrease in the forest cover in the

Increase in the forest
cover

Unchanged state

33 44

depopulated settlements. Even though the settlements on the
outskirts of the Deliblato sands are depopulated, the forest cover
has decreased, while in the depopulated settlements in the Vrsac
mountains the forest cover has increased. In addition, the urban
settlements of Panéevo and Sumarak recorded an increase in the
number of inhabitants during the studied period, but also an
increase in the forest cover. That means that we cannot make a
general claim that a decrease in the forest cover is influenced
solely by the increase in the number of inhabitants and vice versa.

The mutual dependence between the settlement area and the
forest cover was tested by the ANOVA. The results indicated that
there is a statistically significant difference (F = 11.051, p = 0.000)
between the settlement area and changes in the forest cover. The
LSD post hoc test indicated that settlements with the greatest area
have undergone the greatest forest cover transformations. A
significant correlation (r = 0.459, p = 0.000) was also noted
between the settlement area and the change in the number of
inhabitants. A statistically significant difference between the
number of inhabitants and changes in the forest area has not
been determined.
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These relations are also visible on cartographic representations
(Figures 5, 6). The greatest decrease in the forest cover was noted on
the territory of the settlements in the Deliblato sands or its immediate
vicinity—Deliblato  (—680 ha), Dubovac (-160ha), Kajtasovo
(-80 ha). In addition, a significant decrease in the forest area was
noted in the alluvial plains of the Danube river to the south and in the
settlement area of Malo Bavaniste (—310 ha), but also to the west of the
research area, in the settlement areas of Sefkerin (-120 ha) and Opovo
(-110 ha). At the same time, Deliblato, Dubovac, Kajtasovo, Malo
Bavnite and Opovo belong to the group of settlements characterized
by total depopulation (E4 on Figure 6), that is, depopulation. Only the
settlement of Sefkerin belongs to the group of settlements
characterized by very weak regeneration through immigration.
These data speak in favor of the thesis that depopulation does not
have a considerable impact on the decrease of forest exploitation.

In the east part of the research area, especially in the area of the
Vr$ac mountains, we can note a different situation. There we find
areas with a forest cover that has increased over the past 30 years. In
the Vr$ac mountains we find the greatest increase in the forest cover,
particularly in the settlement areas of Markovac (+250 ha), Vrsac
(+100 ha) and Mesi¢ (+20 ha). At the very south-east, along the
river Nera and the border with Romania, the greatest increase in the

forest cover was noted on the territory of the settlements of Kusi¢
(+140 ha), Vracev Gaj (+130 ha), and Banatska Palanka (+50 ha).
When it comes to the demographic development of these
settlements, most belong to the E4 type of settlement, which is
characterized by complete depopulation. Only the settlements of
Vr$ac and Mesic are settlements of the 14 type, and are characterized
by very weak regeneration through immigration. These trends speak
in favor of the thesis that depopulation does have an impact on the
decrease in forest exploitation.

These notable differences in the changes to the forest cover on
a relatively small area require that other factors, other than
demographic ones, be taken into consideration. It was
determined that the decrease in forest areas, in addition to
demographic, are also influenced by anthropogenic factors.
Considerable forest areas have been destroyed in fires as well.
The greatest fire in the Deliblato sands lasted from August 10 to
16, 1996. At that time, fire destroyed 3.815,4 ha (247.206 m” of
timber, of which 230.895 m’ coniferous and 16.311 m* broad-
leafed trees) (Muncan et al., 2004). The greatest increase in the
forest cover was noted on the territory of Markovac, Vr$ac, and
Pancevo. In these settlements, except for Pancevo, a simultaneous
decrease in the number of inhabitants was noted.
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The decrease in the forest area in the South Banat district which
was noted in the records dating from 2000 is a consequence of the
fire which affected the area of the Deliblato sands in 1996. In the
following years it was possible to monitor the recovery of the forest

fund, and the rising trend of the forest cover growth. Contrary to
that, 1991 and on saw a population decline (Figure 7).

During the last inter-census period, no population growth was
recorded in any of the settlements. What is alarming, but is a fact,
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is the emergence of depopulated areas. In certain years within the
studied period, and in some settlements, no children had been
born. Such is the case of the settlement of Laudonovac in the
municipality of Plandi$te where only one child was born, and
Vrsacki Ritovi on the territory of the City of VrSac where three
children were born, etc. (Gatari¢ et al., 2016).

The population decline need not only be a consequence of
the drop in population growth, but also of excessive migration.
Juniwaty et al. (2019) cite that migrations, especially of the
male workforce from rural to urban areas for the purpose of
education, which additionally create costs for rural areas, can
lead to the intensification of agriculture, and thus to
deforestation. The longevity and intensity of the process of
depopulation, which will continue into the foreseeable future,
was indicated by the demographic projections that by 2030 the
total population of the South Banat district would decrease by
an additional 70,000 inhabitants (Nikitovi¢, 2019).

CONCLUSION

This study has determined that changes in the forest cover correlate
with demographic changes. When it comes to the changes in the
forest cover, our analysis has identified differences between two zones:
a zone of increase and a zone of decrease in the forest cover. On the
other hand, the demographic indicators show that all settlements
have been engulfed by the depopulation process and are in an
advanced stage of deep demographic ageing. The settlements on
the outskirts of the Deliblato sands are marked by depopulation, but
have at the same time undergone a decrease in the forest cover, while
in the depopulated settlements on the Vr$ac mountains there has
been an increase in the forest cover. The main reason for the decrease
in the forest cover in the Deliblato sands includes fire.

With only 7.7% of the forest area, the South Banat district is
insufficiently forested, not only compared to other parts of Serbia but
also in comparison to numerous regions throughout Europe. What is
encouraging is the fact that lately a rising trend has been noted in the
expansion of the forest cover, which is benefitting from the natural
process of forest renewal and reforestation. Thanks to negative
demographic changes which characterize this region, such as
depopulation and emigration, the forest areas have increased since
2000. All the main trends and changes, in general, indicate the
importance of anthropogenic influence, both in the deforestation
process and in the reforestation process. What speaks in favor of the
preservation of the forest complex is the fact that the Spatial Plan of
the Special Purpose Area of the Special Nature Reserve “Deliblato
sands” (2006) states that the forest area has reached 17.9% of the total
land area. In addition, the Spatial Plan of the Republic of Serbia from
2021 to 2030 proposes that the Deliblato sands be added to the
UNESCO list of natural biosphere reserves. Special treatment of this
area (a special nature reserve and a biosphere reserve) requires
various protection regimes and specific forms of business and
economic activities. With an adequate system of protection and

*Author Anonymous (2021b). Spatial Plan of the Republic of Serbia from 2021 to
2030. Belgrade: Ministry of Construction, Traffic, and Infrastructure.
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education, and conditions for the sustainable management of
forests, an increase in the forest cover can be achieved in the
future. At the same time, the local population must be active in
spreading the findings of ecological research, as well as
findings from other sciences which deal with forest
preservation.

It was noted that there are several limitations in this
research, which could be avoided in future work. First, as
an addition to demographic indicators, future research should
include variables such as economic activity, the rate of
industrialization, deagrarization, and planned urbanization.
Thus, further research focused on the impact of other social
and cultural factors needs to be carried out if we want to
achieve an adequate understanding of the processes which
impact the use and/or degradation of forest resources. Second,
the extent of the research could be expanded into other regions
of Serbia. Considering that the Vr§ac mountains extend into
nearby Romania, it would be interesting to conduct research in
the part of Romania that borders the South Banat district. In
addition, similar studies could be carried out in other countries
in our surroundings, those which share the same or similar
patterns of demographic and economic development
(primarily in the countries of former Yugoslavia), as well as
in other mid or less developed countries of Europe and the rest
of the world.

However, this paper does provide a broad contribution to
obtaining more detailed insight into the state of the forests in
this area, and for the sustainable management of forests in the
future. Further studies should also contribute to the increased
use of digital technologies and the analysis of the complex
phenomenon of the mutual relationship between the
population and forest complexes.
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