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Abstract
Background and Purpose: Forest trees are adapted to the specific climatic conditions and other ecological factors that
dominate within their distribution range. However, the climate is in constant flux. In addition to natural climatic oscillations,
the climate has also been changed directly or indirectly by human activities. The issue of climate change is tied mostly to
air temperature and precipitation. The objective of this study was to assess the potential influence of climate change on a
part of the ecological niche of pedunculate oak (Quercus robur L.) in Croatia.
Materials and Methods: A forecast model was developed for the ecological niche of pedunculate oak in Croatia from the
present day to 2080 using logistical regression, on the basis of a climate change model.
Results: Within the lowland areas of Croatia, the model forecasts an increase in the minimum temperatures of the coldest
month and maximum temperature of the warmest month, and reduced precipitation in both the driest and wettest months.
Conclusion: The results indicate that climate change will negatively impact the ecological niche of pedunculate oak in the
future.
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INTRODUCTION
The climate is a complex and direct ecological factor that
is described using various climatic elements, appearances
and indices. Flora is dependent on both weather and
climatic conditions. The forest tree species of lowland
Croatia are adapted to the specific climatic conditions and
other ecological factors that dominate in those areas.
However, those climatic conditions change over time, which
is reflected on the growth and development of all types
of organisms. In recent years, climate changes have been
documented worldwide. Hasselmann [1] indicated that the
average air temperature has increased 0.5°C over the past
century. Reduced precipitation has been confirmed in Russia
[2], Turkey [3], South Africa [4] and in China [5]. However,
no changes in precipitation extremes were recorded at 19
meteorological stations in northern and central Europe [6].
The minimum temperatures increased virtually everywhere,
and the maximum and mean temperatures increased in
northern and central Europe, Russia and Canada [7]. In

Croatia, Seletković et al. [8] analysed weather data over the
past century from the Zagreb – Grič station, indicating that
changes to the temperature and precipitation regime have
already begun in Croatia.
According to the Fifth National Report of the Republic
of Croatia, in line with the United Nations Framework
Convention on Climate Change [9], a tendency towards
increasing temperatures was found throughout the whole of
Croatia. This positive trend has become strongly pronounced
over the past 50 years, and particularly in the past 25 years.
The increasing mean annual air temperature in the past 50
or 25 years was statistically significant at all weather stations.
The total annual precipitation was found to be declining
throughout Croatia, during the entire 20th century.
An ecological niche is the position of a species in the
ecosystem, in the place where it survives (its habitat) and
the way it lives. Every species has specific living conditions
and poses various demands towards the habitat it lives in.
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If the ecological niche is examined from the perspective of
a population in a certain geographic area, then the climatic
and geomorphological factors are of critical importance
for the spatial distribution and size of the species range. In
addition to air temperature, which is dependent on cloud
cover and insolation, water is the most important factor
for the development of vegetation, as it presents the main
source of moisture in the soil that is required for physiological
processes. When the relationship of air temperature and
precipitation is considered, it is necessary to take into account
that the extreme amounts (minimum and maximum values)
of these two ecological factors are the limiting factors for the
survival of certain species. Pedunculate oak (Quercus robur
L.) requires a large quantity of water for transpiration, which
most often can exceeds the quantity of precipitation falling
in the vegetation period. For that purpose, pedunculate oak
must have access to additional water, such as ground water
[10]. The annual transpiration of a 108-year old stand of
pedunculate oak is 1,030,000 litres per hectare [11].
With changes to the climate elements, the appearance of
the vegetation cover of an area also changes. With the activity
of climatic elements, certain species are able to move into
new areas or to higher elevations, while their place is taken
by other species suited by the altered ecological conditions.
Understanding the ecological niche is of key importance for
getting better insight on how forest ecosystems functioning.
Understanding the interaction of climate and vegetation is
one of the most important segments in studying geographic
distribution and the success of species. Therefore, the
objective of this study was to establish the potential changes
in the ecological niche based on a global climate change
model to the year 2080.

Materials and methods
Pedunculate oak is the most valuable tree species in
Croatia, accounting for 27% of the wood mass in Croatian
forests [12].The rotation for pedunculate oak is 140 years
[13]. Croatia currently has 201,739 ha of pedunculate oak
forests, with a growing stock of 41.5 million m3 [14]. Natural
pedunculate oak sites in Croatia are located in the valleys
of large rivers and their tributaries, such as the Sava, Drava,
Kupa, Danube and others. The most common soil type in
these forests is gleyic soil with its subtypes [15]. According to
the Köppen classification, there are two climate types within
the pedunculate oak forest distribution area in Croatia. The
Cfwb“x” type, the temperate rain zone climate, prevails in the
west part of the Pannonian Plain. The eastern area between
the Sava and Drava rivers is the domain of the Cfwb“x” type
climate. This is also a temperate rainy climate, but with only
one pronounced precipitation maximum. The mean annual
air temperatures range between 10.0 and 11.5°C. Rainfall
ranges from a maximum of about 900 mm occurs in the
western part to less than 600 mm, in the eastern part. The
precipitation is relatively evenly distributed throughout the
year [16].
The CCM3 (Climate Change Model) model, which
represents a concentration of greenhouse gases in the
atmosphere twice that of the present day [17], was used to
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develop the climate change forecast to 2080. To build the
forecast model, the extreme values of climatic elements
were used as follows: maximum temperature in the warmest
month of the year, the minimum temperature in the coldest
month of the year, precipitation in the wettest month in the
year and precipitation in the driest month of the year.
Data on the presence of pedunculate oak in the Republic
of Croatia were taken from the most recent research on the
distribution of forest habitats [18], and the Flora Croatica
Database [19]. Modelling the ecological niche was performed
in the program MAXENT [20]. Climatic data used to model the
ecological niche were taken from the WORLDCLIME database
for the period 1950 to 2000 [21]. The ecological niche model
for the distribution range of pedunculate oak today and in
the year 2080, based on the climate change model, was
created using logistical regression [22]. The obtained spatial
distribution maps of the ecological niche (GRID format) were
converted to a TIFF and visualised in ESRI ArcMap 9.2.

Results
According to the global climate change model, the
minimum temperature of the coldest month and the
maximum temperature of the warmest month will increase
by 2.2°C and 6.7°C, respectively. The precipitation in the
driest and wettest months of the year will decrease by 18.5
mm and 5.8 mm, respectively (Table 1).
Figure 1 shows the probability (%) of the appearance
of pedunculate oak in Croatia, with regard to the climatic
conditions. Yellow areas are those with a lower probability
of their appearance, while green areas indicate areas where
pedunculate oak has a higher probability of appearing with
regard to climate. The spatial distribution of the ecological
niche of pedunculate oak in the period from 1950 to 2010
corresponds to the actual species distribution range (Figure
1).
With regard to the changing climatic elements, changes
in the ecological niche to the year 2080 can also be forecast.
Based on the model of global climatic changes, the model
forecasts less favourable conditions for pedunculate oak in
the area of the Spačva Basin and Podravina (yellow), while
there will be more favourable condition in central parts of
Croatia (Figure 2).

Discussion
Global climate change, regardless of how it arises,
is a current and ongoing occurrence on Earth. With air
temperature, which depends on cloud cover and insolation,
precipitation is most significant for the development of
vegetation, as this is the primary source of moisture in the
soil. A lack of precipitation, with the appearance of high
air temperatures, weakens plant resistance, as increased
transpiration consumes large quantities of water. The regional
climate model used for the scenario of climate changes in
Croatia was developed by Dickinson et al.[23] and Giorgi
[24]. In the scenario of climate change based on the regional
climatic model in Croatia, the mean values of the 30-year
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TABLE 1. Mean climatic element values for ecological niche modelling for the periods 1950−2010 and 2080
Climatic factors

Period
1950 − 2010

2080

Difference

Min. temp. coldest month (°C)

3.6

5.8

Max. temp. warmest month (°C)

28.9

35.6

+2.2
+6.7

Precipitation driest month (mm)

38.6

20.1

-18.5

Precipitation wettest month (mm)

137.3

131.5

-5.8

FIGURE 1. Spatial distribution of the ecological niche (potential habitat) of pedunculate oak for the period 1950 to 2010

future climate period (2041-2070) were compared with the
30-year climate average of the reference period (1961-1990).
According to that scenario, climate change in all seasons will
result in increasing air temperatures, which is statistically
significant with a 99% confidence level. Small changes in
precipitation are often accompanied by large increases in the
appearance of precipitation extremes [25, 26]. The regional
climate model for Croatia envisaged a reduction in the total
quantity of precipitation in three seasons (spring, summer
and fall), primarily in the coastal, southern and mountainous
parts of Croatia [9]. Climate change can lead to changes
in the spatial distribution of forest vegetation that can be
seen in the representation of the current forest types, the
possible disappearance of existing or appearance of new
types, changes in population densities in certain tree types,
productivity of forest ecosystems, ecological stability and
vitality of forests, and in changes to the total production and
general values of forests ecosystem services.

http://www.seefor.eu

Pedunculate oak is a tree species with a very narrow
ecological amplitude in terms of water demand. Over the
past century, large changes have a great role in the lowland
forest habitats, primarily due to changes in the hydrological
conditions. This has affected the reduced stability of the
pedunculate forests and of individual tree stability [27].
The effects of climate change can have a negative effect
on the ecological niche of one tree species, while other
species are positively affected, and the spatial distribution of
the ecological niche of those species is increased. Climatic
elements, such as the maximum temperature of the warmest
month and minimum temperature of the coldest month, and
precipitation in the driest and wettest months represent
the limiting values of climatic elements that influence the
appearance and existence of a species.
The limit values of the presence of a species in most
logistical regression models are 0.5 [28]. A higher probability
indicates a habitat that is suitable for the appearance of
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FIGURE 2. Probability of the presence of pedunculate oak to the year 2080 in relation to simulated climatic factors

pedunculate oak with regard to climate elements. Taking
into account the changing climatic elements, changes in
the ecological niche of pedunculate oak to 2080 can be
forecast. According to the forecast model, negative changes
to the ecological niche can be expected in the Spačva area
(eastern Croatia), while the western part of the Podravina
area (northern Croatia) will become unfavourable for the
growth of pedunculate oak. The Baranja area will have
favourable conditions, while the Posavina area will not see
any changes in the ecological niche of pedunculate oak
(Figure 2). The natural adaptation of vegetation to climate
change occurs on a small percentage of vegetation affected
by the climatic elements. A vegetation model indicated
that successful adaptation is possible only with very small
changes in climate, less then 0.1°C per 10 years, and an
absolute change in climate of less than 1°C [29]. A study on
the palaeontological and recent climates in Croatia showed
that secular or long-period climate changes, warming or
cooling, did not negatively affect the composition of the
climazonal vegetation [30]. Those changes only caused a shift
in the vegetation belt in the direction from lower elevations
towards higher elevations (in the case of warming) and vice
versa (in the case of cooling). On the basis of such findings,
it can be expected that the future natural climate change or
changes caused by the direct or indirect human activities
will also cause a shifting of the climazonal vegetation forms,
depending on how the climate is changing [30, 31].
With regard to the context of the relationship between
vegetation and climate, it should be considered that
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vegetation directly influences and changes the climatic
conditions in a certain area through the processes of
assimilation and the sequestration of atmospheric CO2 [32].
As such, changes to climate elements result in changes to
certain parts of the ecological niche of a species. It is difficult
to differentiate and fully elucidate the exclusive activity
of climatic elements on the ecological niche of a species,
and with that its spatial distribution. An example of this is
pedunculate oak, which requires high ground waters and
flood waters [27, 33, 34].
The range of temperature and precipitation values
for an individual species shows the significance of climatic
elements for the appearance of a species. Research on
the effect of climatic factors on the ecological niche of a
species gives important knowledge on the relationship of
the vegetation at the species level towards the environment,
particularly towards climate. The current comprehension
of the exceptionally large significance of various forms of
water (ground water, flood waters and stagnant waters) on
the appearance of pedunculate oak should be considered in
synergy with climatic elements, particularly temperature.
Forest ecosystems today are very exposed to changes,
whether those changes are caused by natural variability
or by human activity. Considering the overall synergy of all
the ecological factors on the appearance of a specific tree
species is one of the fundamental segments in the study
and understanding of forest vegetation functioning. Forecast
models of climate change should also be taken with a certain
reserve, and with consideration of the various possible
http://www.seefor.eu
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outcomes. Modelling ecological niches and understanding
the relationships between vegetation and ecological
elements, particularly climate, should be considered at the
level of the entire population. However, it is necessary to
also consider the possible spatial parts of the population that
became adapted to the local climatic conditions over time,
and that the ecological niche of these populations varies
from that of the remaining part of the population (ecotypes).
In that case, future research of the relationships of climate
and vegetation should also include studies on genetic
variability within populations of the same species.
The climate model used in the present study assumes
twice the present level of greenhouse gases in the next
hundred years. However, a shortcoming of climate forecast
models is that they tend to not consider the influence of
vegetation on the global carbon cycle, aerosols, cloud cover
and the oceanic-atmospheric links of climate [1]. At the
local level, other factors other than climate elements can
be of key importance, such as herbivore population density,
pathogenic organisms, commercial activities, changes in soil
properties, competition, meso- and micro-climatic factors
and more.

Models that predict global climate change contain a
large amount of entropy, as they do not include all those
factors that directly or indirectly affect climate. Future
research should continue to model the population densities
of pedunculate oak or the ratio of the species at the level of
the actual ecological niches in competition with other tree
species, including their population growth mechanisms.

Conclusions
According to the climate change model, the minimum
and maximum air temperatures in the coldest and warmest
months will increase, while precipitation of the driest and
wettest months of the year will decrease. Climate changes in
the future will alter the ecological niche of pedunculate oak,
dependent on other ecological factors. Future research should
continue to analyse and spatially model the groundwaters and
forest soil properties as independent variables in the forecast.
Research of the ecophysiological reactions of pedunculate
oak to changing ecological factors and competition would
also be a valuable addition to such research.
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