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Abstract: Systematic identification, field recording, and mapping of woody species were carried out in 

this study, applying modern methodological approaches and establishing a digital database. The 

obtained results provided a comprehensive overview of the status of woody species within the area 

under the category I protection regime of the Special Nature Reserve (SNR) “Titel Hill”. The protected 

area supports 44 woody species, most of which are found in gullies and in a narrow belt along the edges 

of the loess plateau. In the tree-layer vegetation, 25 species occur, 41 in the shrub layer and 19 in the 

ground vegetation layer. Overall, 30% of woody species are of alien origin. Conservation methods, both 

in situ and ex situ, were defined for target tree species: downy oak, steppe almond, manna ash, smoke 

tree, field elm, and European white elm. These species are sensitive to habitat degradation, climate 

change, and biotic pressures, and therefore require inclusion in conservation processes. The proposed 

conservation activities are oriented toward preserving natural populations within their native habitats, 

as well as toward the production and use of purposefully propagated planting material of autochthonous 

origin. This research provides a significant foundation for future scientific studies and for practical 

management and conservation planning of the Titel Hill SNR. 
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Introduction 

Woody species and forest ecosystems have a special place in the preservation of biological 

diversity, as they provide habitats for numerous organisms, influence the regulation of climate, water 

regimes, and erosion processes, and also offer significant economic and social benefits (Folke et al, 1996; 

Bengtsson et al, 2000; Brockerhoff et al, 2017). The management and conservation of forest genetic 

resources require a long-term, planned, and scientifically based approach that involves continuous 

monitoring of population status, identification of threats, and the implementation of appropriate 

conservation measures (Ledig, 1986; Rajora and Mosseler, 2001; Aravanopoulos, 2016). Genetic 

conservation is the preservation of a species' genetic diversity and variability, ensuring its survival over 

time and in the face of sudden changes in environmental or habitat conditions (e.g., extreme climate 
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events) (Demir, 2021; Begna, 2022). Protected areas are particularly important in this context, as they 

serve as key reservoirs of genetic diversity.  

However, despite their formally protected status, many gene pools of woody species within 

protected areas remain vulnerable to genetic erosion due to insufficient management, limited monitoring, 

and inadequate integration of genetic considerations into conservation planning (Trudić et al, 2025). The 

genetic information contained within individuals and/or populations of a species, whose expression 

results in desirable individuals capable of responding to environmental challenges or meeting certain 

human needs, represents the key element of genetic conservation (Milovanović et al, 2021). Genetic 

variability within species underpins their ability to survive and adapt to changing environmental 

conditions, including climate change, the emergence of new pathogens, and increasingly intensive 

anthropogenic pressures (e.g., Jump et al, 2009; Anderson et al, 2012; Pauls et al, 2013). The 

preservation of genetic diversity plays a key role in the long-term stability of populations and 

ecosystems, as it enables species' adaptive potential and reduces the risk of local or complete extinction 

(e.g., Booy et al, 2000; Mable et al, 2019). However, numerous studies indicate a continuous decline in 

genetic diversity across many species globally, further emphasizing the importance of active, long-term 

conservation of genetic resources (Booy et al, 2000; Habel and Schmitt, 2012; Shaw et al, 2025). 

Pannonian basin stands out as a region of high significance for biodiversity conservation and 

genetic resource management (Erdős et al, 2018; Chytrý et al, 2022; Tari et al, 2023). This importance 

has been shaped by complex geological history, diverse topography, and intense human activities 

(EEA, 2002). It was developed in the late Tertiary (Fodor et al, 1999) and nowadays covers 133,000 ha, 

of which 70% belong to the Great Hungarian Plain (EEA, 2002). After the latest glaciation, the 

Panonnian region was covered by dense oak forests, limes (Tilia spp.), elms (Ulmus spp.), ashes 

(Fraxinus spp.), and hazel (Corylus avellana), while during a relatively humid phase, species of Fagus 

and Carpinus dominated (EEA, 2002, Molnár et al, 2018). Since the 19th century, most of the natural 

habitats have been destroyed by negative human activities (forest clearcuts, expanding agriculture, 

urbanization, water management, the ploughing of meadows, and the use of pesticides), which have had 

a significant impact on species distribution, habitat fragmentation, and biodiversity loss (EEA, 2002). 

Nowadays, natural woodland and forest vegetation are almost entirely destroyed and replaced by 

intensive agricultural landscapes or grasslands and steppes (Molnár et al, 2018; Erdős et al, 2019; 

Tari et al, 2023). According to EUNIS (2026), woodland and forest habitats and other wooded lands 

occupy 17% of the entire Pannonian region. Most of the woodland occurs in river valleys and in the 

northern part of the region, while in the southern part, forest patches are present mainly in areas 

influenced by a Mediterranean climate type with warm summers and temperate winters (EEA, 2002). 

Most of these habitats’ conservation requires the designation of special areas of conservation 

(EUNIS, 2026). 

The highest biodiversity in the Pannonian region is found in forest patches and their edges, as 

well as on loess, where oak forests and forest fragments are the most diverse (Zólyomi and Fekete, 

1994; Molnár et al, 2018; Erdős et al, 2019; Tari et al, 2023). Loess plateaus were formed as sediment 

deposits in places where sand and silt were eroded by easterly winds and the dust was bound by 

vegetation (EEA, 2002). In northern Serbia, five loess plateaus are present, and one of them is Titel 

Hill. It is nationally protected as a Special Nature Reserve and internationally recognized as an 

Important Plant Area (IPA), an Important Bird Area (IBA), part of the EMERALD network, and is an 

area of special importance for nature conservation (Ristić et al, 2022). Titel Hill is highly influenced by 

human activity dating to prehistory, with evidence from at least the Neolithic and the later Bronze Age 

(Hofmann et al, 2025). The potential natural vegetation of the loess plateau is considered to be a mosaic 

of forest-steppe vegetation (Purger et al, 2014). 

In Serbia, research focused on the identification and conservation of forest genetic resources 

has, in recent years, been carried out primarily within protected areas (e.g., Šijačić-Nikolić et al, 2021; 

Šijačić-Nikolić et al, 2023a; Šijačić-Nikolić et al, 2023b; Nonić et al, 2023). Although the gene pools 

of woody species in these areas are formally protected to a certain extent, this protection is often 

insufficient to ensure their long-term conservation. Therefore, it is necessary to conduct detailed field 
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research to identify the overall gene pool, determine the factors driving genetic erosion, and define 

priority target tree species. In this context, the present study analyzes the gene pool of woody species 

in the Special Nature Reserve “Titel Hill” (in Serbian “Titelski breg”) as a basis for the conservation of 

species and habitats, and for the sustainable use and management of the target tree species.  

Material and Methods 

Study Area  

Titel Hill represents an isolated loess plateau in the far southeast of Bačka (Vojvodina, Serbia), 

located in the interfluve of the Danube and Tisza rivers. It rises about 50 m above the alluvial plains of 

these rivers, with an average altitude of 120 m (central coordinates: 45.17° N, 20.08° E). Southwest of 

the town of Titel, it connects with the Titel loess terrace and the alluvial plain of the Danube 

(Institute for Nature Conservation of Vojvodina Province, 2011). It has an elliptical shape, the result of 

the erosive action of the Danube and Tisza rivers (Bukurov, 1953). Due to erosion, the total area of the 

Titel loess plateau decreased from 94 km² to 79.5 km² (Bukurov, 1975; Institute for Nature Conservation 

of Vojvodina Province, 2011). 

It has the characteristics of a steppe, with forest communities poorly represented. According to 

the literature, these forests belong to the forest–steppe zone and include fragments of xerothermic 

forests of Orno–Cotino–Quercetum pubescentis (Tomić, 2004; Butorac et al, 2008). In addition to forest 

communities, a significant proportion of the area is covered by shrub vegetation, which is believed to 

represent remnants of typical steppe forests characteristic of this region (Stojanović 1981, 1983). Today, 

forest vegetation is reduced to a narrow belt along the edges of the loess plateau, its steep cliffs, and 

almost impassable gullies overgrown with shrubs. Many woody species in this area have been reduced 

to individual trees and/or small groups of trees whose survival in this area is seriously threatened. 

Тhe area of the gullies and slopes of the Titel loess plateau was declared a protected area of 

international, national, and exceptional importance, Category I, as the Special Nature Reserve (SNR) 

in 2012 (Institute for Nature Conservation of Vojvodina Province, 2011). According to the Law of 

Nature Protection (2021) a Special Nature Reserve is an area with unaltered or only slightly altered 

natural features, unique, rare, and representative, designated for the preservation of existing natural 

characteristics, genetic resources, ecological balance, the monitoring of natural phenomena and 

processes, scientific research and education, controlled visitation, and the preservation of traditional 

ways of life. It is also designated as an IUCN Category IV - Habitat and Species Management Area, 

protected primarily for conservation through management intervention (Institute for Nature 

Conservation of Vojvodina Province, 2011). The protected area extends over the territory of the 

Municipality of Titel, occupying 496 ha in category I (69.14 ha), II (246.12 ha), and III (180.74 ha) 

protection regimes. 

This research was conducted within the category I protection regime, where, according to the 

Law on Nature Protection (2021), the use of natural resources and the construction of objects are 

forbidden, and all management and research activities are restricted. Any planned activities, including 

research, require approval from the Ministry. This area includes the best-preserved geological and 

geomorphological features: a loess pyramid, loess cliffs, hanging valleys, landslides, loess caves, and 

loess gullies. These are partly covered with xerothermic relict vegetation, whose structure includes 

numerous strictly protected species. The smoke tree and downy oak community, along with Pannonian 

shrub formations, represents the best-preserved stands of a semi-desert character, featuring a rich 

diversity of species from xerothermic steppe phytocoenoses (Government of the Republic of Serbia, 2012). 

Field Research 

As preparation for the fieldwork, the research area was positioned using Google Earth Pro   

7.3.7.1155 (Google, Mountain View, CA, USA), enabling broader access to the data not only for the 

scientific and professional community but also for the general public. The area under the Category I 
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protection regime was delineated. It was observed that the area is not compact and easily accessible, 

but rather occupies steep gullies and a narrow belt of escarpments, and is therefore a difficult terrain to 

survey. Such conditions necessitated the use of an optimal research methodology to obtain the clearest 

possible picture of the gene pool of woody species on Titel Hill, while at the same time overcoming the 

real challenges encountered in the field. The solution was found in creating a reconnaissance model 

based on dividing the area into polygons (a total of 3), corresponding to units within the category I 

protection regime: Unit A – the peripheral section “Piramida” – brickyard; Unit B – peripheral section 

brickyard – shooting range; and Unit C – peripheral section shooting range – “Dukatar” gully (Figure 1). 

 

Figure 1: Spatial distribution of monitoring points (REK) with the corresponding areas where field research was 

done: Unit A – peripheral section “Piramida” – brickyard; Unit B – peripheral section brickyard – shooting range; 

and Unit C – peripheral section shooting range – “Dukatar” gully. 

Within the three defined polygons, 50 monitoring points were systematically projected in 

category I protection regimes (69.14 ha), each at the center of approximately 1 ha of a monitoring plot. 

The designated monitoring points were recorded in a .kmz file and served as a reference for field 

orientation and navigation. Unfortunately, after the first field visit, most of the projected monitoring 

points were rejected due to specific characteristics of the terrain, above all, to the inaccessible steep 

sections of loess deposits, or due to lack of woody species, especially on steep slopes with southern 

exposure, which were not covered by woody vegetation, but by grassland vegetation. Fourteen 

monitoring points left: three at Unit “A”, one at Unit “B”, and ten at Unit “C” (Table А1, Figure 1). 
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Due to the terrain's specific characteristics, access to the monitoring points was not always possible by 

land. Therefore, a motorboat was used for field research, enabling the research team to reach some 

points by water via the Tisza River and then continue on foot to reach the monitoring points. 

Unit A extends from the peripheral section of the loess pyramid to the brickyard, the locality 

known as “Ciglana”. It occupies 11 ha in total and includes three gullies and three narrow belts of shrub 

vegetation on the steep cliffs between them. One of these three gullies was completely inaccessible and 

impassable. Therefore, two monitoring points have been established within the remaining two, and an 

additional monitoring point has been placed between them (Figure 1). 

Unit B extends from the peripheral section of the brickyard to the locality known as “shooting 

range”. It is the smallest unit, occupying 1.7 ha in total, and includes only one continuous valley. One 

monitoring point was projected in this unit. It was inaccessible from the top of the loess plateau. The 

monitoring site was reached by boat via the Tisza River bank, requiring transit through the category II 

protection regime (Figure 1). 

Unit C extends from “shooting range” to Dukatar gully, occupies 56.30 ha in total, and includes 

numerous gullies, among which are the largest: Vinogradarski, Perkovcov, Zmijnjak, Makarićev, 

Demljankov, Lacov, Rogulićev, Keljin, and Dukatar gullies. Some of them were inaccessible, both from 

the river bank and from the top of the loess plateau. Monitoring points were projected in five of them: 

Demljankov (REK_13), Petrov (REK_15), Rogalićev (REK_16), Keljin (REK_19 and 20), and Dukatar 

guilly (REK_21 and 22). An additional monitoring point was placed between them (Figure 1). 

To select target species for inclusion in the conservation strategic planning process, the criteria 

of threat status, representativeness, and scientific relevance were applied, based on which the target 

species were identified. For each recorded individual or tree within the target species group, designated 

as the center of the group, diameter at breast height (cm), circumference at breast height (cm), height 

(m), and maximum crown spread (m) were measured, and recorded trees were marked with numbers.  

Identification of Woody Species 

Based on field research data, a comprehensive overview of all woody species recorded within 

the Category I protection regime of the Titel Hill SNR was compiled. The presence of individual species 

was assessed for units A, B, and C. For each species, the following information is provided: the family 

to which the species belongs; scientific name; origin (native or alien); species category according to the 

IUCN (LC – Least Concern, stable population; DD – Data Deficient; NE – Not Evaluated); the species 

category within the forest fund of the Republic of Serbia according to Banković et al. (2009). As a result 

of this study's findings, species were categorized as follows: 

• Stable – populations in good health condition, with natural regeneration and presence at a larger 

number of monitoring points; 

• Rare – represented by individual trees or small groups of trees, present at only one or very few 

monitoring points; 

• Threatened – species for which drying of individual trees or entire groups was recorded, 

resulting in a very small number of individuals, with no evidence of natural regeneration; 

• Invasive – alien species that, through their expansion, threaten the gene pool of native species.  

Within the recorded woody species, target tree species were identified based on the following 

criteria defined by Šijačić-Nikolić and Nonić (2023): 

• Threat criterion, which includes the categorization of the species within the Forest Fund of the 

Republic of Serbia and the assessment of its level of endangerment based on field research; 

• Representativeness (charismatic) criterion, which refers to the presence of representative 

specimens of a species in a given area or species that may be considered symbols of a particular 

habitat; and 

• Scientific criterion, which refers to the importance of a species from the perspective of inclusion 

in scientific research activities, thereby contributing to the acquisition of new knowledge and 

supplementing existing information. 
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With the aim of preserving the gene pool of the target species and the overall habitat within the 

category I protection regime in the Titel Hill SNR, both in situ and ex situ conservation measures were 

proposed, encompassing individual trees, groups of individuals, or entire populations and habitats.  

Results 

Woody Species  

A total of 44 woody species were recorded, of which 31 species are of native origin and 13 

species are of alien origin; 25 of them occur in the tree vegetation layer, 41 in the shrub layer, and 19 in 

the ground vegetation layer (Figure 1, Table A2). Overall, around 30% of woody species are of alien 

origin. Half of the species were found in the shrub layer overall and in roughly equal proportions across 

all units, while the ground had the lowest diversity (cca. 20% of all species) (Figure 2). 

 

Figure 2: Origin of woody species and vegetation layer occurrence in Titel Hill SNR, overall and by units (A, B, C). 

At unit A – peripheral section “Piramida” – brickyard, a total of 32 species were recorded, of 

which ten are 10 alien and 22 are native. In the tree layer, 14 species were recorded, 28 in the shrub 

layer, and 9 in the ground vegetation layer (Figure 2, Table A3). Species that occur evenly across all 

three layers are black mulberry (Morus nigra L.) and white mulberry (Morus alba L.), both alien species 

but without invasive characteristics. In addition to these species, a significant presence of grapevine 

(Vitis vinifera L.) and goji (Lycium barbarum L.) was also recorded, whose competitiveness suppresses 

the ground vegetation layer. Furthermore, box elder (Acer negundo L.), as an alien species with invasive 

tendencies, poses a significant threat. 

At unit B – peripheral section, brickyard–shooting range, which is the smallest area within the 

category I protection regime, a total of 14 species were recorded, of which 4 are alien and 10 are native. 

In the tree layer, 9 species were recorded, 13 in the shrub layer, and 3 in the ground vegetation layer 

(Figure 1, Table A4). Within this unit, a group of field elm (Ulmus minor Mill.) was recorded and 

mapped on a slope (45.228757°N, 20.303078°E), comprising more than 20 individuals in poor 

condition, with semi-dry or completely dry trees. 
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At Unit C – peripheral section shooting range – “Dukatar” gully, a total of 38 species were 

recorded, of which 10 are alien and 28 are native. In the tree layer, 20 species were recorded, 36 in the 

shrub layer, and 14 in the ground layer (Figure 1, Table A5). Within this unit, special attention should 

be paid to Demljankov Gully (Figure 3, 45.255011°N; 20.283588°E), where most species occur within 

the tree layer, which is not the case in the other spatial units. This gully represents an exceptional habitat,  

with mature trees of downy oak (Quercus pubescens Willd.), walnut (Juglans regia L.), field maple 

(Acer campestre L.), and other tree species (Figure 1). A threat to the survival of forest vegetation in 

this gully is posed by the presence of paper mulberry (Broussonetia papyrifera (L.) L'Hert. ex Vent.), 

an alien invasive species spreading from the ridge toward the gully interior, forming a dense canopy. 

Along the peripheral part toward the escarpments, dense thickets of blackthorn (Prunus spinosa L.), 

lilac (Syringa vulgaris L.), field elm (Ulmus minor Mill.), and individuals of smoke tree (Cotinus 

coggygria Scop.) were recorded, occurring in sympatry with manna ash (Fraxinus ornus L.). 

 

Figure 3. Demljankov Gully at Unit C. 

Target Woody Species 

The following target species were identified: downy oak (Quercus pubescens Willd.), steppe 

almond (Prunus tenella Batsch), manna ash (Fraxinus ornus L.), smoke tree (Cotinus coggygria Scop.), 

field elm (Ulmus minor Mill.), and European white elm (Ulmus laevis Pall.) (Table 1).  

Table 1: Overview of target tree species within the category I protection regime of the Titel Hill SNR 

and the criteria on which their selection was based. 

Species Threat  Representativeness  Scientific  

Quercus pubescens Willd. + + + 

Fraxinus ornus L. +   

Cotinus coggygria Scop. +   

Ulmus laevis Pall. + +  

Ulmus minor Mill. + +  

Prunus tenella Batsch + + + 
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Downy oak (Quercus pubescens) occurs in two smaller groups within monitoring points 

REK_09 and REK_18. Both points belong to the spatial unit “C” – peripheral section shooting range – 

“Dukatar” gully. The trees are of coppice origin but are in good health condition, with no dry branches 

in the crown. No generative regeneration was observed, but a large number of coppice shoots are 

present. In total, 13 individuals were georeferenced (Table A6). 

Manna ash (Fraxinus ornus) was recorded within five monitoring points: REK_01, REK_13, 

REK_14, REK_16, and REK_18. During the field survey, very good fruiting was observed. Individuals 

are predominantly in shrub form. 

Steppe almond (Prunus tenella), a relict species recorded within the remaining steppe 

fragments in Vojvodina, was found in unit “C” as stated in “Monitoring, Mapping, and Surveillance of 

Strictly Protected and Protected Plant Species in the Titel Hill Special Nature Reserve” (Botaničko društvo 

„Andreas Volni“, 2019) Project report. 

Smoke tree (Cotinus coggygria) was recorded at two monitoring points, REK_08 and REK_18. 

Individual plants are very old, but vital. The population is located on steep escarpments that are subject 

to erosion. It predominantly occurs with manna ash (Fraxinus ornus), and together they represent 

edificator species. 

Field elm (Ulmus minor) was recorded at 11 monitoring points: REK_01, REK_02, REK_08, 

REK_13, REK_14, REK_16, REK_17, REK_18, REK_19, REK_21, and REK_22. Although the 

species appears to be widely distributed, its gene pool is in very poor condition. A significant presence 

of diseased, damaged, and completely dry trees was recorded within each group. 

European white elm (Ulmus laevis) is present in all three spatial units, at three monitoring 

points: REK_01 (Unit A), REK_08 (Unit B), and REK_08 (Unit C), predominantly in the tree and shrub 

layers. Although it is a target species, individual trees were not georeferenced because the recorded gene 

pool is generally in good health condition. 

Based on the data collected during the field research, a digital database was created, comprising 

a tabular section (.xlsx file) and digital maps (.kmz file). The database is deposited at the Center for 

Monitoring and Conservation of Forest Genetic Resources, within the Chair of Seed Science, Nursery 

Production and Afforestation of the Faculty of Forestry, University of Belgrade, and has been made 

available to the reserve management authority and all interested stakeholders for scientific research and 

other purposes. 

Conservation Measures 

To preserve the gene pool of the target species and the overall habitat within the category I 

protection regime in the Titel Hill SNR, both in situ and ex situ conservation measures are proposed. 

These measures encompass individual trees, groups of individuals, or entire populations and habitats.  

For the purpose of in situ conservation of the gene pool of woody species, it is proposed that 

the category I protection regime of the Titel Hill SNR be designated as a single conservation area, 

comprising three conservation units, corresponding to the three units (A, B, and C): 

• The first conservation unit encompasses unit A – peripheral section “Piramida” – brickyard, 

within the category I protection regime, where high biodiversity of woody species and the 

presence of target tree species were recorded (Table A3). A particularly valuable element of 

this conservation unit is a group of field elm (Ulmus minor) trees, numbering over 100 

individuals, present across all three vegetation layers. Within this group, 15 individuals were 

georeferenced (Table A6). 

• The second conservation unit encompasses unit B – peripheral section, brickyard–shooting 

range. Given the relatively small area it covers and the uniformity of the vegetation, a relatively 

low biodiversity of woody species has been recorded. However, some of the target tree species 

are present (Table A4), which require additional attention. Its particular value lies in a group of 

field elm (Ulmus minor) trees, numbering over 50 individuals, of which 10 were georeferenced 

(Table A6), forming the basis for monitoring and conserving the available gene pool.  
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• The third conservation unit encompasses unit C – peripheral section shooting range – “Dukatar” 

gully, which includes a large number of gullies where forest vegetation is still preserved (Keljin, 

Demljankov, Petrov, Rogalićev, and Dukatar gully). This conservation unit is characterized by 

the highest woody species diversity and the presence of a large number of target species 

(Table A5). Demljankov Gully, located within this conservation unit, has been characterized as 

the best-preserved forest habitat within the category I protection regime. Within this gully, eight 

individuals of manna ash, 24 individuals of field maple, and five individuals of field elm were 

georeferenced (Figure 3, Table A6). The particular value of this conservation unit lies in the 

remnants of the downy oak (Quercus pubescens) population, which has been reduced to 13 

georeferenced trees located in two groups — one larger with 11 trees and one smaller with 2 

trees — situated on extremely steep, poorly accessible terrain (Table A6). This conservation 

unit is further characterized by the presence of smoke tree (Cotinus coggygria), manna ash 

(Fraxinus ornus), which act as edificator species of the existing forest community, as well as 

steppe almond (Prunus tenella). As a major threat to native woody species and habitats, paper 

mulberry (Broussonetia papyrifera) was identified. One of the main proactive measures should 

be suppressing paper mulberry across the entire Unit C area and monitoring its presence in 

other parts of SNR. 

In order to preserve populations and individuals of target species, for each species, in situ and 

ex situ conservation measures are proposed: 

• Downy oak – both in situ and ex situ conservation measures are proposed. Activities toward in 

situ conservation were initiated through this research by identifying, georeferencing, and 

mapping individual downy oak trees. The identified gene pool of 13 trees needs to be 

permanently marked, included in a monitoring program, and assessed for genetic variability. 

To preserve and expand the population of this species, which has been brought to the brink of 

extinction, it is necessary to implement ex situ conservation measures, beginning with 

continuous monitoring of seed production at the individual level. Seed collection should be 

carried out at the individual or two-tree group level. The collected seeds should be used to 

establish a progeny test in a nursery to assess the gene ecological potential of the maternal trees. 

Seedlings produced in the progeny test should subsequently be planted within the protected 

area to preserve the autochthonous gene pool and expand the population of this species. Until 

seedlings from the autochthonous gene pool become available, downy oak should be introduced 

into this area, with particular attention paid to the origin of planting material. The seed source 

should be selected to avoid compromising a genetic conservation population, as described for 

the marginal population of Q. suber (Eriksson et al, 2017). Found trees are grouped into 

subgroups at short distances within the groups, so we assume that most are of coppice origin, 

with maybe more than two representing the same genotype. If this is the case, restoration may 

rely on introducing material from localities with site conditions similar to those at Titel Hill. 

• Manna ash – the species is included in in situ conservation through the category I protection 

regime, which implies protection of the habitat itself, as well as through the defined 

conservation units, which will include some of the monitoring points where the species was 

recorded. Also, the monitoring and conservation of manna ash trees are necessary, as this 

species is an edificatory species within the community. Manna ash, as a species suitable for the 

afforestation of degraded forests and shrublands, may also represent an appropriate species for 

afforestation within the Titel Hill SNR. Therefore, activities may be initiated to select maternal 

trees and to collect seeds for the establishment of progeny tests, which represent a form of ex 

situ conservation. 

• Steppe almond – in situ conservation measures are proposed, whose implementation began 

through the project “Monitoring, Mapping, and Surveillance of Strictly Protected and Protected 

Plant Species in the Titel Hill Special Nature Reserve” (Botaničko društvo „Andreas Volni“, 

2019). Additional population genetics studies should be conducted, as this species has been 

preserved at only a few localities. 

• Smoke tree – in situ conservation measures are proposed, which include the designation of 

conservation units that will encompass the monitoring points where the species has been 
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recorded. Additionally, the species is protected in situ through the category I protection regime, 

which safeguards its habitat. 

• European white elm – in situ conservation measures should be implemented through the 

designation of conservation units that will include the monitoring points where the species has 

been recorded, which will additionally contribute to the protection of the gene pool, alongside 

the habitat protection already ensured by the category I protection regime. 

• Field elm – both in situ and ex-situ conservation measures are proposed. In situ conservation 

measures should be implemented by designating conservation units that include the monitoring 

points where the species has been recorded, thereby contributing to the protection of the gene 

pool, alongside the habitat protection already ensured by the category I protection regime. 

Given the condition of the population, which has been reduced to a relatively small number of 

healthy trees, it is also necessary to implement ex situ conservation measures, including 

selecting maternal genotypes from which reproductive material will be collected to establish 

progeny tests. The planting material produced in these progeny tests should be planted in the 

Titel Hill SNR area, which will increase forest cover and enhance the gene pool of field elm, a 

rare and threatened species. 

Discussion 

The Pannonian and Balkan regions are recognized for their unique phylogeographic history and 

conservation value (Torre et al, 2022). In Central and Eastern Europe, these forest steppe habitats are 

mainly influenced by climate, soil composition, and human activities (EEA, 2002; Erdős et al, 2019; 

Chytrý et al, 2022), but still represent a significant level of biodiversity for a loess plateau ecosystem 

in the Pannonian region (Erdős et al, 2011; 2014; 2018). The limited occurrence of woody vegetation 

in habitats that provide protection from harsh climatic conditions and historical land-use pressures 

(Neophytou et al, 2024; Postolache et al, 2019) has important genetic implications. Spatial 

fragmentation can influence species composition and population dynamics (Erdős et al, 2018), leading to 

reduced gene flow, increased genetic drift, and loss of genetic diversity over time (Neophytou et al, 2024). 

For many reasons, forest patches in the Pannonian region have great conservation importance 

(Bartha et al, 2008, 2011), not only as refuge habitats but also for maintaining highly degraded edges 

(Erdős et al, 2018). 

In Titel Hill, SNR forests belong to the forest–steppe zone forest type and include fragments of 

xerothermic forests of the Orno-Cotino-Quercetum pubescentis association, whose main edificator 

species are downy oak (Quercus pubescens), manna ash (Fraxinus ornus), and smoke tree (Cotinus 

coggygria), accompanied by a large number of shrub and herbaceous species (Tomić, 2004; 

Butorac et al, 2008). This association belongs to the alliance of thermophilous downy oak and sessile 

oak forests Quercion pubescentis–petraeae (Tomić, 2004). The alliance is characterized by mosaically 

distributed stands across the terrain, with discontinuous canopy cover and low tree height. They are 

often associated with meadow–steppe grass formations, salt marsh habitats, and true steppe vegetation 

of the alliance Festucion rupicolae Soó 1940. These ecosystems are highly susceptible to degradation 

due to their very limited distribution areas, numerous threatening factors, and the difficulty of natural 

regeneration; as classical forest ecosystems, they occur only on Mt. Fruška Gora and the Vršac Mountains 

(Tomić, 2004). 

Most species inventory studies in Titel Hill SNR have focused on identifying herbaceous 

species (Butorac and Igić, 1995, Butorac et al, 2008; Bokić et al, 2024). In 2011, a total of 33 woody 

species were identified, of which 25 were autochthonous and 8 allochthonous (Institute for Nature 

Conservation of Vojvodina Province, 2011), whereas in this study, 44 species were identified, of which 

31 were autochthonous and 13 allochthonous. We cannot attribute the difference in the number of 

woody species recorded between these two studies solely to vegetation change, as it may also be due to 

methodological differences, although the data-collection methodology was not clearly specified in the 

2011 study (Institute for Nature Conservation of Vojvodina Province, 2011). A difference in species 

number is also evident between the present study and that of Butrovac et al. (2008), with only 19 woody 

species common to both studies. However, the most detailed inventory of woody species was given by 
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Butorac et al. (2008) in their description of the association Orno-Cotino-Quercetum pubescentis ass. 

nova prov. on the slopes of Titel Hill. They described Fraxinus ornus and Cotinus coggygria as 

dominant and edificatory species in forest patches on slopes, and Quercus pubescens as rare but 

important as an edificator. Our study confirms the presence of Quercus pubescens and, unlike Butrovac 

et al. (2008), provides precise coordinates for 13 georeferenced individuals. However, we cannot agree 

that these 13 trees most likely represent a “young forest,” as stated by Butrovac et al. (2008), as this is 

merely speculation; rather, we agree that these trees are highly threatened, primarily because of shallow 

terrain subject to erosion. Also, we agree that shrub/forest patches on slopes are an important anti-

erosive factor, including patches dominated by F. ornus and C. coggygria, as mentioned in Butrovac et 

al. (2008), as well as patches dominated by Prunus spinosa, Syringa vulgaris, and Ulmus minor. 

In our study, we found that most native tree species are represented mainly by individual trees 

or small groups, predominantly coppice-origin individuals, including dried and diseased individuals. 

This highlights the need to define a conservation strategy as an action plan to preserve and sustainably 

use the available gene pool. One of the main threats we identified in our study is the presence of 30% 

alien species. This represents a significant concern for the long-term conservation of native woody 

species and their gene pools. The demographic dominance of alien species can reduce habitat 

availability and recruitment opportunities for native species (Konrad et al, 2025) and suppress native 

vegetation (Vítková et al, 2017). Monitoring and control of alien species populations should be a priority 

for Titel Hill management.  

The conservation strategy proposed for Titel Hill SNR integrates both in situ and ex situ 

approaches, following current best practices for forest genetic resource management (Fussi et al, 2025). 

Establishing a dynamic gene conservation unit within the protected area, as an in situ approach, should 

be complemented by ex situ measures. Mostly, ex situ measures refer to seed source plots. These objects 

provide genetically appropriate planting material for restoration activities (Kajba and Andrić, 2015). Similar 

integrated approaches have proven successful, such as the Croatian national program for forest reproductive 

material (Kajba and Andrić, 2015) and the French elm conservation program (Collin et al, 2020). Using 

locally sourced, genetically appropriate native forest reproductive material should be a priority for Titel 

Hill management, especially for the target woody species identified in this study.  

For all target species, populations found in Titel Hill SNR represent marginal, xeric, or rear-

edge populations. These populations can harbor useful adaptive variation for climate change responses 

(Postolache et al, 2019; Pütz et al, 2025). Further study of these populations at the morphological and 

molecular levels would ensure their long-term conservation and support the creation and 

implementation of habitat restoration and adaptation strategies. 

Conclusions  

Titel Hill SNR represents a unique area of exceptional importance for the conservation of 

biodiversity and the gene pool of a limited number of woody species. This study provides baseline data 

for evidence-based conservation management. The systematic identification, field recording, and 

mapping of 44 woody species (25 in the tree layer, 41 in the shrub layer, and 19 in the ground vegetation 

layer) reveal a significant woody plant diversity within a highly fragmented landscape. Six target 

species for priority conservation were identified: downy oak (Quercus pubescens), field elm (Ulmus 

minor), European white elm (Ulmus laevis), manna ash (Fraxinus ornus), steppe almond (Prunus 

tenella), and smoke tree (Cotinus coggygria). Implementation of the proposed measures may contribute 

to the long-term preservation of the genetic diversity of woody species and the stability of ecosystems, 

thereby ensuring the sustainable use and protection of this highly valuable area. The documented 

presence of approximately 30% alien species poses a management challenge amid accelerating loss of 

genetic diversity and climate change. Establishing a digital database provides infrastructure for long-

term genetic monitoring and adaptive management. Overall, the results of this study provide an 

important basis for future scientific research and for practical management and conservation planning 

of the Titel Hill SNR. 
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Appendix  

Table A1: Coordinates of the designated monitoring points by unit within the category I protection regime of the 

Titel Hill SNR. 

Monitoring Point ID Unit/Section Latitude (°N) Longitude (°E) 

REK_01 A 45.211016° 20.309778° 

REK_02 A 45.213365° 20.309444° 

REK_03 A 45.215426° 20.307028° 

REK_04 B 45.227934° 20.303346° 

REK_05 C 45.255011° 20.283588° 

REK_06 C 45.260222° 20.285430° 

REK_07 C 45.263800° 20.273363° 

REK_08 C 45.267734° 20.267883° 

REK_09 C 45.271391° 20.263790° 

REK_10 C 45.276591° 20.255887° 

REK_11 C 45.275849° 20.252410° 

REK_12 C 45.278387° 20.251578° 

REK_13 C 45.280194° 45.280194° 

REK_14 C 45.282448° 45.282448° 

Table A2: Overview of recorded woody species in the Titel Hill SNR according to spatial units within the tree 

unit (A, B, C) in category I protection regime. 

No. Family Latin Name Origin IUCN 

Category in 

Forest Fund 

of RS 

(Banković et al, 

2009) 

Assessed 

Status in Titel 

Hill SNR 

Unit 

A B C 

1 Aceraceae Acer campestre L. Native LC – 
Rare / 

Threatened 
      

2 Aceraceae Acer dasycarpum Ehrh. Alien LC – Rare       

3 Aceraceae Acer negundo L. Alien LC – Invasive       

4 Aceraceae Acer tataricum L. Native LC – 
Rare / 

Threatened 
      

5 
Simarouba

ceae 
Ailanthus altissima 

(Mill.) Swingle 
Alien LC – Invasive       

6 Fabaceae Amorpha fruticosa L. Alien LC – Invasive       

7 Moraceae 
Broussonetia 

papyrifera (L.) L’Hér. 

ex Vent. 

Alien LC – Invasive       

8 Ulmaceae Celtis occidentalis L. Alien LC – Rare       

9 
Ranuncula

ceae 
Clematis vitalba L. Native LC – Invasive       

10 Cornaceae Cornus sanguinea L. Native LC – Stable       

11 Betulaceae Corylus avellana L. Native LC – Rare       

12 
Anacardiac

eae 
Cotinus coggygria 

Scop. 
Native LC – 

Rare / 
Threatened 

      

13 Rosaceae 
Crataegus monogyna 

Jacq. 
Native LC – Stable       

14 Rosaceae 
Crataegus oxyacantha 

L. (syn. C. 
rhipidophylla Gand.) 

Native LC – Stable       

15 
Celastrace

ae 
Euonymus europaeus 

L. 
Native LC – Stable       
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No. Family Latin Name Origin IUCN 

Category in 

Forest Fund 

of RS 

(Banković et al, 

2009) 

Assessed 

Status in Titel 

Hill SNR 

Unit 

A B C 

16 
Celastrace

ae 

Euonymus verrucosa 

Scop. 
Native NE – Rare       

17 Oleaceae Fraxinus ornus L. Native LC – Stable       

18 Oleaceae 
Fraxinus 

pennsylvanica Marshall 
Alien LC – Invasive       

19 Fabaceae 
Gleditsia triacanthos 

L. 
Alien LC – Invasive       

20 Araliaceae Hedera helix L. Native LC – Rare       

21 
Cannabace

ae 
Humulus lupulus L. Native LC – Stable       

22 
Juglandace

ae 
Juglans regia L. Native LC 

Rare / 

Threatened 
Stable       

23 Oleaceae Ligustrum vulgare L. Native LC – Stable       

24 Solanaceae Lycium barbarum L. Alien NE – Invasive       

25 Moraceae Morus alba L. Alien LC – Stable       

26 Moraceae Morus nigra L. Alien LC – Stable       

27 Vitaceae 
Parthenocissus 

quinquefolia (L.) 

Planch. 

Alien LC – Invasive       

28 Rosaceae 
Prunus cerasifera 

Ehrh. 
Native DD – Stable       

29 Rosaceae 
Prunus cerasifera 

‘Pissardii’ 
Native NE – Rare       

30 Rosaceae Prunus spinosa L. Native LC – Stable       

31 Rosaceae Prunus tenella Batsch Native DD – Threatened    

32 Fagaceae 
Quercus pubescens 

Willd. 
Native LC 

Rare / 
Threatened 

Rare / 
Threatened 

      

33 
Rhamnace

ae 
Rhamnus cathartica L. Native LC – Stable       

34 Fabaceae 
Robinia pseudoacacia 

L. 
Alien LC – Invasive       

35 Rosaceae Rosa canina L. Native LC – Stable       

36 Rosaceae Rubus caesius L. Native LC – Stable       

37 Rosaceae Rubus fruticosus L. Native LC – Stable       

38 
Caprifoliac

eae 
Sambucus nigra L. Native LC – Stable       

39 Oleaceae Syringa vulgaris L. Native LC – Rare       

40 Tiliaceae 
Tilia tomentosa 

Moench 
Native LC – 

Rare / 
Threatened 

      

41 Ulmaceae Ulmus laevis Pall. Native DD 
Rare / 

Threatened 
Rare / 

Threatened 
      

42 Ulmaceae Ulmus minor Mill. Native DD 
Rare / 

Threatened 
Threatened       

43 
Caprifoliac

eae 
Viburnum lantana L. Native NE – Stable       

44 Vitaceae Vitis vinifera L. Native LC – Invasive       
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Table A3: Overview of recorded woody species in the first spatial unit at Unit A, in the tree layer (T), shrub layer 

(S), and ground vegetation layer (G). 

No. Latin Name Common Name 
Vegetation Layer 

T S G 

1 Acer negundo L. boxelder / ash-leaved maple    

2 Ailanthus altissima (Mill.) Swingle tree of heaven    

3 Amorpha fruticosa L. false indigo-bush    

4 Celtis occidentalis L. northern hackberry    

5 Clematis vitalba L. traveller’s joy     

6 Cornus sanguinea L. common dogwood     

7 Corylus avellana L. common hazel    

8 Crataegus monogyna Jacq. common hawthorn    

9 Euonymus europaeus L. european spindle    

10 Fraxinus ornus L. manna ash    

11 Fraxinus pennsylvanica Marshall green ash    

12 Gleditsia triacanthos L. honey locust    

13 Hedera helix L. english ivy    

14 Humulus lupulus L. hop    

15 Juglans regia L. Persian walnut / English walnut    

16 Ligustrum vulgare L. common privet    

17 Lycium barbarum L. goji / wolfberry    

18 Morus alba L. white mulberry    

19 Morus nigra L. black mulberry    

20 Parthenocissus quinquefolia (L.) Planch. virginia creeper    

21 Prunus cerasifera Ehrh. cherry plum    

22 Prunus cerasifera 'Pissardii' purple-leaf plum    

23 Prunus spinosa L. blackthorn/sloe    

24 Robinia pseudoacacia L. black locust    

25 Rosa canina L. dog rose    

26 Rubus caesius L. european dewberry    

27 Rubus fruticosus L.  blackberry/bramble    

28 Sambucus nigra L. black elder     

29 Ulmus laevis Pallas European white elm    

30 Ulmus minor Mill. field elm    

31 Viburnum lantana L. wayfaring tree    

32 Vitis vinifera L. wild grapevine    

Table A4: Overview of recorded woody species in the first spatial unit at Unit B, in the tree layer (T), shrub 

layer (S), and ground vegetation layer (G). 

No. Latin Name Common Name 
Vegetation Layer 

T S G 

1 Acer dasycarpum Ehrh. silver maple    

2 Acer negundo L. box elder / ash-leaved maple    

3 Cornus sanguinea L. common dogwood    

4 Cotinus coggygria Scop. smoke tree    

5 Crataegus monogyna Jacq. common hawthorn    

6 Juglans regia L. Persian walnut / English walnut    
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7 Morus alba L. white mulberry    

8 Morus nigra L. black mulberry    

9 Rosa canina L. dog rose    

10 Sambucus nigra L. black elder     

11 Ulmus laevis Pallas European white elm    

12 Ulmus minor Mill. field elm    

13 Viburnum lantana L. wayfaring tree    

14 Vitis vinifera L. wild grapevine    

Table A5: Overview of recorded woody species in the first spatial unit at Unit C, in the tree layer (T), shrub layer 

(S), and ground vegetation layer (G). 

No. Latin Name Common Name 
Vegetation Layer 

T S G 

1 Acer campestre L. field maple    

2 Acer negundo L. box elder / ash-leaved maple    

3 Acer tataricum L.  tatar maple    

4 Ailanthus altissima (Mill.) Swingle tree of heaven    

5 Amorpha fruticosa L. false indigo-bush    

6 Broussonetia papyrifera (L.) L'Hert. еx Vent. paper mulberry    

7 Celtis occidentalis L. northern hackberry    

8 Clematis vitalba L. traveller’s joy     

9 Cornus sanguinea L. common dogwood    

10 Cotinus coggygria Scop. smoke tree    

11 Corylus avellana L. common hazel    

12 Crataegus monogyna Jacq. common hawthorn    

13 Euonymus europaeus L. european spindle    

14 Euonymus verrucosa Scop.  warted spindle    

15 Fraxinus ornus L. manna ash    

16 Gleditsia triacanthos L. honey locust    

17 Humulus lupulus L. hop    

18 Juglans regia L. Persian (English) walnut    

19 Ligustrum vulgare L. common privet    

20 Lycium barbarum L. goji / wolfberry    

21 Morus alba L. white mulberry    

22 Morus nigra L. black mulberry    

23 Prunus cerasifera Ehrh. cherry plum    

24 Prunus cerasus L. sour cherry    

25 Prunus spinosa L. blackthorn/sloe    

26 Prunus tenella Batsch 
dwarf russian almond / steppe 

almond    

27 Quercus pubescens Willd. downy oak     

28 Rhamnus cathartica L. common buckthorn    

29 Robinia pseudoacacia L. black locust    

30 Rosa canina L. dog rose    

31 Rubus caesius L. european dewberry    

32 Sambucus nigra L. black elder/elderberry    

33 Syringa vulgaris L. common lilac    

34 Tilia tomentosa Moench silver lime/silver linden    

35 Ulmus laevis Pallas European white elm    

36 Ulmus minor Mill. field elm    



 34 Environment & Science 1 (2) 19–39 

 

37 Viburnum lantana L. wayfaring tree    

38 Vitis vinifera L. wild grapevine    

Table A6: Coordinates and basic characteristics of georeferenced target tree individuals . 

No. CU Code Species Latitude Longitude 
H  

(m) 

DBH 

(cm) 

CBH 

(cm) 

MCS 

(m) 

1 I PB_11 U. minor 45.210743° 20.309705° 11 
I=28,9; 
II=19,1 

I=91; 
II=60 

8 

2 I PB_12 U. minor 45.210743° 20.309705° 9 16,6 52 6 

3 I PB_13 U. minor 45.210743° 20.309705° 10 17,2 54 6 

4 I PB_14 U. minor 45.210743° 20.309705° 8 14,0 44 4 

5 I PB_15 U. minor 45.210743° 20.309705° 9 
I=8,9; 

II=9,9 

I=28; 

II=31 
5 

6 I PB_16 U. minor 45.210743° 20.309705° 7 6,1 19 2 

7 I PB_17 U. minor 45.210743° 20.309705° 11 9,9 31 4 

8 I PB_18 U. minor 45.210743° 20.309705° 13 10,5 33 5 

9 I PB_19 U. minor 45.210743° 20.309705° 14 

I=13,7; 
II=6,4; 

III=6,91; 
IV=7,0 

I=43; 
II=20; 
III=21; 
IV=22 

6 

10 I PB_20 U. minor 45.210743° 20.309705° 13 13,1 41 7 

11 I PB_21 U. minor 45.210743° 20.309705° 10 
I=16,4; 
II=9,6 

I=51; 
II=30 

4 

12 I PB_22 U. minor 45.210743° 20.309705° 12 20,1 63 8 

13 I PB_23 U. minor 45.210743° 20.309705° 9 15,3 48 5 

14 I PB_24 U. minor 45.210743° 20.309705° 8 11,8 37 4 

15 I PB_25 U. minor 45.210743° 20.309705° 11 15,3 48 7 

16 II PB_01 U. minor 45.228737° 20.303025° 11 21,6 68 6 

17 II PB_02 U. minor 45.228737° 20.303025° 15 
I=16,5; 
II=12,7 

I=52; 
II=40 

3 

18 II PB_03 U. minor 45.228737° 20.303025° 11 21,1 66 4 

19 II PB_04 U. minor 45.228737° 20.303025° 12 
I=10,8; 
II=11,1; 
III=9,5 

I=34; 
II=35; 
III=30 

4,5 

20 II PB_05 U. minor 45.228737° 20.303025° 11 9,5 30 3 

21 II PB_06 U. minor 45.228737° 20.303025° 15 
I=19,4; 
II=20,1 

I=61; 
II=53 

7 

22 II PB_07 U. minor 45.228737° 20.303025° 9 13,1 41 4,5 

23 II PB_08 U. minor 45.228737° 20.303025° 11 11,1 35 4 

24 II PB_09 U. minor 45.228737° 20.303025° 10 17,8 56 5 

25 II PB_10 U. minor 45.228737° 20.303025° 10 12,7 40 4 

26 III ME_12 Q. pubescens 45.238672° 20.299433° 12 23,6 74 7 

27 III ME_13 Q. pubescens 45.238672° 20.299433° 12 18,5 58 5 

28 III CJ_01 F. ornus 45.254724° 20.283545° 11 
I=10,5; 
II=8,6 

I=33; 
II=27 

4 

29 III CJ_02 F. ornus 45.254724° 20.283545° 9 14,0 44 5 

30 III CJ_03 F. ornus 45.254724° 20.283545° 7 7,0 22 2 

31 III CJ_04 F. ornus 45.254724° 20.283545° 10 
I=9,6; 

II=10,2; 
III=8,3 

I=30; 
II=32; 
III=26 

2 

32 III CJ_06 F. ornus 45.254724° 20.283545° 14 15,6 49 4 
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No. CU Code Species Latitude Longitude 
H  

(m) 

DBH 

(cm) 

CBH 

(cm) 

MCS 

(m) 

33 III CJ_07 F. ornus 45.254724° 20.283545° 18 20,7 65 7 

34 III CJ_08 F. ornus 45.254724° 20.283545° 15 32,8 103 7 

35 III KL_01 A. campestre 45.254640° 20.283108° 13 18,2 57 5 

36 III KL_02 A. campestre 45.254640° 20.283108° 9 13,7 43 4 

37 III KL_03 A. campestre 45.254640° 20.283108° 11 14,6 46 5 

38 III KL_04 A. campestre 45.254640° 20.283108° 9 11,1 35 5 

39 III KL_05 A. campestre 45.254640° 20.283108° 12 13,4 42 6 

40 III KL_06 A. campestre 45.254640° 20.283108° 13 16,6 52 7 

41 III KL_07 A. campestre 45.254640° 20.283108° 13 15,3 48 5 

42 III KL_08 A. campestre 45.254640° 20.283108° 8 8,6 27 2 

43 III KL_09 A. campestre 45.254640° 20.283108° 12 13,4 42 5 

44 III KL_10 A. campestre 45.254640° 20.283108° 10 16,9 53 6 

45 III KL_11 A. campestre 45.254640° 20.283108° 11 
I=21,7; 
II=22,9 

I=68; 
II=72 

7 

46 III KL_12 A. campestre 45.254640° 20.283108° 9 15,3 48 5 

47 III KL_13 A. campestre 45.255258° 20.283385° 10 22,0 69 4 

48 III KL_14 A. campestre 45.255258° 20.283385° 11 
I=15,6; 
II=13,4 

I=49; 
II=42 

5 

49 III KL_15 A. campestre 45.255258° 20.283385° 12 22,0 69 7 

50 III KL_16 A. campestre 45.255258° 20.283385° 9 17,2 54 4 

51 III KL_17 A. campestre 45.255258° 20.283385° 12 21,3 67 3 

52 III KL_18 A. campestre 45.255258° 20.283385° 19 47,5 149 8 

53 III KL_19 A. campestre 45.255258° 20.283385° 17 16,6 52 6 

54 III KL_20 A. campestre 45.255258° 20.283385° 15 18,8 59 6 

55 III KL_21 A. campestre 45.255258° 20.283385° 13 25,8 81 4 

56 III KL_22 A. campestre 45.255258° 20.283385° 9 12,4 39 2 

57 III KL_23 A. campestre 45.255258° 20.283385° 16 
I=22,3; 
II=9,6; 

III=14,3 

I=70; 
II=30; 

III=45 

5 

58 III KL_24 A. campestre 45.255258° 20.283385° 15 24,2 76 8 

59 III PB_01 U. minor 45.254687° 20.283542° 17 24,8 78 11 

60 III PB_02 U. minor 45.254687° 20.283542° 11 19,1 60 3 

61 III PB_03 U. minor 45.254687° 20.283542° 12 22,6 71 4 

62 III PB_04 U. minor 45.254687° 20.283542° 11 12,7 40 3 

63 III PB_05 U. minor 45.254687° 20.283542° 9 10,5 33 2 

64 III PB_06 U. minor 45.254687° 20.283542° 13 22,9 72 4 

65 III ME_01 Q. pubescens 45.273137° 20.261238° 25 44,3 139 18 

66 III ME_02 Q. pubescens 45.273137° 20.261238° 10 
I=7,9; 
II=10,5 

I=25; 
II=33 

2 

67 III ME_03 Q. pubescens 45.273137° 20.261238° 23 22,9 72 5 

68 III ME_04 Q. pubescens 45.273137° 20.261238° 20 25,8 81 7 

69 III ME_05 Q. pubescens 45.273137° 20.261238° 23 36 113 6 

70 III ME_06 Q. pubescens 45.273137° 20.261238° 3 5,4 17 1 

71 III ME_07 Q. pubescens 45.273137° 20.261238° 22 35 110 8 

72 III ME_08 Q. pubescens 45.273137° 20.261238° 24 37,6 118 8 
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No. CU Code Species Latitude Longitude 
H  

(m) 

DBH 

(cm) 

CBH 

(cm) 

MCS 

(m) 

73 III ME_09 Q. pubescens 45.273137° 20.261238° 
I=22; 
II=24 

I=29,6; 
II=45,8 

I=93; 
II=144 

10 

74 III ME_10 Q. pubescens 45.273137° 20.261238° 20 33,1 104 15 

75 III ME_11 Q. pubescens 45.273137° 20.261238° 
I=15; 

II=18 

I=6,7; 

II=10,8 

I=21; 

II=34 
7 

Legend: CU = Conservation Unit; H = Height; DBH = Diameter at Breast Height; CBH = Circumference at Breast 

Height; MCS= Maximum Crown Spread; Roman numeral refers to a single stem of an individual tree . 
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