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1. Introduction 

Habitat evaluation is one of the key elements for successful wildlife man-
agement. The quickest way for evaluation and quantification of habitats is using 
of remote sensing and GIS technologies. New technologies provide possibilities 
such as real-time and more accurate assessment of the environment, leading to a 
more realistic habitat evaluation (Kushwaha & Roy 2002). 

Examining foreign and domestic research papers on this subject 
(Radeloff et al. 1999, Gerrard et al. 2001, Clevenger et al. 2002, Chan-Ryul & 
Woo-Shin 2003, Suchant et al. 2003, Weiers et al. 2004, Maringer & Slotta-Bach-
mayr 2006, Kunovac & Omanović 2012) it can be seen that GIS has become an 
important tool for habitat suitability assessment using various different method-
ologies. Certain papers cite usage advantages of NDVI to define temporal aspects 
of vegetation development (Pettorelli et al. 2007, Hamel et al. 2009, Jaskula et al. 
2018). Previous research has shown that GIS and NDVI can be useful in all types 
of habitat and vast species of animals (Pettorelli et al. 2005a, Boone et al. 2006, 
Young et al. 2009). 

According to Tomašević et al. (1997) habitat evaluation or suitability of 
hunting grounds represents the sum of all natural conditions as the basic factors 
on which the survival depends and further reproduction of the game in the hunting 
ground. Evaluating the habitat quality of the hunting ground is a process that pro-
vides a complex assessment of the degree of suitability of the environment con-
ditions for the life of a particular species of game in the hunting ground, on the 
basis of which a possible number of game per area is determined. It is the assess-
ment of the basic factors such as: food and water, vegetation, soil, tranquility in 
the hunting ground, terrain configuration and other factors that have an impact on 
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the survival and proper growth of the game. What’s more, each organism reflects 
also to the shape and boundaries of the habitat (Marković et al. 2014). 

Habitat evaluation for hunting grounds is a complex area with special 
type of methodology being used in Serbia and most parts of the former Yugosla-
via. Many types of research that covered this issue agree that habitat evaluation 
for hunting grounds is a complex indicator of vital conditions for certain species 
of game (Car 1961). According to Đorđevićet al. (2010) it is very important to 
reconcile the number of animals with the nutritional possibilities of the habitat 
and the condition of vegetation. This requires a realistic assessment of habitat 
conditions in the hunting ground, knowledge of the ecology of the game (espe-
cially when there are more species), and professional planning during hunt-
ing.Habitat evaluation is done in order to calculate the capacity of the hunting 
ground through the rating classes. All this indicates that habitat evaluation and 
determination of hunting capacity is an important and responsible job on which 
hunting management is based. 

The habitat evaluation method using GIS represents the unification of a 
geographic information system and the usual habitat evaluation method used in 
Serbia and region. The goal of processing satellite images in GIS is to obtain the 
percentage representation of certain vegetation component which makes the basic 
habitat factor in the hunting ground. This research started with the assumption 
that there are ways to improve this method by applying GIS in the process of 
vegetation factor in the habitat evaluation process. By combination of knowledge 
about species biology and their habitat needs a chart was created that enables the 
rating of this factor. 

The main hypothesis is that the method used for determining the vegeta-
tion factor within habitat evaluation is dated and doesn’t provide accurate assess-
ment of vegetation factor.No official methodology is used except descriptive ex-
planation of suitable habitat. The scores are often transcribed and annual changes 
cannot be tracked so the evaluation often doesn’t display realistic state. Vegeta-
tion evaluation using GIS can provide annual tracking of vegetation that can be 
more precise than the former method which is based on field observations. Aim 
of the paper is to propose a new way of determining vegetation factor using NDVI 
that would eventually replace existing method used as a part of habitat evaluation 
process. 

The hunting ground “Kapetanski rit” – Kanjiža was chosen as a suitable 
location for this research being a sensitive area endangered by flooding (Nađ et 
al. 2018). This means that wildlife in the hunting ground needs to be closely mon-
itored and all aspects and changes of habitat need to be tracked. 
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2. Material and methods 

In the analysis of vegetation factor assessment by using GIS method, the 
component of vegetation as a shelter provider was emphasized. Calculation of the 
percentage of vegetation is done on the basis of analysis of satellite images from 
Copernicus Open Access Hub–SENTINEL-2, S2A_platform, 10 m resolution, 
for the dates 15.05.2017. and 05.01.2017. NDVI (Normalized Difference Vege-
tation Index) is used for these purposes. Fieldwork measurements (to determinate 
if vegetationtype represents appropriate hiding cover) were used as a control 
method (Figure 1. and Figure 2.). Twenty control points have been taken for both 
periods (May and Dec/Jan) for small and big game (40 points in total). On each 
sample plot a vegetation observation was conducted. The cover was assessed for 
plants 30 cm above ground for small game, and 80 cm for big game. In case of 
big game, accuracy was 85%. Only in 3 cases (two cases in May, and one in 
December/January), the vegetation was shorter than 80cm, and in 17 sample plots 
vegetation was higher even than 150 cm). In case of small game accuracy was 
95% and only in one sample plot (December/January) vegetation was less than 
30 cm high. In other 19 sample plots the vegetation was high 45 cm on average. 
The normalized vegetation index difference is a powerful graphical indicator that 
can be used to analyze images obtained by remote sensing (Pettorelli et al. 2011). 
For the measurement and mapping of density and dispersion of vegetation, spe-
cial satellite sensors are used to obtain multilayer images that allow for various 
analyzes. On the basis of raw satellite data in NDVI values, it is possible to create 
images that give a state of the terrain according to the type of vegetation. Also a 
scale has been made to determine the extent to which vegetation is present in a 
given area (earthobservatory.nasa.gov). Values on this scale are in the range from 
1.0 to -1.0 and generalized vegetation indices are presented in Table 1. 

 
Table 1. NDVI and vegetation types; Source: (Jovanović & Milanović, 2015) 

NDVI values Vegetation indices 

-0.3-0.1 water and arable land (without vegetation) 

0.1-0.4 grassland, shrubs, pastures 

0.4-0.85 forests, higher crops, dense vegetation 

 
For the purpose of this paper, the share of vegetation under the NVDI 

index in the case of a small game is the range from 0.3 to 1.0 and from 0.4 to 1.0 
for the big game (as big game don’t use short vegetation for shelter) (Table 2). 
This range includes vegetation such as bushes, higher crop plants or forests. 
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According to Vospernik & Reimoser (2008), ideal habitats for roe deer (Capreo-
lus capreolus L.) represent areas with smaller forests with plenty of open space. 
Therefore, larger forest complexes or clear fields are not what corresponds to roe 
deer. The ideal habitat is represented by agricultural plains with small forest areas 
(Jepsen et al., 2004). The European hare (Lepus europaeus Pall.) has adapted very 
well to the conditions in areas with arable land that belong to the plant index 
starting from 0.3. The number of brown hare populations is conditioned by the 
diversity of available nourishment (cereals, grass, twigs and sprouts). When hab-
itats offer diverse nutrition throughout the year, it reflects on hare reproduction 
and survival, which consequently affects the population increase (Edwards et al., 
2000). Therefore, the significance of vegetation for large and small game can be 
seen, because besides being used as a shelter it also means more available ade-
quate food supply for game. It should be noted that, for the purpose of assessing 
this factor, a special table is formed, which is also valid for the large and small 
game on the basis of which the habitat evaluation is carried out. Collecting, pre-
senting, analyzing and interpreting data was conducted using ArcMap 10.3. 

 
Table 2. NDVI and game shelters 

NDVI values Shelter by species 

From -1.0 to 0.3 no shelter for the game 

from 0.3 shelter for brown hare  

from 0.4 shelter for roe deer and wild boar 
 
Study area is hunting ground "Kapetanski rit", which encompasses 

37,691 ha and extends on the areas of arable land (80.28%), meadows and pas-
tures (11.75%), water bodies and wetlands (3.40%) forests (2.44%), other 
(2.13%) and urban areas (settlements, road network) which represents non-hunt-
ing areas and cover 13.60%. The hunting ground is a located in the eastern Bačka 
hunting area (Vojvodina, Serbia), and it was established as a hunting ground of 
an open type. The hunting ground is located between the Tisa River and the E-75 
highway. In the territorial aspect, the hunting ground "Kapetanski rit" belongs to 
the North Bačka district, it is located on the part of the territory of the Kanjiža 
municipality.The hunting ground is managed by the Hunting Association 
"Kapetanski rit" with headquarters in Kanjiža. According to the management 
plan, the hunting ground "Kapetanski rit" manages the following species of game: 
roe deer (Capreolus capreolus L.), wild boar (Sus scrofa L.) and brown hare 
(Lepus europaeus Pall). The population of roe deer on 2017 spring count was 
1496 individuals, while average for 2013-2017 period was 1478 individuals. 
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According to the habitat suitability evaluation it was determined that habitat for 
roe deer encompasses 24,500 ha of suitable habitat. The density of roe deer pop-
ulation in this hunting ground is 6.11 individuals/100 ha.The wild boar population 
is smaller due to habitat conditions. Its population is 36 individuals with 40 being 
the 2013-2017 average. It was determined that suitable habitat for wild boar en-
compasses just 1500 ha of hunting ground, with density of 2.4 individuals/100 
ha. Brown hare is the most numerous small game. Its population was 3540 indi-
viduals determined during the 2017 spring, and on average 5158 individuals dur-
ing the 2013-2017 period. Due to smaller habitat demands it was determined that 
suitable habitat is 29,500 ha and the density in this hunting ground is 12 individ-
uals/100 ha. 

3. Results 

On the basis of the obtained values from the table on vegetation prevalence 
(Table 3) maps were made showing the areas under vegetation in May 2017 and 
December2016/January 2017 for big and small game in the study area. 

 
Table 3. Vegetation prevalence and rating 

May Points Dec. – Jan. 

75-100% 10 35-100% 

50-75% 8 15-35% 

25-50% 6 5-15% 

0-25% 4 0-5% 
 
As can be seen from the table, the ranges are given in percentages on the 

basis of which the number of points is assigned. In order to have a maximum 20 
points the hunting ground, according to previous similar research (Andersen et 
al. 2004, Pettorelli et al. 2005b) this methodology suggest it is necessary to have 
over 75% of the vegetation in May and over 35% of the vegetation in December 
and January based on the results of the NVDI value in the study area. On the basis 
of the results obtained in GIS, the values for May and December/January are 
summated and the final number of points for this factor is acquired. This kind of 
data processing and assessment tables are used for both big and small game. 

Figure 1. shows a map of vegetation prevalence for big and small game 
given for the month of May. It is noticeable that these maps provide a clear insight 
into the possible area of grouping of game during that period. These are very 
useful information for the management of the hunting ground because they allow 
the display of possible plots where a big and small game could bring up their 
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offspring. Often, females of both big and small game hide in the bushes and other 
vegetation in order to give birth. Hence, knowing this, disturbance can be mini-
mized and thus it is possible to actively affect the population. 

 
Fig. 1. Distribution of vegetation for big (left) and small (right) game in May with 
marked control points 

 
Based on the calculation for big game, it was found that the suitable veg-

etation covers 60.2% in May, giving 8 points. Calculations for small game found 
that the suitable vegetation in the hunting ground covers 74.5% in May, which 
also gives 8 points. 

Figure 2 represents a map of vegetation for big and small game for the 
months of December/January. It provides a clear insight into where game can be 
expected to stay during winter. These are extremely useful information for the 
management of the hunting ground, as they allow planning the dispersion of fa-
cilities during winter, that is, it points out the places where food delivery should 
increase in this period and the number of predators should be regulated. 

As shown in Figure 2. the vegetation for big game in the hunting ground 
covers 6.2% in December and January, which according to the table gives this 
factor 6 points. For small game, vegetation covers 21.7% which gives 8 points. 
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Fig. 2. Distribution of vegetation for big (left) and small (right) game in Dec/Jan with 
marked control points 

 
It is known that the game is usually most commonly grouped around the 

forests and other areas of hunting ground with abundant vegetation during the 
whole year. This way, not only the management of the hunting ground can have 
a clearer overview of the vegetation cover, but it also helps in the planning pro-
cess and analysis of the territorial distribution of the game. The overall rating of 
this factor on the example of the hunting ground "Kapetanski rit" Kanjiža is 14 
(from max 20) points for big game, and 16 (from max 20) points for small game 
in this hunting ground. 

According to the current game management plan, in the case of a big 
game, the vegetation factor was given 18 points. According to GIS methodology, 
the vegetation factor gets 14 points, i.e. 4 points less. This indicates to the fact 
that natural conditions in the hunting ground do not correspond to the subjective 
estimates stated in the game management plans, and that the existing vegetation 
is not sufficient for the proposed capacity of big game. So, it is necessary to re-
duce the nurtured number of roe deer from 6.11 to 5.91 individuals/100 ha or to 
increase the suitable vegetation area for at least 1% in May and at least 8.8% in 
December/January period. In the case of the small game, according to the current 
game management plans, this factor was given 16 points, the same is obtained 
according to the GIS methodology, which indicates that the assessment made in 
the hunting ground management plans is adequate. 
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4. Discussion 

Vegetation provides food and shelter for game and is one of the most im-
portant factors in the hunting ground. This habitat factor includes all existing veg-
etation in the hunting ground, regardless of whether it is on agricultural, forest or 
non-arable lands. Vospernik et al. (2007) have noted the importance of vegetation 
presence in habitats for roe deer. The main importance of vegetation is noted for 
forage, cover from predators, shelter from adverse weather and daytime loafing 
area for this species. Similar can be applied for other types of game. 

In Serbia methodology used for habitat evaluation in hunting grounds 
dates to period of former Yugoslavia. The methodology itself differs from the 
methodologies throughout Europe.Two types of habitat evaluation methods can 
be mentioned (Srdić 1955; Car 1961) in which the habitat evaluation and deter-
mination of hunting capacity is calculated for the main species of small and big 
game. The basis, from which these habitat evaluation methods were elaborated, 
was mainly based on the Uckermann method (Drenić 1997) where habitat evalu-
ation was rated based on five to seven factors. The total number of points ranges 
from 40-100, with the habitat quality of hunting grounds being divided into four, 
and not to three grades as in Uckermann method. Based on this rating, the capac-
ity of hunting grounds is determined according to the scale given for each species 
of game. It can be seen that this methodology is quite dated and wasn’t improved 
for decades. 

The current methodology used for evaluating the vegetation factor is 
based on subjective assessment made by the evaluator according to the written 
instructions. The question arises as to what extent the assessment of the factors 
involves the subjectivity of the evaluators themselves, since the scoring is based 
only on description of each factor? Which method could include a more accurate 
assessment of the factors? For breeding the game, it is crucial that hunting man-
agement documentation objectively appreciate all facts from the field (Ristić et 
al. 2014). 

Although remote sensing technology has recently emerged to support 
data collecting and analysis in forest management (Paivinen et al. 2009, Kuvan 
et al. 2011, Kalamucka et al. 2016), it is still not sufficiently used, especially in 
fields of hunting ground management (Franklin 2001). Osborne et al. (2001) have 
applied NDVI on habitat modeling of great bustards. Even though a different 
methodology was used it was seen that NDVI is a reliable source for vegetation 
estimate. Due to importance and complexity of the vegetation evaluation process, 
we have indicated that NDVI can establish clear mechanism for provision of es-
sential information about vegetation conditions in hunting ground. Through our 
analysis of NDVIs, controlled by fieldwork measurements, it has become evident 
that we have obtained reliable results. 
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According to the methodology of habitat evaluation for big and small 
game used in the Republic of Serbia, the minimum number of points can be given 
for the abundance of vegetation is 8, while given a maximum of 20 points it is 
considered that the hunting ground has exceptional conditions for survival and 
keeping of game when it comes to vegetation. In this paper, the assessment of 
vegetation factor was done by processing satellite images for two periods of the 
year – May and December/January. In May, most wildlife in hunting grounds in 
Serbia brings up their offspring, so it is extremely important to have the infor-
mation about the presence of vegetation. Vegetation at that time serves to hide 
youngling from predators and disasters, but also to ensure protection from dis-
turbance. For the second period, December and January are taken as part of the 
year when vegetation coverage is minimal due to winter, and therefore game is 
depleted of natural sources of food. During this period it is necessary that man-
agement of hunting ground organizes the providing of food and salt on a regular 
basis. It is important to emphasize is that feeders for game are positioned pre-
cisely in forests and areas of hunting grounds that have a lot of vegetation. This 
way, the game is ensured to have calmness while taking food and salt, which in 
the winter months can be a key factor in the survival of wildlife in the hunting 
ground. 

5. Conclusion 

The former method of evaluation of crucial factors in the hunting ground 
proved as very subjective and often imprecise. On the basis of such estimates, it 
was not possible to get the right state of the hunting grounds, which is proved by 
the incompatibility of the planned number of game with the number of game cal-
culated during spring counts. With this in mind, it can be concluded that then 
there is a wrong assessment in the preparation of planning documents and that 
consequently influences the game management process. The abundance of vege-
tation is one of the most important factors of the presence, quantity, and quality 
of game in one habitat or hunting ground. Having numerous, healthy and game 
with strong trophies is one of the main objectives of hunting management, the 
need for precise estimates related to the habitat is clear. 

This paper proposes a new method by using GIS technology. Using sat-
ellite imagery detailed vegetation coverage assessment is enabled in different pe-
riods of the year. After the analysis, maps of the hunting ground were made show-
ing the detail dispersion of the vegetation in the hunting ground. In addition, the 
percentage range is obtained for each of these months. The fieldwork control 
measurements show the high percentage of reliability of this method for vegeta-
tion assessment. 
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This methodology can be used in both big and small game. Also, one of 
the advantages over the previous method of assessing vegetation factor is that there 
is the possibility of making maps of the hunting ground which show the vegetation 
distribution in the hunting ground, which was not the case with the classical method 
of evaluation. Besides that, the assessment is much more accurate, since it is done 
on the basis of the digitization of the hunting ground, therefore it is determined 
much more precisely. Access to each of the factors in this way will allow evaluation 
with a lot of data on the actual situation in the hunting ground. Given the wide-
spread degradation of the habitat, new ways for better management of hunting 
grounds and conservation of game must be sought, and that is the use of GIS for 
this purpose. NDVI can be of great help in acquiring new and improving data about 
the state of vegetation. Taking into consideration that NDVI is relatively cheap and 
quick, it is easy to be implemented. In order to properly manage with hunting 
grounds, a more comprehensive analysis of natural conditions as vegetation 
through the applications of NDVI offers to hunting stakeholders more sophisticated 
possibilities for hunting ground management. 

The paper has proven that there are differences in results between the old 
and proposed new methods of vegetation evaluation. It can be noted that the dif-
ference in the results is not very prominent, but even that can make a difference 
in the field during the hunting management process. Further research is necessary 
and other types of hunting grounds need to be included to confirm this method-
ology. 
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Abstract 

Recent researches have determined that vegetation is one of the essential factors 
for game habitat quality. Vegetation is important in the form of the following 
components: as a food supplier, as a shelter provider, as the creator and regulator of the 
micro-climate of the habitat, etc. Past practice has shown that the classical methods for 
evaluating habitat factors involve a lot of subjectivity and often lead to an unrealistic 
estimate of hunting ground capacity that can affect sustainable game management. 
Instead of the classical analyses, paper proposes assessment of this factor using 
Geographic Information System (GIS). NDVI – normalized difference vegetation index 
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is a graphical indicator that can be used to analyze images obtained by remote sensing 
and is used for these purposes. The researched area was hunting ground “Kapetanski rit” 
– Kanjiža, Serbia. In order to assess the vegetation factor, the analysis of satellite images 
is done for two periods of the year (May and December/January). In May the game 
prepares shelters for bringing an offspring and the period December/January is taken as 
part of the year when vegetation coverage is minimal due to winter and game is in need 
of additional food and shelter. Based on the results and maps, the user of the hunting 
ground can have a clearer view of the vegetation types and distribution, hence assistance 
in planning and analyzing the territorial distribution of the game. Comparing classical 
methods for evaluating vegetation and the use of GIS for this purpose shows the 
advantages of new improved GIS methodology. 
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habitat evaluation, vegetation, GIS, NDVI, hunting ground 
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