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POTENTIAL EVOLUTIONARY CONSEQUENCES OF HUNTING BROWN BEARS 
 

Swenson, J. E., 1 Zedrosser, A., 2 Bischof, R. 3  
 

Summary Interest in the potential evolutionary consequences of harvesting wildlife populations is 
increasing.  To date, the most conclusive results have been obtained from studies of marine fisheries.  
However, human-induced selection for life-history traits associated with trophies has also been 
documented in large mammals and modeling suggests that it can be caused by nonselective hunting.   
We are investigating the potential for human-induced evolution of life-history traits in the Scandinavian 
brown bear (Ursus arctos).  Solitary individuals presently are harvested relatively nonselectively in 
Sweden.  We have used four lines of evidence:  1) comparison of relative reproductive effort in 
populations persecuted for many centuries (Europe) and <150 years (North America and Asia), 2) 
comparison of body growth rates in relation to primiparity in populations in Europe and North America, 
3) the importance of body size for lifetime reproductive success in a hunted Swedish population, and 4) 
the potential for selective survival of smaller, less productive females, which have smaller young that they 
keep longer than do larger females, which have larger young, and thus enjoy the benefits of management 
regulations protecting family groups. 
Our results were consistent in showing the potential for human-induced evolution in brown bears.  1) 
Female brown bears in populations with a long persecution history have a significantly greater litter size 
in relation to body mass than those in populations with a short persecution history.  2) Males show a 
similar body growth pattern in Sweden, with a long persecution history, and Alberta, Canada, with a short 
persecution history, but females are smaller in Sweden and are primiparous at a smaller size relative to 
asymptotic size in comparison to females in Alberta.  3) Female yearling body size is positively related to 
lifetime reproductive success, but age at mortality, which is almost totally caused by humans, is a more 
important factor in determining lifetime reproductive success.  4) Smaller females have smaller young 
and wean them later.  Both mothers and their dependent young enjoy higher survival when together, due 
to Swedish regulations protecting family groups.  These regulations could potentially select for smaller, 
less productive females that produce small young. 
Together, our results suggest that sport hunting has the potential to be an artificial selective force 
affecting life-history strategies in brown bears.  Managers and researchers have an obligation to 
understand the consequences of harvesting bears and other large mammals, including the potential 
human-induced evolution.  
 
Key words: hunting, brown bear, Ursus arctos, hunting-induced selection 
 

Introduction 
Interest in the potential evolutionary consequences of harvesting animal populations is increasing (Festa-
Bianchet 2003).  There is growing evidence from wild animal populations of human-induced selection on 
morphology (Hendry et al., 2008) and life-history traits (Darimont et al., 2009), the latter especially from 
commercially exploited fish populations (Hutchings and Fraser, 2008). In large mammals, only effects on 
morphological traits associated with trophy hunting have been documented (Coltman et al., 2003).  
However the results of population modeling suggest that human-induced selection also can be caused by 
nonselective hunting, i.e. not trophy hunting (Proaktor et al. 2007).  Because life-history strategies often 
involve trade-offs between body growth and reproduction, life-history theory predicts that animals in 
populations with high adult mortality should prioritize reproduction over body growth to increase the 
probability of reproducing before death (Stearns, 1992).  We have investigated the relationship between

                                                 
1 Jon E. Swenson, PhD, Dr.habil., Professor, Department of Ecology and Natural Resource Management, Norwegian University of Life Sciences, 
P.O. Box 5003, NO-1432 Ås, Norway and  Norwegian Institute for Nature Research, NO-7485 Trondheim, Norway; 
²Andreas Zedrosser, PhD, Associate Professor, Department of Environmental and Health Studies, Telemark University College, NO-3800, Bø, 
Norway, and Institute of Wildlife Biology and Game Management, University of Natural Resources and Life Sciences, Vienna, A-1180, Vienna, 
Austria; 
³Richard Bischof, PhD, Researcher, Department of Ecology and Natural Resource Management, Norwegian University of Life Sciences, P.O. 
Box 5003, NO-1432 Ås, Norway; 
Corresponding author: Jon E. Swenson, Department of Ecology and Natural Resource Management, Norwegian University of Life Sciences, P.O. 
Box 5003, NO-1432 Ås, Norway; E-mail: jon.swenson@umb.no; Phone: +47 64 96 57 30.  
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 human-caused mortality and reproductive investment in brown bears at several spatial and temporal 
scales, including a distribution-wide study, a comparison between Canada and Scandinavia, within 
Scandinavia, and at historical and current levels of harvest. 
 

Material and Methods 
 

We are investigating the potential for human-induced evolution of life-history traits in the Scandinavian 
brown bear (Ursus arctos).  Solitary brown bears are presently harvested relatively nonselectively 
regarding age and sex by hunters in Sweden (Bischof et al. 2009).  This review is based on primarily 
published results from the Scandinavian Brown Bear Research Project (www.bearproject.info), which is 
an individual-based, long-term (30-year) study of radiomarked brown bears.  We have used four lines of 
evidence to investigate the relationship between human-caused mortality and reproductive investment in 
brown bears.   
 
1) We compared the relative reproductive effort in populations persecuted for many centuries (Europe) 
and <150 years (North America and Asia) (Zedrosser et al. 2011).  We used linear regression to analyze 
the relative degree of reproductive allocation (i.e. litter size while controlling for female mass) in relation 
to persecution history.  We included 6 populations that experienced persecution for many centuries with 
22 populations with a short period of persecution (<150 years or 15 generations).  We also included the 
following factors in our analysis; the normalized difference vegetation index (NDVI) as a predictor of 
habitat quality and productivity, population density, and the occurrence of sympatric black bears (Ursus 
americanus or U. thibetanus), because they might compete with brown bears for food resources (Mattson 
et al., 2005).   
 
2) To investigate growth patterns between North American and European populations of brown bears, we 
compared age-specific body size and mass using the von Bertalanffy growth curve, age of primiparity, 
and sexual size dimorphism of male and female brown bears in Alberta, Canada, and Sweden. We used 
generalized additive mixed models to compare the influence of population density, habitat quality and 
productivity (NDVI), and reproduction on size and mass in the two areas. 
 
3) We estimated lifetime reproductive success of 92 females in a hunted Swedish population of brown 
bears in two ways, as the number of litters born (LBS) and the number of yearlings produced (LRS). 
Brown bears are commonly weaned as yearlings in our study areas (Swenson et al. 2001), and those that 
stay with their mother for a second year could have survived on their own as yearlings. We assessed the 
effects of population density, study area, mass as a yearling, independence from the mother, and the 
interactions of these variables on yearling survival until age 2 with a generalized linear mixed effects 
model. We included maternal identity and year as random effects (Zedrosser et al. 2013). 
 
4) We investigated the potential for selective survival of smaller, less productive females due to hunting 
regulations. These have smaller young that they keep longer than larger females, and thus enjoy the 
benefits of the management regulations protecting family groups (Dahle and Swenson 2003, Zedrosser et 
al. 2013).  We assessed the effect of independence from the mother on yearling survival until age 2 using 
generalized linear mixed effects models. 
 

Results and Discussion 
 

Our four lines of investigation revealed the potential for human-induced evolution in brown bears. 
 
1) Female brown bears in populations with long histories of persecution showed a significantly larger 
litter size in relation to adult female body mass, indicating that they allocated more to reproduction than 
those in populations with a short persecution history.  None of the other factors we tested affected litter 
size significantly.  This is consistent with the prediction from life-history theory that animals in 
populations with high adult mortality should prioritize reproduction over body growth to increase the 
probability of reproducing before death (Stearns, 1992).  This suggests that high levels of human 
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persecution for centuries may have contributed to an evolutionary life-history change in brown bears, 
with females investing relatively more in reproduction in relation to body mass. This may be a factor 
contributing to the high rate of population growth in the Scandinavian brown bear population, the highest 
yet documented for this species (Sæther et al. 1998). 
 
2) Female brown bears attained 90% of their asymptotic size and mass at the same age in Alberta and in 
Sweden, but Alberta females were then on average 11% longer and 17% heavier. Swedish females 
reproduced earlier (primiparous at 5.0 years or 75% of their 90% asymptotic mass; mean litter size: 2.34 
cubs) and had larger litters than Alberta females (primiparous at 5.8 years or 84% of their 90% 
asymptotic mass; mean litter size: 2.07 cubs), perhaps due to differences in population trends (increasing 
in Sweden, stable or decreasing in Alberta) or long-term exploitation history. Also males were larger and 
heavier in Alberta than in Sweden, however the differences were smaller than between females, resulting 
in a more pronounced sexual size dimorphism in Sweden than Alberta.  Size and mass of both sexes were 
positively related to annual variations in NDVI in both areas.  Reproduction appeared to be costly for 
females, because females with offspring were smaller than lone females when controlling for other 
factors, such as age. We found only limited effects of population density on size and mass. Our results 
suggest that the adaptive responses in a species to selective pressures on growth strategies vary between 
areas and populations, and may be shaped by habitat conditions, population status, and potentially also by 
history (i.e., past human hunting pressure).  These results are consistent with those presented in section 1) 
and stress the importance of population-specific knowledge for conservation and management. 
 
3) Yearling survival to age 2 was not affected by yearling mass, population density, study area, or their 
interactions. LBS increased with longevity, and was higher for females that were heavier as yearlings and 
for females that experienced high population density as yearlings. LRS increased with female longevity, 
and was higher for females that were heavier as yearlings.  We found evidence that body mass early in 
life is a key life-history trait for female brown bears, as mass as a yearling was positively related to both 
the lifetime number of litters produced and the number of cubs produced that survived to one year of age.  
However, body mass early in life did not affect survival, which was unexpected, based on life-history 
theory (Stearns, 1992). We confirmed the expectation that longevity is a key factor in determining 
lifetime reproductive success, because LRS and LBS of female brown bears were strongly and positively 
correlated with age at death. The best strategy for female brown bears to increase their fitness was to stay 
alive; longevity alone explained 51.8% and 67.8% of the variance in lifetime production of litters and 
yearlings, respectively. To survive in Sweden, adult female bears must avoid being shot, because almost 
all adult female mortality was human-caused (Bischof et al. 2008, 2009).  A female brown bear’s ability, 
or good fortune, to survive several hunting seasons would therefore have an overwhelming effect on her 
LRS and LBS. It is currently unknown which life history or behavioral traits affect a female’s ability to 
survive hunting, but it seems reasonable to speculate that any behavior that may decrease the encounter 
rate with hunters would be strongly selected for. LBS may also be indirectly affected by hunting. 
 
4) Yearlings that remained associated with their mother had higher survival than independent yearling.  
This may at first appear counter-intuitive, because yearlings that remain with their mother longer are 
often smaller and in poorer condition than those that leave their mother earlier (Dahle and Swenson 
2003). This result, however, can be partly explained by hunting regulations. Because it is illegal for 
hunters to kill bears from a family group in Sweden, remaining with the mother for an additional year 
would increase the survival of yearlings. In addition, adult females that keep their young for an additional 
year are themselves protected from hunting for more years of their life. Thus, both of these groups enjoy 
higher survival when together.  Because smaller females produce smaller young (Dahle and Swenson 
2006) and females keep smaller young longer (Dahle and Swenson 2003), if these factors are heritable, 
one may speculate that these regulations reduce the mortality of low-quality yearlings. Very high hunting 
pressure could presumably select for a strategy of prolonged maternal care.  
 

Conclusion 
 

Our results are consistent and suggest that nonselective sport hunting has the potential to be an artificial 
selective force affecting life-history strategies in brown bears, due to changed maternal investments as a 
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response to hunting-induced mortality.  The possibility of human-induced selection is probably a factor 
that wildlife managers will have to face increasingly more often in the not-too-distant future (Festa-
Bianchet 2003).  We recognize that hunting is an important tool in the management of wildlife 
populations, but contend that managers and researchers have an obligation to understand the 
consequences of harvesting bears and other large mammals, including the potential for human-induced 
evolution.   
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THE BROWN BEAR IN EUROPEAN RUSSIA: HISTORY AND CURRENT STATUS 
 

Vaisfeld1, M., Pushkaryov1, S.  
 

 
Summary: About 5–10,000 years ago the distribution of the brown bear (Ursus arctos)  almost 
completely covered the territory of Europe. Subsequently, from the X-XIII centuries and up to the 
mid XX century, it decreased due to the anthropogenic transformation of ecosystems and excessive 
hunting. These processes have affected taiga ecosystems of European Russia the least, whereas the 
southern border of the distribution area moved north for hundreds of kilometers. Then,  the number 
of bears grew from the beginning of the 1970s until the mid-1990s.  However, it began to decrease 
again after that because of economic slump. Since the turn of the century, the number of brown bears 
in the region began to grow again, and the distribution expanded southward of the southern border. 
In 2010, 54,400 brown bears were counted in European Russia. During this period, the legal bear 
harvest was 1779 - 1867 individuals. The number killed illegally was significantly higher. 
 
Key words: brown bear, Ursus arctos, European Russia, distribution, number. 

 
Introduction 

 
The distribution and numbers of brown bears in European Russia have undergone significant changes 
though history. They take place even now. Studying these changes is very important in order to assess the 
contemporary population status of the species, its reproduction, its rational management, and the welfare 
of the species in the foreseeable future.  
 

Material and methods 
 
 The authors has studied brown bears in European Russia for 25 years, including its geographical 
distribution in the past and in modern times, dynamics of the boundaries of its range and habitat 
occupation within the range, ecology, population dynamics and the factors affecting it. The harvest, 
reproduction and protection of resources were studied. This paper is based on the scientific literature, 
official documents and counting data records, as well as the results long-term original field research by 
the first author in the various regions of European Russia. The isolated brown bear population in the 
Caucasus is not considered here. 
 

Results and discussion 
 
 The first brown bear fossils were found in Middle Pleistocene layers in Western Europe. In Eastern 
Europe, the first fossils were found in Moldova, the Ukraine, and the Caucasus region (Vereshchagin, 

1973, 1985). The most extensive distribution of 
the species in the early - mid Holocene, i.e., 5–
10,000 years ago, covered all of mainland 
Europe and the British Isles (Fig. 1).  
 
Figure 1. Reconstructed distribution of the 
brown bear in Europe (Geptner et al, 1967) 
 
Subsequently, the brown bear’s range in Europe 
has been reduced, and its boundaries have 
undergone various changes. From the X-XIII 

centuries in the Eastern European forest-steppe in Kiev Rus', where the bear used to be common, the 
gradual decline in its numbers was caused primarily by the same factors as in the present. These factors 

                                                 
1 Institute of Geography RAS. Moscow. Russia 
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were the anthropogenic transformation of natural ecosystems as a result of economic activities (forest 
felling and subsequent plowing) and hunting in all its forms. There’s little information on environment 
conditions back then, but it is known that the forests, especially in the forest-steppe ecotone, were being 
logged rapidly. Particularly intensive forest felling, not only for firewood, but also for building materials, 
took place at the end of XVIII - early XIX centuries. 
 
However, the forests recovered quite rapidly, if a cropland did not replace them and the cut areas were not 
overgrazed. By the way, this process occurs in our time, especially in the middle zone of European 
Russia.  
 
Historical sources from the XVI-XVII centuries did not provide estimates of the number of bears at that 
time in the region, but at the same time the large number of hoofed animals, especially wild horses 
(Equus caballus), mooses (Alces alces) and wisents (Bison bonasus) was mentioned. For example, there 
were so many mooses that sometimes hunters took only the skins and loins (Litvin, 1854). 
 
Since the second half of the XVIII century, more reliable data on the distribution of predatory animals, 
including bears, in Eastern Europe began to appear in the historical literature much more often (Kirikov, 
1960, 1979). Based on these reports, by the end of XVIII century the numbers of predators began to 
decline, precipitously in some areas, in most of the forest-steppe zone, where densities had been relatively 
high. Brown bears also disappeared from mixed coniferous-deciduous forests following forest clearling. 
For example, in southeastern Belarus, bears lived in all the large forests, which covered more than 54% of 
the area at the end of the XVIII century. The population size declined concurrently with deforestation and 
the last bear was killed there during the period from 1914 to 1924. (ibid).  
 
Thus, the southern border of brown bear’s distributional area in Eastern Europe, and particularly in 
European Russia, has undergone a very dramatic change over history. An especially noticeable reduction 
in the number of brown bears in the region began in the XVIII century, accelerated at the end of the XIX 
century, and lasted until the end of the 1960s. The southern border has moved to the north for hundreds of 
kilometers by the years (see Fig. 2). It doesn’t remain stable nowadays, as it would be discussed below. 

 
Fig.2. The southern border of brown 
bears’ habitat area in European Russia 
in 1910-1920 (dark grey line) , 1960 
(black), 2006 (middle grey). (Vaisfeld, 
Baskin, Gubar et al., 2008). The 
numbers refer to the regions: 1 – 
Bashkortostan, 2 – Bryanskaya obl., 2 – 
Vladimirskaya obl., 4 – Vologodskaya 
obl., 5 – Ivanovskaya obl., 6 – 
Kaluzhskaya obl., 7 – Kirovskaya obl., 
8 – Komi-Perm. avt. okrug, 9 – 
Kostromskaya obl., 10 – Lipetskaya 
obl., 11 – Mariy-El, 12 – Mordovia, 13 
– Moskovskaya obl., 14 – 
Nizhegorodskaya obl., 15 – 
Novgorodskaya obl., 16 – 
Orenburgskaya obl., 17 – Orlovskaya 

obl., 18 – Penzenskaya obl., 19 – Permskaya obl., 20 – Pskovskaya obl., 21 – Ryazanskaya obl., 22—
Samarskaya obl., 23 – Sverdlovskaya obl., 24 – Smolenskaya obl., 25 – Tambovskaya obl., 26 – 
Tatarstan, 27 – Tverskaya obl., 28 – Tul’skaya obl., 29 – Udmurtiya, 30 – Ul’yanovskaya obl., 31 – 
Chelyabinskaya obl., 32 – Chuvashiya, 33 – Yaroslavskaya obl.  
 
In the middle and northern taiga forests in European Russia, which have not been subjected to large-scale 
cutting for many years, the number of predators stayed generally stable for a very long time. The northern 
border of the brown bear’s range was quite stable as well. In fact, the changes were limited to minor 
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spontaneous pulsations of the border, which were related to the dynamics of the high-latitude food supply 
(Vaisfeld, 1993). 
 
All researchers studying bears in European Russia during the past and present have noted that bears often 
entered tundra up to the sea coasts, not only in summer, but also in the late autumn, where they found 
food, such as berries, molting geese, and small mammals (Middendorf, 1869; Sdobnikov, 1938; Vaisfeld, 
1993, etc.). Presently this phenomenon seems  to become more common, however the episodic nature of 
this phenomenon is not an indication that the northern boundary of the species’ range is moving to the 
north. The boundary has always been the northern border of the forest region and still is. 
 
At the turn of the XIX and XX centuries, and especially in the XX century, the number of bears started to 
decline in some places when concentrated forest cutting in the taiga parts of the region reached an 
industrial scale. However, according to some researchers (Daniel, 2005; Kurhinen, Danilov, Ivanter, 
2006), logging in the forests of Eastern Fennoscandia, including in Karelia, is not always negative for the 
bear, as long as it does not occur at a large scale. 
 
After this rapid reduction of the bear’s area in the late XIX  to the first half of the XX century, the most 
dynamic and complex changes in the abundance and distribution of bears occurred during the end of the 
XX century and the beginning of the current century, especially in the southern part of the area, which has 
been documented in many studies (Priklonsky, 1971; Lavrov, 1975; Kashentseva, 1990, Baskin, 1996;  
Waisfeld, 1993;  Baskin, Vaisfeld, 2004, Waisfeld, Baskin, Gubar et al., 2008, etc.).  
 
By the late 1960s - early 70s, the decline in the number of bears in the entire country and in almost the 
entire European part of it stalled, and afterwards it began to grow (Lobachyov, Chestin, Gubar, 1991, 
Pazhetnov, 1993, Puchkovsky, 2002). For two decades, from the late 1960s until the end of the 80s, the 
number of bears has increased by almost 20,000 country-wide, or nearly 18%, with the main increase 
being observed in European Russia and Urals (especially in the northern boreal areas) (Lobachyov, 
Chestin, Gubar, 1991, Pazhetnov, 1993). Not all researchers agree with these figures, but nevertheless, the 
fact of the growth in the number of bears until 1993 is quite obvious (Fig. 3). 

 
Fig. 3. Changes in the estimated 
number of brown bears in European 
Russia in 1981 and 2000 (Gubar’, 
1992, 1996, 2000, 2004).  
 
Since the mid-90s, the number of bears 
in European Russia started to fall 
again, due to turmoil in the economy 
and in the usage of natural resources, 
caused by the launch of market 
reformation and leading to an 
unprecedented surge in unemployment. 
According to official data, its 
maximum being observed in 1998 was 

a 13.2% of the active population. At that time, a significant part of the population was forced to simply 
survive, and therefore was not concerned with the protection of nature in general, and beasr in particular. 
As a result, so-called "socially enforced" poaching began to spread in the country, resulting in lower 
numbers of many species, including bears. This poaching was especially prominent near large settlements 
and along all highways. Its rampage in those days is vividly illustrated by the decline in the number of 
moose, which is the main wild meat in Russia. There is another noteworthy phenomenon, long noted by 
Russian chasseurs, which also was observed then. Periods of social hardships in the country are usually 
accompanied by the growth in the number of wolves (Fig. 4, 5). 
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Fig. 4. Changes in the estimated number of moose in entire Russia, thousands of individuals (from 1981 - 
dark columns) and European Russia (from 1965 - light columns). (Data from Lomanov 1992; Lomanov & 
Lomanova 1996, 2000) 
Fig. 5. The estimated number of wolves in Russia from 1981 (thousands of individuals) (Data from 
Gubar' 1992, 1996, 2000). 
 
Resettlement of residents from small villages to towns and cities led to a sharp decline in the population 
in rural areas. During the reforms in the 90s, about 17,000 villages were depopulated in Russia, not less 
than 30 million hectares of farmland were withdrawn from usage, and the number of livestock decreased 
by more than a half (Reteyum, 2004). From 2002 to 2010, the country was losing an average of 2 villages 
a day, and so far in Russia there are 150,000 depopulated villages. 
 
However, this process, which is definitely negative for the economy, has been very positive for the brown 
bear. Abandoned arable lands, hayfields and pastures, as well as the outskirts of the abandoned villages, 
have become quickly overgrown with grass, and then with forests. As a result, the bears have acquired 
and inhabited new and rich habitats. This is the cause of the growth in bears numbers during the end of 
the last century and beginning of this century. In recent years, most of the authors mentioned above (see 
also: Gubar’, 2000, 2004, 2007, 2011) and our results show that the number of bears shows an obvious 
growth trend (Fig. 6). 
 

      
 
Fig. 6. The estimated number of brown bears in entire Russia (A) and European Russia (B) in 2000 - 
2010. (Data from Gubar', 2004, 2007, 2011). 
 
The growth in numbers was accompanied by a clearly visible expansion of the species towards the south 
into abandoned areas overgrown with forests that previously were cultivated land, i.e., the partial return to 
its historic distribution. According to our recent studies, conducted with our colleagues in 529 
administrative districts of European Russia, we are confident of our estimated of the expansion of the 
southern border of the range. 
 
In this so-called "expansion zone" the bear has inhabited new areas. The successful establishment of bears 
in this zone is shown by the appearance of dens and stable groups of animals, often bears with cubs. Often 
these are four- or five-year-old animals. As is well known, this age group is the age group that disperses 
to new areas (Pazhetnov, 2002) 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

9 
 

 
Drawing conclusions on the establishment of a new southern border of the bear’s distribution based on 
the inhabitation of new areas is, in our opinion, somewhat premature. Note that we regard the species’ 
distribution as the area where bears are known to be regularly reproducing populations of said species. 
This is the most important criterion. Constant or spontaneous occurrence of bears, but with a trend 
towards being more frequent visits beyond the area’s boundaries, allow us to speak of a “pulsation belt”, 
but not changes in the borders of the distribution. However, reproduction has been observed within this 
belt, indicating the real prospect of a formation of a new border of the range of distribution. On the basis 
of these considerations and observed expansion of bears to the south, we have provisionally drawn the 
border along the southern border of the “pulsation belt” (Fig. 7). 
 

Fig. 7. The number of brown 
bears and their range in 
European Russia in 2006-2008 
(Data from Gubar', 2011). 
 
The total number of brown 
bears in Russia in 2010 was 
estimated by the civil 
accounting service as 181,900 
(Gubar, 2011). Of these 54,400 
were in European Russia, 
50,890 in the Far East and 
65,000 thousand in the Siberian 
region. Currently the largest 
number of bears in the 
European part of Russia occurs 

in the northwestern and northeasternparts of the region (Fig. 8). 
 

         
 
Figure 8. The number of brown bears in the Russian regions (A) and the European part of Russia (B) in 
2010, thousands of individuals (Data from Gubar ', 2011). 
 
Since ancient times, the bear was a desirable hunting object. Finding sufficiently reliable figures on the 
intensity of hunting in the old days is difficult. In the X-XIII centuries in Kiev Rus’ most predatory 
mammals were hunted solely for their skins (both species of martens (Martes foina and Martes martes) , 
stoat (Mustela erminea), marbled polecat (Vormela peregusna) , ferret (Mustela putorius), otter (Lutra 
lutra), fox (Vulpes vulpes), wolf (Canis lupus), lynx (Lynx lynx)), because the meat was not consumed. 
Moreover, after the adoption of Christianity, it became forbidden to consume the meat of wolf and lynx,  
because it was considered unclean (Kirikov, 1979). In contrast, the bear was hunted primarily for its meat 
and fat, whereas the value of the skins used for local needs was of secondary importance. Bear hunting 
was carried out not only in the forests, but also in open landscapes, and in these cases, hunting was often 
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done on horseback (ibid.). In the forest zone a variety of wooden traps and snares was often used. Now 
they are used much less frequently, but poaching using a snare of steel cable is still not so uncommon. 
Until 1983, the bear was considered to be a harmful predator and its shooting was financially encouraged 
by the state. Since 1984 the bear was moved into the category of game animals, and illegal hunting 
increased. In recent years, the number of legally hunted bears in European Russia ranged from 1779 to 
1867 individuals (Gubar’, 2004, 2007, 2011). Moreover, the allocated quota was never reached (Fig. 9). 
The illegal harvest may be twice as large as the legal harvest. 
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Fig. 9. Annual legal brown bear harvest and quotas in Russia (A) and European Russia (B) during the 
hunting seasons of 1999/2000 to 2009/2010 (Data from Gubar ', 2004, 2007, 2011). 
 
Currently, bear hunting at oat fields remains the most common method of bear hunting in the region. It is 
the least dangerous and most productive method. Within the private hunting reserves, hunters are 
increasingly returning to hunting with huskies, and almost everywhere where the commercialization of 
bear hunting is gaining momentum, hunting at the den is becoming more and more popular. Another 
method, a true Russian one and the most dangerous way of bear hunting, hunting with a bear spear is 
becoming more and more popular among rich thrill-seekers. 
 
Hunting for bear parts, such as bile, and especially bear paws, and the sale of these parts abroad is 
growing at an alarming rate. According to the newspaper "Moskovskiy Komsomolets" from 20 June 2013 
two residents of the Baikal Region were arrested at the Russian-Chinese border trying to smuggle 213 
bear paws into China! It is known that the illegal price of the parts from one bear - 4 paws and the gall 
bladder in Russia is about 350-400 dollars. And the price for a 100 g. dish made of bear’s paws in a 
Chinese restaurant amounts to 600 dollars (see Vladivostok News, 2010\8\26). 
 
 

Conclusion 
 

The future well-being of the brown bear in European Russia is determined by a large number of factors. 
The basis for the bear’s long-term survival is its inherently high ecological plasticity, including the 
amazing ability to not only exist in a new ecosystem, but even in extreme environmental conditions. But 
this plasticity cannot always withstand economic activity leading to a radical transformation of the 
environment. Yet the most serious damage to the bear is still caused by excessively intensive hunting, 
especially illegal hunting. 
The problem of preserving the bear in European Russia has many aspects. The issue of the pervasive 
regulation of bear hunting, especially in areas along the southern border of the species’ distribution, 
should be resolved without any delay. This is where the animal is settling in the south. In the pulsation 
belt along the southern border, bear hunting should be prohibited, with an exception of single 
"preventive" shootings, so that bears will not lose the fear of man, which is unacceptable, because bears 
can be dangerous for humans.  
There is another problem, the underestimation of which would be short-sighted. The continued expansion 
of the bear into densely populated areas of Central European Russia is linked with the potential threat to 
the rural population, which is unaccustomed to feeling the constant danger from the proximity of the bear 
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while visiting the forest. Careless human behavior in the woods where there are bears can be fraught with 
grave consequences. Not all people know that the bear is an unpredictable and dangerous predator 
 
Yet we are optimistic about the future of the bear in European Russia. The bear increasingly inhabits new 
areas along the southern border of its range. Hunting regulations become more and more effective. The 
level of environmental consciousness of the general population and hunters is slowly but steadily 
increasing. But the greatest optimism stems from the fact that the enormous and still sparsely populated 
taiga expanses of European Russia themselves will serve as a reserve for bears. 
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GOLDEN JACKAL: OPINIONS VERSUS FACTS - EXPERIENCES FROM SERBIA AND 

HUNGARY  
 

Heltai, M1., Ćirović, D2., Szabó, L1., Penezić, A2., Nagyapáti, N.3, Kurys, A.3,Lanszki, J. 3 
 

Summary: The golden jackal spontaneously reoccured in the Balkans and several parts of Central 
Europe in the last decades. Both the population size and the occurrence area have been 
continuously increasing since then.   Due to the absence of wolves, the golden jackal is the top 
predator in the majority of their occurrence area. At the same time, recolonization marked the 
beginning of a new conflict situation as well. Hunters, farmers, sometimes even nature conservation 
activists have permanently been complaining about the damages caused by jackals on wildlife and 
domestic animals. In the recolonized area two major projects on golden jackals have been 
established: one in Serbia, and one in Hungary. The two neighboring countries have the same 
results, experiences, questions, doubts, problems and conflicts. Our aims are to compare the 
scientific results and the field work experiences, and then, on the basis of this, to separate facts 
from opinions, and to define the jackals’ role and impact on their new habitats. 
 
Key words: golden jackal, population trend, feeding habits, Serbia, Hungary 

 
Introduction 

 
The golden jackal spontaneously reoccurred in the Balkans and several parts of Central Europe during the 
last decades. Both the population size and the occurrence area have been continuously increasing since 
then.   Due to the absence of wolves, the golden jackal is the top predator in the majority of their 
occurrence area. At the same time, recolonization marked the beginning of a new conflict situation as 
well. Hunters and farmers have permanently been complaining about the damages caused by jackals on 
wildlife and domestic animals. In Europe, the golden jackal (Canis aureus Linnaeus, 1758) is considered 
as a native species in the Caucasus, Turkish Thrace, Bulgaria, Albania and the eastern coast of the 
Adriatic Sea ((Mitchell-Jones et al. 1999, European Mammal Assessment Group (IUCN 2007), 
Macdonald and Sillero-Zubiri 2004)). Observations have recently been increasing in Serbia (Milenkovic 
and Paunovic 2003, Ćirović et al. 2008), in Slovakia (Hell and Rajsky 2000), in Romania (Kiss, 2000) 
and in Ukraine (Rozhenko and Volokh 2000). Jackals appear occasionally in Slovenia, north-eastern 
Italy, Austria (Mitchell-Jones et al. 1999) and in Germany (Reinhard 2000). In Greece the jackal 
population used to be considerable (Demeter and Spassov 1993), but by now -– mainly due to habitat 
destruction, – it has become by far the rarest canid there (Giannatos et al. 2005). The species sporadically 
appeared in Macedonia (Krystufek and Tvrtkovic 1990). Along the Adriatic coast jackal is present from 
Albania and Montenegro in southeast Croatia in the northwest, with stable population in Dalmatia 
(Krystufek and Tvrtkovic 1990. Spreading in a northwestern direction jackals resettled Istria (Krystufek 
and Tvrtkovic 1990) and North Italy (Lapini et al 2009). 
The golden jackal can hunt either as a solitary hunter, or in pairs or in groups (Macdonald 1979, 
Moehlman 1987). Previous studies presented the golden jackal as a ‘searcher hunter’ feeding upon a 
broad range of small-sized prey, such as rodents, hare, birds, reptiles and arthropods (Lawick-Goodall 
1970), but also frequently consuming plants (Balasubramanian and Bole 1993, Mukherjee et al. 2004), 
and scavenging on domestic animal remains (Macdonald 1979, Poché et al. 1987, Amroun et al. 2006) or 
carcasses left by large predators (Kruuk 1972). The jackal is a group-living canid, and not only a searcher 
but also a pursuer, successfully hunting medium- and larger-sized ungulates, such as Thomson gazelle 
(Gazella thomsonii) (Lamprecht 1978), calf (Yom-Tov et al. 1995) and mouflon (Ovis musimon), roe deer 
(Capreolus capreolus) (Demeter and Spassov 1993) or wild boar (Sus scrofa) in Europe (Lanszki and 
Heltai 2002, Lanszki et al. 2009). 
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The golden jackal is a mysterious species in the Balkans and Central Europe having been present in less 
density and decreasing populations in these areas in the last two hundred years except in the period of re-
colonization. In the greater part of its actual occurrence area, the golden jackal is a brand new, unknown 
top predator causing plenty of problems and conflicts due to our/ the public’s little knowledge and its 
obscurity. Mainly the hunters, the stockbreeders and sometimes nature conservationists complain about 
jackals on the basis of individual observations but without scientific background (research). Our aims 
were to present the most important scientific results from Serbia and Hungary and to compare them with 
those abovementioned opinions, especially in the following topics: 
 

• population trend, population densities, and changing in distribution area in both countries 
• feeding habits of the golden jackal;  
• damages on livestock and wildlife.  

 
Material and Methods 

 
Data on distribution and occurrence of the golden jackal were collected by annual mail questionnaire 
surveys between 1997 and 2006 in Hungary. We also compared the results of the questionnaire with 
country hunting bag data from the Hungarian Game Management Database (www.ova.info.hu). Data on 
distribution in Serbia were collected from hunting bag data and from questionnaire with local hunters. We 
completed these pieces of information with the collection of proof specimens and the acoustic population 
survey in the core areas for both countries (Szabó et al 2007 and 2009, Ćirović at al. 2008). Acoustic 
(play-back) method was used to determine the presence of territorial  jackal groups (Giannatos et al. 
2005, Szabó et al. 2007) Localization points were set in the study area (2 km distance), from where a 
recorded group howl was broadcasted three times. When jackals responded to the broadcast we 
determined the direction of howling jackals. Density was calculated by the number of lone individuals 
and groups in every calling station. 
 
For the feeding analyses of the golden jackal, scats were collected in both countries and we also evaluated 
stomach analyses. During the research period in Hungary (from autumn 2010 to spring 2012) n=268 
jackal scats (faeces) were collected on a 13.6 km transect near to Vajszló city (Drava river district, 
Ormánság region). We used the standard wet procedure to analyze samples. To estimate the fresh mass of 
food ingested (Reynolds and Aebischer 1991), we weighed all dry food remains with the mass data and 
multiplied this by the appropriate conversion factor (summarised by Jędrzejewska and Jędrzejewski 
1998). 
Diet analysis of the jackal in Serbia was based on analysis of stomach contents. For this purpose in period 
from 2005 to 2012 bodies of 189 jackals (from winter 111, spring 26, summer 27 and autumn 25) has 
been collected in region of Veliko Gradište. From the stomach contents different types of food are 
separated and directly weighted as fresh mass (Roper and Lüps, 1995, Ćirović et al. 2013 in press). 
Results of diet composition was expressed as percentage of biomass consumed (%B – mass of a food 
category divided by the total mass of all food categories). 
 

Results and Discussion 
 
The occurrence area and population trend in Hungary 
 
The core of jackal distribution is still located in the south of Hungary, with dispersing individuals being 
found spreading out to west, north and east and breeding pairs (families) appearing in a growing size of 
area of the country (Figure 1).  The hunting bag has also been continuously increasing from 6 specimens 
(in 1995) to 1660 (in 2012). The estimated population size was more than seven thousand in 2013 
(www.ova.info.hu). Actually, it seems the golden jackal will become a common predator in Hungary 
except in the intensively cultivated agricultural areas. 
 

http://www.ova.info.hu/
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Figure 1: The occurrence of the golden jackal in Hungary on the basis of mail questionnaire survey between 1997 
and 2006 
 
Results of the acoustic survey also show that a significant fraction of the jackal population live in the 
southern part of the country (Somogy, Baranya and Bács-Kiskun counties). The migration supposedly 
happened across River Drava from Croatia. Groups were also found close to the River Tisza and River 
Danube which shows that gallery woods and floodplains play an important role (as green corridors) in 
spreading northwards in the country, similarly to previous experiences in the Balkan-peninsula (Szabó et 
al. 2009). 
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Figure 2: Changing of the jackal density in study areas in both countries 

 
Our results show that beside some fluctuation (0,6 groups/1000 hectars, 0,4 lone individual/1000 ha on 
average) a stable population had probably been living in this study area (Császártöltés-Kunfehértó region) 
in Bács-Kiskun county (Figure 2) 
 
The occurrence area and population trend in Serbia 
 

During the early 1980s, the population numbers of Golden Jackals in Serbia showed a 
pronounced increase, so by the end of the last century this species had successfully recolonized one half 
of our country’s territory. This trend has continued in this century as well, resulting in the present 
distribution that includes most of the territory of Serbia (over 60%), except for the mountains of western 
and southwestern parts of the country. From the aspect of hunting statistics, the populations with greatest 
abundance and density are present in the areas of Negotinska Krajina, Centralno Pomoravlje, Donje 
Pomoravlje Donje Podunavlje, and Srem. This criterion also marks these areas as centers of present 
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distribution and range spread of Golden Jackals in Serbia. Population in Serbia continuously increasing 
and this increase is very similar to an exponential growth. Hunting bag increased from 180 jackals in the 
beginning of the 21st century and increased to more than over 2500 individuals in 2012. Recent estimated 
population size is more then 10000 individuals. Actually, jackal will become a common species in 
lowland and hilly regions in most part of Serbian territory. 

In the region of Veliko Gradište first jackals have appeared in the late 80s. Since then, their 
numbers have been increasing constantly. As a result of this expansion, the jackal has become the second 
most numerous carnivorous species (after the red fox) in this area. Acoustic investigation in last three 
years indicates a stable population with average density of 1.9 groups/1000ha (Figure 2). 

 
Feeding habits of the golden jackal in Hungary  
 
On the basis of scat analyses we found that jackals consumed primarily small mammals (B%: percentage 
of biomass consumed, mean: 68%). The most dominant species was the common vole (a pest species). 
Small mammal consumption varied seasonally between 48% and 96% (Figure 3). The secondary food for 
the jackal was usually the wild boar (including piglets and inwards) (12%), or plants with an annual 
(16%). From the wildlife management point of view it is important to mention that jackals consumed 
cervids mainly in winter (B%: 5.6%). Consumption of cervids during the reproductive period was only 
occasional (B%: 2.9%) and was not detected in the summer scat samples. Jackals hunted mainly on small-
sized, open-field living, terrestrial and wild living animals. 
 

 
Figure 3: Seasonal diet composition of the golden jackal in both countries  

 
Feeding habits of the golden jackal in Serbia  
 
Domestic animals remains were the main source of food of the golden jackal in Serbia especially during 
the winter. This category varied seasonally from 35.3 B% in summer to 83.3 in the winter (average 64,8 
B%). But during summer, the main food source was plant material (berries, fruits, grass etc.) with 36.1 
B%. Small mammals (mostly slow moving vole species) in this season were represented with 20.1 B% 
(Figure 3). This research shows that the golden jackal, as opportunistic forager, feeds mostly on remains 
of domestic animals during the unfavorable part of the year (winter) and on plant material and small 
mammals when they are abundant (summer – autumn). Game species were not significantly represented 
in the diet of the jackals in the region of Veliko Gradište. Their share of the biomass (when registered in 
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the diet) varied in this region from only 1.2 B% (roe dear in spring) up to a maximum 5.1 B% (wild boar 
in autumn). 

 
Conclusion 

 
It seems there is no factor which can limit the spreading of the golden jackal in Central Europe 

and the Balkans. We do not know the real reasons of this population explosion but our data do not support 
the war and the global warming theory. The jackal population explosion started in Bulgaria and continued 
in several countries in this area like Hungary or Romania (Arnold et al. 2012), where there has been no 
war impact on nature since 1945. Similarly, the occasionally hard winters (e.g. in 1996, 2003 or 2012) 
had no effects on the spreading and the population growth, and neither did the continuous hunting 
pressure cause any limitation. 

In case of feeding habits our examination confirms earlier results from Hungary, i.e. the jackal has 
opportunistic feeding strategy, its diet varies depending on the seasonal food availability, but small 
mammals are the primary foods in all seasons (Lanszki and Heltai 2002, Lanszki et al. 2006). Small 
mammal dominant diets are also known in other areas (Ishunin 1980, Mukherjee et al. 2004, Jaeger et al. 
2007). 

Consumption of wild ungulates was lower than expected from studies in southern areas (Lamprecht 
1978, Demeter and Spassov 1993), or in a study performed in winter and early spring period in Hungary 
(Lanszki and Heltai 2002). In addition to solitary hunting, co-operative hunting probably occurred on 
wild boar piglets or wounded ungulates, but remains (internal organs and skin) left in the field after 
killing of game species were mostly founded in jackal diet. Due to limitation of the applied methodology, 
it is not exactly known what proportion of the wild boar or cervids was directly preyed by jackals, and 
what proportion was scavenged. Carcasses (from natural mortality, hunting, road kill, poaching) and 
remains (e.g. limbs and internal organs left by hunters) of wild ungulates are available in high quantity for 
predators. Jackals might remove injured or dead ungulates within a night (Lanszki et al. 2006), and in 
these cases insect larvae in the scats (or stomachs) did not indicate the real scavenging activity.  

Studies on the feeding habits of the golden jackal across its geographical range indicate that domestic 
animals (mainly from scavenging) are important food items especially in south-east Europe (Giannatos et 
al. 2010, Bošković et al. 2010) and in Israel (Macdonald 1979, Yom-Tov et al. 1995).  

In a study in Greece (Lanszki et al. 2009), high consumption ratio of domestic animals (mainly goat) 
did not originate from predation, but from carcasses left in the field. As the livestock was not threatened 
by jackals, those were not persecuted in the studied areas, and considered an indifferent species by the 
local farmers (which also indicated diurnal activity of jackals); since the jackal’s direct predation on 
livestock is minimal in the area (Giannatos, 2004). The consumption of fruits can be seasonally 
important. 

Results of these projects are not supported of the believing of the serious damages on different 
valuable prey species of the jackals while its similar to the earlier published results.  
The golden jackal is a really unknown and mysterious species in Europe due to the fact that.it was absent 
in most of the 20th century. Our scientific and practical management knowledge is little, scientific studies 
started in the last decades (e.g. Bulgaria: Markov and Lanszki 2012, Stoyanov 2012, Raichev et al. 2013.; 
Croatia: Krofel 2008; Greece: Giannatos 2004, Giannatos et al. 2005, Giannatos et al. 2010; Hungary:  
Tóth et al. 2009, Lanszki and Heltai 2010, Lanszki et al. 2010, Takács et al. 2013; Italy: Lapini et al. 
2009; Serbia: Zachos et al. 2009, Cvetković et al. 2011), parallel with the population explosion. Further 
field studies need to be done in order to broaden our knowledge about the golden jackal and to understand 
its ecological impact better. 
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CONSERVATION AND MANAGEMENT OF LARGE CARNIVORES IN SERBIA – CAN A 

PASSIVE APPROACH LEAD TO A POSITIVE OUTCOME? 
 

Milan Paunović1, Miroljub Milenković2 
 

Summary: Large carnivores are historically present in Serbia. Throughout history, the fate of their 
populations in Serbia was pretty much the same as in other parts of Europe where most of their 
previous ranges have restricted. Today, the ranges of Serbian large carnivores are parts of the larger 
regional populations and they mainly extend in the uplands and mountainous regions. All three 
species have long been neglected from the aspect of research and their hunting and conservation 
status have remained unchanged for a long time despite of the populations actual state. In the past 
twenty years, new possibilities for a more serious research of these species have opened up and 
research brought first significant and concrete data on their bionomy, distribution and ecology. The 
data is the basis for conservation and acceptable management through strategic plans which were 
initiated by the state at the advice of experts and realised during 2007. That also brought on the first 
changes in their protection status after a long period of time. However, after the initial success and 
the long-awaited and needed changes, the national management authority did not continue to react in 
a timely fashion to the recorded significant changes to the status of populations. This is further 
confirmed by a number of examples. The national research projects for all three species that came 
about as the result of the strategic plans which would give concrete data for creating the action plans 
for their conservation have been on hold for the third year in a row and the existing strategic plans 
have not been formalized. Most recommendations from the strategic plans have not been 
implemented. 
Management of large carnivores demands a constant monitoring of the population status and the 
agreement and cooperation of the resource management services, experts, institutions and 
stakeholders from local to national level and it must be based on a legal legislative. Forming an 
expert council on a national level, periodical or permanent monitoring, mutual consensus and the 
quick and dynamic decision making is the basis for modern and acceptable management of 
populations in Serbia. The trans-border populations, the integral nature protection and the use of 
natural resources in Europe show that listed problems are not only national but also have 
international implications and consequences. The passive approach to the conservation and 
management of the large carnivores’ populations in Serbia is a waste of precious time and it puts the 
conservation and prosperity of large carnivores in danger. 
 
Key words: Large Carnivores, Serbia, conservation and management, passive approach. 

 
Introduction 

 
Brown bear, wolf and lynx are large carnivore species with documented historical presence in Serbia 
(Trojanović 1889). Each of these species has a specific population status, distribution, protection status, 
hunting status and human attitude towards each. Throughout history, the fate of their populations in 
Serbia was similar to that in other parts of Europe, where they have disappeared in most of their former 
range. The present ranges of large carnivores in Serbia are actually parts of larger regional populations, 
mostly within the hill and mountain regions. The large carnivores used to be among the least known 
mammals in Serbia for a long time, and their official status wandered from attempts of complete 
eradication through poisoning and hunting pressure, to complete and alleged full protection. At the very 
end of 20th century the interest of public and scientific community in present state and conservation of 
populations of these animals started to grow. This period was marked by some visionary attempts of 
pointing out the necessity of change in strategy toward the large carnivores  
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(Savić et al. 1995), where both the traditional persecution approach to large carnivores and the approach 
of complete and permanentprotection were deemed unsustainable and unacceptable (Milenković et 
Paunović 1997). The first change  happened in 2002, when the brown bear was protected by close hunting 
season throughout the year. Almost a decade later, the wolf was transferred from the category of 
unprotected species to the category of protected species, and for a short period it was even protected by 
close season, but its hunting status did not really change. On the other hand, the lynx remained in the 
status of permanent protection as before. 
The experts of large carnivores from Serbia have been pointing out the population changes of all three 
species as they appeared, as well as the necessity of changing the overall strategy of dealing with 
carnivorous species. Any valuable answer of authority institutions of the state was postponed, often under 
the pressure by certain stakeholders, while the imprecise and stretchable legislative in field of hunting, 
based on unrealistic and over estimates of size of carnivore populations by hunting societies, allowed the 
continuation of legal hunting, occasionally to extinction in certain parts of Serbia. Unfortunately, the 
dynamic changes in environment, necessitating quick decisions and quick changes in relationship toward 
the carnivorous species, failed to incite an adequate answer. The slow changes in legislative generally 
combined with ignorance of facts, lack of state inter-ministry body that would monitor the situation in 
nature and react adequately and quickly, discontinuation and stagnation of already ongoing studies on 
ecology of species, are some of the causes of numerous problems presently affecting their populations. 
 
Abundance, distribution, population trend, conservation status and hunting status of large carnivores in 

Serbia 
 
Although the brown bear is present in western, south-western, southern, eastern and certain central parts 
of Serbia, the continuous larger parts of range exist only in western and south-western Serbia (Paunović 
2000, 2002, Petrović 2005, Paunović et Ćirović 2006, Paunović et al. 2007a, Paunović et al. 2007b, 
Paunović et al. 2008). For about 10 years this population has been characterized by a stable status and a 
slight tendency of recovery (Paunović et al. 2008). Serbia is the meeting point for the fringe parts of 
Dinaric-Pindus, Carpathian and Balkan (Stara Planina) population. There are some sporadic contacts 
between the Carpathian and the Balkan population in Northeastern Serbia and perhaps some between the 
Dinaric-Pindus and Balkan populations in southern and south-eastern Serbia. After the brown bear was 
included in the list of game animals protected by close hunting season throughout the year (Službeni 
glasnik 19/02), the new legal acts on nature conservation (Službeni glasnik 36/09, 5/10) and game 
animals and hunting (Službeni glasnik 18/10, 75/10, 9/12) regard the bear as a strictly protected species 
with close season throughout the year. The present estimate is of around 65 individual bears in Serbia, not 
including the bears at Kosovo and Metohija as these data are unavailable. Poaching is present but not 
extremely common, while damage caused by bears are common but not significant from economic 
standpoint (Paunović 2004). Perception on bears in Serbia is generally positive, although the village 
population does not have a good opinion on members of this species (Paunović et Ćirović 2006). 
 
Wolf has been resisting the significant hunting pressure for several decades, while the population trend is 
estimated to be stable and slightly increasing (Milenković et al. 2007, Milenković et al. 2008, Paunović et 
al. 2008). According to poorly updated and uncentralized records, below 200 individuals are shot each 
year (Paunović 2002, Paunović et al. 2008). After a long period in the status of unprotected species, the 
hunting and conservation status was only formally and allegedly changed in 2010 (Službeni glasnik 5/10). 
Since then the wolf was included in the category of protected species in central Serbia and in territory of 
hunting grounds in Deliblatska Peščara Sands and Vršačke Planine Mts. in the Autonomous Province of 
Vojvodina, while in the remaining territory of Vojvodina it was included in the list of strictly protected 
species (Službeni glasnik 5/10). The rules on close hunting season from 2010 (Službeni glasnik 75/10) 
have also stipulated differentiating between males (hunting season throughout the year) and females and 
cubs with hunting season from July 1st to December 31st, but the new ordinance has removed that 
nonsense construction (Službeni glasnik 9/12). These neck-breaking definitions and hunting seasons 
actually mean that wolf shooting is allowed everywhere where there are any wolves (sic!) and forbidden 
where there are no wolves or where they are present very rarely or occasionally! The total estimated 
population in the territory of Serbia is between 800 and 900 individuals. Damage caused by wolves is 
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substantial, but caused by traditional poor physical protection of livestock and lack of use of livestock 
guardian dogs or use of inappropriate dog breed (Paunović 2004). The main answer on damages is 
constant persecution, hunting from blinds, but also the still-present hunting by use of beaters, called hajka 
in Serbian (Ristić et al. 2008) which takes place in 6-8 areas throughout Serbia in every winter period. 
Hajka is generally rationalized and amnestied by its typical ineffectiveness. The human attitude toward 
wolves is generally bad, and the worst opinion is obviously by shepherds in hill-mountain areas, while the 
hunting population considers wolves to be prestigious trophies and a good source of income in hunting 
tourisms of the area. 
The lynx has practically remained at the same positions regarding the hunting and conservation status as 
in the last 30 years: although the new legal acts of nature conservation have included it in the list of 
strictly protected species (Službeni glasnik 36/09, 5/10), the hunting legislative retained its status of 
permanently protected game species (Službeni glasnik 18/10, 19/02, 55/06, 75/10, 9/12). However, 
certain changes in last thirty years of populations, population trend and ranges could be determined even 
though the research on this species was not intensive (Paunović et al. 2001, Paunović et Milenković 
2004). Thus, in the north-eastern and eastern Serbia there are representatives of Carpathian population 
(Mirić 1981, Milenković 1985, Mirić et Paunović 1994, Hadži Pavlović 1997) spreading toward south 
and east, resulting in first recorded individuals in neighboring Bulgaria (Zlatanova et al. 2001, Zlatanova 
et al. 2009) and in south-eastern Serbia (Mirić 1981, Grubač 2000, Paunović et al. 2001, Paunović et 
Milenković 2004, Ćirović et al. 2007). Size of this population in Serbia is estimated to around 50 
specimens, although there are also some very optimistic indications that there are several times more 
(Marinović 2008). On the other hand, the south-western Serbia, including the territory of Kosovo and 
Metohija, is inhabited by members of Balkan population with pronounced trans-border character as its 
range includes corresponding territories of neighboring countries (Balkan Lynx Strategy Group 2008, 
Kazensky et al. 2013). It is estimated that population numbers of Balkan lynx in Serbia are only about 20 
individuals and that population trend is regressive (Grubač 2000, Ćirović et al. 2007). Otherwise, the 
presence of lynx in Serbia is known to a relatively small number of people and damage caused by lynx is 
completely unknown, or in better words, unrecognizable (Paunović 2004). Therefore the human attitudes 
toward lynx are mostly neutral. 
 

Research on large carnivores in Serbia 
 
All three species used to be neglected from the research perspective for a long time, and their hunting and 
protection status remained unaltered regardless of the momentary situation in the field, which was 
actually poorly known. The least amount of data existed on brown bear. In the last 30 years opportunities 
for a more studious research appeared, leading to first significant and concrete data on bionomy, 
distribution and ecology of large carnivores in Serbia (Mirić 1981, Milenković 1985, Mirić et Paunović 
1992, 1994, Milenković 1997, Paunović 2000, Paunović et al. 2001, Paunović 2002, 2004). They are a 
foundation for their conservation and acceptable use through strategic plans initiated by the state at 
suggestion of experts and realized in 2007 (Paunović et al. 2007, Milenković et al. 2007, Ćirović et al. 
2007). This led to first changes in protection status after a long standstill period (Službeni glasnik 19/02, 
5/10, 9/12). The strategic plans were actually defined as initial parts of action plans, and for their 
realization it was necessary to perform additional field research and monitoring. Therefore since the 
completion of strategic plans in 2007 project activities were started separately for each of the three 
species. After the completion of the first planned research phase (one year), the second of the three phases 
was awaited for almost three years! The projects were financed by the corresponding ministry for 
environment protection, which due to various reasons, and probably primarily due to financial problems, 
made such a long pause in their realization. However, presently there already is a large amount of 
important data on bionomy, taxonomy and ecology of all three species, with solid data on their presence 
activities and conservation status (Kaczensky 2013a,b), and even taxonomic status (Milenković et al. 
2010). The projects should finally continue in the fall of 2013 in order to complete the database and form 
a foundation for application of adequate, purposeful and genuine measures of population management. 
 

Human attitude toward carnivores – captivity and lack of shelters for large carnivores 
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The phenomenon of keeping captive dancing bears (in Serbian known as mečkarenje) as well as other 
types of keeping captive bears in Serbia, both in state-owned or private zoos or in some other 
accommodation, was problematic for a long time regarding the animal welfare, ethical and human norms 
of relationship toward living beings (Paunović 2002). The first appeals and recommendations to canalize 
and institutionalize these phenomena, gradually leading to their banning, appeared in late 1990s in the 
nongovernmental sector. The fact that there is a need for construction of sanctuary for carnivores and 
particularly bears was accepted by state institutions, initiating the feasibility study (Mikeš et al. 1999). 
The dire historical events in this country in 1999 and the continuation of the social-political-economic 
crisis have led to complete neglect of these ideas, although even at that time 6 dancing bears were sent to 
a small private sanctuary. At the beginning and middle of first decade of 2000s the ever-increasing 
problems of captive bears led to increased interest in general public, leading to ad hoc activities of seizing 
dancing bears and sending them to the rehabilitation centre in Greece and Bulgaria, simultaneously with 
debates on building a sanctuary in Serbia. Although this process was guided in corresponding ministries it 
was extremely slow and unconstructive, and was not finished to this day. However, in the meantime, 
close to town of Zrenjanin, Vojvodina, an incident happened at a private restaurant that kept a captive 
bear for showing. In early September 2011 the bear killed the woman caretaker by accident, and the 
police patrol arriving to the scene shot the bear! Today the phenomenon of dancing bears may be thought 
of as eradicated in Serbia, but there still remains the problem of unapproved captivity in completely 
unsuitable accommodation facilities. The same is true for the zoos, where the situation is even worse as 
reproduction of captive individuals is uncontrolled and the captive conditions are very bad. 
The examples of captive wolves are even worse than in bears due to their long-term status of unprotected 
species, which has greatly contributed to persecution and molestation of wolves. It is estimated that 
presently there are over 100 captive wolves in Serbia, and their maintenance and manipulation may be 
characterized as a misdemeanour from several standpoints, including nature conservation, hunting 
management and animal welfare. The appearance of inbreeding in captivity, as well as hybridization with 
other subspecies that differ significantly from the autochthonous in morphology, and even more important 
in behaviour, as well as the uncontrolled release of such individuals into the wild, are another big problem 
leading to disruption of the genetic integrity of wolf populations in Serbia. Fortunately, captive lynx are 
known only from zoos. 
 

Management of large carnivore populations in Serbia and associated challenges 
 
Simultaneously with the increase of interest within the expert and scientific community on problems of 
survival and conservation of large carnivores in Serbia, there was certain pressure by institutions of 
international community regarding the conservation trends, resulting in verification of international 
documents of nature conservation, including the parts about large carnivores (Službeni list 11/02, 
Službeni glasnik 102/07a,b,c). However, after the initial successes and finally the long-expected and 
necessary changes in legislative, the national management authority failed to persist on adequate and 
timely reacting in case of evidenced significant changes in nature, although the improvement of attitude 
to certain carnivore species in Serbia (for example brown bear) and minimizing of persecution led to 
some observable results even in the small period of time, in this case around 10 years. Truthfully, a 
significant additional impact was brought by socioeconomic movements in Serbia and region, with long-
term economic-political and social crisis. These facts are supported by numerous examples. 
 
Change of legislative on paper – everything remains the same in practice 
The assumed drastic change in hunting status of wolf in the hunting legislative of Serbia, long expected 
and sincerely supported, had a completely different epilogue: from the persecuted species to species 
protected by close hunting season throughout the year for males, with additional nonsensical closed 
season on protected females and pupies from March 1st to June 30th (Službeni glasnik 75/10) which was 
removed a year later (Službeni glasnik 9/12), it devaluates the improved status of wolf back to the 
original unprotected status! This unallowable easygoing behaviour by both the hunting organizations and 
the authority institutions of the state supporting them by “chain of command”, has resulted in drastic 
decimation of wolf population at Vršačke Planine Mts. and a completely unexpected total disappearance 
of the stable population in the area of Deliblatska Peščara Sands. 
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Discontinuation of research, unused plan documents, abuse 
The already started national-level research on all three species, included in the strategic plans, which by 
now would already provide a wealth of concrete data necessary for preparing the action plans for 
conservation and acceptable use of populations, have been temporarily discontinued for almost three 
years. The discontinuation of research project activities whose results would significantly contribute to 
improvement of existing knowledge and developing and application of conservation measures matching 
the actual field data has contributed to delay in preparing the action plans. Most recommendations from 
the strategic documents were not realized, starting with the still-unformed national body that would make 
important substantiated decisions on protection status and population use according to concrete scientific 
results of monitoring and actual state of populations. The existing strategic plans already accepted by the 
management authority 6 years ago were never made official, although they are occasionally unofficially 
used for needs of protection of large carnivores in certain protected entities. Taking the large carnivores 
from nature and illegal keeping in captivity in unsuitable conditions, uncontrolled reproduction and 
ruining the genome of autochthonous wolves with hybrid individuals and individuals formed by 
inbreeding, are little-known problems but with significant implications. 
 
Lack of trans-border cooperation 
The existing data on brown bear indicate a strong connection and dependence of individuals from the part 
of range in territory of Serbia (Ćirović and Paunović, unpublished data) with broader distributed regional 
populations (Kaczensky 2013a,b). The state of these populations is a crucial factor for presence of bears 
in Serbia, so the trans-border cooperation is the key to bears’ prosperity. Such cooperation exists only at 
the individual expert level. Similar situation exists with both lynx populations in Serbia, as well as with 
wolf populations, although its range is much larger, more stable and more homogenous. 
 
Extermination of southern Banat population of wolves 
Persecution of wolf at the protected areas of southern Banat in Vojvodina Province has long and unusual 
history. Hunting as obviously breaking of current legislative at not so distant past is well documented and 
described (Bradvarović 2000). During the last 6 years, the vulnerable fringe population of Carpathian 
wolf has disappeared from the southern Banat, the south-eastern part of Province of Vojvodina. Wolf 
used to represent a permanent element of fauna in the protected areas of Deliblatska Peščara Sands and 
Vršačke Planine Mts., although the abundance showed variations through time. When the mentioned 
conservation project aiming at this species was supposed to be realized, the stakeholders of the natural 
property areas stated that wolves are now absent in these protected areas. The unsuspected manner and 
high speed of disappearance of wolf from the area of Deliblatska Peščara Sands cause a realistic suspicion 
that some activities forbidden by both law and hunting customs took place in order to reduce the wolf 
population. This should not be considered unexpected, as according to the present legislative in that 
region it is within the category of protected species that may be hunted throughout the year, while in the 
neighbouring areas where it is mostly absent or appears only in dispersal it is strictly protected. The 
research on situation in this region brought out the facts about legal hunting within the corridor used by 
wolves during the immigration from the neighbouring areas of Carpathian mountain massif of 
neighbouring Romania to the southern Banat, where their final destination is Deliblatska Peščara Sands. 
Wolves used to also inhabit Vršačke Planine Mts. that form both a corridor and a permanent habitat for 
members of this species. The researchers have informed the Province Institute for Nature Conservation as 
the official authority, and together composed a proposal for mitigating the recorded damage and 
reestablishment of historical wolf corridor. In mid 2012, the Province Institute sent an official letter with 
recommendation to the corresponding ministry for environment protection, but no answer was received to 
this days! 
 
Possibility of more active management and change of conservation status of Carpathian lynx 
Regarding the lynx, there is a completely different problem. The present state of part of Carpathian 
population in the eastern Serbia and confirmed indications on range spread and population increase could 
lead to consideration of introduction of hunting and allowance of shooting a reasonable number of lynx 
specimens, determined by results of constant monitoring and strict control of hunting. Such a decision is 
hindered by evident lack of will and organizing the control activities, although such minor and controlled 
harvest could yield a wealth of useful data which could be used in activities on increasing prosperity of 
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Carpathian lynx population. The unofficial data indicate presence of poaching and allowed hunting of a 
small number of specimens would be a rational solution with a better final result and available data. 
 

 
 

Conclusions 
 
Serious and fundamental large carnivore population management calls for permanent monitoring of 
present state, multidisciplinary research and agreement of corresponding management services, experts, 
institutions and caretakers of protected area from the local to the state level and it must be based on 
official legislative. Forming the expert board at national level, periodical or permanent monitoring, 
centralized database, consensus agreements and fast and dynamic making of important decisions are the 
foundation for modern management and sustainable use of brown bear, wolf and lynx populations in 
Serbia. 
Trans-border character of populations and integrated conservation of nature and use of natural resources 
in Europe indicate that the above problems are present not only on national level but that they also have 
international implications and consequences. 
The realistic foundations for planning the large carnivore population management include establishment 
of strategic plans, realization of the remaining phases of semi-completed projects and finalizing the action 
plans according to actual monitoring data. The strategic plans included a set of recommendations, and if 
they were realized at the time, the positive effect on state of populations would already be immense. The 
multidisciplinary approach and formation of national scientific body for managing large carnivore 
populations in form of conservation and sustainable use would undoubtedly lead to their conservation and 
improvement. On the other hand, the passive approach in the already present traditional management of 
large carnivore populations in Serbia, letting the hunting societies and connected expert services to 
estimate abundance and determine hunting quotes without serious review and substantiated 
recommendation, is just an unforgivable loss of precious time and an additional threat to large carnivores 
and to conservation and revitalization of their populations. 
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SUSTAINABLE MANAGEMENT IN HARE POPULATIONS IN VOJVODINA IN THE 

YEAR 2012, ALONG WITH A REVIEW OF THE LAST TEN YEARS 
 

Beuković M.,1  Popović Z.2, Beuković D.1 

 

Summary: In order to analyze the sustainable management of hare populations in Vojvodina, data 
on the percentage of leverets were analyzed, and the recommendations for further use of the micro-
populations in terms of suspension of hunting, hunting according to the plan, as well as data on the 
abundance and the harvest of hares over the past ten years (2003-2012 ). Based on the test results 
from 2012, it can be concluded that the highest percentage of leverets was recorded in Srem -
51.75%, followed by Banat with 42.07%, while the lowest percentage of leverets was in Bačka with 
only 39.76%. The percentage of leverets from 77 hunting areas in the territory of Srem was 
significantly higher (p <0.01) compared to the hunting grounds in Banat and Bačka.There were no 
statistically significant differences (p> 0.05) between the hunting grounds in Bačka and Banat. The 
average percentage of leverets observed in the last 10 years was 53%, which was rated as "good". 
The lowest percentage of leverets was recorded in 2010 with only 38% and was rated as "poor", 
while the best percentage of 62%, was found in 2005 and was rated as "very good". Based on this 
analysis, the cyclic change in the abundance and harvest of hares was determined. The abundance 
of hares in the previous year and the current year's harvest have no significant impact on the 
abundance of hares in the coming year. The controlled use of the hare micro-populations in 
Vojvodina by examination of the age of the eye lenses and giving recommendations for use in the 
current year in relation to the management plan that prevents the harvest of the current year from 
affecting the strength the abundance of hares in the coming year, thus creating one of the most 
important preconditions for sustainable management of hare populations in Vojvodina. 
 
Key words: hare, sustainable management, Vojvodina, percentage of leverets 

 
Introduction 

 
Brown Hare (Lepus europaeus Pall.) is one of the most widespread and most hunted game in Europe 

(Beuković et al. 2009a). As the original game of the steppe expanses, hares accommodated to the agro-
environment with the development of agriculture. The most widespread hare populations are in the 
agricultural regions (Slamečka et al. 1997). In Serbia, the best habitat for the hare is in the plains, mainly 
in Vojvodina (Beuković et al 2007). According to Beuković and Marinković (1997) and Beuković et al. 
(2011b) the intensification of agriculture changed the typical habitat for hares, especially with the drastic 
increase of the area under arable crops, where there is intensive use of pesticides, and at the same time the 
reduction of the area under forage crops, which reduces the possibility of high-quality hare diet (Beuković 
et al. 2013a) (Katona et al. 2010). The rational use of the hare micro-populations is one of the most 
important forms of protection of hares in deteriorated environmental conditions  (Beuković et al. 2009b),  
(Beuković et al. 2011b),  (Popović  et al. 1996a),  (Beuković et al. 2010) and which is wholly and 
exclusively in the hands of the users of the hunting grounds  (Beuković et al. 2000). 

The hare’s age can be determined on the basis of the ossification of bumps on the bottom of the 
elbow bone, and on the state of the lacrimal bone (Šelmić and Đaković, 1997). Due to the lack of 
reliability of both methods, a method of age determination based on the weight of the eye lens is in use 
(Šelmić 1997). The method is based on the fact that the lens of the eye grows throughout life while the 
lens of the eye of young animals contains a lot of water whose percentage decreases with age (Šijački and  
Đaković 1997).
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Andersen and Jensen (Šelmić 1997), following the dry weight of eye lenses of hares of familiar years, 

determined the weight limit of the hares in the first year of age and older, which is 280 mg.  
For more than 40 years, from all users of the hunting grounds in Vojvodina during the hunting 

season, eyes of hunted hares were collected  (one eye of each hare), followed by the processing of the 
sample in a predetermined procedure. Based on these studies and data on the abundance of hares in the 
spring, and also on the data of hunted hare from the previous year, the state of the hare micro-population 
shall be determined and based on that recommendations are given to the users of the grounds about 
possible revision of the hunting plans (Popović et al. 2011b). In the hunting grounds, with low population 
density and high real growth increase care must be taken to ensure that the rational isolation of hare 
abundance is close to the capacity of hunting  (Popović  et al. 1997), (Pintur et al. 2006), (Laslo, 1996). 
Hunting areas that have high population density in relation to capacity may have little real growth and a 
relatively good autumn abundance, as sometimes happens (Popović et al. 1996a). Since the proportion of 
leverets in a population varies from year to year, and being that it depends on many biotic and abiotic 
factors (Beuković et al. 2011b), (Beuković et al. 2013a),   (Popović et al. 2006b), (Popović et al. 2010), 
after the first hunt and performed test, the recommendations should be submited to the hunters on the 
further use of the hare population compared to the planned volume for the current year (Beuković et al. 
2009c). Recommendations for each hunting district are as follows: 1) hunting as planned, 2) suspension 
of hunting, 3) correction of plan, 4) small and incomplete sample. The test method in the planning 
management of the hare population in Vojvodina was introduced in 1980 and represents a significant step 
forward in the use of popular-dynamic hunting in hunting management (Beuković et al. 2009a), (Vapa 
and Šelmić 1997). 
 

Material and Methods 
 

In the order to investigate the management of the hare population in the Vojvodina region on a total 
area of 1985626 hectares, in the harvesting season 2012, the data was processed for 7.493 ophthalmic 
lenses from all the hunting grounds (258) in Vojvodina. These data are official data from the hunting 
records of the Hunting Association of Vojvodina and the test results of eye lens. The method of 
determining the age of hares based on the dry weight of eye lenses is based on the fact that the eye lens 
grows throughout life. In leverets, the eye lens contains a lot of water that decreases with age. Using a 
modification of (Šijački, Đaković 1997) eyeballs of hares received from the field from early autumn hunts 
were immediately cleaned and kept in 10% formalin for fixation, then dried in a thermostat for 3 days at 
37ºC, and then measured on a precise Metler scale. Based on the weight, they were classified in six age 
classes as follows: <100 mg hares to 3 months old, of 100 -200 mg of 3 - 6 months, 200 - 280 mg to 1 
year old, of 280 -310 mg old 1-2 years, from 310-370 mg 2-3 years and > 370 mg over 3 years. In the 
practical application,  two age groups are used and these are hares under 1 year of age where the masse of 
the eye lens is up to 280 mg and older than 1 year where the mass is over 280 mg. The percentage of 
youth is identified in the following limits: <50% poor, 51% -55% good, 56% - 64% very good and> 65% 
excellent.  
The statistical analysis of results was performed by the software package "Statistica 11" (StatSoft, Inc. 
2011), and this method was used - LSD test variable was calculated for determining the percent of 
leverets probabilities for post hoc tests.  
 

Results 
 

Based on the results presented in Table 1, it can be concluded that the highest percentage of leverets 
was recorded in Srem 51.75%, followed by Banat with 42.07%, while the lowest percentage of leverets 
was in Bačka with only 39.76%. The highest percentage of leverets in Banat was recorded in the hunting 
ground “Alibunara”, and “Barice” with 100%; in Bačka in the hunting ground “Nadalj”, the maximum 
value was 91%, while in Srem in the hunting grounds “Obedska bara”, “Pećinci”, “Donji Tovarnik”, the 
percentage equaled 83%. Such a high percentage of leverets in hunting grounds with low population 
density is possible (Pintur, 2006; Popović et al. 2008), like it is possible for hunting grounds with high 
population density to have a low percentage of leverets (Popović et al. 1996a). For the aforementioned 
hunting grounds in Bačka and Srem, this could explain the high percentage of leverets. 
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Table 1 Mean, minimum, maximum and standard deviation for the percentage of leverets in Vojvodina 
regions in the 2012 hunting season. 
 

  Valid N Mean Evaluation Minimum Maximum Std.Dev. 

Srem 77 51.75 Good 24.00 83.00 15.96 

Banat 91 42.07 Poor 10.00 100.00 18.69 

Bačka 90 39.76 Poor 10.00 91.00 16.25 

Vojvodina 258 44.15 poor 10.00 100.00 17.74 
 
In the Banat region, in the hunting grounds “Barice”, according to the hunting records, the population 

density has been lower for years and the established percentage of leverets is 100% could be acceptable 
according to the explanation of the abovementioned authors, unless the eye lenses from the hunting area 
which were taken for analysis are only those of leverets using some previous less reliable methods for 
determining the age of hares. The minimum value of the percentage of leverets is 10% and was recorded 
in Banat and Bačka, while in Srem it equaled 24%.  

 
Table 2 LSD test variable for Percentage of leverets probabilities for Post Hoc Tests 
 

Area Srem Banat Bačka 
 Mean 51.75 42.07 39.76 

Srem   0.000301** 0.000009** 

Banat 0.000301**   0.363434 

Bačka 0.000009** 0.363434   
 
Error: Between MS = 291.37, df = 255.00 
 
When it comes to the standard deviation within groups by region, slightly higher standard deviation 
compared to the entire population of Vojvodina (17.74) was recorded in the Banat region 18.69, while the 
lowest was recorded in the region of Srem 15.96 (Table 1).  
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Chart 1 Frequency distribution: Percentage of leverets in 2012 harvesting season by region 
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Based on the results (Figure 1 and Table 2) it can be observed that the percentage of leverets from 77 
hunting grounds in the territory of Srem is significantly higher (p <0.01) compared to the hunting grounds 
in Banat and Bačka. While between the hunting grounds Bačka and Banat there were no statistically 
significant differences (p> 0.05). 
 
Figure 2 shows the frequency distribution of the percentage of leverets by region, depending on the 
locality. 
In order to provide the most objective representation of the percentage of leverets in Vojvodina, in Table 
3 the data for the last ten years (2003-2012) were presented. It is observed that the average number of 
hunting grounds that over the last ten years provided samples for analysis was 278. Most of the hunting 
areas in 2009 submitted samples - a total of 300. The lowest number of hunting areas that have submitted 
samples for analysis was recorded 2012 - 258 hunting grounds. The total number of submitted ocular 
lenses for the determination age, in the last 10 years was 90888, which amounts to an annual average of 
9.089 lenses of the eye. Most ocular lenses for examination were submitted in 2009 (10227) eyeballs, and 
the least in 2012 (7393) eyeballs. 
 
Table 3 Number of examined eye lenses and the percentage of leverets for the past ten years in  
Vojvodina with an evaluation. 
 

 
 
Based on the data from Table 3 and Figure 2, the average percentage of leverets, observed in the observed 
10 years was 53%, which is rated as "good". The lowest percentage of leverets was recorded in 2010, 
only 38% and it was rated as "poor", and the best percentage 62% was recorded in 2005 and was assessed 
as "very good". 
The percentage of leverets in a population varies from year to year and depends on many biotic and 
abiotic factors (Beuković et al 2009c; Beuković et al. 2013b; Popovic et al 1996b; Popovic et al. 2012). 
The determined cyclic changes of the percentage of leverets in the whole territory of Vojvodina according 
Beuković et al. (2013b) may be the consequence of the influence of climate factors especially on the third 
litter that is crucial for the participation of leverets in the micro-population. According Haklender (2012), 
negative factors such as predators and rainy springs are more expressed if the habitat has a poor structure 
and plant diversity, while in optimal habitats they are less expressed. In addition to climate, 
anthropogenic factors can have a significant impact on the proportion of leverets; according to Beuković 
et al. (2012) half of the changes in the hare population in Vojvodina can be explained as a consequence of 
the abundance from the previous year and the harvest from the previous year. 
 

Year Nb. of Hunting 
Grounds Nb. of Lens % of Young Evaluation 

2003 269 8,691 55 good 
2004 260 8,235 59 very good 
2005 287 9,301 62 very good 
2006 296 10,029 50 poor 
2007 268 9,459 55  good 
2008 295 10,020 54 good 
2009 300 10,227 59 very good 
2010 276 8,371 38 poor 
2011 278 9,062 53 good 
2012 258 7,493 44 poor 
Average 278 9,088 53 good 
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Chart 2 Percentage of leverets in Vojvodina by hunting seasons 

 
Based on data from the annual management plan concerning the planned harvest volume for the 

current year, the harvest performed in the past year, the number of participants in hunting and the number 
of harvested hares, and the weather conditions during the hunt, as well as based on the determined 
percentage of leverets, recommendations are made for the future use of the hare population in the current 
year. 

According to the data in Table 4 and Figure 3 it may be observed that in 2012 the suspension of 
hunting in relation to the planned harvest was recommended in 99 hunting districts in Vojvodina 
(38.37%). Most recommendations for suspension of hunting were proposed in Banat, in 48 hunting 
districts (52.75%), while the least were in Srem in 16 hunting districts (20.78%). 

Correction of the annual management plan of hare population in terms of reduction of planned 
harvest in Vojvodina for 2012 was proposed in 67 hunting districts (25.97%). Most recommendations for 
correcting the planned harvest were in Bačka, in 33 hunting grounds (36.67%), in Banat, in 28 hunting 
districts (30.77%), while the lowest number of recommendations to reduce harvest were recorded in Srem 
- only 6 hunting grounds (7.79 %). 
 
Table 4 Recommendations for the use of hare micro-populations in the hunting grounds in Vojvodina in 
2012 
 
 

Harvesting by 
Plan 

Harvesting 
Suspension 

Harvesting 
Plan 

Correction 

Small and 
incomplete 

sample 
Total 

  n % n % n % n % n % 
Srem 48 62.34 16 20.78 6 7.79 7 9.09 77 100.00 
Banat 9 9.89 48 52.75 28 30.77 6 6.59 91 100.00 
Bačka 13 14.44 35 38.89 33 36.67 9 10.00 90 100.00 
Total 

(Vojvodina)  70 27.13 99 38.37 67 25.97 22 8.53 258 100.00 

 
In 2012, a recommendation to hunt according to the management plan was given to the users of 

the 70 hunting grounds (27.13%) in Vojvodina. The least number of recommendations for hunting 
according to the management plan were given in the Banat region, only in 9 hunting areas (9.89%). The 
situation is only slightly better in Bačka where in only 13 hunting grounds (14.44%) were given 
recommendations to hunt as planned. Most recommendations for hunting according to the management 
plan were proposed in Srem in 48 hunting grounds (62.34%). 
Because of incomplete data from the annual management plan and hunting records and because of the 
small number of samples submitted to the lens of the eye examination, in 22 hunting districts (8.53%) no 
reliable recommendations could be given. 
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Figure 3 Recommendations for the use of the hare micro-population in Vojvodina, in 2012 
 

In order to ensure comprehensive analysis of the management of hare populations in Vojvodina, 
in Table 5 and Figure 4 data on the recommendations for the use of the micro-population in the last ten 
years (2003-2012) are presented. It can be observed that for the last 10 years suspension of hunting with 
reference to the planned harvest was recommended to users of an annual average of 7.39% hunting 
grounds in Vojvodina. The largest number of recommendations for the suspension of hunting was issued 
in 2012 (38.37%) hunting grounds, and the smallest number suggested was in 2011 (1.08%) hunting 
grounds. 
 
Table 5 Recommendations for the use of hare micro-populations in hunting grounds in Vojvodina in the 
last ten years (2003-2012), % 
 
Year Harvesting by 

Plan 
Harvesting 
Suspension 

Harvesting Plan 
Correction 

Small and 
incomplete 

sample 
2003 57.26 7.06 26.39 9.29 
2004 68.85 1.15 16.54 13.46 
2005 73.87 2.44 11.15 12.54 
2006 67.90 3.38 22.64 6.08 
2007 79.48 2.61 10.45 7.46 
2008 79.66 2.03 7.46 10.85 
2009 86.00 2.33 8.33 3.34 
2010 18.12 13.41 63.40 5.07 
2011 67.63 1.08 25.90 5.39 
2012 27.13 38.37 25.97 8.53 

Average 62.59 7.39 21.82 8.20 
 

The correction of the harvest plan compared to the annual management plan of the hare 
population in terms of reduction, in the last 10 years, was proposed to an average of 21.82% hunting 
grounds. The most recommendations were proposed for the correction of the harvest plan in 2010 in 
63.40% hunting grounds, while the least was in 2008 in 7.46% hunting grounds. 
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Figure 4 Recommendations for the use of hare micro-populations in hunting grounds in 
Vojvodina in the last ten years (2003-2012), % 

 
Hunters in Vojvodina, in the last 10 years, have hunted according to the management plan in 

62.59% of the hunting grounds. The least number of recommendations for hunting according to the 
management plan was recorded in 2010 (18.12%) of hunting areas, while the most number of 
recommendations for hunting according to the management plan was recorded in 2009 (86.00%) of 
hunting grounds. Because of incomplete data and a small number of samples, approximately 8.20% 
hunting grounds could not give reliable recommendations. 
Having these facts in mind along with the practices of the previous decades, after conducting all the 
necessary test hunts and age examinations of hares as well as after determining the percentage of leverets, 
it is necessary to give recommendations to hunters for further use of the micro-populations with reference 
to the planned annual harvest according to the annual management plan of hunting grounds. 
 

As the basic element for the determination of a population’s dynamics for each area in 
Vojvodina, spring abundance of hares is determined yearly and management plans are prepared. 
 
Table 6 Spring abundance and hare harvest in Vojvodina for the last 10 years (2003-2012) 
 

Year Number Harvesting 
2003 254.786 33.846 
2004 288.419 41.003 
2005 285.806 49.198 
2006 300.971 50.030 
2007 289.897 47.012 
2008 261.540 51.926 
2009 275.909 50.389 
2010 291.302 33.516 
2011 272.760 36.598 
2012 262.500 31.500 

Average 278.389 42.501 
 

According to the data in Table 6, it can be concluded that the spring abundance of the hare 
population in Vojvodina is fairly stable with a very expressed cyclicality, which is better seen in Figure 5. 
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The average abundance of the hare population for the last 10 years is 278389 hares. The largest 
abundance of the hare population in Vojvodina was recorded in 2006, and it amounted to 300971 hares, 
while the lowest abundance was recorded in 2003 with only 254786 hares. Statistical analysis revealed a 
standard deviation (size variation) of the hare abundance for the past 10 years from 15260.79 hares. 

The average annual harvest of hares in Vojvodina, in the last 10 years was 42501 individuals. The 
biggest harvest was recorded in 2008 (51926 hares), while the smallest harvest recorded in the 2012, only 
31500 hares (Table 6 and Figure 5). 
 

 
Figure 5 Spring abundance and hare harvest in Vojvodina for the last 10 years (2003-2012) 
 

By means of statistical analysis, the standard deviation (the size of variation) of the hare harvest 
for the previous ten years was determined to be 8,083.87 individuals. The abundance of hares during the 
spring of the previous year does not have a statistically significant influence on the abundance of hares in 
the following year, where the correlation is positive r=0.34, which constitutes a weak connection. The 
hare harvest from the previous year does not have a statistically significant influence on the abundance of 
hares in the following year either, whereas the correlation coefficient is positive with a weak connection 
r=0.32. All of these factors confirm that the controlled usage of hare micro-populations in Vojvodina by 
examining the age using eye lenses and providing recommendations for the usage in the current year in 
relation to management plan, prevent the harvest in the current year to influence the hare abundance in 
the following year. The determination coefficient, derived by multiple regression analyses, was R2=0.10, 
which can be used to explain that 10% of changes occurring in the hare population (observed for the 
previous ten years) are a consequence of the hare population abundance, and the harvest from the 
previous year.  

 
Conclusion 

 
Based on the analysis of sustainable management of hare populations in Vojvodina for 2012 and 

looking back on the previous ten years (2003-2012), the following conclusions can be made: 
-      The biggest percentage of leverets in 2012 was in Srem with 51.75%, Banat is next with 
42.07%, and the smallest percentage of leverets was in Bačka with 39.76%. The percentage of 
leverets from 77 hunting grounds on the territory of Srem is significantly higher (p<0,01) 
compared to the hunting grounds in Banat and Bačka whereas there where no statistically 
important differences between hunting grounds of Banat and Bačka (p>0,05). 
-      The average percentage of leverets, in the observed ten years, was 53% which was evaluated 
as "good". The worst percentage of leverets was recorded in 2010 with only 38% which was 
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evaluated as "poor", and the best percentage with 62% was recorded in 2005 and was evaluated 
as "very good" 
-     The spring abundance of the hare population from 2003 to 2012 in Vojvodina is stable with a 
very distinct cyclicity and averages to 278,379 individuals. The hare abundance from the previous 
year has no statistically significant influence on the hare abundance in the following year. 
-    The average annual hare harvest for the observed period is 42,501 individuals. The harvest in 
the current year has no statistically significant influence on the hare abundance in the following 
year. 
 
Based on all these facts, a conclusion can be made that the cyclic movement of the percentage of 

leverets, the springtime abundance and hare harvest in the previous ten years are a consequence of biotic 
and abiotic factors. The controlled usage of hare micro-populations in Vojvodina by examining the age of 
eye lenses and providing recommendations for the usage in the current year in relation to management 
plan enables a successful sustainable management. 
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ANALYSIS OF THE STATE OF THE HARE POPULATION IN THE HUNTING  

GROUNDS OF CENTRAL SERBIA 
 

Popović, Z.1, Beuković, М.2, Milošević, Gordana.3 

 
Summary: In order to investigate the state of the hare population in Central Serbia, the data for the 
year 2011/12 from 36 hunting grounds were analyzied. The analysis covered the spring abundance, 
population density, harvest, usage level, settling of hares in hunting grounds, age structure of the 
population and the percentage of young hares in the harvest. The age of the hares was determined 
by measuring samples of eye lenses submitted for testing. On the basis of this, recommendations 
were given to the users of the hunting grounds in terms of suspension of hunting, shooting and 
hunting correction in accordance with the management plan. The hare breeding stock in 2011 in the 
studied hunting grounds was 82.81% compared to the optimal stock provided for the hunting 
grounds. The harvesting of hares varied depending on the area from 0.76 individuals per 100 ha in 
the Podrinsko–Kolubara area to 1.67 individuals per 100 ha in the area of Šumadija. The harvest of 
2011 amounted to 15.54% compared to the breeding stock. Of the 36 analyzed hunting grounds, 
"weak" inrease of the population was found in 30.56% of the hunting grounds, "good" increase in 
13.89% of the hunting grounds, "very good" increase in 19.44% of the hunting grounds and 
"excellent" growth in 36.11% of the hunting grounds. The average share of young hares in the 
studied populations totaled 57.33%. Only 6 hunting grounds (16.67%) received a recommendation 
to hunt according to the Annual management plan, while hunting according to the management plan 
in 24 (66.66%) of hunting the hunting grounds would reduce the breeding stock of hares in the 
given hunting grounds. 

Hares aged 1-2 years demonstrated a statistically significant (P <0.01) compared to other 
age groups in the hunting field, primarily due to unfavorable climatic conditions in 2011. The 
amount of forested land did not have any statistical significance on the percentage of young hares in 
the population. Low coefficient of determination (R2) indicates that the influence of the area and 
forest explains a smaller part of the variability and differences that occur in the age structure of the 
population, where the participation of other factors and their interactions is significantly higher. 
During 2011, the settling of hares was performed in seven hunting grounds in Central Serbia, with 
709 individuals. Between 44 and 249 individuals were introduced to the hunting grounds, that is, 
between 1.1% and 15.56% compared to the optimal hare stock for a given hunting ground. 
Given the cyclical nature of the hare population in Serbia and the impact of a large number of biotic 
and abiotic factors, it is necessary to put the hare population under greater control of the hunters, in 
order to avoid a further decline in abundance. Proper determination of the spring abundance of 
hares in hunting grounds and the examination of the age structure of the hare population on the 
basis of the weight of dried eye lenses from early autumn hunts, the hunters should receive 
recommendations on the use of the population so as not to jeopardize the hare breeding stock in its 
hunting grounds. 
Key words: hare, abundance, usage level, percentage of young hares, settling 

 
Introduction 

 
 The European hare (Lepus europaeus Pall.) is one of the most abundant and favorite species of 
the small hunting game in Europe and Serbia. It inhabits a variety of habitats but favors plains (Jennings,  
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2006; Beuković et al, 2007). It inhabits almost all the hunting grounds in Serbia, with the largest 
population in the plains, in the valleys of the rivers in the Autonomous Province of Vojvodina. 
 Despite their extreme fertility, there was a significant decline in the hare population in Europe 
and Serbia in the previous period, which can be explained by the drastically changed life conditions life 
(Beuković et al., 2009, Popovic et al., 1997). Intensive agriculture has changed the typical hare habitat, 
particularly by increasing the area of arable crops, which favored the intensive use of pesticides and 
reducing the area of forage crops (Beuković et al., 2011a; Djordjevic et al., 2008, 2009, 2010; Laszlo, 
1996; Popovic and Djordjevic, 2010). Therefore, the abundance of hares depends to the largest extent on 
adaptation to these changes (Katona et al., 2010). In such altered circumstances it is possible to act in two 
ways, first to protect the hare population by a total ban or reduction of hunting, while the second one 
includes the settlement of animals from other hunting grounds i.e. artificially bred animals. 

In order to improve the management and in order to protect the hare population, it is necessary to 
increase its abundance in the hunting grounds. All the factors affecting it must be reviewed and identified, 
and the possibility of eliminating or reducing the effect of these factors must be considered (Popovic et 
al., 2008; Andrašić, 1971; Vasović, 1971). Since not all factors can affected, involvement must be 
directed to those that breeders can directly or indirectly influence. Improvement of the effectiveness of 
management of hare populations can also be achieved by improving the management methods, that is by 
moving the appropriate parameters (gain and loss) within the acceptable biological limits (Perisic et al., 
2009). 
 Hunters have the biggest impact on the state of the game population in hunting grounds through 
the level of usage of the hunting game populations. The percentage of the usage of a population must be 
consistent with the size of the breeding stock and its oscillations must be monitored (Popovic, 2006; 
Popovic et al., 2008; 2011b; 2012). 
 There is no single percentage of game usage in different areas or hunting grounds; it varies every 
year and should depend on the breeding stock of the hare population, growth and loss during 
reproduction, as well as the planned winter losses, which are different in certain areas. 
 All this suggests that the rational use of the hare population and micropopulations is one of the 
most important forms of hare protection, especially in poor environmental conditions (Beuković et al., 
2009b, 2011b, 2013, Popovic et al., 1996a). The intensity of use should fully be under the control of the 
hunting area (Beuković et al., 2000). 
 The aim of this paper is to analyze the management of hare populations in some of the hunting 
grounds of Central Serbia; in addition to determining the abundance, density of population and harvest, 
the percentage of youth in the population, the age structure and settling of the population will also be 
identified.  
 

Materials and Methods 
 

The analysis of the status of the hare population in the hunting grounds of Central Serbia was 
conducted during the hunting season of 2011/12. The data about spring abundance (breeding stock), 
harvest, average density, level of usage of hare population in 36 hunting grounds of hunting 
organizations. During 2012, in these hunting grounds, a survey of the age structure of the population 
hares was conducted. The settling of hares in the hunting grounds of Central Serbia was also analyzed. 
Hunting grounds are classified into 4 hunting areas: Belgrade - 8 hunting grounds, Danube area 7 
grounds, Šumadija - 9 hunting grounds, Podrinjsko-Kolubarska area -10 hunting grounds. Two hunting 
grounds are outside these regions and the analysis included them only analyzing the age structure of the 
hare population in central Serbia. In addition to testing the impact of hunting areas, the influence of the 
increase of forest coverage in hunting grounds on the growth of the population hares was also analyzed. 
Hunting grounds were classified into three groups based on forest coverage: up to 10% forest coverage 
(12 hunting grounds), up to 20% forest coverage (11 hunting grounds) and more than 20% forest 
coverage (13 hunting grounds). 

Data on the optimal stock, spring abundance and harvest were taken from the “Annual Plans for 
the Management of Hunting Grounds” for the studied hunting grounds, which are obligatory for the 
hunters under the Law on Wildlife and Hunting (2010). Data on the number of hares settled were 
obtained from annual plans for management of the hunting grounds and the records of the hunters. 
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Determining the age of hares was carried out by determining the weight of dry eye lenses. The 
method for determining the age of hares based on the weight of dry eye lenses is based on the fact that the 
lens of the eye grows throughout life, although more intensively during the first and second years of life, 
after which its development slows down (Lord, 1959; Beuković et al., 2013b). The threshold value of the 
mass of dry eye lenses of hares in their first year and older is 277.5 mg (280 mg) (Šelmić, 1984; 
Slamečka et al., 1997; Pintur et al., 2006). 
  According to the Law on Wildlife and Hunting (2010), one eyeball was taken from the hunted 
hares in the first hunts in the studied hunting ground, and delivered to the laboratory of the Faculty of 
Agriculture, University of Belgrade - Institute of Animal Sciences. Using the modified method of (Šelmić 
and Gjakova, 1997), the eyeball of the hares received from the first autumn hunts were immediately 
cleaned and kept for three days in 10% formalin for fixation. Afterwards, the eye lenses were dried at 
37°C for 72 hours. After drying them, measurements were taken using an analytical scale with the 
accuracy ±1 mg (Suchentrunck et al., 1991; Šelmić et al., 1999). The data for a total of 1534 ocular lenses 
from 36 hunting Central Serbia were processed. 
 Based on the weight of eye lenses, hares were divided into six age classes as follows: <100 mg 
hares up to 3 months old, 100-200 mg: 3 - 6 months old, from 200-280 mg age up to 1 year, from 280-310 
mg 1 - 2 years old, from 310-370 mg 2 - 3 years old, and> 370 mg older than 3 years. In practice, hares 
are divided into two age groups: hares under 1 year of age, where the weight of the eye lens is up to 280 
mg, and older than 1 year where the mass is more than 280 mg. The percentage of young hares was 
determined within the following limits: <50% poor, 51% - 55% good, 56% - 64% very good, and> 65% 
excellent. Data processing was performed by the GLM procedure of the SAS statistical package (SAS 
9.1.3, 2007). "And the reference:" SAS (2007) SAS Version 9.1.3, SAS Institute Inc. Cary, NC, USA. 
 

Results and Discussion 
 

 From Table 1 it can be seen that on the basis of the observed surface area of 34 hunting grounds 
which equals 862579 ha, the optimal hare stock is 9.48 individuals per 100 ha. Depending on the area it 
varies from 8.05 to 13.95 individuals per 100 hectares of hunting grounds. The breeding stock in these 
hunting areas ranged from 6.16 to 12.01 individuals per 100 ha. One should take into consideration that 
hunting-productive area for hares varies depending on the hunting ground, and amounts to about 85% of 
the total hunting area (Popovic et al., 2012). The density of hares in the period (2000-2009) in Central 
Serbia varied from 6.16 to 6.97 individuals per 100 ha, while in Vojvodina from 12.62 to 15.16. The 
average density of hares in the Republic of Serbia varied from 8.17 to 9.10 individuals per 100 ha 
(Popovic et al., 2012). In the area near the Tisza River in Bačka, depending on the year, the density of 
hares ranged from 20.09 to 25.6 individuals per 100 ha. In some hunting areas the density reached close 
to 30 individuals, while in Bačko Petrovo village it even reached 41.6 individuals per 100 ha (Beuković et 
al., 2007; 2009a; 2011b). The population density in northwestern Croatia in the hunting season of 
2004/2005 ranged between 13 and 20.3 individuals per 100 hectares of hunting grounds (Pintur et al., 
2006). 
 The hare breeding stock in the year 2011 in the studied hunting grounds was 82.81% compared to 
the optimal stock envisaged by the management plan of hunting. The hunting of hares depending on the 
area varied from 0.76 to Podrinsko-Kolubarska area to 1.67 individuals per 100 ha in the šumadijska area. 
The hunting of hares in the studied hunting grounds equaled 15.54% compared to the breeding stock of 
2011. In the period from 2000 to 2009, the level of use of the hare population in Serbia varied from 
14.26% to 18.02% (Popovic et al., 2012). The studied year 2011 in the studied hunting grounds has a 
significantly smaller percentage of usage of the hare population than in the period (1991-1993) when this 
percentage ranged from 21.23% to 25.61 in Serbia (Popovic et al., 1996a). Looking at the abundance and 
hare harvest in Serbia at different periods showed that there is a discrepancy i.e. the increase in the 
abundance of a population or its reduction is does not follow the consistent harvest (Popovic et al., 1996a; 
2012). By comparing the use of the hare population in our country with researches on the use of hare 
population in Hungary (Laszlo, 1996; Katona, 2010), which amounted to an average of 27.4%, it can be 
concluded that this is a very low level of use. In Serbian during the period (1980-2000), a linear trend of 
decreasing in the harvest of hares 1.7% per year, while the harvest equaled 8 to 29.4% (average 24.5%) of 
the breeding stock (Rankovic and Popovic, 2002). 
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Table 1 Density and the level of use of the hare population in some regions in Serbia in 2011 
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1. Belgrade 239672 23240 9.7 21172 8.83 2943 1.23 

2. Podunavlje 94509 13180 13.95 11350 12.01 1565 1.66 

3. Šumadija 220486 20588 9.34 16234 7.36 3678 1.67 

4. 
Podrinjsko-
Kolubarska 

307912 24790 8.05 18974 6.16 2342 0.76 

 Total 862579 81798 9.48 67730 7.85 10528 1.22 
 
 Based on the 1534 processed eye lenses from 36 hunting grounds, it can be observed that the 
growth was "very good", given that the share of young hares up to one year was 57.54%, while the share 
of those over 1 year was 42.46%. The small share of hares aged 1-2 years, with an average of 9.05% with 
a high variability (CV = 80.34%) is due to extremely unfavorable climatic parameters in 2011 (Table 2). 
In this age group, a statistically significant (P <0.01) was exhibited compared to other age groups in the 
hunting area. amount of forested land showed no statistically significant effect on the percentage of youth 
in the population (Table 3) 
 
Table 2 The age structure of the hare population in the studied in hunting grounds of Serbia, % 
 

No. Age N Mx Min. Max. Sd CV 

1   Up to 3 months 36 1.82806 0.00000 21.21000 4.38822 240.0484 

2   3-6 months 36 30.04167 12.50000 50.00000 10.08051 33.5551 

3   6-12 months 36 25.67000 8.70000 42.31000 8.21432 31.9997 

4   Up to 1 year in 
total 36 57.53917 34.79000 78.3800 11.73782 20.3997 

5   1-2 year 36 9.05056 0.00000 23.08000 7.27162 80.3445 

6   2-3 year 36 22.14528 6.06000 37.50000 7.70611 34.7980 

7   over 3 years 36 11.26444 0.00000 27.27000 8.33503 73.9941 

8   
over 1 year in 
total 36 42.46083 21.62000 65.2100 11.73782 27.6439 

 
From Table 3 it can be observed that the coefficient of determination (R2) is low, which indicates 

that the effect of the region and forest explains a small part of the variability and differences that occur in 
the age structure of the population, and that the involvement of other factors and their interactions is 
significantly higher. The influence of the region and forest is mostly expressed in the age group 1-2 years, 
primarily due to unfavorable weather conditions in 2011 and the different survival of youth in hunting 
grounds. According to Hackländer's (2012), negative factors, such as predation or rainy springs, are more 
expressed if the hares’ habitat has a poor structure and plant diversity. In optimal habitats, negative 
factors are less powerful. 

The influence of climate factors on the third hare litter is of great importance for the share of 
youth in the micro-population of hares (Beuković et al., 2013b). Next to climate factors, there are various 
other factors which influence the youth’s share in the micro-population of hares (primarily 
anthropogenic), where according to Beuković et al. (2012) half of the change in the hare population in 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

_____________________________________________________________________________________________ 
 

43 
 

Vojvodina in the last 15 years can be explained as a consequence of the abundance of hare population 
from the previous year and the harvest of the previous year (R2 = 0.50). 
 
Table 3 The results of the analysis of the impact of hunting areas and forests on the percentage of hares 
of different ages 
 

Age Hunting area Forest 
Model 

R2 p 
 F p F p 

< 3 months 1.2003ns 0.331830 1.9463 ns 0.161008 0.255357 0.167311 
3-6 months 1.0758 ns 0.386487 0.1699 ns 0.844581 0.185607 0.385269 
6-12 months 1.4699 ns 0.236892 1.5493 ns 0.229462 0.265881 0.144811 

1-2 years 5.2821*** 0.002544 0.3387 ns 0.715510 0.487474 0.002148 
2-3 years 1.7969 ns 0.156494 1.3936 ns 0.264316 0.217187 0.271314 
>3 years 0.4436 ns 0.776058 2.0393 ns 0.148367 0.194026 0.352467 
< 1 year 0.1778 ns 0.948053 0.2246 ns 0.800223 0.032740 0.984438 
> 1 year 0.1778 ns 0.948053 0.2246 ns 0.800223 0.032740 0.984438 

 
If we observe the growth, we can see that in the area of Šumadija there was a "good" growth, 

while in the other areas there was a "very good" growth. When the growth is viewed in individual areas, it 
can be observed that the percentage of hunting grounds with "very good" and "excellent" in Šumadija is 
33.33%, 62.50% in the area of Belgrade, Podrinjsko-Kolubarska area 60%, while in the area near the 
Danube 71.43%. Of the 36 analyzed hunting grounds, "weak" growth was noted in 30.56% of them, 
"good" growth in 13.89% of the hunting grounds, "very good" growth in 19.44% and "excellent" growth 
in 36.11% hunting grounds. The average share of young hares in these populations equaled 57.33% 
(Table 4). 
 
Table 4 The share of hares up 1 year old, older than 1 year, and the evaluation of the growth in the 
hunting grounds grouped by hunting areas (%). 
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hunting 
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Up to 1  
year 
% 

> 1 year % 
 

Growth evaluation 

Weak Good 
Very 
good 

Excellent 

1. Belgrade 8 57.65 42.35 25.00 12.50 25.00 37.50 
2. Podunavlje 7 58.24 41.76 28.57 0 28.57 42.86 
3. Šumadija 9 55.23 44.77 33.33 33.33 11.11 22.22 

4. 
Podrinjsko-
Kolubarska 

10 59.30 40.70 30.00 10.00 20.00 40.00 

5. Other 2 56.25 43.75 50.00 0 0 50.00 
 Total 36 57.33 42.67 30.56 13.89 19.44 36.11 
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Based on the data obtained from the 36 studied hunting grounds and the established share of young hares 
in the population , recommendations for the use of thepopulation in the hunting grounds were given. 
Recommendations for the suspension of hunting were given to 8 hunting grounds  - 22.22%, the 
correction of hunting plan was recommended to 16 hunting grounds - 44,44%, 6  hunting grounds were 
given recommendations to follow the hunting plan - 16.67%, while a small sample was submitted from 6 
hunting grounds - 16.67%. Based on this data, it can be noted that less than a fifth of hunting grounds can 
hunt hares based on the Annual Plan for the Management of the Hunting Ground, while for 66.66% of the 
hunting grounds hunting according to the plan would result in the reduction of the breeding stock of a 
given hunting ground. The method of "test hunts" in the planned management of hare populations was 
introduced in Vojvodina in 1980 and it represents a significant step forward in the use of population 
dynamic studies in hunting management (Vapa and Šelmić, 1997; Beuković et al., 2009a; 2013b). In this 
manner, hunters who took this seriously, and who properly counted the hares, delivered the data and acted 
accordingly to the recommendations that were given after the analysis of the eye lenses, were able to 
preserve the optimal hare stocks in their hunting grounds. 

Table 5 Settling of hares in hunting grounds in Central Serbia during 2011 
 
ordinal Name of the 

hunting 
ground 

Place Number of 
individuals 

% compared to the 
optimal stock of the 

hunting ground 

% compared to the 
breeding stock of 

2012 
1.  Nišava Niš 100 2.00 2.68 
2.  Koviljača Merošina 53 4.31 4.81 
3.  Svrljiške 

planine 
Svrljig 60 1.67 1.82 

4.  Župa Aleksandrovac 249 15.56 17.94 
5.  Jelina breza Valjevska 

Kamenica 
111 7.93 8.54 

6.  Lipar Jagodina 44 1.10 1.20 
7.  Đetinja Užice 92 5.11 6.13 

TOTAL 709   
 

This is supported by the researches of Popovic et al. (2012), where in Central Serbia, in 2009, a 
decrease in the population abundance equaling 8.33% was determined, while in Vojvodina an increase 
was noted in the abundance of hares by 10.09% compared to the year 2000. In the hunting grounds with 
low population density and high real growth, rational hunting of hares must be implemented in order to 
bring the number of hares closer to the capacity of the hunting ground (Pintur, 2006; Popovic et al., 
1997). Hunting grounds with high population density in relation to the capacity may have small growth 
and relatively good autumn abundance which happens sometimes (Popovic et al., 1996a). Since the 
proportion of young hares in a population varies from year to year because it depends on many biotic and 
abiotic factors (Popovic et al., 1996b; 2011a; Beuković et al., 2009c; 2013b), it is important to submit 
recommendations to the hunters concerning the further use of the hare population in relation to the 
planned scope of the current year after determining the percentage of young hares in the population after 
the first hunts. 

 
Based on Table 5, it can be observed that during 2011, the settling of hares was performed in 

seven hunting grounds in Central Serbia, with 709 individuals. Between 44 and 249 individuals were 
introduced to the hunting grounds, that is, between 1.1% and 15.56% compared to the optimal hare stock 
for a given hunting ground. The introduced hares are solely from the hunting grounds in Vojvodina. 
Compared to the total hare abundance 2011 in Vojvodina which equaled 272760 individuals (Beuković et 
al., 2012), only 0.26% were captured from the total stock, or 1.94% of the total harvest. During this 
hunting year, extremely high rainfall was recorded, so only a small number of the hunters planning to sell 
live hares managed to do so. According to the research by Popovic et al. (2012), the use of the hare 
population in 2008 in Serbia by shootings accounted for 97.80% of the population use. Tourist hunters 
participated in this with only 3.95% while domestic hunters with 93.85%. Use through capture and sale 
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equaled 2.20%. In Italy, from the reproduction zone, which covers 8.76% of the province Emila-
Romagna, an average of 20 hares per 100 ha were captured, that is between 5173 and 5926 individuals 
(Bartolini, 1972). The reason for the low introduction of hares into the hunting grounds in Serbia can be 
found in the high cost of live hares and weakened economic power of hunting associations using the 
hunting grounds. In addition to administrative and legal problems related to obtaining approval for the 
introduction of hares into hunting grounds in accordance with the Law on Wildlife and Hunting. This 
refers to the impossibility of introducing hares into a hunting ground if this is not foreseen in the 
management plan; otherwise, the plan must be revised and the approval must be obtained from the 
ministry responsible for the revision, which is a long process. 

 
Conclusion 

Based on the analysis of the state of the hare population in Central Serbia, the following conclusions 
can be made: 
 The optimal hare stock in the studied hunting grounds varied between 8.05 and 13.95 individuals, 

i.e. an average of 9.48 individuals per 100 ha. 
 The breeding stock of hares depending on the hunting area varied between 6.16 and 12.01 per 

100 ha. 
 Recommendations for the suspension of hunting were given to 8 hunting grounds  - 22.22%, the 

correction of hunting plan was recommended to 16 hunting grounds - 44,44%, 6  hunting grounds 
were given recommendations to follow the hunting plan - 16.67%, while a small sample was 
submitted from 6 hunting grounds - 16.67%. 

 For 66.66% of the hunting grounds, using the hare population according to the management plan 
would result in the reduction of the breeding stock of the given hunting ground. 

 In hares aged 1-2 years, a statistically significant (P <0.01) was exhibited compared to other age 
groups in the hunting area primarily due to unfavorable weather conditions in 2011. 

 The amount of forested land did not have any statistical significance on the percentage of young 
hares in the population. 

 During 2011, the settling of hares was performed in seven hunting grounds in Central Serbia, 
with 709 individuals. Between 44 and 249 individuals were introduced to the hunting grounds, 
that is, between 1.1% and 15.56% compared to the optimal hare stock for a given hunting ground. 

 The low introduction of hares into the hunting grounds in Serbia can be attributed to the high cost 
of live hares and weakened economic power of hunters, as well as to the long waiting period for 
receiving approval from the relevant ministry for the introduction of hares into hunting grounds, 
except when the introduction of hares to the hunting ground is foreseen by the management plan. 
 

 Based on the proper determination of the spring abundance of hares in the hunting ground and the 
recommendations given based on the examination of the age of the hares by the weight of dry eye lenses 
from early autumn hunts, the hunters must receive recommendations concerning the use of the population 
so as not to jeopardize the hare breeding stock in their hunting grounds. 
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ACTUAL STATUS AND DEVELOPMENT OF EUROPEAN BROWN HARE (LEPUS 

EUROPAEUS) POPULATION IN SLOVAKIA 
 

Slamečka, J. 1,2, Sládeček, T. 3, Gašparík, J. 3, Jurčík, R. 1, Paule, L4. 
 

 
Summary: Research is aimed to estimate the parameter of hare population dynamics and clear the 
possible factors affecting rapid decline of small game in Slovakia. We evaluated the development 
of spring stocks and the harvest of hares from the data published in Hunting statistics. Samples 
from hares were collected during the hunting season. Sex was visually determined; the age was 
estimated according to the eye lens weight. Recruitment, reproductive factor and reproductive 
coefficient were counted. Present harvest is 16 thousand individuals, what is 4.9 % from the 
maximum in 1974. The average recruitment since 1987 is 49.7 %, the trend is decreasing. The 
average value in the past five years was 40.8 % only. Overall population growth is permanently 
decreasing, from spring to autumn the population increases only by about 14 % on average at 
present. Most hares are born in May, June, July (57 % of all juveniles). Although the fox bag is 
increased compared with the past years, during the last decennium is the number of shot foxes 
stable. It is necessary to improve the management of European hare in Slovakia in order to 
maintain the populations. Ecological measurements in the agrarian country are needed. 
 
Key words: European Brown Hare, Lepus europaeus, population dynamics, Slovakia 

 
Introduction 

 
Small game populations are declining year by year in Slovakia (Slamečka et al., 2013). Partridge 

stocks are only 1.3% of the maximum (2012 - 6,590 individuals, 1973 – 495,959 individuals), and during 
the last five years the stocks were halved. Slightly increase of partridge restocking in recent years did not 
stop the downward trend. The harvest of pheasants is although at 37% of maximum, but this is due to the 
high number of released farmed individuals. If we do not hunt farmed pheasants, the harvest of this 
species would certainly approached zero. The rabbit population is almost extinct; several hundred 
individuals are reported in the statistics, the harvest being zero. Also the populations of European brown 
hare are declining throughout the Europe (Smith et al., 2005) and in Slovakia as well (Slamečka et al. 
2013). 

 
Material and Methods 

 
The data about spring stocks development and harvest of hares and foxes we gained from the 

Hunting statistics (1969 – 2012). 
The age was estimated according to the eye lens weight (Hell, 1972, Suchentrunk et al., 1991). 

Eyeballs were dissected from shot hares using forceps and scissors. Each eyeball with an indication of the 
number and location of the hare was placed in a tube with fixative (4% formaldehyde). After 14 days of 
the fixation, lenses were cut out and dried to constant weight at 100 ° C (24 hours). Weight was measured 
on a Sartorius balance to the nearest 0.001 g. After construction of the frequency distribution graph 
according to the weight of the eye lens, the threshold was determined, which was around 280 mg. 
According to this value, hares were classified, to this year's group and older. From these data we 
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calculated the recruitment expressed by proportion of juveniles in the bag (PYB), reproductive coefficient 
(R – number of juvenile and subadult individuals per one adult animal) and reproductive factor (r – 
number of juvenile and subadult individuals per one adult female).  

The age of juvenile hares was counted according to the formula of Suchentrunk et al. (2004). 
 

 
Results and Discussion 

 
Spring stocks and harvest of hares 

Spring stocks of brown hares were rapidly declining from 1974 to 1989 (from 449,279 
individuals to 171,759 ind., it means average decrease 18 thousand ind. yearly). After 1989, the 
development was stable, only slight fluctuation around 193 thousand ind. After 2010 the stocks began to 
decline sharply and to 2012 they dropped by about 20 thousand individuals. These fluctuations in our 
view do not correspond with natural conditions at all and are the result of inaccurate data reported from 
the users of hunting grounds (Fig. 1). 
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Figure 1 Spring stocks and harvest of brown hares in Slovakia during 1969 – 2012 
 
The climate factors have the most significant impact on the harvest. During the years 1996, 2003 and 
2010 occurred a radical decline in production, which never recovered to the level of previous years. In 
1996, cold and rainy weather was registered during the reproduction period, in 2003, opposite, very low 
precipitations and in 2010 again very wet year during the reproductive period. In 2010 during the hunting 
season were harvested only 14,500 hares. Next years were harvested 16,100 and 16,900 individuals. The 
harvest of hares is declining more rapidly than the spring stocks. Beuković et al. (2013) evaluate the 
climate factors as very important parameter in the hare population dynamics as well. Hackländer (2002) 
describes the sensibility of hares to the bacterial and parasitic infections which may be promoted by certain 
meteorological circumstances.  

 
Hare population dynamics 

Research of brown hare population dynamics started at the Animal Production Research Centre 
Nitra in 1986. In the ninetieth we investigated in one hunting ground 87 hares, from 2000 to 2009 only 53 
individuals and in present period the average number is 29 hares at one hunting ground, that is exactly 
three times less  as compared with the 90th. For the whole period, we estimated the age in 12,845 hares. 

In the monitored period, the average increment was 49.70 %, which is slightly lower than the 
limit of 50% of the stabilized population. The fluctuation of increment is very high, the minimum was 
22.7 % maximum 68.9%. In the past five years, the recruitment is only at the level of 40.82%, almost 
10% below the required limit. While in previous years took turns "good" and "worse" hare years after 1-2 
years, the graph shows that since 2008, all recruitment values are below the limit of 50 %. Kolar (2008) 
registered 78 % adult and only 22 % young and subadult hares in the population. Pintur (2006) estimated 
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50.4 % (38 – 60 %) of juvenile and subadult hares in the selected areas of Croatia. Bensinger et al. (2000) 
report from Germany the recruitment of hares below 50 % of the population.  
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Figure 2 Development of hare recruitment in the period 1987 - 2012 

 
Among population dynamics, we register also other impaired parameters. Reproductive 

coefficient R, indicating the number of young hares per adult, is only 0.69, while in a stabilized 
population it should not fall below 1.00. The number of young hares per adult female is also very low. 
Although this value should not fall below 2, in our calculations, it is only 1.51, which is really low. In 
recent years we have observed that in the hare population is slight predominance of females (about 52 % 
of the population). In 2011, however, was only 47 % and 44 % in 2012. Also altered sex ratio can affect 
the decrease of this game. Pintur (2006) estimated also the slight prevalence of male hares in the Croatian 
population. 

According to mathematical formula, we calculated the total increase in population of hares, which 
expresses the difference between the autumn stocks and spring stocks. It takes into account the female 
birth rate, survival rate of juveniles, adult mortality. The results for the three periods are shown in Fig. 3. 
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Figure3 The average overall population growth during selected periods 

 
In the years 1990 - 1999, we found that the average overall population growth was 49.03% and 

ranged from 18% to 124%. A high percentage increase was recorded in 1997, a year after the extremely 
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unfavourable season, when there was in the hunting grounds high mortality of both juveniles and adults. 
After population decline, the carrying capacity of the hunting ground allowed the increase of the 
recruitment. Better recruitment was achieved also due to predators decline in the 1996. Between 2000 - 
2009 the average overall population growth was 39.15%, i.e. almost 10 % lower than a decade ago. The 
worst year was 2003, in which we did not find population growth, but decline since the spring by about 
9.41%. This phenomenon, when in the autumn there are less hares than in the spring, starts to appear in 
our hunting grounds increasingly. After 2003, the recruitment has not improved the next year, as it was 
after 1996, but in 2005, when we registered a total population growth of 97.35%. The situation is very 
bad for the last three years, the average population growth is only 14.23%, which means further 2.75-fold 
decrease compared to the previous decade. 

We estimated an alarming mortality of young hares before hunting period, which ranges from 
64.2% to 96.4%. To be able to eliminate these losses, it is necessary to know their causes and suggest the 
preventive measurements. 

When analyzing the birth date of juvenile and subadult hares according to the weight of the eye-
lens in 2012 (Suchentrunk et al., 2004), we obtained the following chart, which tells us about the period 
in which they were born, or from what period survived the most hares. The most productive month was 
May, where almost 25 % of hares were born. Productive months were also June and July, in these three 
months 57 % of the offspring was born. We see that between July and August there is a significant drop, 
which is caused by loss of trophic and topical conditions after harvest. Leveret production in August is 
the same as in February, which is more typical winter months, but at that time there is enough winter 
cereals and also oilseed rape in the field. 
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Figure 4 Number of young hares born in individual months during 2012 
 

Development of red fox population 
With the intensification of agriculture, predation is the most mentioned cause for hare declines 

(Schmidt et al. 2004, Panek et al. 2006). 
 If we compare the bag of foxes with the past, we find that for a period of 40 years it has doubled. 
In the 70th we shot 9,900 foxes on average and since 2000, the average annual bag is 18,688 individuals. 
Compared with hares, the bag of foxes is stable since 2002, but the hare harvest is gradually decreasing. 
Since 2010, we shoot more foxes than hares in Slovakia. 
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Figure 5 Development of European hare and red fox bag in Slovakia 
 

 
Conclusion 

 
Population of European brown hare is not sustainably managed in Slovakia. The spring stocks and the 
harvest are gradually decreasing. The main factor affecting populations of small game are climatic factors 
and quality of environment. The habitat of small game is located in intensively exploited agricultural area. 
Present conditions do not suit partridge, pheasant and hare. We expect that the program “Greening” for 
period 2014 – 2020 that is prepared by the European Union brings the demands for ecologic agricultural 
procedures with the aim of biodiversity maintaining, which will be profitable also for small game, 
especially for brown hare. 
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DENSITY OF BROWN HARE  

(LEPUS EUROPAEUS PALLAS, 1778) IN THE PLAIN HABITATS OF BULGARIA 
 

Zhelev Ch.1, 2  Ninov N.,1 Mihaylov H.,1 Gruychev G.,1 Stoyanov S., 1 Mirchev R.2 
 

 
Summary: The hare stock in Bulgaria has been steadily decreasing over the last decade. 
Despite this trend, it remains one of the most numerous indigenous game species in 
Bulgaria. 
The aim of the study is to investigate hare densities in different hunting areas in the plain 
habitats of the country, bellow an altitude of 600 meters. From 2010 until 2013spring 
censuses were carried out with the help of 700 hunters and game specialists in 124 
hunting grounds of 50 hunting units all over the country, totaling 31,000 ha. The average 
census area ranged between 50 and 2000 ha with an average of about 250 hectares. The 
censuses were made by standard methods of driven hunting; in some cases, depending on 
the terrain and vegetation, driven hunts with posts were performed. In addition, spot light 
counts were made between 8 p.m. and midnight in some areas. Across our census areas 
we counted an average of 1.8 hares per 100 hectares, which indicates an extremely low 
population density of hares across large parts of Bulgaria, compared to census data 3 - 4 
decades ago. We provide recommendations for the improvement of census methods, 
proper management, bag planning and conservation of the hare. 
 

Key words: hare, census, stock, distribution, plain habitats 
 

 
Introduction 

 
In the last 3-4 decades brown hare stocks have dropped allover Europe. Some authors (Smith 

et al., 2005) identified various possible reasons for the reduction of hare densities, but there is no final 
consensus up to now. The hare stocks over the last decade in Bulgaria also continue to decline, 
although the official census indicates stock within the 370 to 420 thousands in the last 15 years (Fig. 
1). Despite this downward trend the hare remains one of the most numerous indigenous game species 
in Bulgaria. 

In some cases, about the hare we have known still too little. In the past, many parts in his life 
and behavior remain hidden from the eyes of the observer and in the scientific literature have given for 
them the most contradictory interpretations. Only after a number of profound scientific studies many 
of the old concepts about the hare as duration of pregnancy, food spectrum, systematic belonging etc., 
not only for the species but also for the entire order was corrected and replaced. Other facts have not 
yet been clarified and remain as a subject for future research. 

It is necessary the hare studies to be connected with the emerging new environment condition, 
especially after the strong influence of human factors on natural conditions by identifying measures to 
support hare adaptation to the new environment. On the other hand arises also the need for proper 
consideration of the actual stocks and thus timely plan correction and preparation for hunting. The 
dynamics of hare numbers even for hunting areas near to one another can be different and hard to 
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predict. Implementation of the taxation is mainly hunting measure and an important element of 
that is correct, accurate and true compilation and transmission of the results on which to draw 
conclusions about the state of the game and thus determine the feasibility to realize the use. 

The studies on the real stocks and the density of the hare in Bulgaria are scarce. By the end of 
the 1980s and early 1990s were analyzed trends in some of hare numbers (Botev et al., 1985), but the  
 
 
true determination of the stock by setting sampling areas, especially in the plains habitats of the 
species was made only in 1960s and 1970s (Petrov, 1966). 

As throughout its world range and in Bulgaria the hare has nearly ubiquitous distribution. In 
the country occur from the sea level to the highest parts of all our mountains and grassland – it was  

 
even spotted around the highest peak in Bulgaria (Musala) at an altitude of 2,925 m (Popov & 

Sedefchev, 2003). Generally, it is highest in the plains, then in hilly areas and lowest in the mountains, 
in general decreasing with increasing altitude. Studies in the country showed that in areas extending 
from sea level to 600 meters, hares find the most favorable conditions. Second best are the areas at an 
altitude of 600 to 900 m. At 900 m above sea level in most cases the hare stock is so low that 
practically can be no longer the subject of intense hunting activity. Exceptions to this rule are only the 
southern slopes of the mountains, in some of them there are favorable conditions for hare breeding. 
Therefore, our study primarily focuses on the flat part of the country up to 600 m above sea level. 

The aim of the study was to investigate hare densities in different hunting regions in the 
Bulgarian plains below 600 m. 

 
 

Material and Methods 
 

From early March to mid-April in 2012 and 2013 spring taxation were carried out in different 
plain habitats across the whole country below 600 m a.s.l., where habitat conditions are most suitable 
for the species (in some of the regions in the past the hare stocks were relatively high, 20-25 
individuals per 100 ha). Also, we used data from censuses conducted in spring 2010 and 2011 for 
some of the selected areas (Fig. 2). Sample plots were pledged as to fully capture the diversity of 
habitats in the hunting grounds. All census plots were selected proportionally to the vegetation types in 
whole hunting ground, as initially estimated roughly from terrain. About 60% of the censuses were 
made with the help of local hunters and hunting experts. Spring censuses were carried out at the 
official dates given by the hunting authorities; thereby, numbers of persons participating in the census 
and selected census areas could be maximized. In 50% of the cases dogs were used during censuses. A 
total of about 700 hunters and hunting specialists participated in censuses over a total area of 31,000 
ha in 124 hunting grounds from 46 hunting units and clubs. The average census area was about 250 ha 
and the average number of people having participated was five. The minimum census area was 50 ha 
and the maximum was 2,000 ha. It was done around 100 census days by individual teams in the same 
or different days. 

A sampling area was also set up in a hunting ground in the Western Rhodope Mountains at an 
altitude of over 1300 meters to compare the hare density in the mountains and plains habitats. 
   The taxation was made by applying the standard methodology for conducting simple driven 
hunting in 108 hunting plots; in some cases, depending on the terrain and vegetation, post battues were 
used in driven hunts. In six census plots a census was repeated at night up to 3 days after the day light 
census. At 16 hunting plots the taxations were made at night with spot light. 
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Fig. 1 Dynamics of the hare stock (official spring 
census) in Bulgaria for the period 1952 – 2013 

 

Fig. 1 D
ynam

ics of the hare stock (official spring census)in B
ulgaria for the period 1952

–
2013



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

__________________________________________________________________________________________ 
 

57 
 

 
Results and Discussion 

 
According to our census data, the average population density of brown hares in Bulgaria is as 

low as 1.8 individuals per 100 ha in different lowland habitats up to 600 m above sea level. In 
Bulgaria the area suitable for hare breeding amounts to 7,771,446 hectares, which constitutes 75.5% or 
rounded ¾ of the total hunting area (Stenin, 2007). From that area suitable for hare breeding, we 
determined that for the whole country the size of the hare stock is about 140 000 individuals, which is 
about 2.7 times lower than the average stock as reported in the official statistics for the last 4 years 
2010 to 2013 (average stock is 5 hares per 100 ha). 

Our census data reveal a maximum of eight individuals per 100 ha, and we consider hare 
densities above eight individuals per 100 ha in the country as unrealistic. For comparison our results 
from the census are more than 10 times lower than the reported results in the late 1960s and early 
1970s, when the hare stock of 1.6 million individuals has reached the maximum in the country. It is a 
fact that the current stock has reached a level that was the real bag in 1948, 1954 and 1958 (147 886, 
148 402, and 148 698 individuals, respectively). Other authors (Dragoev, 1975; Grigorov, 1987) 
believe that hares have fluctuating populations and periodic cycles in 20-22 years, stages of depression 
in 10 followed by 12 years of increase. According to these authors, hare densities in Bulgaria should 
increase between 2000 and 2010, but the official census data do not indicate such an increase. 

Among the six census areas were both day driven hunting and night spotlight census data were 
available, each of four census areas covered less than 500 ha, and both day and night census areas 
were very similar. The day and night census data for these areas differed only by 0.5 hares per 100 ha. 
In two cases, however, where the census area by spotlight is between 500 and 2000 hectares and is 
several times greater than the census area during the day, then the difference in density is more than 1 
hare per 100 ha. 

In some cases, hare concentrations of about 12-15 animals per 100 ha do occur, but the areas 
are not greater than 200-300 ha (in the hunting ground Malo konare – Hunting unit Suedinenie, we 
determinate 22 hares per 100 ha), which is typical for this type of behavior for this species, especially 
during the spring months when the breeding season begins or these concentrations are recorded in 
permanent crops (vineyards, orchards, field borders, vegetable fields, young shelterbelts, etc.). 

Our records show that after 15th April, vegetation is higher than 20 cm at all census plots, 
which most likely reduces census numbers.  

Our census data were split into three categories of hare density: a) 5 to 8 hares per 100 ha 
(highest density), b) between 2 and 4,99 hares per 100 ha, c) up to 1,99 hares (Fig. 2). Most often hare 
densities belonged to category b) or c) (Tabl. 1), whereas category a) was recorded only for one or two 
hunting grounds from seven hunting units in the country (about 5% of all hunting units). 

 
Table 1 Statistic parameters for the three categories 

 
Categories X S Sx M Min Max n 

a) 5-8 hares/100 ha 6,36 0,92 0,3 6,33 5,42 8 9 
b) 2-4,99 hares/100 ha 2,94 0,94 0,15 2,86 2 4,84 41 
c) up to 1,99 hares/100 ha 0,66 0,61 0,07 0,67 0 1,99 74 

 
In North Bulgaria the hunting units Pleven, Silistra, Tutrakan (several hunting grounds in the 

last two hunting units are bordering each other) and in South Bulgaria (Burgas, Aitos, Pazardzhik, 
Suedinenie) belong to category a). 
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Fig. 2 Census plots in hare habitats below 600 m a.s.l. for 2010-2013 across the country 

 
 

Up to about 15% of hunting units in the country are in category b). For North Bulgaria they are: 
Belogradchik, Vratsa, Byala Slatina, Knezha, Novi Pazar, Dobrich and General Toshevo. For South 

Bulgaria: Plovdiv, Asenovgrad, Dimitrovgrad, Chirpan, Sandanski, Charmanlii, Svilengrad, Haskovo, 
Radnevo, Stara Zagora, Nova Zagora, Elhovo and Rakovsky. 

The vast majority of hunting grounds, especially in North Bulgaria – Vidin, Oriahovo, 
Montana, Mezdra, Lukovit, Popovo, Shumen, Polski Trymbesh, Ruse, Vulchi Dol, Gorna 
Oryahovitsa, Isperih, Levski and many others, are in category c). For South Bulgaria are relatively 
few: Petrich, Sliven, Parvomay, Topolovgrad, Karnobat, Sredets, Straldzha, Lubimec etc. To this 
category belong also mountain habitats.  

In Northwestern Bulgaria, the hare densities dropped dramatically in the recent years. From 14 
hunting grounds between Vidin and Pleven, nine are into category c) (Vidin, Lom, Montana, Cherven 
Briag, Lukovit, Dolna Mitropolia, Oriahovo and Mezdra). In only five hunting grounds hare densities 
are slightly higher than two hares (3 or 4 hares) per 100 ha: Pleven, Dolnin Dubnik, Knezha, 
Belogradchik and Biala Slatina. In Northeastern Bulgaria, where thanks to windbreaks around 
Dobrich, General Toshevo and new planted orchards in Silistra and Toutrakan on the Danube coast, 
the densities is higher than three hares (6 – 7 hares) per 100 ha. Near Shumen, Targovishte, Novi 
Pazar, Kaspichan, Dylgopol, Provadija, Dolni Chiflik, Ruse, Polski Trumbesh and Byala windbreaks 
and vegetation belts are missing, cultivated areas reach sizes of those of Northwestern Bulgaria. 
Unlike Northern Bulgaria, in Southern Bulgaria especially in the hunting units Suedinenie, 
Pazardzhik, Nova Zagora, Yambol, Burgas, Ajtos, Elhovo, Stara Zagora, Rakovsky, Dimitrovgrad, the 
hare density reaches from 2-3 to 7-8 animals per 100 ha in separate areas. This is mainly due to the 
diversity of the terrain, smaller agriculture fields, the presence of orchards, water melon fields, 
vegetable gardens and hedges.  

In 1979, pursuant to a decision of the national hunting meeting, hare hunting in the country 
had been banned, including areas where the density at that time reached 20-25 individuals per 100 ha. 
In some hunting areas restocking lasted 4-5 years, up to 1985. Today, when the hare densities and bags 
are several times lower than the values since the late 1980s, we should question whether to continue 
hare hunting or to cease hunting until densities increase markedly.  
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Conclusion 
 

From our analysis we can clearly draw several conclusions that can be adopted in the practice 
for sustainability of hare populations and density recovery: 

 Hare density in Bulgaria amounts to 1.8 individuals per 100 ha in different lowland habitats up 
to 600 m altitude. Based on the area suitable for hares, we calculated approximately 140 000 
individuals living in the country. 

 The currently calculated hare density is about 2.7 times lower than the average density given 
by the official statistics for the last four years (average density of five individuals per 100 ha). 

 We found a maximum hare density of eight individuals in some regions. We believe that 
densities over 8 individuals per 100 ha do not exist in Bulgaria. This fact is more than 
alarming. 

 In order to achieve greater accuracy in censuses we recommend the size of the census area to 
be larger than 500 ha. 

 The spring hare census should be carried out before 15th April - from mid-February to late 
March. This also provides greater accuracy, due to low vegetation level. 

 From all 140 hunting units in the country only 5% have a density between 5 and 8 hares per 
100 ha, but only in about 20% of the hunting units the hare density is between 2 up to 8 hares 
per 100 ha. 

 We strongly recommend to stop hunting on hares in the whole country until densities have 
recovered, and to develop a special program for this purpose. 
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THE CALCULATION OF LOSSES IN HARES IN VOJVODINA FOR THE PERIOD FROM 

1967. TO 2011 
 

Ristić A. Z.1, Nađ I. 1, Urošević I.M. 2, Matejević M. 1, Sajko G.1 
 

Summary The main and decisive role in the abundance of the hare population in general, and therefore 
at the beginning of the hunting season, has reduction factors. It is well known that in populations of 

species of high fertility losses are a key element in abundance regulating (Gossow, 1976). In the hare 
population for the abundance population dynamic very important, or even decisive role has the losses 

during the reproduction period.  Segments reduction of young animals is very strong. According to 
Petrusewicz (1970), it is 60% of all births, according to Raczynski (1973) 39-74% and based on 
research of Pielowski (1976), 77%, and according to Möller (1971) up to 74-90%. Research in 

Yugoslavia (Vojvodina) showed that the average survival rate of young hares to the beginning of the 
hunting season within the period of 10 years (1967-1976) amounted to 23.3% (Jovanović, 1971, 

Šelmić, 1977).  
Materials and methods 
For conditions of the hunting grounds for the period from 1967. to 2011. based on the parameters of 
the hunting statistics by year (spring numerical strength, coefficient of real gain, total harvest) the 
average calculated losses in hares during the period of reproduction for 45 years are 31.44% (with a 
range from 11.93 to 47.01%), while the winter losses are 32.10% (with a range from 6.96 to 45.47%).  
 
Results  
The losses occurring in two periods that we studied were significantly higher than in the previous 
period and they ranged between 20 and 25% regarding autumn and spring numerical strength. The 
existing large range at both losses, but considering that long period was studied, proposed losses with 
which should do the planning documents is valid enough to accept the proposed rates when making 
future planning documents.  
 
Conclusions 
Winter losses and losses in the period of reproduction are rounded, 32%, and they are proposed to be 
used in the preparation of documents for real planning of hare population, and thus the quality of the 
balance of the population and the preservation of the hare population in the long run. This would 
preserve the hare fund for many years, what was the aim of our research. 
 
Keywords: hare, abundance, winter losses, reproduction losses. 
 

Introduction 
Reduction factors 
Major and a crucial role in the number of hares population in general, and therefore at the beginning of 
the hunting season, have the reduction factors. It is well known that in populations of species major 
fertility losses are a key element in regulating of strenght (Gossow, 1976). In hare populations for 
dynamics strenght is very important, if not crucial role have losses during the reproduction period. 
Reduction segments of young animals is very strong. According to Petrusewicz (1970), it is 60% of all 
births, according Racinskom (Raczynsky, 1973) from 39-74% and based on research of Pielowski 
(1976), 77%, and by Möller (1976) even 74-90%. Researches in Yugoslavia (Vojvodina) showed that
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the average survival rate of young hares until the beginning of the hunting season in the period of 10 
years (1967-1976) amounted to 23.3% (Jovanović, 1971; Šelmić, 1977).  
Researches by Ristić and associates (Ristić and Matejević, 2010), the average losses at hares between 
the beginning of the hunting season (October) and the beginnning of reproduction in the next period 
(March) ranges between 12.58 and 45.47%, or an average of 32% annually for the 41-year observation 
period in the hunting grounds. For the 42-year period, based on research by Ristić and associates 
(Ristić and Matejević, 2010), the hunting grounds of Vojvodina, the losses in the period of 
reproduction of hares are ranged between 11.93 and 47.01%, or an average of 32% annually.  
The survival rate of youngs, therefore the real growth of the entire population can be quite reliably 
determine the age structure in the fall (the beginning of the hunting). This must include the losses in 
the adult segment, which is twice as reflected in the number of population in the fall. First, by absence 
of lost part of adult population in the autumn and, second, their total or partial non-participation in 
reproduction. The losses of adult during the reproduction period during calculation of real growth 
some authors completely ignored (Petrov and Dragojev, 1962; Černe, 1971; Tomilova, 1972) while in 
other counts in the form of coefficients in relation to numerical strength of the spring, at the height of 
0 , 1 to 0.3 (Hell, 1972; Pielowski 1976, Šelmić 1977, Möller 1978). How is unjustified and illegal to 
ignore these losses it is equally incorrect to take them as constant coefficients. Because, as observed 
by Racinski (Raczynsky, 1973), real growth can be satisfying with a small participation of youngs in 
the autumn population, provided that the losses during the reproduction period were small. However, 
if we agree that losses in the reproductive period are not the same in different years, we still believe 
that they should be positively correlated with the losses of youngs, because one and the other segment 
of the population live together under the same environmental conditions. 
Unable to determine the yearly losses of adults, for now we have to accept that they are expressed by 
the coefficient. The value of this ratio can be yearly checked with partial recounting in the fall, on 
constant experimental surfaces. 
Observantly to the principle that the use of a population or micropopulation of hares should be in 
range of annual real growth, from the real growth must rejected the losses till the beginning of hunting 
season which will be developed from the beginning of hunting to the beginning of next reproduction 
period („winter losses“). 
 
Losses in the reproductive period 
There are many and varied factors that influence the decreased the number of hares population. From 
diseases, predators, climatic factors and the intensive cultivation and overhunting.. Reduction of 
number due to the overhunting (hunting and capture of live hares) is called the use of population, 
while reducing the impact of the other factors is called losses. 
In hare populations a crucial role in regulation of have the number of losses during the reproduction 
period. 
Height of losses since the beginning of reproductive period (15th of March) to the start of of hunting 
season (15th of October), calculated in determining the real growth of the population or 
micropopulation or the autumn environmental density can be adjusted during the year. However, the 
amount of planned losses from the beginning of hunting season (15th of October), to the start of the 
next reproductive period (15th of March) must be determined as accurately as possible, in order to 
determine the rate of rational use of hare populations and micropopulations, without risk to reduce 
spring environmental density. 
The survival rate of young hares is very low and ranges on average about 25% of to the hunting 
season. Losses during the reproduction period, but much smaller, are liable the older hares too (adult). 
It is estimated that about 30% hares in spring numerical strength die before hunting season. Of course, 
the dispersal of the population number continues during the hunting season and winter, and occurs as a 
result of deteriorating of living conditions, but also depends on some relationships within the 
population. Losses in the hare population from the end of the reproduction period of one to 
reproduction period until the beginning of next year, amount to an average of 30% of the the 
numerical strength of autumn, but they are very different from year to year. It was found that a large 
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impact on this losses have the participation of youngs in autumn population, so the losses are higher if 
participation of youngs is higher. So once again confirms that environmental policy in populations of 
major fertility losses have a major role in regulation of numbers. 
 
 
Winter losses 
These losses, which can only conditionally be called "winter losses" are, in fact, the total population 
losses, micropopulation or their parts, of the beginning of the hunting until the beginning of the next 
reproductive period. 
Losses are determined as the difference between the counting of the game: at the end of the hunting 
season to 31th of December and at the beginning of the next reproductive period 15th of March. 
The effect of reducing factors continues, of course, after the opening of hunting season, and to all 
tcauses from the reproductive period should be added the losses from injuries in hunting hares, and 
unfavorable climatic factors over the winter. Although direct losses of winter are not large, amounting 
to about 6% of the the numerical strength of autumn (Pielowski, 1976), most authors at popolation-
dynamic calculations accounts at much larger total lossesand that 10% (Szederjei and Studinka, 1962), 
15% (Hell, 1972), 20% (Jakšić 1965; Černe, 1971; Heltay and Széki, 1975) to 25-30% of the the 
numerical strength of autumn (Petrusewicz, 1970; Ladziansky, 1997). 
Researches in Croatia in five experimental hunting grounds with different intensity of use (Romic, 
1965) showed that losses vary from year to year (11.1% -67.5%) and the highest in hunting areas are 
with the highest density, accordingly in hunting ground where was not hunted for 5 years (an average 
of the five-year period is 58% per year). In other hunting grounds the average losses were much lower 
- the highest 18.7%. It should be noted, however, that all these informations relating to losses from the 
end of the hunting season (15th of December)) to the beginning of the next reproductive period (15th 
of March). 
Researches (in Vojvodina) in this direction (Šelmić and Bojović 1979) showed that the average losses 
in three populations in six consecutive years (1973-1978) amounted to 28.2% ± 14.4 to 29,5 ± 8.9% of 
the numerical strength of autumn, but in the period from 1st of November (the beginning of of hunting 
season) until 1th of March next year. However, annual variabilities are very large to completely 
exclude the use these averages in management planning with hare populations. There was also a 
positive correlation between participating of young population in autumn and the "winter losses", and 
the strongest in the population with the lowest environmental conditions, and slightly lower in the 
population with average environmental conditions, and the smallest in population with the best 
environmental conditions. Therefore, the age structure of hares population or micropopulation in 
autumn is not just a consequence of specific changes that occur in the population under the influence 
of biotic and abiotic factors, but is itself the cause of important changes. 

 
Material and Methods 

Calculation of losses in the period of reproduction 
In hares population the most important factor in the regulation of a number have the losses in the 
reproductive period. 
Height of losses since the beginning of reproductive period (March 15th) to the start of the hunting 
season (15 October), were obtained by calculation. To get to the numerical strength in autumn, the 
spring numerical strength is multiplied with established real growth per year for the entire population 
in Vojvodina. From this numerical strength is taken the hunt and numerical strength in spring, and this 
difference represents losses during the reproduction period. After that, the obtained result was divided 
by spring numerical strenght state and multiplied by 100. In this way, is calculated percentage of 
losses in the period of reproduction. 
The formula by which we calculated losses and percentage of losses is:  

g=E2- e- N 
g - losses 
E2 – numerical strenght in autumn (E2= N x Krp) 
e - hunt 
N – numerical strenght in spring 
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Krp - coefficient of real growth 
g 

%g = -------- x 100 
E2 

% g – percentage of losses in the reproduction period  
 
 

Results and Discussion 
Analysis of obtained results for a period of 45 years (1967-2011) identified the loss of reproduction 
time per year: 
For the observed period was the highest in years when losses were between 35-40%, and that 17 years, 
and only 4 years when they amounted below 20%, so for a period of the average losses in the period of 
reproduction amounted to 31.44% . From all that comes that in preparing of dynamics population of 
hares in the planning documents (management plan and annual plan of management) should be 
calculated with losses in the period of reproduction of 32%. 
 
Таble 1. Indicators of the average losses classified in categories and the number of years with a certain 
category for the population hares in Vojvodina  

Less than 20% 20 - 25% 25 - 30% 30 - 35% 35 -40% over 40% 
4 5 9 6 17 4 

 
Calculation of winter losses 
However, the amount of planned losses from the beginning of the hunting season (16th of October), to 
the start of the next reproductive period (March 15th) must be determined as accurately as possible, in 
order to determine the rate of rational use of hares populations and the micropopulations, without risk 
to reduce spring environmental density. These losses are important in preparing of planning 
documents (the management plan and annual plan of management).  
Height of losses since the beginning of the hunting season (16th of October) to the beginning of 
reproductive period (15th of March), were obtained by calculation. To get to the numerical strength of 
the fall, the numerical spring strength is multiplied with established real growth per year for the entire 
population in Vojvodina. From this numerical strength are taken away numerical strength in spring in 
the following year, and the difference represents the losses from the beginning of the hunting to the 
beginning of reproductive period. After that, the obtained result is divided by spring numerical 
strenght from the next year and multiplied by 100. In this way, is calculated the percentage of winter 
losses. 
The formula by which we calculated losses and percentage of losses is: 

g=E2- e- Nn+1 
g - losses 
E2 – numerical strenght in autumn (E2= N x Krp) 
e - hunt 
Nn+1 – numerical strenght in spring for next year  
Krp – coefficient of real growth 

g 
%g = -------- x 100 

E2 
% g - the percentage of winter losses  
For the observed period between 1967 - 2011th year, for a period of 45 years was the highest in years 
when losses were between 30-35%, in 11 years, between 35-40%, for 12 years, and only 4 years when 
they amounted less than 20%, so for whole period the average of winter losses amounted to 32.10%. 
From all that comes that in preparing of dynamics population of hares in the planning documents 
(management plan and annual plan of management) should be counted with winter losses of 32%. 
 
The results of research on the amount of losses in the period of reproduction and winter losses are 
very different both here and in the (hunting grounds) in the environment. Winter losses some authors 
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define as a direct losses, from the impact of winter and snow, and the result is a lack of food due to 
the depth of snow cover, the others are counting the total population losses, but do not define the 
period to which they relate, or if they even define a period, they not count the losses that occur during 
the hunting season. To these losses have paid attention only Erdös, in 1978. and Ladziansky, in 1997. 
 
 
Table 2. Indicators of average winter losses classified in categories and the number of years with a 
certain category for the population hares in Vojvodina 

Less than 20% 20 - 25% 25 - 30% 30 - 35% 35 -40% over 40% 
4 6 6 11 12 6 

 
In the opinion of Šelmić, in 1984. in his research he counted with a twofold losses. First, the losses 
that would be incurred if there is no hunting, that is with the normal rate of mortality for the hare 
population as a result of reducing the activities of all the factors that act in certain circumstances. 
Second, it must be counted also on the losses incurred by using the hunting population, and not 
registered as a catch. These losses are caused by injury of hares, and that will count 30% of the catch. 
Interestingly, as pointed out Šelmić, these losses are not interesting in hunting areas where the hare is 
hunted on one surface by cicrular hunt, however, according to Šelmić, for our hunting groun 
conditions they are very important. 
The results of our study, in which the average losses from the beginning of the hunting (October) to 
the beginning of the next reproductive period (March) ranges from 12.58 to 45.47%, or an annual 
average for period of 45 years for hunting ground conditions of Vojvodina it amounted to 32.10 %. 
For a period of 45 years based on our study for the conditions of hunting grounds, the losses in the 
period of reproduction ranged from 11.93 to 47.01%, or 31.44% per annum on average. Losses in 
reproduction period and winter losses of hares are shown in Figure 1. 
 
Figure 1. 
Losses in reproduction period - basic parameters (percentage of losses in the period of hare 
reproduction - spring-fall, before the hunting) and winter losses of hares from the beginning of the 
hunting to the next reproductive period (from the 16th of October of the current year until 15th of 
March of the next year) for hunting grounds in Vojvodina for the period from 1967th to the 2011th 
year  
(Source: Hunting Association of Vojvodina, Ristić Z.) 
 

 
 
Data on double losses are necessary in preparing of realistic planning documents (management plan 
and annual plan of management).  

 
Conclusion 
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Losses that occur in the two periods that we studied were significantly higher than in the previous 
period and they were moving between 20 and 25% over the autumn and spring strength of. 
It is evident that there is a huge range of each other's losses, but given that it was done for a long 
period, the proposed losses with which should do the planning documents is valid enough to accept the 
proposed rates in preparing future planning documents. 
Winter losses of 32% and losses of the period reproduction are also 32%, and they are suggest for 
planning documents for realistic planning of hares population, and thus the quality of the balance of 
the population, and thereby preserve the hare population for a longer period. This would preserve the 
hare fund for many years that was the aim of our research. 
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BROWN HARE SPOTLIGHT CENSUS: ALTERNATIVE VS. TRADITIONAL METHOD  

Lavadinović, V.1, Beuković, M.2, Beuković, D.2,  Namestovski Z.3, Friđeš R.3 

 
Introduction 

 
Nowadays hunting and wildlife management are based on the principles of sustainable development, 
which could not be implemented in practice without proper management of hunting grounds. 
Management goals and measures in hunting grounds cannot be taken in consideration without knowledge 
on wildlife biodiversity and game abundance. Information on game number is a basis for population’s 
dynamics model, estimation of hunters’ bag, additional feeding, wildlife conservation measures and 
harmonization of wildlife management with forestry and agriculture. Beside prerequisites for the proper 
wildlife management, in Serbia is game census obligatory by the Law on Game and Hunting (Official 
Gazette of the Republic of Serbia 18/10, 2010). Need for precise information on game number inspired 
wildlife managers and game biologists worldwide to develop various methods for wildlife census 
(Whitesides et al., 1988; Pradel, 1996; Boulanger et al., 2004). Diversity of methods used for wildlife 
censuses is caused by various factors such as site conditions, game species or wildlife management 
objectives. These differences affect accuracy, costs, feasibility and duration of a census. Therefore 
hunters and wildlife managers face a challenge to choose a proper method that suits their interests, 
management objectives and natural conditions.  
Brown Hare (Lepus europaeus) is a game species with wide areal, which covers every world continent 
except Antarctica (Popović and Đorđević, 2010). In Europe brown hare is considered one of the most 
numerous and widespread game species (Đorđević et al., 2011) although in recent decades its abundance 
decreases (Edwards et al., 2000; Langbein et al., 2002; Roedenbeck and Voser, 2008). Brown hares’ 
natural environment is steppe, but due to habitat loss and fragmentation they have been adapted to 
agricultural systems. This species prefers lowland habitats with altitude up to 250 meters above sea level, 
warm and fertile soil, average annual temperature around 8-9 °C and average annual precipitation  around 
350-500 mm (Popović and Đorđević, 2010; Hespeler et al., 2012). Although hares can be found at 
altitudes up to 2,000 meters, they are most common in plains. Therefore hares are considered as an 
indicator of agricultural lowland habitats quality (Beuković et al., 2013). In Serbia, brown hare is one of 
the most economically important game species which is usually managed by the Hunting Association of 
Serbia through their hunting fellowships. The most favorable habitat for brown hares in our country are 
lowlands and agro systems in Vojvodina (Đorđević et al., 2011), where due to favorable natural 
conditions occur most dense hare populations (Popović et al., 2012). Brown hare populations in 
Vojvodina are threatened by many factors, such as among others pressure of intensive agriculture, habitat 
loss and fragmentation, predator pressure and diverse abiotic factors. All these factors caused in Serbia 
decline in populations’ number, which is currently below habitats’ potential. Despite the low number, 
hunters’ bag is not harmonized with the present situation in the hunting grounds (Popović et al., 2012) 
which even more negatively influences brown hare abundance in Serbia.  
Traditionally a brown hare census is conducted in Serbia before the beginning of a new hunting season 
that starts of the 1st of April. This census is usually referred as the “spring census”. Brown hare census, as 
almost every other in Serbia, is usually based on a driven hunt method, which is quite similar to focal 
counts. Despite critics that this method has certain limitations and underestimates population’s number 
(Houssin et al. 1994, Toïgo, 1998; Largo et al. 2008), it is traditionally used in Serbian hunting grounds. 
Although rarely, alternative methods are also used due to wildlife managers’ need to better estimate 
population’s number. One of such model is a spotlight census which is considered according to Langbein 
et al., (2002) as one of the most accurate method for the brown hare number estimation. However the
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 same authors consider the spotlight census difficult to apply widely. Therefore aim of this study is to 
analyze spotlight method and to compare it with traditional driven hunt census in case of brown hare 
estimation. Analysis is based on four criterions that, according to our opinion, shape census methods: 
accuracy, costs, feasibility and duration. These criterions will help us to define (dis)advantages for the 
both methods and to develop recommendations for our hunters in order to improve brown hare 
management in hunting grounds. Study was conducted in hunting ground managed by the hunting 
fellowship “Srndać” which is situated in the region of Vojvodina, since these habitats are one of the most 
suitable for brown hare populations in Serbia. The spotlight census was for the first time used in this 
hunting ground in 2010.  
 

Materials and Methods 
 
Vojvodina is characterized by loess plateau, sands, loess terraces and alluvial plains. This region is 
considered to be the richest in Serbia with surface waters. Forests and woodlands cover 6.8% while field 
crops are present on 70% of the total area. The climate in Vojvodina is temperate continental with an 
average annual temperature of 11° C and average annual precipitation with 550-600 mm/m2 (Pokrajinski 
sekretarijat za urbanizam, graditeljstvo i zaštitu životne sredine, 2013). Brown hare censuses were 
conducted in hunting ground “Srndać” which is managed by the local hunting fellowship. Total area of 
this hunting ground is around 10,000 ha, where field crops are the most common land use category.  
 
Traditional brown hare census 
 
Traditional spring estimation of brown hare is conducted as “driven census”. Sample plot should cover at 
least the 10% of total hunting ground area, and it should represent average habitat conditions within the 
hunting ground. Since game census is obligatory by the Law on game and hunting, hunters from the 
hunting fellowship have responsibility to join the census. During the census hunters and all other 
participants record only number of individuals per different game species that have run between them. In 
such manner multiple counting is avoided.  
In hunting ground “Srndać” before the census drivers form a circle and then steadily move all together 
toward the center of this circle (picture 1). This method is so called “round driven census”. Surface area 
of this round sample plot is 1,152 ha, which is 11.5% of total hunting ground area. Since this sample plot 
covers big area, in total 70 hunters took part in census.  
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Picture 1. Map of census’ sample plots for the both methods. Red circle represent round driven census’s  sample 
plot, while the blue lines represent spotlight census’s routes. 

 
Sampling area for round driven census presents an average part of the hunting ground and consisted out of arable 
land and fields, with no proper forest coverage.  
 
 
 
 
Spotlight census 
 
This method was conducted on the same sample plot like the previous one. Four transects have been 
chosen (picture 1) with different lengths, which cover in total 267 ha (table 1). However observed area in 
this census covered only 23% of the sample plot from the previous method. In order to avoid double 
counting, distances between parallel transects were at least 400 m.  
 

Table 1. Length of spotlight transects. 
Transect Length (m) Observed width Area (ha) 

Transect 1 2500 300 75 
Transect 2 2700 300 81 
Transect 3 1800 150 27 
Transect 4 2800 300 84 

Ʃ 9800 - 267 
 
Census was conducted from an off-road vehicle with a four-men team which consists out of a driver, two 
observers and one scorer. While observers looked for the brown hares, the driver had, besides driving, to 
take care on individuals that crossed transects in front of the vehicle in order to inform observers on 
possible double counting. Average driving speed was app. 10-15km/h. Team used two spotlights with 
150m range. Due to brown hare behavior, censuses started a half hour after the sunset and finished before 
the midnight. Before the census the team made the route during the daylight in order to check for any 
object on transects that could affect visibility during the night census. Spotlight censuses were repeated 
for three nights in a row in order to avoid any bias. Out of these results an average estimate has been 
calculated.  
 
Criterions 
 
We have chosen four criterions to evaluate effectiveness of every census method. Those criterions are: 
accuracy, costs, feasibility and duration.  

1. Accuracy was evaluated according to the results of both methods. Since traditional round 
driven census provides satisfactorily results, its estimates were used for the control of 
spotlight method’s results. Wildlife managers criticize driven censuses that may 
underestimate populations’ number. Thus spotlight censuses’ results will be considered 
proper only if they show higher density that the round driven census.  

2. Costs are important factor that stipulate any management practices including game 
census. In order to estimate costs for both methods we took in consideration daily 
allowances for participants of the round driven census, while for the spotlight census we 
included gasoline consumption and daily allowance for the observers. In cost analysis we 
also took in consideration difference in estimated population of these two methods. 

3. Feasibility was subjectively estimated through organizational issues. 
4. Duration was evaluated for both methods according to time needed to conduct a census.   
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Results 
Accuracy 
For both methods estimates on brown hare abundance were based on proportion. Each method calculates 
brown hare density per ha and then multiple this result with the total area in the hunting ground. In the 
first method, “round driven census”, hunters recorded 300 individuals that equals density of 26 hares per 
100 ha. Traditional method showed that population of brown hares in hunting ground “Srndać” consisted 
out of 2600 indivudals. Results of spotlight censuses are in table 2. According to spotlight method, brown 
hare density in the first census was 30.7 individuals/ 100 ha, in the second it was 26.6 individuals/ 100 ha 
while in the third census it was 28.5 individuals/ 100 ha. The average value of these tree spotlight 
censuses is 28.6 individuals/ 100 ha, which means that hunting ground “Srndać” has in total 2860 
individuals. Comparison of these two methods shows results’ variations in 2-3 individuals per 100 ha or 
between 200-300 individuals for the whole hunting ground.  
  

Table 2. Results of spotlight censues 

Transects 
Length 

(m) 
Width 

(m) 
Area 
(m) 

1st census 2nd census 3rd census 

Number of 
individuals 

Number 
per 100 

ha 

Number of 
individuals 

Number 
per 100 

ha 

Number of 
individuals 

Number 
per 100 

ha 

1. 2500 300 75 21 28.0 23 30.7 24 32.0 
2. 2700 300 81 28 34.6 18 22.2 19 23.5 
3. 1800 150 27 5 18.5 4 14.8 12 44.4 
4. 2800 300 84 28 33.3 26 31.0 21 25.0 
Ʃ 9800 - 267 82 30.7* 71 26.6* 76 28.5* 

* - these are average values, not summarized 
 
Costs 
We estimated the costs for the both methods. Costs for the first method consisted only on a half of daily 
allowances for 70 observers, since the driven censuses are finished by the noon. Since an average daily 
allowance is around 20 EUR, we multiplied 10 EUR with 70 hunters and concluded that round driven 
census cost 700 EUR.   
For the spotlight census we took in consideration price of gasoline and observers salaries. Price of 
gasoline was calculated for the Lada Niva, which is the most common off-road vehicle in Serbian hunting 
grounds and forest districts. Technical characteristics for Lada Niva have been taken from the official 
Lada web site. Gasoline prices have been also taken from the internet. According to these data Lada Niva 
in average consumes 9.5 liters/ 100km of unleaded fuel (Lada, 2013) that cost 1.3 EUR per liter (Narodna 
Banka Srbije, 2013; RetailSerbia, 2013). Since the sum of four transects is 9.8 km long, it means that fuel 
consumption was 0.931 l. Total gasoline costs was calculated when we multiplied fuel consumption 
(0.931 l) with fuel price (1.3 EUR) and it is 1.21 EUR per one census.  Since the observed distance is 
short (only 9.8 km) we estimated that one a half of daily allowance is a salary for four observers per 
census, that is 10 EUR. Therefore costs per spotlight census are sum of fuel consumption and salary – in 
total 11.21 EUR.  
Since the census is a base for estimation of hunters’ bag, we calculated difference in results between these 
methods and multiplied that number of individuals with its price. Difference between final estimates of 
these two methods is 2-3 individuals per 100 ha or 200-300 individuals in the hunting ground “Srndać”. 
Price for one brown hare is 33 EUR  (Lovački Savez Srbije, 2013) which means that the difference in 
income from hunting would be between 6600 and 9900 EUR. 
 
Feasibility 
This criterion was subjectively evaluated since we could not find parameters that could be measured. 
Nevertheless we assumed that it is more difficult to contact and invite 70 hunters to join the census, as 
well to take them to the sample plot and form them in a circle, than to prepare transects’ route on a map 
and organize 4 men with one vehicle even three nights in a row.   
 
Duration 
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For this criterion we only took in consideration time that the observers spent on the field. Pre-preparations 
have not been analyzed. For the round driven census we estimated that the duration was app. a half of a 
working day, The total transect distance was 9.8 km while the driving speed was 10-15km/h, therefore 
each spotlight census was no more than an hour long. In total spotlight censuses were 3 hours long. 
 

Discussion and Conclusion 
 
We tested in this manuscript two methods for the estimation of brown hare abundance in hunting ground 
“Srndać”. The first method that is traditionally used in many hunting grounds – round driven census 
showed that brown hare density per 100 ha is 26 individuals or in total there are 2600 individuals in the 
hunting ground.  The spotlight method suggested that the density is 28.6 individuals/ 100 ha, which 
means that hunting ground “Srndać” has in total 2860 individuals. According to these results it can be 
concluded that the alternative method (spotlight census) provides more accurate results than the 
traditional one. This finding is in accordance with other researchers (Barnes and Tapper, 1985; Langbein 
et al., 2002; Sunde and Jessen, 2013). Besides brown hare estimates, we analyzed these two methods 
through four different parameters. Our findings suggest that spotlight method is more accurate, much 
cheaper, easier to organize and faster to conduct. However this method is for a single-species use unlike 
the round driven method, where observers count all game species within a sample plot. Another 
disadvantage of this method is observers’ subjectivity and experience. According to Sunde and Jessen 
(2013) observers’ skills are crucial for methods accuracy, since inexperienced observers could cause 
results’ bias. Thus it is recommended to prepare observers before the census and to engage the same team 
during the repeated censuses. Despite these limitation, we recommend the spotlight method for the brown 
hare census in plain hunting grounds with low forest coverage.  
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CORRELATION OF HUNTING MASS WITH REPRODUCTIVE POTENTIAL OF FEMALE 

HARE   (LEPUS EUROPAEUS P.) 
 

Beuković M.,1 Stančić I,. 1 Božić A.,1  Beuković D., 1 , Djan M,2 Velićković N.2 
 

Summary: Within the scope work of a group of authors a total of 80 female hares lepus europaeus p.  
was included, from different parts of Vojvodina (from Bačka, Banat and Srem areas) during the 
hunting season of 2012./2013. Correlation of hunting mass with reproductive potential of 
female hare was investigated. All females were divided into three groups according to the 
hunting mass, as follows: up to 4 kg, 4-4.5 kg and over 4.5 kg, and examined in the Laboratory 
for reproduction of the Faculty of Agriculture in Novi Sad. Placental uterus scars were counted 
as the evidence of the last litters before harvesting.  Placental scars were observed in situ using 
magnifying glass based on contours of placenta which could be noticed as scars on 
endometrium. The results obtained prove that the bigger harvesting mass, (the group over 4,5 
kg) had, according to the statistical model, significantly better reproductive potential of 
females, which was determined upon a greater number of obviously present placental scars with 
the average number of 3,57, in comparison with females which had smaller harvestig mass in 
the groups under  4 kg and 4-4,4,5 kg with average number of 1,14 and 2,08, respectively.           
 Key words: lepus europaeus p, body mass, placental scars, reproduction  

 
Introduction 

 
Female hares Lepus Europaeus P. produce up to seven litters during ten months long mating season in 
their natural habitats, from January till October, or up to 20 leverets during a year (Bray, 1998.). 
Annual anoestrus period lasts about two to three months during late autumn and early winter which in 
practice represent a hunting season for hare. The control of the population is performed every year by 
counting the number of animals. The age of harvested animals is also monitored based upon the 
standard procedure by measuring the weight of eye lenses. Upon such analysis every hunting ground 
receives the hunting quotas fot the next season and recommendations about the number of hunting 
days for hare. On the other hand, hunting grounds can also receive a total hunting ban in case of a hare 
population of older age. Fertility and early survival of the young have mutual effect on reproduction 
and maintenace of the population in the hunting ground (Broekhijizen, 1979., Pepin, 1989., Hansen, 
1992.). In case of european hare some of the authors  earlier used counting of placental scars  
(Frylestan, 1980., Kovacs, 1983., Hansen, 1992., Hell et al. 1997), but without checking the accuracy 
of the results. During anoestrus, the uterus walls become regenerated, so that the scars from the the 
previous season disappear. Therefore, the counting of scars at the end of the mating season, but before 
anestrus, could represent good fertility both in the number of litters and in the number of total number 
of young leverets (Bray et al. 2003.). Maintenace of general good health status, and of reproductive 
status of every mammal, including hare, is closely connected with quality feeding. This all is seen in 
ideal body mass which does not have to be absolutely connected for certain age of an animal. Hunting 
districts differ in the choice of food for hare. It proved clearly in certain hunting grounds by having 
significantly bigger harvested hare. The aim of this paper is to represent the interaction between body 
mass index and reproductive otential based upon counted placental scars which could be read after the 
last birth. The basic hypothesis for this research was assumption that greater body mass certainly 
influences more favourable  orphometry of reproductive organs, such as the uterus with both horns, 
and of the both ovaries as well  
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Božić PhD, professor, Unversity of Novi Sad, Faculty of Agriculture Novi Sad  Serbia 
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first of all in better implantation of embryos in endometrium, but in the development of ovaries, which 

in that sense have better ovulatory values in such individual animals. 
 

Materials and Methods 
 

Total body mass (harvesting mass) was obtained from 80 hare female during November -December 
hunting season 2012/2013 . The analyses of body mass included micro-population of  brown hare from 
these location Sonta (45N 35' 34.44''; 19W 07' 32.9664'') Voganj (45N 0' 21.0096''; 19W 44' 13.596''), 
Bačka Palanka (45N 16' 34.8096''; 19W 24' 28.3104''), Plandište (45N 14' 9.5136''; 21W 9' 43.4556''),  
Kraljevci (44N 58' 13.386''; 19W 52' 0.1704''), Donji Petrovci (44N 57' 44.964'';19W 59 20.7918), 
Novo Miloševo (45N 43' 39.0468''; 20W 16' 17.3706''), Gložan (45N 17' 41.769''; 19W 34' 11.0634''). 
Hare were measured by turn-scale, accuracy up to 1g. After harvesting, hares were separated by sex 
and females were  measured individually. The whole reproductive track of females was sampled. 
Frozen samples of female reproductive track with accompanying document containing the data on 
body mass were later sent to the laboratory for reproduction of Faculty of Agriculture in Novi Sad. All 
sampled organs were examined. Counting of placental scarrs was performed after the resection of 
uterus horns using surgical scissors, applying surgical incision on the opposite site of wall from which 
mesometrium was previously removed. Scar tissue in situ was counted at spots where placenta was. 
Counting was performed by a simple laboratory procedure using laboratory magnifying glass, taking 
into account only clearly noticeable changes on endometrium.  
 
 

  
 
Slika 1. Utherus of brown  hare  
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Parameters used for free judging of the scars were: 1. Depth of craters on the implantation site, 2. 
Number of craters on the implantation site, 3, clear cut edges, while atypical scars were not taken into 
consideration (photo 1). After examining the number of placental scars, we formed groups according 
to harvesting mass and performed statistical analysis.  
Groups were formed depending on the weight: up to 4 kg, 4 - 4,5 and  over 4.5 kg. The data obtained 
were statistically analyzed using the software package (Statistica 2012.) Due to the variation in sample 
size, number of scars was analysed with a series of general linear models (GLM). The model included 
comparison between groups, with Post Hoch analyse by LSD test.  In addition, correlation analysis, 
the correlation between the weight and number of scars in groups. Beside that, we analysed correlation 
factor, between harvesting mass and number of scars in uterus by groups 

 
Results and Discussion 

 
The results obtained through this research speak in favour of positive correlation between body mass 
indexes of harvested females and increased reproductive potential of such females. The results also 
show that the bigger harvested mass, group over 4,5 kg, has significantly better reproductive potential, 
according to the statistical method. It was concluded upon greater number of obviously present 
placental scars, with the average number being 3,57 in females which had smaller harvesting mass of 
the group up to 4 kg and 4-4,5 kg, with the average number of scars of 1,14 and 2,08, respectively.       
Table 1 shows average body mass of female hares with maximal and minimal deviation as well as 
standard deviation according to body mass.    
 
 Table 1.   Mass of females categorized in groups  
  

Groups  Valid N Mean Minimum Maximum Std.Dev. 

1. under 4kg 21 3759.52 3090.00 3990.00 243.11 

2. 4-4.5 kg 36 4247.50 4040.00 4500.00 120.56 

3. up 4.5 kg 23 4703.48 4500.00 5230.00 204.26 

 
 
Table 2 shows average values with maximal and minimal deviations, as well as standard deviation in 
the number of placental scars in female hares which were put into three groups according to body 
mass, as in Table 1. It can be noticed that statistically significant difference (p<0.01) in the number of 
placental scars was noticed between group 1 and group 3. Also statistically significant difference (p< 
0.05) is recorded between group 2 and group 3 (Table 2, Graph 1). There were no statistical difference 
between groups 1 and 2 (p>0.05) in the number of placental scars  (Table 2, Graph 1). 
 
Table 2.  Number of uterine placental  scars.  
 

 

Groups  Valid N Mean Minimum Maximum Std.Dev. 

1. 
under 4kg 21 1.14b 0.00 5.00 1.68 

2. 
4-4.5 kg 36 2.08a 0.00 7.00 2.50 

3. 
up 4.5 kg 23 3.57A 0.00 8.00 2.47 
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           A-b, Values with the superscript are significantly different (p<0.01); 
             A-A,  Values with the superscript, and without superscript are no significantly different (p<0.05); 
             a-b,  Values with the superscript, and without superscript are no significantly different (p>0.05); 
 
 

 
 
Graph 1.  Number of uterine placental  scar in groups.  
 
There is a connection of number of placental scars after autumn forthbringing and body mass of 
females, which could be seen on Graph 2. Connection could be characterised as weak  r=0.36,  but it is 
obvious that it exists. It should be noticed that there are other factors which can greatly prevail, both 
individually and in interaction with other factors as well when we talk about placental scars numbers.     
One of such factors is the age of females which was not taken into consideration in this case. 
However, during research work there occured indications connected with mass and better reproductive 
potential, which are not in corelation with the age category.          
Other authors also connect correlation of mass with fertility rate of female hare.  Iason, (1990)  states 
that the size, not the age, favours early reproduction. The method which we used could be   supported 
through the work of  Hansen, 1992., Hell et al. 1997., Bray, 1998., Bensinger et al 2000., Hacklander, 
2001.,  According to these authors, fertility naturaly fluctuates in connections with geographical 
distribution of the species. One grown up female can bring from 5-15 young animals, with the numner 
of litter of 2,8 to 5,0 a year, while the average size of  litter, according to the majority of studies, varies 
from 2,3 to 2,8 of young hare per litter.  
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Graph 2.  Scatterplot Mass vs. Number of uterine placental scars and correlation. 
 
This certainly could be a confirmation that the method we used could be accurate provided we 
included accuracy of the last litter before harvesting. As stated by Bray et al. 2003, precise 
determination of the number of litters is very difficult, because of a wrong classifation of scars and 
their size for that litter, one mistake might lead to at least one mistake for another litter. On the other 
hand, this method enables us to for see annual reproductive activity, as stated by  Strand et all, 1995. 
That the scars of some species could persist up to a year, so that their counting points out annual 
fertility and that the counting of scars could be indicative  only in last litters, with the presence of scars 
from previous gestations.      

Conclusion 
 

 The authors concluded that the results obtained clearly point out that the body mass index influences 
the fertility rate of female hares. Bigger body mass index is in correlation with greater number of 
placental scars, which, in nature, represents a bigger litter. This method provides information with 
relative accuracy, about the number of fetuses carried out during last gestation before harvesting.  This 
research work opens new ways to new methods of counting of placental scars with the aim to obtain 
more precise evaluation of uterus scars and of reproductive potential of female hares. More adequate 
answers about the population of hare in hunting grounds could be obtained. This would certainly 
influence more appropriate determination of quotas for hunting in the next hunting season.   
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ANALYSES OF TROPHY VALUES OF RED DEER (Cervus elaphus L.) ANTLERS FROM THE 

BARANJA REGION (EASTERN CROATIA) 
 

Tot, Z., 1 Degmečić, D.,1 Pintur, K.,2 Florijančić, T.,3 Ozimec, S.,3 Bošković, I.3 
 
Summary: The aim was to compare estimated trophy values of discarded antlers of red deer and those 
antlers acquired by the regular culling. Research has been undertaken during hunting year 2010/2011 in 
the hunting ground „Podunavlje-Podravlje“, located in the Baranja region in Eastern Croatia. Total of 97 
antlers were analysed, of which 26 from the culled individuals, and 71 was found discarded around the 
hunting ground. All of them were evaluated according to CIC scoring system. Following parameters were 
taken for the comparison: trophy value in CIC points; antlers mass; total antlers length, number of tines; 
number of tines in crown and length of trey tine. Age of the culled individuals was determined by 
counting tooth cementum layers, and indirectly from discarded antlers according to shape of the plate 
which attach beam of the antlers to frontal bones on the scull. Values of the measured parameters were 
higher at discarded antler’s beams of red deer in age class 6-7 year, in comparison to culled individuals. 
This confirms that selection of male individuals was done properly, and individuals with higher trophy 
value remain in population, which is a basis for the sustainable management in the hunting ground. 
Oppositely, in age class 8-9 year, higher values were determined in culled individuals. This point out that 
less valuable individuals remains in the population, that is undesirable for the game breeding, but it was 
done due to increased interest at market of hunting tourism. Higher values of the measured parameters in 
culled individuals, in comparison to discarded antlers, were determined in age class above 10 year. It 
needs to be emphasized that all red deer in this age class cannot be culled or be seen during the rutting 
season. The recommendation is to accurately estimate which individuals are able for progression and 
which for decreasing in antler quality. Professional service in the hunting ground is responsible for the 
accurate evaluation of red deer trophy value. Taking into account more larger samples, collected 
systematically in each year, results can provide better guidelines for the breeding and management of red 
deer in the Baranja region. 
Key words: red deer, antlers, trophy, age, hunting 
 

Introduction 
 

Antlers of red deer (Cervus elaphus, L.) are bony appendages of head which are cast and regrown in 
seasonal annual cycle, depending on more environmental factors, such as geographical position and 
altitude of the habitat. At the end of the antler growing period the hard bony antler is the trophy of red 
deer. Main achievement in breeding of red deer is to create more valuable trophy (antlers) in mature 
individuals aged 10 years and above. Thus, the correct estimation of selected morphological parameters 
of antler is of essential importance in breeding and selection (Brna et al., 1969, Bečejac et al., 1984, Brna 
et al., 1990, Isaković, 1968, Degmečić, 2009). The aim of the research was to make a comparison 
between estimated trophy values of discarded antlers found around with antlers acquired by the regular 
culling in the hunting ground.  
 

Material and Methods 
 

Research has been carried out during hunting year 2010/2011 in the hunting ground „Podunavlje-
Podravlje“ which is under management of public enterprise „Croatian Forests“ Ltd. It is located in the 
north-eastern part of the Republic of Croatia, in the Baranja region, between courses of the Danube and 
the Drava Rivers. Total surface of hunting ground is 17 730 ha, and it is classified as Panonnian, lowland 
(altitude 65 – 120 m) hunting ground type. Total of 97 antlers were analysed, of which 26 from the culled 
individuals, and 71 was found discarded throughout the hunting ground. All analysed antlers as a trophy 
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Agriculture,  Osijek, Croatia; 
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were evaluated according to scoring system prescribed by CIC (International Council for Game and 
Wildlife Conservation) and guidelines for trophy scoring (Frković, 2006, Varićak, 2010).  
Only data on trophy parameters of antlers originated from red deer aged 6 year and above were 
considered in the analyses. Related to estimated age, following classes were made: First class 6 – 7 year; 
Second class 8 – 9 year; Third class 10 year and above.  Following parameters were selected for the 
comparison: trophy value in CIC points; weight of antlers; total length of the main beams; number of 
tines; number of crown tines; length of the trey tines. Age of the culled individuals was determined by 
counting tooth cementom layers at first permanent molar (M1) teeth (Almasan and Rieck, 1976, 
Ueckermann and Scholzl, 1986, Konjević et al., 2003) under the stereo-microscope. Age of individuals of 
which discarded antlers were found was determined indirectly according to shape of the plate which 
attaches antlers beams to frontal bones on the scull (Pranjić, 1990; Degmečić, 2010). Statistical analyses 
was done using a standard statistics package program SPSS 16.0.1 for Windows Statistics (2007). 
 

Results and Discussion 
 

Summarised data on number of analysed red deer antlers by its origin and according to age classes are 
given in Table 1.  
 
Table 1: Number of analysed antlers according to origin and age class 

Age class (year) Antlers from 
culled red deer 

Discarded 
antlers 

Total 

First class       6 – 7 9 33 42 
Second class  8 – 9 11 24 35 
Third class     ≥ 10 6 14 20 
Total 26 71 97 

 
Results of applying theoretical model named „Hoffman Pyramid“, for description of determined age 
structure in red deer stag population are presented in Figure 1.  
 

 
Figure 1: Distribution of age classes in the analysed sample according to origin of antlers. 

Hoffmann Pyramid is a theoretical overview of optimal age and sex structure in population of particular 
game animal in the hunting ground. It suggests how many individuals should be culled in selected age 
classes without major disturbance in the population structure. Convergence to those parameters in 
practice enables stability in biological reproduction as well as in financial income by the hunting 
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(Degmečić, 2007). 
 
By interpreting the Hoffmann Pyramid it is possible, based on data about culling rate and age estimation, 
to retroactively calculate population size, its age and sex structure. Sex ratio, age, increase and losses are 
indicators of the sustainable hunting management. Sufficient number of young individuals, as future 
reproduction basis, contributes to the population stability. Number of oldest and mature individuals 
should be placed on top of the pyramid, and it is needed to gradually exclude these individuals from the 
population.  
Antlers as red deer trophy make a major financial income as a result of successful breeding. Analyses of 
culled individuals and those remaining in the population are of high importance, so identified mistakes 
can be adjusted. Data in Figure 1 clearly show that in analysed red deer population basis containing the 
youngest individuals is the widest, while number of older individuals decline gradually to the top. 
Oppositely, in second age class (8 – 9 year) highest number of culled individuals was determined. This 
can be attributed to current increased interest at market of hutting tourism. Most of trophies were scored 
from 170.00 to 189.99 CIC points and it acquired bronze medal. Such antlers were characterised by 
following: less total number of tines, less number of crown tines, shorter total length of beam and shorter 
length of trey tine.  
 
Results of the measured parameters of antlers, originated from culled red deer and discarded antlers found 
throughout the hunting grounds, according to division into age classes, are presented in Table 2 and 3.  
 
Table 2:  The parameters of antlers from culled red deer 

Age class 
(year) 

 CIC 
points 

Weight of 
antler (kg) 

Length of 
the beam 

(cm) 

Number 
of tines 

Number of 
crown 
tines 

Length of 
the trey 

tine (cm) 
6-7 Mean 167.52 4.40 89.53 11.78 5.78 30.03 

Minimum 153.49 3.89 78.45 10.00 4.00 21.05 
Maximum 188.04 5.07 102.05 14.00 8.00 36.30 

8-9 Mean 193.40 6.11 97.99 15.82 9.82 37.85 
Minimum 172.19 4.34 85.20 11.00 5.00 31.90 
Maximum 207.25 7.76 108.70 18.00 12.00 47.60 

≥ 10  Mean 212.97 8.14 110.30 16.17 10.17 40.99 
Minimum 199.32 6.41 106.35 14.00 8.00 31.40 
Maximum 220.28 9.38 116.25 18.00 12.00 47.25 

Total Mean 188.96 5.99 97.90 14.50 8.50 35.87 
Minimum 153.49 3.89 78.45 10.00 4.00 21.05 
Maximum 220.28 9.38 116.25 18.00 12.00 47.60 

 
Table 3: The parameters of red deer antlers found discarded 

Age class 
(year) 

 CIC 
points 

Weight of 
antler (kg) 

Length of 
the beam 

(cm) 

Number 
of tines 

Number of 
crown 
tines 

Length of 
the trey 

tine (cm) 
6-7 Mean 180.58 4.67 95.07 13.52 7.52 35.28 

Minimum 164.97 3.26 84.00 10.00 4.00 18.50 
Maximum 201.30 7.22 104.45 18.00 12.00 51.00 

8-9 Mean 191.23 5.36 100.71 14.96 8.96 36.35 
Minimum 167.91 4.02 83.40 12.00 6.00 20.00 
Maximum 213.01 7.22 111.00 20.00 14.00 49.90 

≥ 10  Mean 200.53 6.07 100.85 15.07 9.07 36.22 
Minimum 167.76 3.80 85.50 10.00 4.00 24.20 
Maximum 236.25 10.55 113.75 20.00 14.00 47.85 

Total Mean 188.12 5.18 98.12 14.31 8.31 35.83 
Minimum 164.97 3.26 83.40 10.00 4.00 18.50 
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Maximum 236.25 10.55 113.75 20.00 14.00 51.00 
Results of the analyses of the selected antler parameters are presented in Figures 2 and 3.  

 
Figure 2: Range of the mean trophy values (CIC points) of antlers according to age class and origin. 

(Blue line indicates antlers acquired by culling, and green line indicates antlers found discarded). 

 
Figure 3: Range of the mean weight of the antlers (kg) according to age class and origin. 

(Blue line indicates antlers acquired by culling, and green line indicates antlers found discarded). 
Results of the significance test performed in ANOVA showed that no significant difference exist between 
samples of antlers originated from culled red deer and those antlers of red deer found discarded 
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throughout the hunting ground. Comparison of values according to age classes between analysed samples 
indicated significant difference in value of CIC points in the first age class (6 – 7 year). 
Value of CIC points is significantly higher in discarded antlers (180.58 CIC points) compared to antlers 
from culled red deers (167.52 CIC points). This clearly confirms that selection in the first age class has 
been done properly, because individuals with higher trophy values remain in the population, being easily 
recognized by the discarded antlers.  Middle-aged red deer stags in age range from 6 to 9 year should be 
the most represent in the selective culling, as a potential pool of trophies in bronze medal (170.00 – 
189.99 CIC points).  
In red deer from the second age class (8 – 9 year), higher values of the measured parameters were 
determined in culled individuals in comparison to discarded antlers of individuals which remained in the 
population. 
Stags from this age class are being most active in the rutting and about half of them are included in 
coupling. They reach maximum of its trophy value in the age of 10 and 11 year, so earlier culling of such 
individuals is undesirable due to biological and economic reasons.  
Recommendation for red deer breeding is that determined trend, shown in Figures 2 and 3, and based on 
the results presented in Tables 2 and 3, should be reversed during the forthcoming years. Values of all 
measured parameters of antlers have to be higher in discarded antlers, compared to antlers from culled 
individuals.  It needs to be emphasized that all mature red deer stags cannot be culled or be seen during 
the rutting season.  
Accurate estimation which individuals are able to retain actual trophy value or make a further progress, 
and in which decline can be expected, is of practical importance in hunting management. Professional 
service in the hunting ground is responsible for the evaluation of red deer trophy value (Brna et al., 1989). 
Taking into account more larger samples, collected systematically in each year, results can assure an 
improvement in breeding and management of red deer in the Baranja region. 
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DETERMINATION OF REAL GROWTH AND TROPHY STRUCTURE OF DEER GAME IN 

THE HUNTING GROUNDS OF VOJVODINA 
 

Ristić A. Z.1, Nađ I. 1, Urošević I.M. 2, Matejević M. 1, Sajko G.1 
 
Summary: Studies of fertility and real gain of deer were carried out in the hunting ground "Novi 
Becej" for the period from 1994. to 2012. year. Total area of this hunting ground is 28,233 ha, of 
which 25,210 ha is hunting and hunting - productive for roe deer is 23,856 ha.  
Materials and methods 
In 1994. by counting it was found that there were 1,317 deer in spring (5,52 animal/100 ha), while in 
2012. there were 2,182 animals (9.15 animals/100 ha), what is an increase of 865 animals (65.68% 
compared to the first year of observation) 
Results  
In quinquennial periods, determined real gain was: between 1994-1998., 0.79; 1999-2003., 0.68; 2004-
2008., 0.72., and from 2009 to 2012. was 0.64. For processed - studied period (1994-2012) average 
real gain was 0.70 of fawns per roe deer older than 2 years, and it is proposed to be used in the 
preparation of planning documents (hunting base and management plan) for all hunting areas in 
Vojvodina. Average gross weight of trophies from the hunting grounds were: Senta - 443.1 g (39 
trophies), Novi Becej - 431,56 g (87 trophies), Nova Crnja 442.00 g (22 trophies), while in the 2012. 
the weight was 438.39 g (36 trophies), and in 2011. 389.80 g (61 trophies) and Novo Milosevo 381.47 
g (57 trophies). The average largest volume was in the 2013: Nova Crnja with 151 cm3, Senta with 
150 cm3, Novi Becej with 112 cm3 and Novo Milosevo with 105 cm3. Average in CIC points of the 
hunted bucks in the hunting tourism for 2013. per hunting grounds was: Senta with 98.9 CIC points, 
Nova Crnja with 91.54 CIC points, Novi Becej with 85.29 CIC points and Novo Milosevo with CIC 
points, and the average buck age was in Senta 5.7 years in the Novi Becej 6.1 years and 6.9 years in 
Nova Crnja.  
 
Conclusions 
Obtained results show that the hunting of the trophy buck is performed in “the optimal” period of age, 
between 5 and 7 years of age, that the average gross weight of trophy buck ranges in terms of hunting 
ground of Vojvodina between 390 and 450 g, with an average volume of horn from 100 to 150 cm3, 
and the average of the CIC points from 85 to 100.  
 

Keywords: roe deer, real gain, hunting ground, trophy, age 

Introduction 
By the method of total counting at the beginning of April was determined by numerical strength of 
deer, gender, age structure and trophy of males based on the rejection of bast (skin) from antlers. 
Based on the number of seen fawns during the count, committed harvest and recorded losses of fawns 
over the year, a growth of fawns is established for the previous hunting season. Based on an 
established number of fawns and the number of adult (breeding) doe that provided increase, the 
coefficient of growth of fawns was calculated in the past hunting year. Monitoring the size of fawns 
increment from the time of littering (May), until the hunt (October), observing and searching the area 
of doe littering and fawn guiding in the spring was done by gamekeepers. Gamekeepers were recorded 
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does, from May to July, with precise number of fawns and the exact date when they saw them. Any 
loss of doe or fawns that occurred during the summer season, were also recorded by gamekeepers. 
Breeding deer’s is regulated by the annual plan of hunting ground, making the dynamics population 
for does in a specific year. The basis for making management plan for deer is established, by counting 
in April, the numerical strength - spring fund, gender and age structure, and the structure of male 
trophies specifically for hunting which was developed by real growth. For hunting grounds in which 
was made the real growth in addition to the parameters that were obtained in the spring counting, then 
tracking does that led fawns from May to July, there was a clean record of fawns suffered during the 
summer months (heavy rain in May and June when the fawns were small, and the littering, as well as 
by predator attack, in the first place jackals, and foxes). In the hunting season, since 1st of October to 
31th of January for each locality in which we explored we have accurate data about harvested fawns 
(male and female), as well as harvested does. 
Under increment means the number of fawns that every year increasing the numerical strength of does 
in hunting ground. This growth is expressed as a percentage of the number of females over the age of 
two years, participating in breeding, and breeding stock is determined by counting in early spring 
(April), after all the losses that have negatively affected in the studied population. Because of this fact 
is also recommended that counting of does is done in the spring, that is in April, after all the losses, 
because then we will know with what to dispose in the hunting year, starting with the number 
fertilized does, the last year number of male and female fawns that remained after the hunt, to 
determine the age structure of the remaining male species. 
In the fall, after removing the crop, we are able to perform the counting and on the basis of number of, 
we compare the data with the planned increment with which we work the planning documents, and the 
actual growth rates established before the hunting season (1th of October). 
 
Purpose of the research 
The aim of these surveys is to present based on authentic data whether and how much achieved 
increase before the harvest varies according to the plan that was developed by management plan (as 
compared to expected), and the three-year follow-up to determine if there are fluctuations in the real 
increment within population and between the studied about populations. 
Achieved-actual-real growth is very important component of dynamics population, is defined by the 
time of gender maturation of each individual, proportion of females participating in mating and the 
average size of the litter-hatch-offspring. The fertilization rate (number of embryos per leading doe), 
growth (number of fawns soon after littering), losses of fawns in first 5 to 6 months of life and realized 
/ autumn growth before the harvest, are important parameters that must be familiar with management 
of does populations. 
 
The realized growth rate is very important component of population dynamics, and is determined by 
the time of gender maturation of each individual, proportion of females involved in mating and the 
average size of the youngs. The fertilization rate (number of embryos per doe), growth (number of 
fawns soon after littering - the size and number of fawns), losses of fawns in the first 5 to 6 months of 
life and realized / autumn growth before the hunting, are important parameters that must be known and 
respected at management of population. 
Studies in many countries of Europe have confirmed the high level of fertilization at doe, examination 
of embryos (Danilkin, 1996), it was found that in Lithuania only 3.4% of females is not fertilized, in 
Poland 6.5% to 14% of unfertilized females (Danilkin, 1996), in Denmark this percentage ranged from 
0 to 5% of unfertilized females (Strandgaard, 1972), in Romania 14% of unfertilized females 
(Almasan, 1966). About the size of offspring established immediately after the littering of does in 
most cases it is a two fawns, then in smaller percentage one fawn, and rarely three fawns. The 
Romanian study confirmed the relationship, in 78% two fawns, 19,4 % one and in 2,6% three fawns 
(Almasan, 1966). So far included data about reproduction capabilities of does are correct, but the most 
important part of the practice with deer management is the number of fawns in relation to the total 
number of females in the fall (October) before the hunting season, "real growth ". Number of fawns 
per doe in autumn significantly reduced compared to the number of littered fawns (May-June). From 
the literature is known the survival rates of fawns from spring to autumn, and are about: Denmark 78% 
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(Strandgaard, 1972), 68% for England, 53% to Switzerland, in Germany from 57% to 93% for France 
from 38% to 84% (Gaillard et al. 1998). Mortality of does is extremely high during the first springtime 
/ summer period, and can often be up to 50% (Strandgaard 1972). In Germany the first week of life 
lost-suffer 10% of fawns (Stubbe, 1997), while in Poland the total mortality from May to November is 
37.6% (Danilkin, 1996). 
During the research of growth in the Baranja in 1967. and the 1970s. and, (Nikolandić DJ., Degmečić 
D., 2007) the number of fawns per doe before the harvest at all the study sites was significantly higher 
than planned increase rate in April. The authors found that the growth in April, for forest area of 
Baranja (Belišće, Darda and Tikveš) was planned in the amount of 69% of the total number of 
females. This information proved to be significantly lower compared to all three locations. Planned 
(expected) growth ranged from 60% to 120% compared to the realized growth before the hunting. The 
fact that is evident from the results, and confirmed in studies by other authors is that achieved increase 
can vary considerably in the same area from year to year. This fact is confirmed by locations Belišće 
and Tikveš that are in 1967. were significantly lower than the actual growth in the remaining years of 
observation. Both locations were exposed to periodic flooding of the Danube and the Drava river, and 
at both locations were protected and unprotected part of the flood. 
A year earlier in 1966. was recorded a significant and lasting level of Danube and Drava rivers, and 
considering that the does at that time are littering and are extremely attached to their original habitat, a 
lot of does suffered in the flood, and the surviving part of the does could not be physiologically 
prepared for mating that year, because in protected area of habitat from flooding were all kinds of wild 
games in excessive numbers. Therefore, the realized growth in 1967. was significantly lower than 
other years. The area of the location Darda did not show significant fluctuation of real growth, because 
a significant part of forestry is located inside Baranja, where flooding had no effect. 
In Vojvodina, based on four year research and five hunting areas (Ristic, 1999), the growth has varied, 
depending on the hunting reserve and year, from 0.45 to 0.90 fawns per leading doe , or the average 
for the entire period, and for all the district is 0.63. Average growth in the Czech Republic according 
to Nečas (1972) goes from 80% to 120%, while in cruel conditions fawns growth is not more than 
40% -50%. In the researches by Popovic et al. (2007), the real growth varies depending on the year 
and the hunting reserve from 0.65 to 1.1 fawns per doe older than 2 years or more. Average real 
growth for studied period was 0.86 fawns per leading doe. 

 
Material and Methods 

Determination of planned growth of fawns, just before the hunting does and fawns were done during 
the months of September and October. Professional field staff has collected the following information:  

1. The total number of observed does on the hunting grounds the Hunting Association Novi 
Bečej) 

2. Of the total number of seen does, how many were: 
a) without fawns, 
b) with one fawn, 
c) with two fawns, 
d) with three fawns. 

Field hunting staff (gamekeeper and explorer) were at the observation of games or other business in 
hunting area, in the book of observation was immediately recorded each individual of deer, as well as 
a random sample. Additionally entering by memory, was not considered as valid. The collected data 
for 2012th year were analyzed using standard statistical methods, and it was based on calculated 
coefficient of planned growth (real growth). 

 
Results and Discussion 

The durability of hunting management by hunting species is achieved by supporting the optimal 
number, density and natural gender ratio, gender / age structure of the populations studied. 
In order to maintain the durability of doe management, it is necessary in each local population 
continuously monitor and supplement information on the following parameters: 
- population size; 
- population density; 
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- gender ratio; 
- age of the game; 
- fund of gravid females; 
- growth was so low. (growth was so low. provided); 
- achieved percentage of growth (which is done for each year and for each hunting area for the 
correction of harvesting plan ); 
- excrete from the population (harvest and losses). 
 
 

Table 1. The Outline of size of the hunting ground Novi Bečej 
The surface structure Experimental field (ha) 
Total surface 28.233 
Hunting surface 25.210 
Hunting productive area for deer 23.856 
Reservation 7.872 
Land in the public sector 17.554 (62%) 
Land in the private sector 10.679 (38%) 
Non-hunting surface 3.023 
Fields 18.563 
Orchards and Vineyards 442 
Meadows and pastures 4.591 
Waters and ponds 547 
Forests and forest lands 796 
Unproductive land 3.294 
Total: 28.233 

 
Table 1 presents the structure of hunting grounds by users, but it is also given the hunting - productive 
area for all cultivated species in this hunting ground, and even deer. 
 

Table 2. Determining the real growth at does using the method of total counts in the spring 
throughout the experimental area (March-April) 

Year of 
observation 

Deer, 
numerical 
strenght 

Doe, 
numerical 
strenght 

Male fawn, 
numerical 
strenght 

Female 
fawn, 

numerical 
strenght 

Total 
number of 

fawns 

Real 
growth in 

spring 

Gender 
ratio 

1994. 322 595 179 221 400 0,67 1:1,63 
1995. 334 604 211 259 480 0,79 1:1,58 
1996. 364 549 170 255 425 0,77 1:1,51 
1997. 335 530 246 237 483 0,91 1:1,32 
1998. 376 591 215 259 474 0,80 1:1,44 
1994-1998.  2.869   2.262 0,79  
1999. 389 704 241 250 491 0,70 1:1,51 
2000. 457 684 349 273 622 0,91 1:1,19 
2001. 362 668 147 134 281 0,42 1:1,58 
2002. 404 754 315 235 550 0,73 1:‚1,38 
2003. 607 846 266 290 556 0,66 1:1,30 
1999-2003.  3.656   2.500 0,68  
2004. 695 961 327 330 657 0,68 1:1,26 
2005. 800 1.126 398 408 806 0,72 1:1,28 
2006. 729 1.029 414 393 807 0,78 1:1,24 
2007. 692 1.029 387 392 779 0,76 1:1,32 
2008. 701 1.133 350 404 754 0,67 1:1,46 
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2004-2008.  5.278   3.803 0,72  
2009. 798 1.350 470 581 1.051 0,78 1:1,52 
2010. 922 1.500 466 650 1.116 0,74 1:1,55 
2011. 835 1.431 343 484 827 0,58 1:1,63 
2012. 615 1.177 228 262 490 0,42 1:1,71 
2009-2012.  5.458   3.484 0,64 1:1,71 
1994-2012.  17.261   12.049 0,70  
 
For the observed period since 1994. to 2012. year ratio is determined the average coefficient of real growth 
of 0.70 fawns per doe over the age of 2 years, with a maximum which was recorded in 1997. of 0.91 fawns 
per doe and a minimum in year of 2001, and 2012. of only 0.42 fawns per doe. For year 2012. year, which 
will be recorded as one of the driest years in this area with such low increment has been shown to have had a 
big impact on the survival of fawns, but not only climate, also increased number of predators influenced the 
growth was so low.  
As for the gender ratio it was between 1:1,19 - 1:1,71 in the benefit of females, or the whole observed period 
that was 1:1,43, which was satisfying. 
 
Table 3. Calculating the real growth of does after counting (using the method of total counts) in the spring 
on the whole experimental area (March-April) with the addition of harvested does (which are littered) and 
harvested fawns for every huntng season 

Year of 
observation 

Doe, 
numerical 
strenght 

Harvested 
does 

Total 
number of 
does 

Fawns, 
numerical 
strenght 

Harvested 
fawns 

Total 
number 
of fawns 

Calculated 
real growth 

1994. 595 32 627 400 21 421 0,67 
1995. 604 29 633 480 26 506 0,80 
1996. 549 16 565 425 22 447 0,79 
1997. 530 17 547 483 23 506 0,93 
1998. 591 10 601 474 11 485 0,81 
1994-1998.   2.973   2.365 0,80 
1999. 704 34 738 491 34 525 0,71 
2000. 684 11 695 622 14 636 0,92 
2001. 668 14 682 281 42 323 0,47 
2002. 754 22 676 550 28 578 0.86 
2003. 846 75 921 556 28 584 0,63 
1999-2003.   3.712   2.646 0,71 
2004. 961 69 1.030 657 13 670 0,65 
2005. 1.126 72 1.198 806 24 830 0,69 
2006. 1.029 75 1.104 807 49 856 0,78 
2007. 1.029 65 1.094 779 7 786 0,72 
2008. 1.133 68 1.201 754 37 791 0,66 
2004-2008.   5.627   3.933 0,70 
2009. 1.350 108 1.458 1.051 17 1.068 0,73 
2010. 1.500 101 1.601 1.116 6 1.122 0,70 
2011. 1.431 105 1.536 827 4 831 0,54 
2012. 1.177 29 1.206 490 15 505 0,42 
2009-2012.   5.801   3.526 0,61 
1994-2012   18.113   12.470 0,69 

 
If we analyze tab. 3 and calculating the real growth at does after counting (using the method of total counts) 
in the spring on the whole experimental area (March-April) with the addition of hurvested does (which are 
littered) and hurvested fawns for every hunting season for period since 1994. to 2012. year, then can be 
observed a smaller growth of 0.69 fawns per doe older than 2 years. 
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Table 4. Determining the gender ratio by age in experimental plots in Novi Bečej 

Year of 
observation 

Deer, 
numerical 
strenght 

Male fawn, 
numerical 
strenght 

Total 
number of 
males in 
hunting area 

Doe,  
numerical 
strenght 

Female 
fawn, 
numerical 
strenght 

Total number 
of females in 
hunting area  

Gender 
ratio 

1994. 322 179 501 595 221 816 1:1,63 
1995. 334 211 545 604 259 863 1:1,58 
1996. 364 170 534 549 255 804 1:1,51 
1997. 335 246 581 530 237 767 1:1,32 
1998. 376 215 591 591 259 850 1:1,44 
1994-1998.   2.752 2.869  4.100 1:1,49 
1999. 389 241 630 704 250 954 1:1,51 
2000. 457 349 806 684 273 957 1:1,19 
2001. 362 147 509 668 134 802 1:1,58 
2002. 404 315 719 754 235 989 1:‚1,38 
2003. 607 266 873 846 290 1.136 1:1,30 
1999-2003.   3.537 3.656  4.838 1:1,37 
2004. 695 327 1.022 961 330 1.291 1:1,26 
2005. 800 398 1.198 1.126 408 1.534 1:1,28 
2006. 729 414 1.143 1.029 393 1.422 1:1,24 
2007. 692 387 1.079 1.029 392 1.421 1:1,32 
2008. 701 350 1.051 1.133 404 1.537 1:1,46 
 2004-2008.   5.493 5.278  7.205 1:1,31 
2009. 798 470 1.268 1.350 581 1.931 1:1,52 
2010. 922 466 1.388 1.500 650 2.150 1:1,55 
2011. 835 343 1.178 1.431 484 1.915 1:1,63 
2012. 615 228 843 1.177 262 1.439 1:1,71 
2009-2012.   4.677   7.435  
1994 – 2012.   16.459 17.261  23.578 1:1,43 
 

Conclusion 
At the end of this consideration are the presumptions of the actual increase at doe: 
1. Achieved increase, real growth or growth before the hunting must be monitored and determined 
each year in August, in September and early October. 
2. Achieved increase of the local doe population can vary considerably from year to year, so we've 
established for hunting ground Novi Becej that moved in the range of 0.42 to 0.91, with the average 
for such a long period of 0.70 fawns per doe older than 2 years, and this ratio is proposed in the 
development of planning documents for hunting grounds of Vojvodina.  
3. Given that does are species with territorial behavior with small areal of activities, for males it is 
about 50 ha, and for females approximately 35 hectares (Nikolandić, 2007), the ecological 
characteristics of each biotope have a large effect on the rate of growth of local population. In the 
particular case this hunting ground is in some way representative of the majority of hunting grounds in 
Vojvodina and the proposed coefficient of real growth can be used in planning for all other hunting 
grounds in Vojvodina. 
4. The number and gender ratio of fawns during May and June can be a overall information about 
increment, but not a data to determine the rate achieved increasement, because the springtime / 
summer mortality of fawns can be up to 50%, same way he is also not constant, because it varies from 
year to year. 
5. If, during the five or more years are repeated large differences in the amount of planned and 
achieved growth, should during the revision of making the management plan change the coefficient of 
planned growth.  
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The average largest volume was in the 2013: Nova Crnja with 151 cm3, Senta with 150 cm3, Novi 
Becej with 112 cm3 and Novo Milosevo with 105 cm3. Average in CIC points of the hunted bucks in 
the hunting tourism for 2013. per hunting grounds was: Senta with 98.9 CIC points, Nova Crnja with 
91.54 CIC points, Novi Becej with 85.29 CIC points and Novo Milosevo with CIC points, and the 
average buck age was in Senta 5.7 years in the Novi Becej 6.1 years and 6.9 years in Nova Crnja.  
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THE IMPORTANCE OF LONG-TERM AND LARGE-SCALE DATA SETS IN THE 

EVALUATION OF RED DEER MANAGEMENT 
 

Csányi,  S.1 
 

Summary: Wildlife management should be based on data and management decisions which require 
adequate information. In case of red deer population sizes, the level of hunting pressure, and the 
effects of harvesting on the male population are debated in many form. Several relationships and 
effects of management and hunting cannot be well understood without the collection and use of long-
term data. Since 1970 it is compulsory in Hungary to present antlers of harvested red deer for a 
trophy evaluation (scoring) by Trophy Scoring Committees authorized by the state authorities. This 
paper presents some of the uses of trophy scoring data on the basis of Somogy county. Population 
reconstruction, comparison of mortality patterns of different cohorts, and spatio-temporal differences 
in age composition of shot males are discussed. 
 Key words: red deer, trophy hunting, survival curve, population reconstruction, Hungary 
 

 
Introduction 

 
Harvesting of big game populations can impose strong pressures on natural populations, and may cause 
undesirable life history changes over shorter periods of time than expected from natural selection 
(Coltman et al. 2003; Garel et al. 2007). The impacts of trophy hunting remains uncertain, as the current 
studies mostly provide data over fairly short time spans, have low sample sizes and are not replicated time 
series (Rivrud et al., 2013). As data from long-term monitoring are rare and hard to obtain in harvested 
populations, patterns of harvesting selection in ungulates have been studied by comparing hunting 
methods (Martinez et al. 2005; Torres-Porras et al. 2009) or categories of hunters by comparing local 
hunters vs. foreign trophy hunters (Mysterud et al. 2006). 
To investigate the effect of age-specific hunting mortality long-term and standardized systems of data 
collection are needed. These data are essential to understand the effects of changing hunting pressures as 
well as to relate their effects to human harvesting. In Hungary, since 1970 it is compulsory to present 
antlers of harvested cervids and horns of mouflon rams for a trophy evaluation (Csányi and Lehoczki 
2010). These data of trophy scoring are collected in a digital database since 1990. For red deer a 23 years 
long data set of individually (at least partially) scored antlers are available for different investigations, e.g. 
comparison of spatial differences and patterns, time series analyses of antler changes, population 
reconstruction, study of hunting mortality patterns. 
This paper  presents some of the uses of the red deer trophy scoring data set, namely population 
reconstruction, comparison of mortality patterns of different cohorts, spatio-temporal differences in age 
composition of shot males. 
 
Materials and Methods 
Since 1970 it is compulsory in Hungary to present antlers of harvested red deer for a trophy evaluation 
(scoring) by Trophy Scoring Committees authorized by the state authorities (Csányi and Lehoczki 
2010).The trophy evaluation is done according to the International Council for Game and Wildlife 
Conservations (CIC) rules of trophy measurements (CIC 2010). Antler data from >200 thousand 
individuals are available for 23 unique years (1990-2012) and from all 19 counties in Hungary. The 
county, date of kill and information on whether the hunter was local or a foreign trophy stalker are also 
available for all individuals (Csányi et al., 2010). Age is estimated by tooth wear (Szidnai 1978), a 
method known to show some variation for older individuals (Mysterud and Østbye 2006) but also 
variation between (Veiberg et al. 2007) and within populations (Nussey et al. 2007). However, since the 
same method is utilized over the full data set, it is unlikely that over- or underestimation of age play a role 
for the observed patterns, 
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 but we are aware that the ageing method probably adds some  confusion to the data, particularly 
for older individuals (Rivrud et al., 2013). 
 from these data, age distribution of harvested stags, weight distribution of antlers and the average 
antler weights of each age class can be calculated. These data  are published annually but for the 
period of 1970-1989 only the age distribution and the weight distribution of trophies presented 
for scoring are available from the annual game management statistics. 

When a trophy is scored, the age of the animal holding the trophy (antlers) is estimated and these age data 
are representing the 'age at death' information of each male. On the basis of these age data 1) a population 
reconstruction can be done (Csányi, 2002; Csányi and Tóth, 2000) and 2) cohort life tables can be 
constructed (Caughley, 1977). 
In Table 1 the data for Somogy county  are given for the years between 1984-2012 (an additional 4 years 
is added to the table for the purpose of an extended calculation; for  the data of the last age groups of 
2012 are used). In the table the values of the cohort born in 1991 are shaded with yellow and the stags 
older than calves are shaded with light brown. In the diagonals above the yellow one each diagonal 
represent one age classes (e.g. 2, 3, 4 … 14 years, 'adults'). 
On the basis of these data it is possible to calculate the number of calves born between 1983-2001, as well 
as the number and age distribution of the males living in the same years can be calculated. In  the 
following step, the mortality data can be used to construct the survival programs of each male cohorts 
born between 1983-2001 (Table 2). 
There are some important restrictions when we use these data: 

 The data represent only the males 1 year old or more  since there are no information about the 
annual number of male calves shot. Consequently, only a partial survival program of the males 
>= 1 year can be calculated. 

 As only the numbers of males shot are known, the survival program reflects only the effects of 
hunting-mortality. All life table parameters (survival program, mortality program or age-specific 
expected life time) can only be analysed in this context. 

 The analysis is retrospective and depending on the life-span the results show a delayed 
information and it should be carefully used for actual management decisions. 

  
Results and Discussion 

 
Population reconstruction on the basis of trophy scoring data: In accordance with the above methods 
the male population size for 1984-2001 was calculated for Somogy county (Figure 1). Initially, the male 
population size was stable around 7000 between 1984-1988. Later it declined to 5500 and then rebounded 
to 7000 after 1999.  
This pattern is similar to that of the reported male population (Table 3) but the calculated values of the 
yearly male populations are >2 times larger than the reported male population size. In spite of  the  
decline of the differences, the values range between 1.5 and 1.8 for the second half of the period 
investigated. These differences are important as they explain why the male population could increase in 
spite of the harvest rates often being >30% (Harvest rate (1) column in Table 3). When the same harvests 
are compared to the calculated male numbers, the harvest rates drop into the range of 13-22% (Harvest 
rate (2)). In conclusion, these data clearly show that the male population was generally under harvested 
and that after 1994 it could rapidly increase as a consequence of this under harvest (Table 3.) 
These findings are in accordance with previous studies concluding that the red deer population in 
Hungary was consequently under reported and at the same time under harvested (Csányi, 1991). The 
hidden surplus allowed a 2-5% net annual increase of the population resulting in the virtual paradox 'the 
more are shot, the more are produced' (Csányi and Tóth, 2000). With the use of the trophy scoring data 
base a more robust numerical approach can be applied as it is not so dependent of assumptions of vital 
rates as another are models  (Csányi, 1991). 
 
Survival patterns of red deer males under varying shooting pressure 
As it was already shown, these data of trophy scoring allows to construct cohort life tables on the basis of 
the numbers of animals shot in age classes each year (Table 2.). One of the possibilities is to construct the 
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hunting survival curves of each cohorts (Figure 2.) In order to compare the effects of shooting on 
different cohorts specific ages or intervals can be selected. 
Table 1. The basic data set for age distribution of stags shot in Somogy county (cells shaded light blue: 
values assumed on the basis of 2012; cells shaded yellow: the cohort born in 1991; cells shaded light 
brown: the adults living in 1991; Sum d(i,j) = cohort size based on shot males) 
 

In Hungary, red deer males are considered 'young' between 1 and 5 years, 'medium age' between 6 and 9 
years, and 'old' above 10 years. As a consequence of the increasing harvest rates the probability to survive 
until 10 years decline from 25% to around 5%, to survive until 13 years declined from 4% to <0.5%. The 
probability of survival until the medium age of stags also showed a decline from 60% to 30-40% (Figure 
3).The changing hunting pressure increased the mortality faced by different age classes. Compared to the 
initial cohorts in the young age group the hunting mortality increased from 40% to near 70%. A pattern of 
mortality during the medium age class mirrors (up and down in the opposite direction) the changes of the 
young age class. As a consequence that the overall mortality increased during the first 9 years of life, the 
proportion of mortality during the old age declined from 20% to 5% (Figure 4). 
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Table 2. Number of males dying according to age in cohorts born between 1983 and 2001, Somogy 
county (cells yellow shaded same as in Table 1) 

 
Table 3. Comparison of reported and calculated population size and the harvest rates of red deer males in 
Somogy county (Havest rate (1) = male harvest / reported male numbers; Harvest rate (2) = male harvest / 
calculated male numbers) 
 

 
These kinds of changes cannot be analysed without a database like ours. It allows to study details that are 
not available at a given point of time and that can only be accumulated on several decades time scales 
(Rivrud et al., 2013). 
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Figure 1. The reconstructed stag population of red deer and its age composition, Somogy county

 

 

Figure 2. The standardized survival program of the 1991 cohort of red deer stags, Somogy county
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Figure 3. Changes in the survival probabilities until various ages in male red deer, Somogy county 

 

 

Figure 4. Changes in the mortality of age groups of male red deer, Somogy county  
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Figure 5. Age distribution of harvested red deer stags in Nógrád county 
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Figure 6. Age distribution of harvested red deer stags in Somogy county 
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Age distribution and comparison of age groups in different counties 
On the basis of the trophy scoring data it is possible to compare the contribution of different age groups to 
the harvests. The proportions of young stags among evaluated trophies are considerably larger in the 
'poor' habitats (counties) than in the area of 'good' habitats (Kolejanisz et al., 2012). We found that the 
greatest proportions (50-80%) of young stags were shot in the counties characterized with smaller antler 
sizes and less medal stags (Figure 5). In counties with the best red deer populations the proportion of 
stags belonging to the young age group is smaller (35-60%; Figure 6). In  better areas the medium age 
group represents a higher proportion (30-50%) while in the poorer areas it is rather low (<25%). 
These two counties presented here clearly differ in the quality of red deer populations. The statistical 
analyses showed marked differences between the counties belonging to the poor habitats (counties) and 
excellent habitats (counties). The most surprising finding was the strong difference of the age distribution 
of stags shot in the 'poor' and the 'excellent' areas. In the 'poor habitats' the proportion of young stags shot 
was much more compared to the 'excellent habitats' in the past decades. Proportionally fewer young stags 
were shot in the excellent habitats (counties) and more in the poor habitats (counties). As far as it can be 
seen , these results derive from the selective shooting of young males. In all counties young stags under a 
minimum (and not defined) antler weight were removed by hunters. In the excellent areas most young 
stags 'escape' early shooting since they have 'promising' antlers. As a result, in poor habitats (counties) the 
proportion of young stags shot is larger than in the better habitats (counties). At the same time this is an 
answer why more middle-aged stags were shot in the better quality areas  (Kolejanisz et al., 2012). 
 

Conclusion 
 

In this presentation some of the potential uses of trophy scoring data for the analyses of population 
dynamics  were presented. The long-term data sets collected and stored digitally allow us to analyse 
relationships and to calculate vital parameters otherwise not available. The detailed and unique trophy 
scoring database allowed: 

 To understand the effects of variable hunting pressure on the size and composition of the red deer 
populations. Reported and reconstructed population sizes can be compared and the level of 
hunting pressure can be re-evaluated. 

 To construct cohort life tables and to relate the age-dependent survival changes to variable 
hunting pressures. Although, it is not presented here, it is also possible to analyse the age-specific 
changes of antler parameters in different cohorts and the relate these to variable hunting pressure. 

 On the basis of the trophy data sets different regions/counties can be compared. These allow the 
evaluation of  relationships between the red deer population quality and the hunting efforts. 
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WINTER MORTALITY IN THE POPULATION OF GREY PARTRIDGES (Perdix perdix L.) 

 
Maletić, V.1 Stojčevski, D.2 Lavadinović V.,3 

 
 

Summary: One of the main characteristics of each population is its variability in the function of 
time and space. In fact, changes occur constantly within each population’s size and internal 
composition, i.e. structure. In order to determine the level of utilization, i.e. the rational 
management of the game, it is essential to determine the sub-mortalities during the annual life cycle 
of each species. 
For these reasons, the main objective of this work was aimed at determining the winter losses of the 
populations of grey partridge (Perdix perdix L.), as one of the basic elements of population 
dynamics, based on the defined densities in the two, for the determination of this element, most 
important periods, i.e. the basic fund at the end of the hunting season and the breeding stock 
immediately prior to next year’s start of reproduction. 
Studies were carried out in the period 2007 - 2013 at an area of 450 ha, that is, in the part of the 
hunting ground for small game "Trubarevo", managed by the Forestry Faculty in Skopje, located in 
the south-eastern suburb of the city and lined by suburban settlement and the most densely 
populated municipality of the city. Data collection was performed using the method of 
comprehensive counting, that is, monitoring the populations’ numbers in the two periods: 15.12. - 
31.12. each year and 01.03. - 15.03. the following spring. The winter sub-mortality in the most 
critical stage of the grey partridges’ life cycle was calculated as the difference between the autumn 
environmental density at the end of the hunting season and the spring environmental density, that is, 
the population’s breeding stock at the beginning of reproduction next year. 
The results of the study parameters (48-189 individuals in absolute amounts, that is, 10.67 - 42.00 
at an area of 100 ha), indicate a high variability of winter mortality, despite the favorable surface 
structure. The high correlation coefficient between the fund at the end of the hunting season and the 
winter losses indicates a high  correlatin between these two elements, which provides the basis for 
determining the rational culling quotas based on the numerical strength of the population before the 
start of the hunting season. 

 
Key words: grey partrige, density, basic fund, breeding stock, winter losses   

 
Introduction 

 
 Mortality, as a phenomenon opposite to natality, is the negative growth factor of each population 
and it is expressed as the number of dead individuals in the function of time (Stankovic, 1962). 

Reducing the number of game by culling is called utilization (exploitation) of the population, 
while for the mortality caused by other factors, in hunting, the term “losses” is used. In game populations 
with high fertility rates, the grey partridge is the one with the highest fertility of all bird species (Potts, 
1986), losses are the most important element in the regulation of the number (Gossow, 1976). 
 In birds that satisfy all their vital needs (reproduction, nutrition and shelter) on the ground, the 
winter period is one of the most critical periods of the life cycle, when losses inside the populations have 
the highest effect on the population dynamics in the function of time and space. The primary cause of 
mortality of the grey partridge in that period is starvation (Trpkov, 1985). This species is well-adapted to 
withstand extremely low temperatures, and even snow, unless it is the cause of the "entrapment" of its 
potential food (Green and Hendrickson, 1938; Hammond, 1941; Siivonen, 1956; Pulliainen, 1965; 
Westesrskov, 1966; Weiss, 1971; Gates, 1973).  Given the fact that the reproductive potential of the grey 
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partridges is known, i.e. it is determined by the species’ genotype, it is the height of the factual mortality 
that determines whether the population is numerically rising or decreasing from generation to generation. 
 For these reasons, the main emphasis in this paper is on the calculation of winter losses as one of 
the basic elements of population dynamics based on the established population density of grey partridges 
in the two periods important for the game management, that is, the population size at the end of the 
hunting season and the breeding stock the next spring, i.e. its abundance just before the reproduction. 
Namely, density, as well as the factors that condition it, is the most important attribute of each species’ 
population, particularly of those inhabiting biotopes heavily influenced by anthropogenic factors, and 
where, during a single reproductive season, drastic changes of environmental conditions occur that 
influence their survival. 
 

Materials and Methods 
  
 Studies were carried out in the period 2007 - 2013 at an area of 450 ha, in the part of the hunting 
ground for small game "Trubarevo", managed by the Forestry Faculty for over 60 years. The territory 
belongs to the city of Skopje; it is located southeast of the city's most densely populated municipality and 
is surrounded by suburbs and villages connected with the city. This is a typical lowland hunting ground 
with an altitude of 235.0 to 239.6 m, situated at the bottom of the formerly expanded bed of the Vardar  
River, now covered with young alluvial deposits. Natural conditions of the habitat and the mosaic 
presence of planted crops are optimal for the survival of partridges. The territory is made of small 
individual land parcels bordered by hedgerows, for the most part (80%) with an area of 0.1 to 0.3 ha, 
while only 10% are larger than 1 ha.  

Data collection was performed using the method of comprehensive counting, more precisely, by 
monitoring the populations’ numbers at the entire testing area at least three times a week. The size of the 
population after the end of the hunting season was determined in the periods 15.12. - 31.12., while the 
spring abundance, i.e. the number of selected couples, was determined in the period 01.03. - 15.03. each 
year. Counting was performed with 3 - 4 participants and 2 hunting dogs - pointers of excellent quality. 
Throughout the period of investigation no reduction of the grey partridge natural predators was  observed. 

Winter losses are calculated as the difference between the winter and the spring numerical 
strength in the first following year, or per formula:  
 

Zg = Zeg (n)  –  Peg (n+1) 
where: 
 
Zg – winter losses; 
Zeg (n) – population number at the end of the hunting season 
Peg (n+1)  – numbers in spring the first following year 
 

For statistical analysis we used the SPSS version 17.0. The correlation between certain 
parameters was determined by Pearson's correlation coefficient, that is, by linear regression. 

 
 

Results and Discussion 
 

          Table 1. Value of the studied parameters in absolute amounts 
Year (n/n+1) Zeg(n) Peg (n+1) Zg(n/n+1) Zg(n/n+1)  %  of  Zeg(n) 

2007/08 186 106   80 43.01 
2008/09 173 102   71 41.04 
2009/10 178   68 110 61.80 
2010/11 119   80   39 32.77 
2011/12 151   60   91 60.26 
2012/13   75   44   31 41.33 
Average 147.00 76.67 70.33 46.70 
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Zeg – Population number at the end of the hunting season   
Peg (n+1) – numbers in spring the first following year  
Zg – winter losses 
Zg % – winter losses as a percentage in relation to Zeg 
 
Table 2. Minimum, maximum and average values of the studied parameters on 100 ha 
Parametar min max  SD  SD % 

Zeg(n)
 16.67 41.33 32.67   9.50 29.08 

Peg (n+1) 9.78 23.56 17.04   5.38 31.57 
Zg(n/n+1)   6.89 24.44 15.63   6.76 43.25 
Zg(n/n+1) % 32.77 61.80 46.70 11.65 24.95 
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 Chart 1. The value of the studied parameters in             Chart 2. The value of the studied parameters  
   absolute amounts     on 100 ha 
      
 

The mean value of the winter losses of the studied micro-population of partridges for the period 
2007 - 2013 amounted to 70.33 individuals. The maximum value of 110 individuals in absolute terms, i.e. 
24.44 individuals per 100 ha, was recorded in 2009/10, and the minimum of 31 or 6.89/100 ha was 
recorded in 2012/13, which indicates the high variability of the mortality of grey partridges in winter, as 
evidenced by the high value of the coefficient of variation SD% = 43.25. (Tables 1 and 2, Chart 1 and 2). 
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Chart 3.  Population number and the amount of   Chart 4.  Percentage amount of winter losses  
   winter losses per years                  in relation to Zeg 
   
 
 However, the analysis of the percentage of mortality in relation to population density at the 
beginning of winter, i.e. after the end of the hunting season, showed far less variability of this parameter 
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(32.77% - 61.70%, SD % = 24.95, Table 1 and 2, Chart 4). The average value of this parameter was 
46.70% in relation to the population size after the end of the hunting season (Table 1 and 2, Chart 4). The 
maximum value of winter losses both in absolute terms and as a percentage in relation to the density at 
the end of the hunting season was registered in 2009/10, that is, in the year with a relatively high 
abundance of 178 individuals in the same period (Table 1, Chart 3). 

 
Throughout the entire study period, the winter losses have followed the trend of the change of the 

winter environmental density (Chart 3), as evidenced by the high coefficient of linear correlation between 
these two parameters (r = 0.8330679, p <0.05, y = 0.5924 x - 16.754, Chart 5). Characteristically, the rate 
of loss was almost equal (43.01% i.e. 41.33%) in the years of maximum and minimum value of the 
number (186, i.e. 75 individuals), and at the same time, very similar to the average amount (Chart 6). 
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Chart 5. Impact of population abundance at the end of the hunting season on the size  
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       Chart 6. Percentage amount of the winter losses and the average value per year  
       compared to the size of the population at the end of the hunting season 

 
 

In the studies of the three micropopulations of grey partridges in Macedonia (Kumanovsko Pole, 
Ovche Pole and Pelagonija) during 1987-1990 (Малетиќ, 1995) the recorded winter losses were within 
the range of 37.41% to 82.15%, with an average of 60.15% ± 4.60% of the autumn numerical strength, 
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noting that winter mortality is calculated in relation to the population numbers prior to the hunt, i.e. 
without isolating the losses in the period from 11.X to 15.XII. If we applied the same methodology, that 
is, if we calculated the total losses in relation to the determined autumn environmental density before the 
start of the hunting season (data not used in this paper), we would get an almost identical value of 
59.14%. Doing so, it must be emphasized that regular hunting in both cases was not performed, and the 
individual specimens that had been shot were taken into account in the calculations. 
 Similar results were obtained in the U.S. (Porter, 1955) in the Rocky Mountains area, where the 
recorded losses amounted to 85%, as well as in the Northern Plains (Hawkins, 1937 Yocum, 1943) where 
the high mortality was attributed to prolonged frozen snow cover. 
 In Poland, the most dramatic decline in the numbers of grey partridges in the past century 
occurred after the severe and long winters in 1962/61, 1969/70 and 1978/79 (Pielowski & Pinkowski, 
1985). 
 The great variability of the winter losses in this species is attested also by the studies in the area 
of Czempin in Poland in the period 1965 - 1978 (Chlewski & Panek, 1985). The determined mortality 
during winter was within a very wide range from 17% to 83% in relation to the numerical strength in 
autumn, with an average of 49%. During the winters without snow or with low snow cover, losses ranged 
between 33% and 66%. The highest value of 83% was recorded in the year with a high snow cover, while 
the minimum of 17% to 25% was recorded during the winters with a medium deep snow of a few 
centimeters. Based on these data, the authors conclude that there is no simple correlation between the 
height of the snow cover and the winter losses. 
 

Conclusion 
 
 The problem of rational use of the game through setting rational annual culling quota, i.e. the 
level of exploitation of game populations, is of principal importance for the hunting management, both 
from ecological and economical aspects. As the natality is known in advance and determined by the 
species’ genotype, it remains to us, with a precise registration of mortality in some (most important) 
phases of each species’ life cycle, to determine the optimal size of populations that would fully 
correspond to the specific habitat conditions in each hunting ground, and particularly to the structure of 
surfaces, as the most important element for the survival of partridges in the winter. 
 Though it is almost impossible to predict the natural environmental factors with the greatest 
impact on the numbers of gray partridge populations, especially the climate, the high correlation 
coefficient between winter losses and population density at the beginning of the winter season, allows  us, 
by a "correction" of the planned culling during the hunting season, in some way to "regulate" the size of 
the basic fund, i.e. its number at the end of the hunting season, which would give the guarantee for a long-
term sustainable use. For this kind of management, it is necessary to possess the knowledge of the basic 
environmental conditions in biotopes inhabited by the partridge and to perform continuous monitoring of 
its populations in any particular hunting ground. 
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EURASIAN LYNX IN THE CENTER OF EUROPEAN RUSSIA IN THE BEGINNING OF THIS 

CENTURY: DISTRIBUTION, NUMBER AND HARVEST 
 

Vaisfeld, M.1, Pushkaryov, S.1, Gubar, Yu.2 
 
Summary. In the region, as well as in most of its range, the eurasion lynx (Lynx lynx) prefers diverse 
forest ecosystems, including clearcuts being overgrown. The predator avoids open space. The number of 
species in Russia as a whole increased till 1993 (35,000 ind.), after then, it began to fall. In the region, it 
dropped till 1999, rose till 2003, then began to decrease. In 2000 in the region, 8840 lynxes were counted, 
in 2003 - 10,580 in 2007 - 8240 and 2010 - 7260 (in Russia as a whole - 20260). In the region in 2010, the 
main resources of the species are concentrated in the North-West (3140) and Volga (2970 ind.) regions. 
In 2000, the region legally produced as bag 123, in 2003 - 143, in 2007 - 21 and 2010 - 109 lynx. Illegal 
withdrawal is likely several times more. Drop in the number of lynx population is due to prolonged 
depression hare, human activities and hunting, especially illegal. 
 
Key words: Eurasian lynx, Lynx lynx, range, distribution, population dynamics, hunting,Rusia . 
 

Introduction 
 
The number of Eurasion lynx (Lynx lynx), as well as its distribution changed in the region. Over the years, 
the well-being of lynx was provided with the presence, composition, as well as the status and degree of 
anthropogenic transformation of the forest. The hunt in all its forms had and continues to have huge 
impact on the number of species. The study of these questions is crucial to assess the state of the species, 
reproduction and sustainable  use of its resources in the foreseeable future. 
 

Material and Methods 
 
The authors  studied lynx in the region for 18 years. We investigated the distribution of the species, the 
dynamics of the border  of the area and its inner filling, ecology, population dynamics and its 
determinants, the use, reproduction and protection of resources. Literature and departmental sources and 
counts’ data were overview  and analyzed, as well as the results of years of original field research of the 
first author in the various regions of European Russia. 
 

Results and Discussion 
 

Throughout the species range in the Russia, lynx is a representative and functional component of forest 
ecosystems. The species also readily colonizes the outskirts of clearcuts, alternating sections of undercuts 
and ridges between the forest plots. In the open treeless landscapes, the lynx is rare. In the northern parts 
of the range of taiga of European Russia, the predator prefers coniferous forests (Matyushkin et al, 2003), 
while in the north-west (Danilov et al, 2003), it is more common in deciduous and mixed forests (22.8% 
and 17.3% of meetings) than spruce (11.4%) and pine (2.8%). The ongoing logging in the region, the 
continuous successions in clearcuts and sites of fire, as well as overgrowth of decommissioned and the 
surrounding arable land abandoned villages deciduous saplings make lynx plots in the region variegated 
and dynamic. 
 
The number of lynx in Russia over the past 20 years decreases (Fig. 1). 

                                                 
1 Institute of Geography RAS. Moscow. Russia 
2 FGBU Сentrohotkontrol, Moscow, Russia 
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Fig. 1. Lynx population and harvest dynamics in Russia (Mosheva, Gubar, 2011). 
 
Since the beginning of this century, it is observed in all federal districts of the Russian Federation, with 
the exception of the Far East (Fig. 2). In the European part of the country in particular was strongly 
reduced the number of the predator in the North-West Federal District from 2003 to 2010., -- by almost 
40%! The considered region includes two federal districts: Central and Volga. The total number of lynx in 
2010, according to the counts, was around 7260 heads (Mosheva, Gubar, 2011). 
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Fig. 2. Population dynamics of lynx in the Federal Districts of Russia (Mosheva, Gubar, 2011) 
 
In 2010. greatest resources lynx in the country were concentrated in Siberia (6920), Far East (4770), 
North West (3140) and Volga (2970 individuals) Federal Districts (Fig. 3). 
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Figure 3. The estimation of lynx numbers  (individuals) in 2010 in Federal Districts of Russia (Mosheva, 
Gubar, 2011).  
 
In the fauna of carnivores European Russia, lynx has always been a common species. It’s well-being is 
related to the character and condition of forest ecosystems. The region is currently characterized not only 
by the abundance of forest, including mature and over-mature, but also a high diversity of landscapes 
transformed by logging. The relationship between the absolute number of lynx and size of forest plots has 
been expressed clearly. The number of species is higher in those regions where there are many forests 
(Vologda, Tver and Novgorod , see Fig. 4). The Moscow region is exception. There, the species is located 
in the southern part of its range in Europe and Russia and has low number. Given the extremely high 
human population of the metropolitan area, to explain this phenomenon is not necessary. 
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Fig. 4. Forest area in 2010 (1000 ha) (a) and the number of lynx (ind.) (b) in the regions («oblast’») of the 
territory in 2011 (On unpublished data of Gubar, 2012; Mosheva, Gubar, 2011). 
 
More objective and correct picture of the distribution of lynx resources in regions of the territory gives a 
comparison of the density (not the number per se) of its population with a forest cover age (in this case - 
the proportion of forest area, referred only to the area of hunting grounds). On this parameter, the 
difference of the regions is not so evident than for the forest area. Indicators of forest coverage in three 
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regions of the territory (Pskov, Smolensk and Moscow) are close enough. The highest percentage of 
forest is in Vologda, Novgorod and Tver regions (Fig. 5). 
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Fig. 5. Forest coverage of the considered regions in 2010 (%%). (On unpublished data of Gubar, 2012; Mosheva, Gubar, 2011). 
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Fig. 6. The density of the lynx population in the regions in 2011: individuals per 100 sq. km. of all 
hunting grounds. (On unpublished data of Gubar, 2012; Mosheva, Gubar, 2011). 
 
However, the correlation between forest coverage and density of the population of lynx (Fig. 5 and 6) is 
not as clear as one between its number and the absolute area of forest in the regions. This may be due not 
only to the forest coverage per se, but also because of number of other factors: the ecological capacity of 
specific lands, habitat preferences of the predator, density of rural human population, the level of hunting 
pressure, and many others. 
 
Each of the regions has its own specificity of distribution of lynx. This is further discussed in the example 
of the central region of the territory -- the Tver region. Its forest coverage now stands at 55.3%, and in 
some areas -- 30.3 - 81.3% (Fig. 7). 
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Fig. 7. Forest coverage for the districts of the Tver region («Tverskaya oblast'»). in 2010, %%. (On 
unpublished data of Gubar, 2012; Mosheva, Gubar, 2011). 
 
The main resources of the predator and is now concentrated primarily in districts with higher percentage 
of forest land, while in the east and south-east of the region, -- in areas with the lowest areas of the forest 
and low forest coverage, -- the lynx is significantly less abundant. In some districts under Winter Itinerary 
Counts-2011, lynx has not been marked at all (Fig. 8). 
 

35
9 17

28
13 14

10

22
24

16
55
0

9

12 21
4

15

0

14 8 0

8

0
8

11 19 5

10
1
5

10

0
9

15
7

5

35
9 17

28
13 14

10
22

24

16 55
0

9

12 21
4

15

0

14 8
0

8

0
8

11 19 5

10
1
5

10

0
9

15
7

5

35
9 17

28
13 14

10
22

24

16 55
0

9

12 21
4

15

0

14 8
0

8

0
8

11 19 5

10
1
5

10

0
9

15
7

5

35
9 17

28
13 14

10

22
24

16
55
0

9

12 21
4

15

0

14 8 0

8

0
8

11 19 5

10
1
5

10

0
9

15
7

5

35
9 17

28
13 14

10
22

24

16
55
0

9

12 21
4

15

0

14 8
0

8

0
8

11 19 5

10
1
5

10

0
9

15
7

5

Moskovskaya obl. 

Smolenskaya obl.

Novgorodskaya obl. Yarosl.
obl.

Pskov.
obl.

Vologodskaya obl. 

 
 
Fig. 8. The number of lynx (individuals) in the districts of Tver region in 2011 (On unpublished data of 
Gubar, 2012). 
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Fig. 9. Lynx population density (individuals / 100 sq. km of hunting grounds) in the districts of the Tver 
region in 2011 (On unpublished data of Gubar, 2012) 
 
The relationship between the predator’s population density and forest coverage is not always expressed 
quite clearly (Fig. 7.9). Low population density lynx in some parts of the region is due to their less forest 
coverage and the predominance of open, especially field land. Also – due to the presence of major 
transport nodes, dense network of highways, as well as a developed industry, the presence of cities 
(including large ones, -- for example, Tver), high abundance and density of human population, and as a 
consequence - increased hunting pressure. 
 
The number of lynx in the Tver region. ranged since 80th years of the last century from 379 (in 1983) to 
700 (1989), birds (Fig. 10). Since the early 90's, she began to fall, dropping to the minimum in 2000 (320 
ind.), and then began to grow, reaching a maximum of 480 individuals in 2006 and began to decline. In 
2010, there were 350 individuals, and in 2011, the 452 ones were counted. Interestingly, in the Tver 
region lynx population has always been lower than  a bear. For example, in 1990 2000 bears and 548 
lynxes were counted, respectively, in 2000 - 1500 and 320, and in 2010 - 2400 and 350. 
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Fig. 10. Population dynamics of lynx in the Tver region. (On "The Fund of hunting grounds ..». 1992; 
Mosheva, Gubar, 2011, On unpublished data of Gubar, 2012). 
 
Drop in the number of lynx (as well as in one of some other species: bear, wild boar, moose) in all areas 
of the region in the mid-90's, is mainly a by-product of "market" reforms of those years, including the 
unprecedented growth in poaching, as it was said in details earlier (Vaisfeld, Pushkaryov, 2011). But, 
most of all, that was not the only reason. 
 
The reduction of lynx in the current century is associated with long-term depression of the number of hare 
(Mosheva, Gubar, 2011). In the North-west, North-east and center of European Russia, it is the main 
component of lynx diet, and therefore, according to experts, the dynamics of the predator population 
depends on that of the hare (Matyushkin Vaisfeld, Neyfeld, 2003; Danilov, Rusakov, Tumanov, etc. 
2003; Zheltukhin, 2003). Indeed, the number of hares in the year 2010 decreased to 35.8 thousand 
individuals against 88 thousand in 2003 and 51 thousand in 2009. However, the joint analysis of the 
nature of the dynamics of the hare and lynx, although it shows some correlation between them, does not 
reveal a clear causal connection. It is not detected, and the dynamics between the number of lynx and roe 
deer, the number of which has increased in the last decade in the field, is very important, especially in the 
south-western part (Fig. 11). Also, there is no reason to consider antagonism and competition for food 
with the wolf as one of the factors that promote reducing the number of lynx in the region (as far as in the 
considered territory as a whole). The number of wolf in the Tver region is lower than one of the lynx. In 
recent years, it has rarely exceeded 250 individuals (Winter Itinerary Counts’2010). 
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Fig. 11. Population dynamics of lynx, hare and roe deer in the Tver region. (On unpublished data of 
Gubar, 2012). 
 
It is worth mentioning that the lynx’s diet in some parts of its distribution also includes the red fox 
(Matveev, Matveeva, 2007) and most probably the raccoon dog. A decline in lynx numbers is promoted 
by another interesting process at the physiological level. A downturn in predator numbers itself 
contributes to its further development. According to Erofeeva and Naidenko (2004), under these 
circumstances, the probability of insemination of one female by two male lynx is reduced. How-ever, the 
mating of a female cat with two males increases the size of the brood due to an increase in the number of 
impregnated ovicells and their better development during the embryonic period. 
In the Tver region, as well as in the whole territory, the lynx has been and remains a desirable object of 
the hunt. Luxurious skin of this beautiful cat - especially enviable trophy today, and now with the collapse 
of hunting and the absence of a state monopoly on harvesting wild fur, at the "black" market, it is highly 
valued. The current availability of equipment, – not only weapons but, first of all, means of transport with 
high off-road ability, especially powerful snowmobiles, – makes the lynx extremely vulnerable. In open 
landscapes, it is defenseless against hunters. In the season of 2009/2010, the number was 350 individuals, 
quota – 40, legal harvest -- 13 (Fig. 12). Throughout the region in 2010, 109 lynxes have been legally 
harvested. It can be assumed that illegal lynx hunting exceeds the legal one several times. And in our 
opinion, most likely, that is -- together with the depression in number of hare – the main cause of decline 
of the lynx in recent years. 
It is possible that due to the rarity of the beast, not every hunter, who bought the license, can harvest it. 
But it is often harvested by chance, at every opportunity (for example, on collective hunts for ungulates). 
Besides the food resources shortage, lynx significantly increases the spatial activity, which makes it easier 
to catch, especially poachers. 
 

 
Fig. 12. Dynamics of legal harvesting lynx in the Tver region (on: Mosheva, Gubar, 2011). 
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In Russia until the early 70s of the last century, the lynx was regarded as a harmful predator, and its year-
round elimination was encouraged in some places with a premium. Only since the mid 70s of the last 
century in almost all regions of the country, lynx has changed its status to the category of commercial fur-
bearing animals, hunting of which was limited primarily with the periods of "exit" (the end of molting) of 
fur. It should be stressed that in many regions of Russia lynx is now the game species. And 16 regions 
have included it in the regional Red Data Book (Bryansk, Vladimir, Moscow, Ryazan, Yaroslavl, Samara, 
Omsk, Murmansk Region, the Republic of Ingushetia, North Ossetia-Alanya, Adygea, Mordovia, as well 
as the Karachay-Cherkessia and the Chuvash Republic and the Stavropol and Krasnodar Territory). 
 

Conclusion. 
 
It’s hard to predict the future of lynx in the region. Most likely, wellbeing of the species depend more on 
anthropogenic factors rather than on natural ones: hunting pressure, especially from poaching. The 
ongoing decrease in human, especially rural, population, growth of abandoned arable land, pastures, 
hayfields, especially in areas far-off the main roads, have a positive effect on the lynx state. Economic (in 
our case – furriery), genetic and probably historical aspects should be taken into account when developing 
the policy on the lynx. In former times, the lynx was considered to be a sacred animal. The world-known 
archeologist and historian, academician of the Russian Academy of Sciences B.A. Rybakov writes in his 
book ‘Paganism of the Ancient Russia’: ‘The lynx’s skin is covered with big round spots ‘pestriny’, while 
on amulets, the ornament of round solar signs is mandatory; these signs could carry a double meaning, i.e. 
on the one hand, they could represent a spotted animal and, on the other, they could empower the amulet 
with solar symbols’. In some Russian dialects (e.g. in the Vyatka dialect), the lynx is called ‘a fierce 
animal’. The word ‘lynx’ is not pronounced. This taboo testifies to the holiness of the animal. The ‘fierce 
animal’ was mentioned by Vladimir Monomakh when a lynx jumped onto his saddle. Some researchers 
think that the lynx cult dates back to very early times. 
 
We believe that the lynx as a beautiful animal also has aesthetic value. In this context Matyushkin’s 
(2003), the best Russian lynx specialist, words should be recalled: ‘This invisible cat that shows itself 
mostly through nice chains of footprints carries an image of wild nature, an attractive world of forest 
sounds, from which modern man with all his technogenic environment is getting more and more 
estranged. Should it occur, the loss of the lynx will be irretrievable, first of all in the most general sense 
and then from the standpoint of its practical use in any form.’ 
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ABUNDANCE DYNAMICS OF GAMEBIRDS (ANSERIFORMES, CHARADRIIFORMES) IN 
THE REGION OF LAGOONS OF THE WESTERN COAST OF THE MIDDLE CASPIAN SEA 

 
Vilkov  Ye.V., 1  

 
  

Introduction 
 

Conservation of migratory birds and their habitats is the ultimate goal of the Convention on the 
Conservation of Migratory Species of Wild Animals (CMS). The Resolution of the 9th Meeting of 
Conference of the Parties to CMS (Rome, December 2008) decides “to establish an open-ended working 
group on global bird flyways within the framework of the Scientific Council to act as a think tank on 
flyways and frameworks, and tasked with reviewing scientific and technical issues for conservation of 
migratory birds and their habitats…” (Mundkur et al., 2011). Lack of control over the state of populations 
makes it difficult to determine which bird species or populations are growing in abundance, to what 
degree and where they can be hunted in terms of sustainable use of bio resources (Syroechkovskiy, 2011). 
Flyways of regular migratory species (and populations) in spring and autumn are similar, so birds 
annually use the same stopovers and wintering areas. In spite of a well-expressed site fidelity (Sokolov, 
1991) the species composition, bird abundance and flyways are changing under a set of regulatory factors 
(Grishchenko, 1998; Boere & Stroud, 2006).  

Hydrophilous birds, closing upper levels of trophic chains, are not only a source of information 
about maximally integrated characteristics of wetland communities but also one of the most vulnerable 
components of water ecosystems. Their special sensitivity to environmental changes in different parts of 
their migration range  was used as a unique bio indicator immediately reacting by changes in population 
abundance of regular migrants on main flyways. It is almost impossible to estimate the absolute 
abundance of hydrophilous bird populations especially that of abundant migratory species but it is quite 
possible to determine the state of populations at the level of trends and reveal the set of regulatory factors. 
This problem is especially crucial nowadays, when natural ecosystems, especially wetlands, are 
intensively transformed under dynamic changes of environmental factors. 

For this purpose,  the western coast of the Middle Caspian Sea was chosen,  with landscape 
diversity which concentrates various ecological bird groups in different periods of their biological cycle. 
It is also the bottleneck (Vilkov, 2013) traversed by one of the largest migration routes of trans-Palearctic 
species in Russia (Mikheev, 1997). This route is a part of the West Siberian- East African migration 
range (Boere & Stroud, 2006) delimited previously on the basis of the West Siberian-Caspian-Nile flyway 
(Isakov, 1967) (Fig. 1a). The breeding ranges of birds which belong to this migration group lie in Arctic, 
Subarctic, and Western Siberian Plain, water bodies of Kuma-Manych depression and the Volga delta 
basin. Their wintering areas concentrate in Southern Caspian Region, India (mostly those of larid birds), 
countries of the Near East, the Nile Delta and other areas of Africa (Fig. 1b) (Lindahl, 1984; data of Bird 
Ringing Centre of Russia, Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences). 
Consequently, the West Caspian flyway can be considered as a key link in a differentiated space of bird 
ranges of those species annually flying along the western Caspian coast from their northern breeding 
grounds to traditional wintering areas in the south. 

Long-term rises and falls in the Caspian Sea level determined by the dynamics of global hydro  
climate processes, lead to synchronous redistribution of bird habitats (Krivenko & Vinogradov, 2008). 
One of such changes in climatic phases (from warm and dry to wet and cool) resulted in a dramatic 
transgression of the Caspian Sea (Svitoch, 1998); as a consequence, a complex of brackish lagoons free of 
above-water vegetation formed along the central, arid part of the western coast of the Middle Caspian Sea 
in the last quarter of the 20th century (Vilkov, 2013). In the course of long-term dynamics, open water 
areas of lagoons transformed into desalinated high-productive wetlands attractive for an ecologically 
diverse group of migratory birds. Formation of lagoons in the region entailed changes in qualitative and 
quantitative composition of migrants, and in the status and stopover duration for some species.

                                                 
1Evgeny Vilkov, PhD, professor, Zoran Popović, PhD, the senior research assistant, Caspian Institute of  Biological Resources,  Daghestan 
Scientific Center, Russian Academy of Sciences. 367000, Makhachkala, Russia; E-mail: evberkut@mail.ru 
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The relevance of this study is in the fact that long-term abundance trends of hydrophilous birds  

was revealed during a period of active hydro climatic shifts.  Such a period is optimal for inventorying 
wetland areas since it provides a possibility to evaluate the significance of all wetland ecosystems for the 
preservation of birds, whereas during warm and dry climatic phases many such ecosystems lose this 
significance.  

 
Material and Methods 

 
This study summarizes the data obtained during 1995-2011 in the regions of Turalinskaya Lagoon 

(42˚56´ N, 47˚35´ E; area 250 ha) and Sulakskaya Lagoon (42˚13´ N 47˚30´ E – 1080 ha), Dagestan. 
Absolute censuses were taken in the regime of a twelve-month monitoring in the day-time along 
stationary routes 5 to 14 km long. The frequency of censuses in the region of Turalinskaya Lagoon was 
three to five time per month. In the region of Sulakskaya Lagoon 1-2 two-days censuses were taken each 
three months prior to 2009. The zone of regular monitoring covered up to 40-80% of the total area of the 
lagoons and extended over the seacoast and the adjacent land area from the continental parts of the bays 
to the nearest mountains of the Eastern Caucasus. A total of 608 censuses were taken during the 16-year 
period, with the total root length and census time amounting to 3845 km and 2559 h. 

The number of birds in flocks was determined as described (Mikheev, 1997): first, 10 birds in a  
medium-sized flock or 50–100 birds in a large flock were counted to estimate the area they occupy; this 
area was then visually superimposed on the area occupied by the whole flock to estimate their ratio, 
which was used as a coefficient for calculating the total number of birds. Abundance of hydrophilous 
birds was estimated using an original scoring method. The zoogeographic status of birds is classified 
according to Shtegman (1938), and their taxonomic position is indicated according to Stepanyan (2003). 

The studied bird group was chosen since it covers extended range and species within the group vary 
in their ecological preferences, the group has relatively stable abundance on migration and is popular 
among hunters. The population state of migratory birds was estimated according to long-term dynamics 
of their abundance in the same place (Sokolov, 1991). 

To determine many-years trends of bird abundance we used long-term sets of observation data along 
busy migration routes. In these terms, a meridian position of lagoons at the western coast of the Middle 
Caspian Sea predetermines a very busy migration dynamics for 8.5-9.0 months a year. The fact that 
migration routes pass through a narrow migration corridor 4-5 km wide, a so-called bottleneck, 
significantly simplifies our task because this section has a natural concentration of the studied taxa during 
different periods of their biological cycle. In this section one of the main census routes, Turalinsky, is 
located (Fig.2). 
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Regression analysis was used to divide all taxa (n=23) into two groups according to the directions of 
long-term trends in their abundance.  

In addition to original observations, published data were used to evaluate the state of the 
hydrophilous birds populations in different parts of the Western Siberian – East African migration range 
and access the causes of long-term fluctuations in their population size. The scenarios of bird abundance 
regulation were interpreted in the light of five regulatory factors: the average temperatures of January and 
April in the Dagestan part of the Caspian Depression, dynamics of the food capacity of the Caspian Sea, 
naturalization of some bird species in anthropogenic landscapes, human impact, and the phase of the 
hydro climatic cycle.  

 
Results and discussion 

 
On the basis of long-term dynamics of hydrophilous birds, 23 taxa from orders Anseriformes (n=14) 

and Charadriiformes (n=9) were selected (Table).  
Table. 

  
Species composition of Anseriformes and Charadriiformes  in Sulakskaya and Turalinskaya lagoons of 
Dagestan, with indication of residence status, abundance trend, and fauno genetic group for each species 
 
Notes: Residence status in the study area: (B) nesting migrant (occurring in nesting season); (P) occurring on 
passage; (W) wintering (staying for at least 10 days in winter); (WT) wintering transiently (periodically staying in 
winter for 1–5 days); (N) summering (occurring during nesting season but definitely not nesting); (O) formerly 
nesting (doesn’t nest for the last 7-10 years). Abundance trend: (U) – sporadic (less than 0.1 ind./km2); (Re) rare 
species (0.1–1.0 ind./km2); (L) low abundance (1.1–10.0 ind./km2); (O) common species (10.1–100.0 ind./km2); (M) 
abundant species (>100 ind./km2); (F) abundance fluctuates without any distinct trend; (+1) abundance increased by 
5–10%; (+2) abundance increased by more than 20%; (–1) abundance decreased by 5–10%; (–2) abundance 
decreased by more than 20-50%. 
 

 
No 
 

Species Residence 
status 

Abundance trend 
corresponds to resident 

status 
Fauno genetic 

group 

ANSERIFORMES 
1 Anser anser – Graylag Goose P, N, W O-2, UF, L-2 widespread 
2 Tadorna ferruginea – Ruddy Shelduck P, W O-2; UF Mongolian 
3 Tadorna tadorna – Common Shelduck ○, P, W L-2, L-2, OF Mongolian 
4 Anas platyrhynchos – Mallard B, P, N, W O+1, М+1, O+1, М+1 widespread 
5 Anas crecca  –Eurasian Teal P, W O+1, O+1 widespread 
6 Anas strepera  – Gadwall ○, P, WТ L-2, L-2, L-2 widespread 

Fig. 2. Schematic map showing locations 
of the lagoons, the migration corridor, and 
the trajectory of hydrophilous bird 
migration along the western coast of the 
Middle Caspian Sea. 
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7 Anas penelope – Eurasian Pigeon P, W L-2, L-2 Siberian 
8 Anas acuta – Northern Pintail P, W L-2, L-2 Siberian 
9 Anas querquedula – Garganey ○, P, W L-2, OF, UF widespread 
10 Anas clypeata –Northern Shoveler P, WТ O-2, L-2 widespread 
11 Netta rufina – Red-creasted Pochard B, P, N, W O-2, O-2, L-2, O-2 Mediterranean 

12 Aythya ferina – Common Pochard P, W L-2, L-2 European-
Chinese 

13 Aythya nyroca –  Ferruginous Duck B, P, W L+1, O-1, L-1 Widespread 
14 Aythya fuligula –Tufted Duck ○, P, N, W L-2, M-2, L-2, O-1 Widespread 

CHARADRIIFORMES 
15 Vanellus vanellus – Northern Lapwing B, P, S, WT L-2, O-2, LF, UF Widespread 
16 Himantopus himantopus – Black-winged 

Stilt  B, P, WT, S L+1, O+1, UF, ReF Mongolian 

17 Tringa ochropus – Green Sandpiper  N, P, W O+1, L+1, LF Widespread 
18 Tringa glareola – Wood Sandpiper P O+1 Widespread 
19 Tringa totanus – Common Redshank N, P, WT LF, O-1, LF Widespread 
20 Actitis hypoleucos – Common Sandpiper P O+2 Widespread 
21 Phylomachus pugnax – Ruff P O+1 Siberian 
22 Gallinago gallinago – Common Snipe P, W О-2, О-2 Widespread 
23 Limosa limosa – Black-tailed Godwit P, WT L-2, L-1 Widespread  

 
Among them, 5 taxa are nesting migrants, 4 – nesting at the early and medium stages of lagoon 

successions, 20 – wintering (including wintering transiently), 6 – summering and 23 – occurring on 
passage. 

The base of fauno genetic structure of studied hydrophiles is composed of Mediterranean and 
widespread species (Fig. 3), whereas European-Chinese taxa are represented by a much lesser abundance 
of birds. 

 

 
 

Fig. 3. Fauno genetic structure of the studied bird group 
 

The given zoogeographical structure provides a coherent picture of the extent of the migration range 
and its use by populations of hydrophilous birds having a tight genetic link with main flyways in space 
and time. 

Interpretation of the scenarios of regulation of hydrophilous birds abundance has shown that the first 
surge in the abundance of most studied taxa (Figs. 4,5) took place during the cold winters of 1996-1998 
(Fig.6) and the period of transition from the century-long cool and wet climate phase to the warm and dry 
phase. 
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Fig. 4. Group of birds with a negative abundance trend. 

  

 
Fig. 5. Group of birds with a positive or relatively stable abundance trend. 
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Fig. 6. Temperatures of January and April in the coastal areas of Dagestan during 1995-2011 (according to the data 

from the Dagestan Hydrometeorological Center). 
It is known that changes in the polarity of hydroclimatic cycles are accompanied by surges in the 

abundance of almost all hydrophilous birds since in the cool and wet climate phases the area of wetlands 
reaches maximum values (Krivenko & Vinogradov, 2008). In addition, the water level in the lagoons in 
1996 approached that in the Caspian Sea at the peak of its last transgression, which resulted in the 
flooding of large land areas in the western Caspian region2 (Svitoch, 1998). These areas subsequently 
transformed into new habitats for hydrophilous birds (Rogacheva, 2005; Rusanov, 2011). These processes 
were accompanied by active redistribution of hydrophilous bird species within the newly formed 
extended boundaries of the migration range and by their further southward dispersal along the western 
coast of the Caspian Sea (Vilkov, 2013). In addition, these climatic and hydrological shifts resulted in the 
expansion of hydrophilous bird ranges in other parts of the migration range, with consequent ubiquitous 
increase in their abundance (Belik, 2003; Krivenko & Vinogradov, 2008; Rusanov, 2011). Between 1999 
and 2001, a decrease in abundance was recorded in the Greylag Goose (Anser anser), Mallard (Anas 
platyrhynchos), Gadwall (Anas strepera), Northern Shoveler (Anas clypeata), Common Pochard and 
Tufted Duck (Aythya ferina, А. fuligula), Ruddy Shelduck and Common Shelduck (Tadorna ferruginea, 
T. tadorna), including some wader species (Figs. 4, 5), which was probably associated with the dynamics 
of weather conditions and, in particular, relatively warm winters (Fig. 6), which reduced the flow of trans-
Palearctic birds migrating along the western coast of the Caspian Sea, because many of them remained for 
wintering in northern parts of the Caspian Region (Rusanov, 2011). The gradual onset of the warm and 
dry climate phase once again leads to fragmentation of wetland areas (Krivenko & Vinogradov, 2008), 
with consequent depression in the abundance of regular migrants in different parts of their range. The 
Caspian Sea has already begun to recede3 and previously flooded coastal areas are being rapidly 
overgrown by macrophytes. This reduces the area of suitable habitats for birds and causes a decrease in 
abundance of some hydrophilous birds. An integrated impact of regulatory factors decreased a total 
abundance in  the majority of studied species not only in the Caspian Region but also in other parts of the 
migration range (Sviridova, 2003; But’ev, 2006; Krivenko & Vinogradov, 2008; Chamberlaen et al., 
2000). Similar trends, as a response to worsening ecological conditions, were recorded also at the eastern 
(Turkmenian) coast of the Caspian Sea, where, in addition to the Greylag Goose, a reliable reduction of 
abundance was proved in the Red-Crested Pochard (Netta rufina) and the Common Pochard (Aythya 
ferina) (Belousova et al., 2010).  

In addition, the break of hydrological regime in Turalinskaya Lagoon in 2009 was followed by 
rapid overgrowing of the lagoon with above-water vegetation that consequently accelerated the 
abundance reduction rate for some ducks and waders at the local level, except for the Mallard, Gadwall, 
Red-crested Pochard, Wood Sandpiper (Tringa glareola), Northern Lapwing (Vanellus vanellus), 
Common Redshank (Tringa totanus) and the Ruff (Phylomachus pugnax). In turn, a periodical discharge 
of the lagoon waters into the sea brought about a partial destruction of underwater meadows formed by 
hornwort (Ceratophyllum demersum) and tape grass (Vallisneria spiralis). Large-scale destruction of 
these plants may also contribute to the decrease in abundance of hydrophilous birds since these plants 
concentrate main resources of chironomids larvae (Chironomus plumosus) and other hydrobionts which 
are  the basic component in the diets of many hydrophilous birds in the region,. These changes 
consequently led to a general decrease in abundance of ducks and waders, though the abundance of the 
Green and Wood Sandpipers markedly increased, especially in 2001. This decrease was caused by the 
replacement of wetland vegetation with meadow-bog vegetation along the wet shores of lagoons which 
affected food resources for the above species and reduced habitats of ducks. However, a stable or even 
slightly increased abundance of the Mallard, Garganey (Anas querquedula) and Eurasian Teal (dispersion 
and regression analysis, h2 = 6,4; r2 =2,5; rxy = 0,16; p < 0,05 (Vilkov, 2013), recorded since 2001, was 
associated with the northward expansion of their ranges due to global climate warming (Krivenko & 
Vinogradov, 2008) and with successful naturalization of the Mallard and Garganey in anthropogenic 
landscapes in different areas of their migration range (Avilova, 2009). 

                                                 
2 The rise in the Caspian Sea level between 1978 and 1995 reached 2.7 m, and the flooded area was about 30000-35000 m2 
(Rogacheva, 2005). 
3 According to the Russian Ministry of Emergency Situations, the Caspian Sea Level had dropped 0.5 m by the year 2000. 
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A new surge in abundance of the Black-winged Stilt (Himantopus himantopus), Green Sandpiper, 
Wood Sandpiper, Common Redshank, Common Sandpiper (Actitis hypoleucos) and Common Snipe  
(Gallinago gallinago) in 2006 and 2008 was probably associated with severe and snowy winters when a 
bulk of hydrophylous birds depart the area including Anseriformes (Common Shelduck, Garganey, 
Tufted Duck and Common Pochard). In addition, the above-mentioned years were characterized by  
rather warm winters (Fig. 6) which apparently caused an intensive spring passage of waders and ducks in 
under time. 

Between 2002 and 2011 the abundance of the Northern Lapwing, Common Snipe, Black-tailed 
Godwit (Limosa limosa) and Common Redshank gradually decreased due to excessive overgrowing of 
shallows with macrophytes. It deteriorated the recreation and food resources of waders in the lagoon and, 
correspondingly, in other wetlands at the western coast of the Caspian Sea. Similar trends were observed 
in a majority of duck species except for the Mallard, Eurasian Teal (Anas crecca) and Ferruginous Duck. 
Decrease in some species of Charadriiformes could be associated with the intensification of agricultural 
production in different part of their ranges during 1983-1990, but it began to manifest itself only later 
when the intensification period of agriculture was over. This population decline, combined with 
anthropogenic transformation of natural ecosystems, caused the negative trend of bird abundance in 
subsequent years (Sviridova et al., 2003). Such a delay in the response of birds to a complex of regulatory 
factors is recorded for about 30 species and confirmed by vast factual data in England (Chamberlaen et. 
аl. 2000). In addition, the decrease in the abundance of the majority of waders and ducks in subsequent 
years can be a consequence of a large-scale recreational land development in a substantial part of the 
western Caspian coast against the background of dramatic decline (by 40-90%) in the general food 
capacity of the Caspian Sea, where the components of biota have been destroyed by the ctenophore 
(Mnemiopsis leidyi A.Agassiz), an invader from the Black Sea (Aladin & Plotnikov, 2000; Shiganova, 
2009; Animal World and Water Bioresources, 2011). It should be underlined that the Caspian depression 
of bio resources took place in the conditions of intensive petrochemicals and chloro-organical pollution 
and consequent drop in percentage of dissolved oxygen that also made the sea environment less attractive 
for hydrophilous birds.  

However, despite the destructive processes in the Caspian Sea and adjacent wetland areas, positive 
trends in population dynamics have been observed in the Black-winged Stilt, Green Sandpiper, Wood 
Sandpiper, Ruff and Common Sandpiper. This can be due to the northward expansion of their ranges 
under conditions of global climate warming (But’ev, 2006; Krivenko & Vinogradov, 2008). On the 
contrary, the development of the regressive warm and dry climate phase in the northern part of the range 
of Anseriformes birds resulted in a shift in the timing of phenological cycles in most migratory 
populations of ducks (Avilova, 2009); therefore, part of their populations that previously migrated to their 
traditional wintering areas at the Caspian coast have switched to a settle mode of life and to regular 
wintering in their nesting areas (Gilyazov, 2001). 

Finally, it is justly considered that the current reduction in abundance of migratory Eurasian birds is 
due mainly to anthropogenic impact (But’ev, 2006). This impact results in the increasingly mosaic-like 
structure of the environment (Krivenko & Vinogradov, 2008), fragmentation of the range and depression 
of populations abundance within the entire migration range. At the biological level, according to 
M.I.Eremchenko and A.M.Bolotnikov (1986), the factor of disturbance to birds is becoming especially 
important: similarly to predation it leads to the elimination of many egg clutches in hydrophilous birds. 
Repeated clutches lead to a longer reproductive period with subsequent increase in the mortality of broods 
and depression in all populations. The pressure of hunting holds a special place among the regulatory 
factors. Thus, according to official data from only one source, the Society of Hunters and Fishers of the 
Daghestan Republic, 33460 waterbirds were killed during the hunting season of 2008 in 12 hunting farms 
of the republic, not to mention losses from poaching. 

 
Conclusion 

 
As a conclusion,  it could be stated that, regardless  of certain  cycles, the abundance of 8 out of 23 

background taxa (35%) has increased or remained unchanged, while that of 15 (62%) has decreased. The 
latter fact is an alarming signal that calls for urgent measures to conserve these vulnerable taxa at both 
regional and Eurasian level. Analysis of the obtained data allows to conclude that the current population 
state of the game birds is determined by an integrated effect of five regulatory factors: hydroclimatic 
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(changing of the range boudaries depending on phases of the hydroclimatic cycle), anthropogenic 
(redistribution of birds over the range depending on degradation of natural landscapes; hunting pressure), 
food supply (decrease in the food capacity of the Caspian Sea and overgrowing of shallows with wetland 
vegetation), synurbanisation (increasing abundance of limnophilous birds due to their naturalization in 
anthropogenic landscapes), and weather (redistribution of birds over the range depending on weather 
conditions in the current year). 
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HABITAT SELECTION OF EURASIAN WOODCOCK SCOLOPAX RUSTICOLA 

DURING THE SPRING MIGRATION PERIOD IN HUNGARY 
Schally,  G., 1 Katona,  K.,1 Bleier,  N., 1 Szemethy,  L.1 

 
Summary: To establish a decent regulation of the hunting of woodcock in Hungary, a monitoring 
programme started in 2009 at a national scale. More than 900 participating observers collect data of 
woodcock during synchronized censuses each spring and in autumn to have basic knowledge of 
woodcock presence and abundance in the country. Data collecting locations were selected by the 
observers themselves based on their former experiences, which was primarily influenced by the 
former knowledge about habitat use of woodcock. Their selection of sites could primarily be 
influenced by the former knowledge about habitat use of woodcock. This situation offers an 
opportunity to evaluate this choice of habitats. In this study we investigated the habitat selection of 
woodcock during spring migration and we tested whether the preceding designation of observation 
points reflects enough knowledge about their habitat preferences. 
We used four year spring observation data of the Hungarian woodcock monitoring programme based 
on synchronized censuses. In order to evaluate the choice of the observers, observation points were 
buffered with a radius of 874 meters - 2* radius of a 60 ha circle which is known to be used by 
woodcock individuals in the evening roding period. We intersected the buffers with the Corine 
Landcover map, and we compared their composition with the composition of buffers of randomly 
generated points.To evaluate the choice of the birds, correlation between landcover types preferred or 
avoided by the observers and the detections of woodcock was tested using the nonparametric 
Spearman correlation. In the case of forests we performed an additional analysis: We classified the 
buffers using 3 categories of their forest cover rates (0-45% OPEN, 45-77% MID, 77-100% 
FORESTED). We took 50 random samples of each forest cover rate class per year and we tested the 
differences among them in the number of woodcock detections and the frequencies of positive sites 
(where woodcock observation happened).According to our results, the locations of the observation 
points might not be resulted by random choice. Most landcover types preferred or avoided are also 
correlated with woodcock abundance. However the correlations we have found were weak. The key 
element of choice is the presence of forests. The higher rate of broad-leaved forests near the points 
can raise, the higher rate of discontinuous urban fabric or non-irrigated arable land can lower 
detection probability. 
 
Key words: landcover, observation, habitat choice, survey, roding 

 
Introduction 

In most countries of Europe, Eurasian woodcock is an important small game species. In order to protect 
and manage the species properly, it is important to collect reliable information of the population. At 
present, numerous studies of breeding and wintering populations support these activities (Hoodless et al., 
2009, Gossmann et al., 2012, Goncalves et al., 2012, Mongin et al., 2012, Fokin et al., 2012). Efforst for 
gathering knowledge are made also in Hungary, located at the southern part of the breeding area of the 
species (Hoodles & Saari, 1997, Ferrand & Gossmann, 2009). There are some detections every year 
which can be related to breeding and wintering birds, but the probability of detecting woodcocks in 
Hungary is much higher in spring and in autumn than in summer or in winter because many migrating 
individuals cross the country between their main breeding and wintering sites. Moreover, at those times 
the probability of sighting is also varying according to time (Schally et al., 2010). Hunting of woodcock is 
important also in Hungary. The legal hunting season was limited to spring between 1970 and 2008 
(Faragó, 2012), but it was banned after that, due to the inconsistency with international legal regulation 
(79/409/EEC). In order to establish a decent regulation, a monitoring programme started in 2009 in 
Hungary at a national scale (Schally et al., 2010). More than 900 participating observers collect data of  
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woodcock during synchronized censuses 12 times each spring and autumn, in order to have basic 
knowledge of woodcock presence and abundance in the country. The census method of woodcock is 
adapted to the cryptic behavior of the species (Ferrand, 1993, Bibby et al., 1997). The most efficient way 
is to visit fixed observation points during the breeding period at dusk and dawn, when the males perform 
display, also called roding flights (Ferrand, 1993). The data collecting locations of the Hungarian 
monitoring programme were selected by the observers themselves based on their former experiences 
within each game management unit involved in the monitoring. Their selection of sites could primarily be 
influenced by the former knowledge about habitat use of woodcock. This situation offers an opportunity 
to evaluate this choice of habitats. In this study we investigated the habitat selection of woodcock during 
spring migration and we tested whether the preceding designation of observation points reflects enough 
knowledge about their habitat preferences. 
 

Material and Methods 
Study area 
Hungary is located in Central-Europe in the Carpathian basin (45–49°N, 15–23°W; Fig. 1). The size of 
the country is 93028 km2 (320 km N-S, 520 km W-E) (Udvarhelyi, 1973). It has continental climate, the 
annual average temperature was approximately 10 °C, the annual average rainfall was approximately 600 
mm between 2002 and 2011 (KSH, 2013). According to the Corine landcover map (Heymann, 1993, 
Bossard et al., 2000, Mari & Mattányi, 2002), more than 50% of the country is arable land. The 
composition of forest species in the country: black locust Robinia pseudo-acacia – 24%, pedunculate & 
sessile oak Quercus robur & Quercus petraea -21%, turkey oak Quercus cerris -11%, other broad-leaved 
-11%, pine Pinus sp. – 11%, poplar Populus sp.- 7%, beech Fagus sylvatica – 6%, hornbeam Carpinus 
betulus – 5%, white poplar Populus alba – 4%, (MGSZH, 2010; Wisnovszky, 2011). The elevation 
ranges between 0 and 1000 m, approximately 80% of the country is lowland (Reuter et al., 2007). 
Hungary is located at the southern part of the breeding area of the species where the woodcocks are 
known to be breeding only at higher altitudes (Hoodles & Saari, 1997, Ferrand & Gossmann, 2009). 
According to the results of the ringing activities, woodcocks come from numerous directions to our 
country (Magyar Madárgyűrűzési Adatbank 2013). 
 
Data collecting 
We used four year (between 2009 and 2012) spring observation data of the Hungarian woodcock 
monitoring programme (Schally et al., 2010) based on synchronized censuses performed 12 times per 
season from Mid-February to the end of April. This period coincides with the breeding season; however it 
is shorter, because the migrating birds leave until May. The observers should follow a strict protocol for 
data collection. Observations were carried out weekly, each Saturday night, after sunset, and lasted 1 
hours. The census method is based on roding surveys (Ferrand, 1993) which is widely used to monitor 
breeding populations across Europe (Saari, 2002, Fokin et al., 2004, Sandakov, 2004, Gossmann et al., 
2005, Machado et al., 2008). Roding is a display flight of male woodcock. The birds are flying and 
calling with a whistling and croaking sound above woodland canopy at twilight in order to find and attract 
females to mate (Hirons, 1980). Depending on the latitude and altitude, this activity takes place between 
February and August, and it covers 60 to 100 hectares by a single bird (Ferrand, 1979, Hirons, 1980). One 
bird can display several times over the same area during the same period, so the survey method is limited 
to the registration of the number of contacts (woodcocks seen and/or heard). However, positive 
correlation was found between the number of contacts and the number of individual birds in a given area 
(Ferrand, 1993, Hoodless et al., 2007 Mulhauser & Zimmermann, 2010). We also analyzed the 
frequencies of positive sites - where at least one roding bird was detected (Ferrand et al, 2008) – which 
indicates the length of presence of woodcock at the sites. The data collecting locations (observation 
points) were selected by the observers based on their former experiences. In order to avoid counting a 
single bird at multiple places a minimal distance of 1500 meters was kept among the points. Their 
location remained the same year-by year, however not at all of the observers were able to record data in 
all seasons (2009: 857, 2010: 922, 2011: 922, 2012: 946 points) and occasions. For this reason we 
selected only the observation points of continuous 4-year data for this study, and we limited the data to 8 
consecutive occasions because of the low number of cases at the early and the late occasions. We used 
only the data of the points from where they were available at all 8 times. 
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Data Analysis 
In order to evaluate the choice of the observation points (between 2009 and 2012; N=202; 8 consecutive 
surveys per year) were buffered with a radius of 874 meters - 2* radius of a 60 ha circle which is known 
to be used by individuals in the evening roding period (Ferrand, 1979). This resulted 238.69 hectare 
sample areas. We intersected the buffers with the Corine Landcover map. We also intersected the 
landcover map with buffers of randomly generated points (N=202) to compare their composition with the 
ones of the observation points. We used chi-squared test of independence and Bonferroni Z-test for their 
comparison describing the site selection by the observers. 
To evaluate the choice of the birds, the effect of landcover composition on detections of woodcock was 
tested using the nonparametric Spearman correlation. According to the results of the Bonferroni 
comparisons mentioned above we selected the landcover types with significant preferences and 
avoidances for analyses. We compared their cover rates with the mean number of contacts (summarized 
number of contacts per season). 
In the case of forests (Corine Land Cover code – 3***) we performed an additional analysis: We 
classified the buffers with Jenks natural breaks classification method (Jenks, 1967) using categories of 
their forest cover rates (3 classes: 0-45% OPEN, 45-77% MID, 77-100% FORESTED). We took 50 
random samples of each forest cover rate class per year for comparison. We used one-way ANOVA to 
test the differences in the number of contacts and the frequencies of positive sites in each year. 
Assumptions were tested with Kolmogorov-Smirnov test of normality and Bartlett test for the equality of 
SDs. 
Spatial processing was performed using ArcGIS (v9.1) and Hawth’s Analysis Tools (v3.27), statistical 
analyses were performed using Microsoft Office Excel 2003, and GraphPad Instat (v3.05). 

 
Results and Discussion 

We identified 21 types of land cover categories in the buffers of the observation points. The number of 
categories per buffers ranged between 1 and 8, the most frequent compositions contained 4 categories per 
buffer (27.23% of the points). The most frequent landcover types (>30% of the points contained them) of 
the buffers were broad-leaved forest (98.51%), non-irrigated arable land (74.26%), transitional woodland-
shrub (56.93%), pastures (47.52%), and mixed forest (37.13%). 
In the buffers of the random points 23 types of land cover categories were identified. The number of 
categories per buffers ranged between 1 and 8, the most frequent compositions contained 3 categories per 
buffer (20.3% of the points). The most frequent landcover types (>30% of the points contained them) of 
the buffers were non-irrigated arable land (86.14%), broad-leaved forest (98.51%), pastures (40.10%), 
and discontinuous urban fabric (51.98%). 
According to the Bonferroni Z-test, the distribution of the categories in the buffers of the observation 
points differed from the distribution of the randomly placed buffers (Chi2=93.53 df=20 p<0.001) (Fig. 2.). 
The frequency was significantly (p<0.05) higher in the case of broad-leaved forest, mixed forest and 
transitional woodland-shrub, and lower in the case of discontinuous urban fabric, non-irrigated arable 
land, fruit trees and berry plantations, and inland marshes. 
We have found weak correlations between the detections of woodcock and the cover rate of discontinuous 
urban fabric (r=-0.1946 p<0.01), non-irrigated-arable land (r=-0.1717 p<0.05), and broad-leaved forest 
(r=0.1983 p<0.01). 
We have not found any difference among the forest cover rate categories in the case of the number of 
contacts or either the frequencies of positive sites in any years. 
 
According to our results, the locations of the observation points might not be resulted by random choice. 
The availability of most landcover types preferred or avoided are also correlated with woodcock 
abundance. However the correlations we have found were weak. The areas surrounding the points can be 
composed of numerous landcover types, although there are only few of higher frequencies. 
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Figure 1. The observation points with continuous four-year data 
 
Preference was detected only in the case of forested land cover types. Broad-leaved forests, mixed forests 
and transitional woodland-shrubs were present at higher frequencies near the observation points, which 
indicate higher probability of detection in their presence. Broad-laved forests are present in nearly all 
buffers, so it might be regarded as a key element of choice. There can be differences also in that type, like 
tree species or age classes, but the level of detail in the landcover data does not allow such comparisons. 
The presence of forest is also important in other monitoring programs. The breeding population surveys 
of woodcock in France (Ferrand et al., 2008) define an observation point as an open area as close as 
possible to the centre of a randomly chosen 2*2 centigrade (approximately 280 hectare) square in forest 
habitats. As another example, the sampling units of the British survey of breeding woodcock are all 1 
km2 squares in the country containing at least 10% woodland (Hoodless et al., 2009). 
The frequency of discontinuous urban fabric near the observation points was significantly lower than near 
the random points. Detection probability can be affected negatively by noise or by artificial lightning near 
such places, but the birds may also avoid them due to the high level of disturbance. Although the 
frequency of non-irrigated arable land is high in the buffers, it is still considered avoided regarding its all-
over availability. Although they are easy to approach, the large, open fields may not provide suitable 
conditions for observation. Even if the probability of detection can be sufficient near fruit trees, berry 
plantations and inland marshes, their availability is very low, and in most cases they are hard access. 
Although pastures are known to be important nocturnal feeding sites for the species (Hoodless & Hirons, 
2007), their frequency does not differ from the random occurrence. Our results show the preferences and 
avoidances of the observers primarily. However their choice might be strongly related to the choice of the 
birds. 
Even if they were weak, the correlations that we have found between the number of contacts and some 
landcover types were significant. The presence of these types may affect not only the choice of the 
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observers, but also the choice of woodcock. 
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Figure 2. Frequencies of landcover types in the buffers of the observation points compared to the 
buffers of randomly generated points („+” indicates preference and „–„ indicates avoidance). 
 
 
As the number of contacts is closely related to woodcock abundance (Ferrand, 1993, Hoodless et al., 2007 
Mulhauser & Zimmermann, 2010) we conclude that the cover rate of discontinuous urban fabric and non-
irrigated arable land have negative, while the cover rate of broad-leaved forest has positive effect on 
woodcock abundance in a particular area during spring migration period. These correlations, however, are 
weak, and the relations might not be casual. 

 
Conclusion 

Beside landcover composition, habitat choice of migrating woodcock might be influenced by several 
other factors, like weather conditions. But it is also possible that except for basic elements, like the stand 
of trees, no other specific needs are present. Many parts of Hungary may serve as stopover sites for this 
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migrating species, which are very important in replenishment of their reserves by feeding (Newton, 
2008). However, as they are used by the birds only for several days, their quality might not need to be as 
high as the quality of the sites where most chicks are raised. This can also explain the similarity among 
the forest cover rate categories in the case of the number of contacts or the frequencies of positive sites. 
The key element of choice is the presence of forests. The higher rate of broad-leaved forests near the 
points can raise, the higher rate of discontinuous urban fabric or non-irrigated arable land can lower 
detection probability. Our results may also support building habitat suitability models for woodcock in 
Hungary. Although further analyses, like correlations between detections and distances from preferred or 
avoided sites, need more direct and detailed studies. 
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PLANNED HARMONIZATION OF GAME MANAGEMENT 

AND FOREST MANAGEMENT 
   

Medarević M.,1Šljukić B.,1Obradović S.,1Ćirović P.2 

 
Summary:  Regarding the need for harmonization of forest and game management plans we must 
take in consideration facts that clearly indicate the necessity for an integrated approach to the 
planning of game and forest management.  This implicates approach which does not compromise 
these two areas, but contributes to the operationalization of the goals of game management and forest 
management. The method is essentially analytic. An attempt to identify the complementary and  
conflicting character of the two planning systems (forestry and game management ) and the patterns 
of their integration and settlement will be made by analyzing the legislation (laws on hunting and 
forest law) , planning solutions and planning levels. A very important feature of the planning system 
is the integrability of plans and processes during planning Another equally important feature, 
integration into the system of forest and hunting areas, involves planning that takes into account both 
the capacity of all resources and the needs and requirements of all stakeholders. An integrated 
management plan involves a marked tendency toward sustainable forest and game management. In 
order to be able to define a process and consider it sustainable, we need cooperation, compromise, 
consensus and partnership among all affecting the implementation of the process in a long term. 
Integration implies participativity. The basic concepts of forest management planning in forestry and 
game management planning in hunting are clearly differentiated into strategic and operational 
planning by the applicable law taking into account the necessary vertical and horizontal connections. 
During the development of plans in both sectors, it is necessary to consider other laws, directives and 
sectoral strategies that through their obligations affect the content of the plans, the choices in 
planning and primarily the selection of management objectives. The objectives are evaluated in 
relation to the state of forests in parallel to the state of game in forest areas which clearly indicates 
the strategic commitments, and those are at the same time related to both the improvement of the 
current state of forests and enhancement of the state of game. Upon approaching of both these states 
to the two optimum conditions with respect to the natural resources, the need to assess the presence 
of conflicts within integrated forest and game management becomes more distinguished and it is 
integral for both one and more users in different sectors. The conflicts among goals can be resolved 
by the known planning techniques of ranking, networking in space or segregation. It is better to solve 
these problems through strategic planning in the development plan of the forest areas and programs 
of development of the hunting area. The intensity of conflicts is among other things directly 
influenced by the intensity of forest management in relation to the intensity of game management. 
         Key words: game management, forest management, harmonization 

 
 

Introduction 
 
The following guidelines must be taken into account in relation to the need for a harmonization of plans 
of forest management and game management: Both game management planning and forest management 
planning are regulated by the relevant legislation, Both game management and forest management have 
clearly defined hierarchical levels of planning and the planning fields for which the strategic and 
operational plans are produced,Both game management and forest management have adopted 
sustainability as their basis through relevant legislation Forest management and game management are 
complementary to the regional definition of sustainability, which is similar in both cases and related in the 
first case to the totality of the 
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- content as the value of forest ecosystems, and in the latter case (game) fauna as part of natural 
(forest) ecosystems.  

- Similarity that stems from the above universal (generally accepted) aim of sustainability in the 
part of planning that is related to the determination of measures to achieve goals is often 
"transformed" from complementarity to conflicts that according to the planning procedure must 
be resolved during the process of plan production. 

- Considering the levels of planning assumed by plans the objectives and partly measures are 
determined at the strategic level or at the very end of the operational plan. 

Previous findings clearly indicate the need for an integrated approach to the planning of game 
management and forest management to an extent that does not compromise these two areas, but 
contributes to the operationalization of the goals of game management and forest management. 
 

Method and the main hypotheses 
 
The method is essentially analytic. An attempt to identify the complementary and  conflicting character of 
the two planning systems (forestry and game management ) and the patterns of their integration and 
settlement will be made by analyzing the legislation (laws on hunting and forest law) , planning solutions 
and planning levels. At the same time it is necessary to dynamically observe this issue because in both 
cases the planning field (hunting area, hunting grounds, forest complex- forest area, forest management 
unit, compartment, stand) is characterized by life processes that are highly variable in time. 
In an attempt to clearly define the initial hypothesis we are aware that it is too ambitious to expect a 
complete solution to the issues arising from the title and that in this case, taking into account the planned 
volume, only a tentative review of this issue is possible.  Because of that the basic hypotheses are: 
Both forest and game management  planning are defined by the applicable laws on forestry, game and 
hunting as well as other laws and bylaws that make them sustainable and at the same time necessarily 
integrated, 

- Game management planning and in the second case, forest management planning, are 
implemented in different planning fields. However, they are necessarily vertically integrated 
within a sector or horizontally integrated across sectors, 

- Both forest management and game management are largely related to the same area (forest and 
forest field hunting grounds ) 

- The integrity and integrability of plans impose a need for their complementarity among and 
within sectors ( particularly forestry and hunting ) not neglecting other sectors and aspects that 
are sometimes regional and generally accepted, 

- In both cases the imperative is sustainability (as a universal principle and strategic goal) . 
Individual goals that are of equal importance are derived from its definition. 

- The heterogeneous character of biotopes, the character of the ecosystem, the nature of resources 
(forests, game) , the character of goals, necessarily leads to a different planning process for 
optimizing the resources within individual targets or the use itself. 

- These procedures and measures for the achievement of goals as well as these very goals can be 
complementary, competitive, alternative (exclusive), bound, indifferent or variably dependent. 

- The conflicting character of the objectives and measures is rationally resolved at the stage of 
production of forest management plans and hunting management plans and the implementation 
phase involves strict observance of verified planning solutions. 

 
Results and Discussion 

 
Complementarity of game management and forest management - the planning system in forestry 

and hunting 
 
A very important feature of the planning system is the integrability of plans and processes during 
planning ( Medarević, 2006 Medarević et.al. 2009, 2012). The integrability of planning is reflected in the 
connection with the related areas (branches) the connection and harmonization among sectoral plans, 
necessarily a multipurpose utilization of all potentials in forest areas and  game in hunting areas, the 
connectivity and harmonization of sectoral plans in the vertical direction (strategic and operational 
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planning ) , the connection of individual plans within the planning field (from the plan of protection and 
to the plan of realization ) and the line - realization - control link. Another equally important feature, 
integration into the system of forest and hunting areas, involves planning that takes into account both the 
capacity of all resources and the needs and requirements of all stakeholders. An integrated management 
plan involves a marked tendency toward sustainable forest and game management. In order to be able to 
define a process and consider it sustainable, we need cooperation, compromise, consensus and partnership 
among all affecting the implementation of the process in a long term. The major topics in the field of 
planning in forestry and hunting   include: 

1. A broad-based participation of stakeholders , 
2. Negotiations on the rights to use forest and hunting resources, 
3. Decisions that lead to a sustainable forestry and sustainable game management. 

 
Integration implies participativity, and in this sense the key stakeholders are: 

- A large number of people, mostly from rural areas, who depend on forests and forest products 
and hunting  in order to earn a living; 

- Private businesses, large or small , with revenues derived wholly or partly from the utilization of 
forests or game and hunting grounds. 

- Various NGOs and ecological, scientific, educational or similar categories; 
- Administration and staff in ministries and entities whose policies affect hunting and forestry or 

are related to them. 
- Scientific institutions, as the process of planning is followed by learning. The list of stakeholders 

implies participation in the practical process of planning that is more or less still burdened by the 
conventional approach.   

Summarized benefits of participatory planning are: 
- The promotion of a poly-functional planning of natural resources management (forests and game, 

nature conservation) 
- Conflict avoidance; 
- A better (more realistic) possibility of plan implementation, 
- Support to the public sector, lobbying, 
- Education. 

There is a fear of simplification of the attitude towards the forest and ignoring of the forest as a complex 
largely unknown natural system where we therefore face management in risky conditions (Kankaraš, 
2009). The integral and integrated system of planning involves a planned scope of complex attitudes 
towards the areas and resources, their conservation and use. One feature of the attitude toward natural 
resources in relation to the principle of sustainability and its planned provision is legal, interbranch and 
interplan dependence and connection. When interplan dependence and connection are concerned the 
integration with spatial planning is very important in practical terms. In that sense, the participation of the 
forestry profession is important for the spatial planning of Serbia. The Spatial Development Strategy of 
Serbia (2009) fully assimilated the planning orientations defined in the Forestry Strategy (2007) and the 
Development Strategy of Hunting in the Republic of Serbia (should be performed later upon adoption). 
The basic concepts of forest management planning in forestry and game management planning in hunting 
are clearly differentiated into strategic and operational planning by the applicable law taking into account 
the necessary vertical and horizontal connections. The term strategy in forestry means determination of 
the primary long-term orientation towards the conservation, protection and utilization of all potentials of 
forests and forest areas, i.e. the strategy in game management establishes a long-term orientation towards 
the preservation, protection and utilization of game. The objective of strategic management is timely and 
systematic creation and preservation of the potentials to ensure the achievement of strategic objectives in 
the future (Medarević, 2006). He forest management plans in Serbia intended by the applicable forest law 
are: 

1) The development plan of the forest area, i.e. the forest development plan in the national park (as a 
strategic plan); 
2 ) Forest management plan (operational plan); 
3 ) Forest management program (operational plan); 
4) Annual forest management plan (operational plan); 
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5 ) The executive design of the forest management (operational plan); 
6 ) The project of utilization of other forest products; 
7 ) The project of the use of other forest functions. 
 

The planning system is supported by the Regulations on the design and content of forest management 
plans and several software packages related to Its. Game management plans according to the Law on 
Hunting and Game are: 

- The Development Strategy of Game Management of RS (not finished); 
- The Development Program of the hunting area -15 years (strategic plan); 
- Game Management Plan (for a hunting ground) -10 years (operational plan) 

The annual plan of  the hunting ground management. 
 
The law also verified some specific units and levels of planning:  

-  Game breeding site (intensive breeding); 
-  Special-purpose game breeding site (enclosed areas for reproduction and breeding of game with 
"the greatest genetic potential "); Game farm; Game park (enclosed areas for the purpose of scientific 
and research activities, development of tourism and taking care of animals). 

 
In a sense the problem lies in the asymmetric timeliness of a development plan and a management plan. 
The planning system is not supported by the Regulations on the method of plan production in game 
management and a single information system as a form of support to planning. A particular problem in 
plan production in game management in relation to forestry is the inventory of game and defining of the 
state of game in terms of system dynamics, number, gender, age and quality. During the development of 
plans in both sectors, it is necessary to consider other laws, directives and sectoral strategies that through 
their obligations affect the content of the plans, the choices in planning and primarily the selection of 
management objectives. Some important laws and guidelines that are relevant to the preparation of these 
plans are: the Law on Environmental Protection , the Law on Game and Hunting , the Forests Law ,the 
Law on Veterinary Medicine, the Law on Environmental Protection, the Law on National Parks, the 
National Strategy of Sustainable Development, the Strategy of Spatial Development of the Republic of 
Serbia, 2009, the Spatial Plan of the Republic of Serbia from1996 and 2010, the Strategy of sustainable 
use of natural resources, Forestry Development Strategy of Serbia (2007) , the Strategy of biodiversity 
conservation, Bern Convention (The Convention on the Conservation of European Wildlife and Natural 
Habitats - Bern, 1979) as the main international legal instrument in the field of environmental protection 
with the aim of conservation of the biological diversity of Europe,  NATURA 2000,  birds directive, 
habitats directive, European Charter on game management and biodiversity conservation (Bern, 2007 -12 
principles), Instructions for sustainable hunting in Europe (2006). Two basic ecological principles from 
the above Instructions that have to be taken into account in the sustainable game management and 
planning are: 
- Hunting should not adversely affect the long-term " conservation status " of a game species within its 
natural range; 
- Hunting should not have an adverse effect on the long-term " conservation status “of the biota ( flora 
and fauna ) to which the game species belongs. 
Nature conservation at different levels plays a fundamental role in this process. The total area of protected 
areas in Serbia is 517 902 ha (Baković, 2010), and for the most part their integral parts are forest areas. 
Forests and their game in (and the game in other productive areas) as well as natural resources can be 
defined as those parts of the natural (biological) resources of a country that benefit the society (EC, 2002). 
Forests provide six basic functions to people and game significantly participates in four of them: 

- The source function (production of renewable resources, biomass, etc.) 
- The recipient function (absorption of debris flows, such as waste and pollutants)  
- Protection functions (water, land, etc.). 
- The function of circulation (global cycle of matter circulation, biomass reproduction) 
- Informative function (genetic resources, production resources, natural values , etc.). 
- Social function (e.g., recreation, income, education and training, natural beauty, culture, etc.). 

In particular, the degree of diversity of game species and biodiversity in general in Serbia can be 
described as relatively high. Flora, fauna and fungi of Serbia are characterized by the presence of a 
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relatively large number of endemic, rare and internationally important taxa, as well as important centers 
of biodiversity (Bjedov, 2010). As far as the ecology of game is concerned, according to the Instructions 
for sustainable hunting in Europe (2006) hunting management should: 

- consider, and where possible reduce, the negative effects of other human activities that threaten 
the survival of wild species and their natural behaviour (e.g. their day-night dynamics); 

- encourage cooperation with the managers of neighboring areas, even at the international level for 
the species whose annual life cycle is beyond the scope of control areas; 

- take into account seasonal fluctuations in the availability of certain habitat elements (cover, food, 
shelter ...) as well as the needs of species during their periods of  reproduction and rest; 

- stimulate natural recolonisation of areas by native species; 
- take seriously into account and, where possible, mitigate the negative effects of degradation, 

fragmentation and loss of habitat, which can occur as a result of other human activities (not 
hunting ); 

- reintroduce only those species that are considered indigenous species, according to the IUCN 
guidelines for reintroduction ; 

- not introduce or encourage introduction of non-native species; 
- base their activities on proven management plans (including the management objectives and 

measures for each species or group of species ); 
- encourage a thorough study of the sex and age structure of populations aimed at a better 

understanding of the population dynamics and facilitatation of the monitoring, evaluation and 
revision of management plans (adaptive management). 

With regard to biological communities (biocenosis , ecosystems)  to which the game species belongs, 
game management should not have any significant negative effect in general and in detail it should: 

- take into account the international, national and regional conservation status of  the fauna and 
flora species,  and particularly  of rare and endangered species; 

- Reconstruction of the vegetation in habitats and reforestation should be carried out only with the 
species from that area; 

- The regulation of the number of predators should take into consideration the conservation status 
of both prey and predator species , and the long-term effects of the predator - prey relationship; 

- strive to maintain the number , distribution and behaviour of the game species in accordance with 
the needs of the conservation  of the community (biocenosis , ecosystems)  to which the species 
belongs. 

If we take into account the socio -economic context of hunting, game management should be directed 
towards: 
- The harmonization of hunting management activities with those of other sectors and stakeholders 

in the area (agriculture, forestry, fisheries, transport, public health, etc.); 
- Employment of the local staff and use of their services; 
- Fair compensation ( in-kind or cash)  to land users , landowners and local communities; 
- Ensuring the participation of local hunters; 
- Providing access to and use to other users of the area as well (recreation, tourism); 
- Respect the views and feelings of the public, especially the local population; 
- Preservation of cultural, historic and artistic values related to hunting and game; 

 
In turn forestry should incorporate these instructions into integrated strategic plans whose integral part is 
hunting. 
 

2.2 Conflicts between forest management and game management 
 
From the current theory and practice, and especially considering the relatively new concept of sustainable 
management, it is clear that the definition of sustainability in forest and game management, regardless of 
the intensity, fosters the system of integral and integrated planning of management of the overall 
resources in forest areas and game in hunting areas. The integrative concept of using both sectors and a 
single user to a large extent facilitates planning of a practical solution and defining of the objectives and if 
necessary resolving conflicts between ( PE Srbijašume , Vojvodinašume , national parks). In the case of 
two users within the two sectors (forestry and hunting, without excluding other participants, especially in 
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the field of nature protection ) harmonization is conducted with the previous process of negotiation. The 
conflicts among goals can be resolved by the known planning techniques of ranking, networking in space 
or segregation. It is better to solve these problems through strategic planning in the development plan of 
the forest areas and programs of development of the hunting area. The intensity of conflicts is among 
other things directly influenced by the intensity of forest management in relation to the intensity of game 
management. Starting from the objectives established at different levels the issues of conflict within and 
between them can be identified. The definition of sustainable forest management implies a review of the 
following specified targets: 

- The conservation of biodiversity, 
- The conservation of self-renewability, vitality, productivity and potentials, 
- The fulfillment of environmental, economic and social functions of forests, 
- The achievement of intra- generational and inter-generational equality, 
- No causing of harm or damage to other ecosystems (MPCFE,1993). 

 
The obligations of forest regeneration and afforestation are the basic requirements for ensuring both the 
static and dynamic functional durability. This requirement was practically set and elaborated in 
qualitative and quantitative terms in the Spatial Plan of Serbia (1996, 2010) and the study preceding the 
development of the NFAP (2007/8) that includes: 

1. The improvement of the state of forests;  
2. An increase in forest areas (afforestation). 

Sustainable game management is the management of game resources populations in the manner and to the 
extent that: 

- continually maintains and improves the vitality of the game population , 
- continually maintains and improves the productive capacity of habitats, 
- permanently maintains and enhances biodiversity, which results in a fulfillment of the 

economic , environmental and social functions of game management, 
- maintaining their potential to meet the needs and aspirations of present and future 

generations. 
 

 In relation to the sustainable management of hunting areas in the Republic of Serbia, the main objectives 
are: 

1. A significant increase in the number of small and big game,  
2. An improvement of the structure (sex and age) of the population of big game and the quality of 

trophies, 
3. Preservation of rare and endangered species of game and other fauna species, 
4. A rational use of the populations of other species of game protected by a closed hunting season,  
5. The preservation and enhancement of permanently protected species of game and wild fauna. 

 
 Taking into account the previous, the conditions for the realization of long-term programs of protection 
and improvement of game are primarily biological and related to the conservation and enhancement of the 
populations of game species in size, structure, in accordance with the dynamics of the population and the 
degree of utilization. The stated objectives are evaluated in relation to the state of forests in parallel to the 
state of game in forest areas which clearly indicates the strategic commitments, and those are at the same 
time related to both the improvement of the current state of forests and enhancement of the state of game. 
Upon approaching of both these states to the two optimum conditions with respect to the natural 
resources, the need to assess the presence of conflicts within integrated forest and game management 
becomes more distinguished and it is integral for both one and more users in different sectors. Another 
issue arises in enclosed hunting grounds, where the economic capacity and intensity of breeding and 
utilization of game impose a number of issues that are pointed to in this paper (Jovic, 1968; Mešanović, 
2011). In such circumstances, it is necessary to take into account the measures and works of breeding, 
protection and the specific character during forest management planning in the operational plans that will 
facilitate, or at least will not reduce the opportunities to improve game management in relation to the 
above mentioned objectives . This implies a better understanding of the bio-ecological characteristics of 
game species selected as the primary breeding species in the hunting area (and others) and parallel 
knowledge of the characteristics of habitats whose quality affects the above-mentioned measures in 
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forestry planning. The measures should basically answer a few simple questions: Where, what, how, how 
much, and in what way should things be done bearing in mind the need to harmonize the life processes of 
forests and game? Additional measures may further be exerted by functional optimums and requirements. 
 

Table 1. Functional optimums and requirements (Source: Kurt and Gerald, 1986) 
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Conflicts can still occur in relation to the need to protect the game or otherwise in relation to the need for 
protection against damage caused by game. The latter problem, except in relation to agricultural 
production, is generally local and usually negligible in forests with the current number of game. The 
conflicts are usually related to the measures and works that enable the implementation of specific 
objectives of management, i.e. simultaneous implementation of forest and game management. In addition 
to the previously highlighted ways of conflict resolving, a combination of these three ways can be applied 
in the dynamic approach. These problems are easier to solve in the operational planning of forestry and 
game management because the system of planning is in both cases largely structured in terms of space, 
time, and type of work or technology. 
 

Conclusion 
 
A very important feature of the planning system is the integrability of plans and processes involved in 
planning. Another equally important feature is integration into the planning system. Integration involves 
participativity. The summarized benefits of participatory planning are: 

- The affirmation of poly-functional planning of the management of natural resources (forests and 
game), 

- Conflict avoidance, 
- A better (more realistic) possibility of plan implementation, 
- Public support, lobbying, 
- Education. 

Some of the major topics in the field of planning in forestry and game management are: 
- A broad stakeholder participation, 
- Negotiations on the rights to use the forest and hunting resources, 
- Decisions that lead to sustainable forestry and sustainable game management. 

The basic concept of forest management planning in forestry and game management planning is 
clearly differentiated into strategic and operational planning by the current law. The term strategy 
in forestry denotes the primary long-term orientation in relation to the conservation, protection 
and utilization of the overall potentials of forests and forest land, i.e.  the strategy of game 
management establishes a long-term orientation in relation to the preservation, protection and use 
of game. Clear complementarity in the planning system of forestry and game management stems 
from the above strategic and operational plans of forestry and game management. Many other 
laws and directives of national and regional character are obligatory in the preparation of these 
plans which highlights their intersectoral interdependence and connections. According to the 
definition of sustainable forest management and sustainable game management a range of targets 
is obtained on the basis of the adopted principle of multi-target orientation. 
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The goals that are influenced by the current state of forests and game are largely complementary and 
address the needs for: 

1. The improvement of the state of forests; 
2. An increase in forest area (by afforestation); 
3. A significant increase in the population numbers of small and big game; 
4. An improvement in the structure (sex and age) of the population of big game and the quality of 

trophies; 
5. The conservation of rare and endangered species of game and other fauna. 

Only upon approaching of the two conditions to the optimum with respect to the natural potential, arises a 
need for the assessment of the existing conflicts. In those circumstances, it is necessary to take into 
account the measures and works of breeding , managerial, protective and specific character in the forest 
management planning of operational plans that will facilitate, or at least not diminish, the opportunity to 
improve game management in terms of the above mentioned objectives. The measures basically have to 
answer a few simple questions: Where, what, how, how much, when and in what way should we act 
bearing in mind the need to harmonize the life processes of forests and game? 
 

Acknowledgement 
 
We are grateful to the Ministry of Education and Science of the Republic of Serbia for the financial 
support to this research within the Project “Sustainable management of total forest potentials in the 
Republic of Serbia“- EVBR 37008. 

 
References 

 
1. Bjedov V. (2010): Planiranje u lovstvu kao deo plana razvoja šumskog područja, prezentacija na  seminaru iz 

Planiranja gazdovanja šumama, Goč, Srbija  
 

2. Baković D. (2010): Plan razvoja šumskog područja-segment zaštita prirode, prezentacija na   seminaru iz Planiranja 
gazdovanja šumama, Goč, Serbia 
 

3. Jović D. (1968): Problemi usklađivanja šumskog i lovnog gazdovanja, Magistarski rad, Šumarski fakultetUniverziteta u 
Beogradu 
 

4. Kankaraš R. (2009): Assessment of the Conditions for Introducing Integrated Forest Management Plans In the Forestry 
sektor of Montenegro, master rad, Šumarski fakultet Univerziteta u Beogradu 
 

5. Medarević M., Petrović N. (2006): Legal regulations and possibilities for sustainable forest   managemant in Serbia, 
Forstwissenschaftliche Beitrage der Professur Forstpolitik und Forstekonomie,Forest Sciens Contributions, 
Proceendings of the 7th Internacional Symposium in Zlatibor Mountain, Serbia , 237-252  
 

6. Medarević M. (2006): Planiranje gazdovanja šumama, univerzitetski udžbenik, Univerzitet u Beogradu, Šumarski 
fakultet 
 

7. Medarević M., Banković S., Šljukić B. (2008): Održivo upravljanje šumama u Srbiji - stanje i mogućnosti, Glasnik 
Šumarskog fakulteta u Beogradu, 97: 33-57.   
                                  

8. Medarević M., Banković S., Šljukić B. (2009): Pristup izradi strateških planova u šumarstvu, tematski zbornik radova 
sa Međunarodnog naučnog skupa „Regionalni razvoj, prostorno planiranje i strateško upravljanje“,   str 277- 293  
 

9. Medarević M., Bončina A. (2012): Development of forest management planning in the NW Balkan: main 
charakteristiks and prospects, Proceedings, Međunarodni simpozijum povodom 20 godina Šumarskog fakulteta u 
Banjoj Luci str 41-55 
 

10. Mešanović Z. (2011): Usklađenost šumskog i lovnog gazdovanja u lovištu „Podunavsko lovište Plavna“, Master rad 
Šumarski fakultet Univerziteta u  Beogradu 
 

11. KREBS;Vor und nach der Jagerprufung Der Klassiker-59.Auflage  
 

12. Zakon o šumama Republike Srbije  „Sl.gl.RS“br.30/2010 
 

13. Zakon o divljači i lovstvu Republike Srbije  „Sl.gl.RS“br.18/10 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
Review scientific paper                                                                                                                             UDC:569.73 

138 
 

 
REVIEW OF METHODS FOR ESTIMATING POPULATION  

NUMBERS AND DENSITY OF WILD UNGULATES IN POLAND 
 

Bobek, B.,1 Bieniek, M.,² Bek, M.,¹ Borowska, A.,¹ 
 

Summary: In Poland during the last two decades there has been rapid increase in population numbers 
of red deer, roe deer and wild boar along with a dramatic drop in the number of moose. The main 
reason behind these trends is that hunters did not apply reliable methods for estimating population 
numbers. For this reason in the period 1995–2013, the new methods of wild ungulates population 
census were tested by the team of about 3 750 persons. These studies were performed in 148 forest 
districts covering a total area of 2,48 mln ha of forest. The obtained results showed that the 
populations number of red, roe deer and wild boar have been seriously underestimated by hunters, 
whereas the numbers of moose have been overestimated. In this paper descriptions and results of 
field application of 5 reliable census methods for estimating population numbers and density of wild 
ungulates is presented. In conclusions, the driving census method is only suitable for accurate 
estimation of roe deer numbers, while it is not fit  for such estimates of red deer, wild boar and 
moose. A reliable population census of these species can be performed by using block count 
technique (large sampling plots). The tracking on line transects, counting animals  on belt transects, 
and analysis of the data from collective hunts, can be used to estimate the population numbers of all 
ungulate species but obtaining highly accurate results of population density or numbers (±10% at 
95% confidence level) depends on proper stratification of data with respect to habitat variables and 
size of hunting bag. 
Key words: deer, wild boar, population density and numbers, driving census, block count technique, 
line transects, belt transects, collective hunts 

 
Introduction 

 
In Poland, every year in March i.e., at the end of hunting district an obligatory estimation of the 

numbers of game animals should be completed by hunting clubs. The results of the estimation provides a 
basis to calculate harvest plan. Unfortunately the current regulations does not define the methods which 
should be applied for estimating population numbers. Therefore most hunting districts base their 
estimates on simple guesswork and speculation by hunters. A commonly used practice is  
to estimate the number of game animals that the hunters are able to harvest and then simply adjust the 
numbers of game species on basis this figure.In the last two decades this method of game management 
has resulted in an uncontrolled growth in number of red deer, fallow deer roe deer and wild boars, along 
with a dramatic drop in the numbers of moose to the level that threatened the viable population size for 
this  species (Bobek et al., 2005a; 2012). During last 10 years the value of damage caused by wild 
ungulates increased from 10,5 to 15,5 million euro (Frackowiak et al., 2012) and from 2000 to 2012 the 
expenditures on forest protection measures against deerrose from 18,5 to 50 million euro (Bobek et al., 
2012).The key to solving the overpopulation problem is to adjust harvest rate to present population 
numbers. For this reason in the period 1995–2013 tests began on trialing various methods which could be 
practically applied to obtain reliable assessments of big game animals. The new methods of big game 
population census were tested by the team of about 3 750 persons including foresters, hunters and wildlife 
biologist. These studies were performed in 148 forest districts covering a total area  of 2,48 mln ha of 
forest (Bobek et al., 2005a; 2006; 2007; 2009; 2012; 2013) throughout Poland (Fig. 1).  
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Therefore the objective of this paper is to characterize methods for assessing the wild ungulate 

numbers which have been tested in recent years in various regions of Poland and which can be applied in 
game management to estimate the number of deer and wild boars. 

 

 
Fig. 1. Locations of 148 Polish forest districts covering 2,48 mln hectares of forest where during last 15 
years (1997–2013) population census of wild ungulates was carried out by using line and belt transects, 
large sampling plots, driving census and analysis of collective hunts. Each circle represents 1–3 forest 
districts (Bobek et al., 2013). 
 
Description of methods and results of population census 
Block count method (large sampling plots) 

It is based upon large sampling plot which size should be equal to 400–500 ha. In case of snow 
conditions the census starts with trackers who are walking around perimeter of the sampling plots. They 
erase all animal tracks they find. Then about 50 observers are distributed evenly in sampling plot. Each of 
them is searching animal in a designated area (10–15 hectares) during 2 hours. Observers are recording 
the sex-age composition of the animals group seen, indicating time of observation  and direction in which 
the animals escape. When observation are completed, the trackers again walk around sampling plots and 
collect data regarding animals which left sampling plot. Next, all the data on observation made by both 
observers and trackers are marked on a map of sampling plot. The time and space analysis and the size-
sex-age of animals groups recorded allows to exclude the multiple observation on the same animals 
(Maruyama and Furubayashi, 1983; Maruyama, 1992; Bobek  et al., 2009). In case of lack of snow cover 
half of the participants of the census are placed around the sampling plots in similar distance from each 
other, while the rest of them enter and search for animals. After one hour the stationary observers join to 
moving observers, and all of them record animals seen. 

During 2004–2006 estimation of population density of red deer and wild boar by large sampling 
plot (n = 13) was carried out in northwestern Poland. The number of these animals displayed a normal 
distribution, as indicated by the lack of significant differences from this distribution estimated by the 
Shapiro – Wilk test (red deer W=0,970, p=0,905; wild boar W=0,982, p=0,106). The accuracy  of the 
mean population density for the 95% confidence level was higher for red deer (54,7 individuals/ 1000 
hectares) than for wild boar (41,2 individuals/ 1000 ha) and amounted to ± 18,5% and ±47,7% 
respectively (Bobek et al., 2013). When stratification procedure was applied, density of wild boar in 
deciduous forest (77,4 individuals/ 1000 hectares) showed much better accuracy of mean i.e. ± 22,9% at a 
95% confidence level. 

 
Driving census 
Area of sampling plots ranged usually from 60–100 ha and preferably their shapes should be 

rectangular. This census needs around 50 persons who are divided into a moving battue, with two moving 
flanks and stationary observers deployed on the front of the sampling plot. The distances between 
members of battue are 20–30 m, and 150–200 m between flankers and stationary observers. Visual 
contact between leader of flank and head observers on the corner of sampling plot must be provided. The 
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battue line and flanks are moving to the front of sampling plots. During driving only the roe deer which 
leave the sampling plot between two persons are recorded by a person who see the animal on the right 
side of him (Milkowski, 1969; Bobek et al., 2009). 

Example of estimating the population densities of wild ungulates obtained by the driving technique 
in the Rudziniec Forest District (southern Poland) is shown in Table 1. In this area, the calculations for 
roe deer by Shapiro – Wilk test showed high convergence with a normal distribution (W=0,95; p=0,655) 
and much less convergence but still statistically significant for wild boar (W=0,875, p=0,089). The 
accuracy of the mean population density roe deer was markedly higher than that for mean population 
density of wild boar (Tab. 1.) and for a 95% confidence level amounted to ± 23,7% and ± 72,6% 
respectively (Bobek et al., 2013). The distribution of red deer in sampling plots did not fit to normal 
distribution. 
Table 1. Population density of roe deer, red deer and wild boar estimated by driving census in Rudziniec 
Forest District in February during 2011–2013. Accuracy of mean at 95% confidence level is ± 23.7% 
(roe deer)  and ± 72.6% (wild boar), there was not normal distribution of red deer samples. Average 
density and standard error are given (X ± SE), (Bobek et al. 2013) 
 

Number of 
sampling 

plot 

Area of 
sampling 
plot (ha) 

Animals in sampling plot (N) Population density (N/1000 ha) 
Roe 
deer 

 Red 
deer 

Wild 
boar Roe deer  Red deer  Wild boar 

1 94.8 22 18 0 232.1 189.9 0.0 

2 117.3 12 5 5 102.3 42.6 42.6 

3 100.2 34 8 7 339.3 79.8 69.9 

4 133.7 36 29 0 269.3 216.9 0,0 

5 142.7 48 36 8 336.4 252.3 56.1 

6 120.1 28 6 0 233.1 49.9 0,0 

7 146.4 54 91 2 368.9 621.6 13.7 

8 42.0 6 0 0 142.9 0.0 0.0 

9 138.6 32 24 4 230.9 173.2 28.9 

10 143.2 42 13 13 293.3 88.0 90.8 

11 142.5 22 7 3 154.4 49.1 21.1 

 Total/mean 1 321.5 336 237 42 245.7  
± 26.1 

160.3 
±52.3 

29.4  
±9.6 

Driving census has been widely used in Poland but its results are very seldom used in roe deer 
management. Good example of using driving census into practice could be the management of the roe 
deer population in Niepołomicka Forest, southern Poland (Tab. 2). In deciduous forest (area of 1,293 ha) 
the population numbers were estimated during 7 year period using driving census technique. Together 
with cooperation between the local Forest Service and game biologists, these estimates were then used for 
planning and implementing the harvesting of roe deer (Bobek, 1977; 1980; 1984).  

 Counting snow tracks on line transects 
The procedure assumes deployment of 50 km line transects per 10 000 hectares of forest. These are 

forest roads passable in winter by 4WD car. During 5 consecutive days all tracks made in each 24 hrs. by 
animals crossing the transects are counted. Processing the data involves elimination on the tracks the 
same animals seen many times and the calculation of the relative population density index (N/km) 
separately for each day of tracking. This index is then inserted into nonlinear regression where N/km is an 
independent variable, whereas the absolute population density (N/ 1000 hectares) is  
a dependent variable.  
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Table 2. Population dynamics and hunting bag of roe deer in 1293 ha forest complex of 
Niepolomicka Forest during 7 year period. Population density was estimated by driving census and 
hunting bag by harvest model (Bobek, 1980; 1984) 

Year 1976 1977 1978 1979 1980 1981 1982 

Population size (P) 414 346 327 136 171 154 181 

Harvest (H) 157 164 136 39 77 49  

P/1000 ha 320.2 267.6 252.9 105.2 132.2 119.1 140.0 

H/ 1000 ha 121.4 126.8 105.2 30.2 59.5 37.9  

 
Examples of the population number estimates and planned harvest of moose (Alcesalces) using 

tracking on line transects in the Augustowska Forest (110 000 hectares) is given by (Bobek et al., 2005a). 
During 1998–2002 population size of moose ranged from 180–238 animals, i.e. 1,64–2,16 animals/ 1000 
ha. The accuracy of the  mean population numbers calculated separately for each year was no lower than 
± 6,3% at 95% confidence level. Results of the population census of moose were used to calculate harvest 
plan which ranged from 44- 63 animals per hunting season. The harvest plan was applied into practice 
and helped to stabilize the population numbers of moose (Bobek et al., 2005). In this study in order to 
transform the relative population density index (N/km) into absolute population density (N/ 1000 ha), 
non-linear regression was used (Fig. 2). 

 

 
 

Fig. 2. Relationship between snow tracks density index i.e. numer of animals per km of line transects/day 
and population density of moose in Augustowska Forest. Data were collected in February–March 1998. 
Y=(7,17)*arctan (5,07)*x) ; R2=0,56, n=15 (Bobek et al. 2005). 

 
The method of tracking on line transects was used for the population number estimated of roe deer 

in northwestern Poland by Rembacz (2007). In small size deciduous woodlands, the roe deer population 
numbers in four consecutive years ranged from 3707–4045 individuals (334,5–344,3 animals per 1000 
hectares). The accuracy of mean population density estimated in consecutive years varied from ± 7,5% to 
± 8,9% at 95% confidence level. Data regarding population size were used  to calculate harvest plan 
which was then applied in roe deer management. 
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Belt transect census 
The belt transect are forest compartments adjoining each other along their shorter sides. Thirty 

kilometers of transects per 10 000 hectares should be designed. The survey team consist of 5 persons 
positioned in a line along a shorter sides of the transect. Two persons are placed on the opposite sides of 
belt transect in forest compartments dividing lines having good visibility. All persons taking part  in the 
census must start walking at the same time. On the way they register the number of animals observed 
including age and sex of animals. Processing the data consists in excluding from animals observed, all 
those that have been recorded more than once. Then the relative population density i.e., numbers of 
animals seen per 1 km (N/km) of belt transect is calculated. This index is then inserted into a equation 
where N/km is an independent variable, whereas the absolute population density (N/ 1000 ha) is a 
dependent variable. Walking through belt transects should be repeated 5–6 time in 3–5 day intervals  as 
this allows to calculate accuracy of mean population density at 95% confidence level.  

The belt transect census was widely used in northwestern Poland (Fig. 1). Published results refer to 
roe deer in the Zdrojowa Forest District (Bobek et al., 2013). In 12 500 hectares of forest, during  6 days 
of walking through the belt transect with a total length of 38,6 km, the number of roe deer observed 
ranged from 1,06–1,45 individuals per 1 km of transect. In 6 consecutive days of the census the 
population numbers showed a normal distribution (W=0,911; p=0,448 Shapiro – Wilk test) and the 
accuracy of the mean population numbers amounting to 1751,2 ± 157,2 individuals (X ± SE) for 95% 
confidence level reached a value of ± 9,4%. 

 
Analysis of the bags of collective hunts 

The collective hunts occur in Poland from October to January i.e. for 3,5 months. The collective 
hunts usually involve a dozen of hunters, the similar number of drivers (battue) and several dogs. The 
area where the battue drives animals into line of hunters (“sampling plots”) does not usually exceed 100 
hectares. For the analysis, sampling plots of similar size and distributed evenly in the study area, should 
be selected. Also the number of hunters, drivers and hunting dogs should be similar between sampling 
plots. Statistical analysis involves eliminating the same animals observed by two hunters  on neighboring 
positions. Next, the number of animals observed or shot on a sampling plot  (N/ sampling plot) is a 
relative population density index. This independent variable is inserted into the regression equation 
allowing to calculate the absolute population density (N/ 1000 ha). The estimation of the average 
population density and numbers should be based upon the hunting bags collected during the last month of 
collective hunt season. This allows for the estimation of the mean accuracy with  
a 95% confidence level (Bobek et al., 2005b). 

Kopec (2012) used a 3 year analysis of hunting bags from the collective hunts of roe deer  
in order to estimate the population numbers of this species in small forest complexes in the Rudziniec 
Forest District (southern Poland). In this census data on roe deer number seen per sampling plot were 
used. The population numbers during 3 years varied  from 3 788 to 4 103 individuals. The average 
population density (187,9 animals/ 1000 ha) showed high accuracy of the mean amounted from  ± 7,7% 
to ± 12,1% for 95% confidence level. 

The results of the collective hunts analysis are good opportunity to estimate population size  
of many ungulate species. In case of deer this census should include numbers of animals seen  
by hunters, for wild boar the best results is using number of individuals which were shot during the 
collective hunts (Bobek, unpublished data). 

 
Calibrating the relationship between relative and absolute population density 

In order to determine the mathematical relationship between relative and absolute population 
density, so called calibration plots are established. These are either small sampling plots, used during  a 
driving census to estimate numbers of roe deer or large sampling plots used for estimating population 
numbers of moose, red deer, fallow deer and wild boar(Bobek et al. 2005a). The field methodology used 
to calibrate these variables is outside the scope of the presented work. 

 
Management implications 

For estimating population density and numbers of wild ungulates which form large social units 
(moose, red deer, fallow deer and wild boar) large sampling plots should be used, where animals are 
counted using a block count technique. In case of roe deer the use of small sampling plots on which the 
animals are counted by the driving census is recommended. Estimation of population density and 
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numbers using tracking on line transects, counting animal on belt transects or analysis of data from 
collective hunts is applied to all species of wild ungulates. However, the bias of these methods has  to be 
assessed with use of sampling plots, where the data obtained generate population numbers with an 
accuracy about ± 10% at a 95% confidence level. The estimation accuracy of animal numbers increase 
when the sampling plots are approximately similar shape and size, and the stratification  of data from 
samples is carried out by using essential habitat variables and absolute densities  of harvested animals. 
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WILDLIFE MANAGEMENT FROM PREDATOR-POOR TO PREDATOR-RICH SYSTEMS, A 

PERSPECTIVE FROM MONTANA, USA 
 

Alt, K.,1 Hamlin, K.,2 Kujala, Q.3 
 

Summary: Strong predator control and eradication were culturally accepted throughout much of 
Montana history, from European settlement to the 1960s. Unregulated killing, bounties, and 
broadcast poison bates were standard practices. By the 1930’s wolves were all but eliminated from 
the State. Through State law, black bearand mountain lionswere classified as game animalsin the 
1940’s and 1970’s, respectfully, bringing regulated management and conservation for those species. 
By the 1970s, national sentiment was changing. Predator control practices across the country came 
under scrutiny, resulting in laws and policy changes including a Federal law prohibiting the use of 
indiscriminate poisons baits, such as 1080.  As a result, predators of all species, mammalian and 
avian, began to increase by the late 1970s.   

In the 1970s, wolves from Canada began to repopulate the northwestern portion of Montana and 
brown bears, listed under the Federal Endangered Species Act (ESA), began a 35+-year history of 
population increase.  In the mid-1990s, under the ESA, wolves were reintroduced into Yellowstone 
National Park and Central Idaho, igniting substantial controversy. By 2005, subsequent restoration 
and expansion of wolf numbers beyond projected numbers and distribution, legal delay in removing 
wolves from the ESA list, and real and perceived declines in ungulate numbers further fueled 
controversy about the impacts of wolves, and other predators, on ungulates. 

Although ungulate population objectives are driven by habitat and landowner tolerance, managers 
through the 1990s were only accounting for top down effects from hunter harvest. If the objective 
was to allow an ungulate population to increase, the manager simply reduced or eliminated female 
harvest, and conversely increased female harvest to reduce the population.  In today’s predator rich 
systems, restrictions on female ungulate harvest may not result in a population increase.  
Conversely, liberalizing female harvest without considering predation could reduce the population 
further and for a much longer period of time then the intended objective. 

Large mammalian predators have returned to historic high numbers, relative to the early 1900s, and 
public perceptions of predators have changed.  Today, wildlife managers must find ways to enhance 
ownership in the hunting and non-hunting public, balancing the needs of hunters with those of 
predators.  That ownership needs to be meaningful with the public as co-managers providing the 
economic support for science in management and the political will to assure Montana’s 
conservation ethic persists. 

          Key words: Montana, management, predator, prey. 

Introduction 
 

There have been many changes in how ungulates and large carnivores (predators) have been viewed and 
managed in Montana over the last 100 years.  This paper brings perspective and insight to those changes 
and provides practical considerations for today’s wildlife managers. 
 

Materials and Methods 
 

We used early historical information to provide a perspective on important events that have impacted 
wildlife and habitat on the Montana landscape. We included key Federal (USA wide) and Montana 
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(State) legislation that were significant in providing conservation direction for wildlife and their habitat.  
Annual hunting season regulations are referenced to reflect implementation of policy. 
Montana, in collaboration with universities and other agencies and institutions, has a history of long-term 
research efforts on large mammals and many other species. Large mammal researchhas included: Rocky 
Mountain mule deer (Odecoileus hemionus hemionus), white-tailed deer (Odecoileus virginianus), Rocky 
Mountain elk (Cervus elaphus nelsoni), mountain lion (Puma concolor), black bear (Ursus americanus), 
brown bear (Ursus arctos),wolves (Canis lupis), coyotes (Canis latrans), wolverine (Gulo gulo), Shiras 
moose (Alces alces shirasi) (currently), Rocky Mountain bighorn sheep (Ovis canadensis canadensis), 
and pronghorn antelope (Antilocapra Americana). Over the last 15 years, Montana has been focusing on 
predator-prey relationships, including hunting. We draw from these collective efforts to highlight 
ecological understanding of the changes that have occurred and management challenges that face wildlife 
managersin Montana today.  In this paper, we use examples from elk management to highlight those 
challenges. 
Finally, we draw upon our collective thoughts, from a long-term researcher, long-term manager and mid-
career administrator, to highlight changes in wildlife management that have occurred and approaches that 
should be considered in a system that has moved from predator-poor to predator-rich.  
 

Results and Discussion 
 
Background Cultural: Montana became a territory in 1864 and a state in 1889. Interestingly, Yellowstone 
National Park became a park in 1872, seventeen years before Montana became a state. More importantly, 
Yellowstone Natinal Park became the model of conservation, and based on the Parks’ protection ideal, 
Montana created 42 game preservesby the 1950’s (Picton and Lonner, 2008). Protection represented the 
“high tech” of conservation of that time. But as wildlife management became more integrated into 
conservation, Montana eliminated all but one game preserve, moved from a conservation approach based 
on total protection to one based on science driven management, and applied the management approach 
broadly to landscapes where people live, work and recreate. 
The first Federal wildlife law, the Lacey Act, was passed in 1900. This law regulated the interstate 
transportation of illegal wildlife harvest. In 1973, the Federal Endangered Species Act was passed by the 
United States (US) Congress and the US joined the Convention on the International Trade in Endangered 
Species (CITES).  
Although these laws have been important in Montana’s conservation efforts, the most significant piece of 
wildlife legislation that has been adopted in the US is the Pittman-Robertson Act (P-R) (Federal Aid in 
Wildlife Restoration).  It was enacted in 1937, during the “great depression”, establishing an 11% federal 
excise tax on firearms and ammunition purchased in the US. The money is distributed back to the 
individual states based on a 25 state:75 federal match.  The states use their license revenue for their 25% 
match. P-R money can only be spent for wildlife research, management and education, and in order to 
qualify for P-R funds, the states can only spend their license revenue on those same efforts. Because 
penalties for any illegal diversion of federal or state money are severe, no state has been out of 
compliance for any length of time since 1937.  
In Montana, P-R rules and funding helped establish undergraduate and graduate fish and wildlife 
programs at both Montana State University and University of Montana. Since about 1950, a wildlife 
biologist working for Montana Fish, Wildlife and Parks (FWP) has been required to earn at least a 
Masters of Science level of education, and research and management are “joined at the hip” (Picton and 
Lonner, 2008).  As a result, science based wildlife conservation, restoration, and management expertise 
has been applied throughout the State on private and public lands. 
In 1972, Montana rewrote, and adopted a new State constitution that contained significant laws relating to 
conservation of wildlife populations and habitat. It included a Montana Environmental Policy Act, 
requiring full disclosure and mitigation of the effects of government action on both the natural and human 
environment.  It also established an open meeting law, requiring that any meeting held or attended by an 
agent of Montana government be open to the public. Both of these were essential in developing a 
Montana cultural expectation of openness in their government, including all things related to wildlife, a 
public trust resource.   
By the late 1880’s bison (Bison bison) were all but gone from Montana, and North America.By the early 
1900’s all of the large ungulates were at very low levels.  By the 1930’s,most predators were also at low 
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levels and wolves were gone (Picton and Lonner, 2008). The most effective methods of control were 
indiscriminate broadcast poison bates. 
Today’s Environment: In the 1950’s, as Montana was beginning to restore most of its primary ungulate 
species, predator control efforts were waning. Society was showing more positive interest in predators 
and ecological processes at both the national and state level. By the 1970’s, unrestricted use of broadcast 
poison bates such as 1080 were prohibited, and bounties and indiscriminate shooting were over. What 
followed was refinement of black bear seasons, implementing mountain lion management through 
regulation, ubiquitous coyote populations, listing of brown bears under the endangered species act, and 
the reintroduction of wolves into Yellowstone National Park and Central Idaho which was coupled with 
natural re-colonization in northwestern Montana from Canada.  This occurred in what was already the 
largest predator rich environment in the lower 48 States (Hamlin and Alt, 2012). 
 
Montana designated mountain lions a game animal in 1971, and developed hunting seasons based on age, 
sex and quota regulations.  Prior, people could kill mountain lions throughout the year, and as a result 
lions were absent from much of the state.  Today, mountain lions inhabit most of the suitable habitat 
found in Montana, and legal annual harvests have ranged from 300 to over 750 during the last 20 years 
(Robinson and DeSimone, 2011; Hamlin and Alt, 2012). 
 
By the 1940’s, both bear species were classified as game animals in Montana, resulting in protection 
based on regulated harvest (Picton and Lonner, 2008). Beginning in the mid-1980’s concern was growing 
over black bear harvest. As a result, black bear seasons were redesigned, and a mandatory harvest check 
was implemented to gather information on age and sex of harvests. Since that time, black bear 
populations have been stable to slightly increasing. (Mace and Chilton-Radandt, 2011; Hamlin and Alt, 
2012 ). 

Brown bears were listed under the US Endangered Species Act in 1973, and currently are un-hunted.  
These bears exist in 3 areas of the state, the Northern Continental Divide, Cabinet-Yaak and Greater 
Yellowstone Ecosystems.  The trend indicates growing bear populations. Population growth rate for the 
Yellowstone Ecosystem was estimated at about 4% annually, but may have declined to about 2% 
annually in the last few years (Schwartz et al., 2007;Schwartz et al., 2008;Schwartz et al, 2009.; Schwartz 
et al. 2010;Hamlin and Alt, 2012). We expect to see delisting from the Endangered Species Act in the 
very near future, and hunting again applied to this species as a management and conservation tool. 

In 1995, wolves were reintroduced into Yellowstone National Park and Central Idaho.  Wolves, by that 
time, had also naturally recolonized northwestern Montana from Canada. The species had met and 
surpassed all biological benchmarks by 2002, and the US Fish and Wildlife Service approved Montana’s 
state management plan in 2004 (Sime, 2003). Wolves were delisted from the Endangered Species Act in 
2009, relisted in 2010, and again delisted in 2011. The relisting in 2010, was the result of a lawsuit in 
Federal court and court interpretations of inadequacy in the first delisting process. The second delisting in 
2011, occurred because the US Congress intervened and essentially delisted the species. Montana 
conducted its first wolf hunting season in 2009, and upon the second de-listing, implemented a season 
again in 2011 (Bradley et al., 2013). During the 2012 season, bag limits were expanded and trapping was 
added as a season type with a stated objective to reduce wolf numbers. December 2012 estimates are, 147 
packs and 625 wolves, representing a decrease of 4% from December 2011 numbers (Bradley et al., 
2013) 

In 2005, Montana adopted a statewide elk plan with area specific population objectives.  They also 
developed three basis season packages, liberal, standard and conservative, that would be implemented on 
an area-by-area basis when populations were either above, at, or below adopted population objectives, 
respectively (Hamlin, 2005). During the same time, the Montana State Legislature adopted House Bill 42, 
which required the wildlife agency to manage at or below the elk plan objectives (Montana Codes 87-1-
322 and 87-1-323). However, objectives were established based on bottom up influences and historical 
thinking, rather then including top down factors, i.e. predation. Most areas in the eastern two thirds of the 
State were above objective and had few predator species, coyotes were ubiquitous and lions in low 
densities. Areas in the western third of the State had a mixture of elk populations ranging above, at, or 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

147 
 

below objective. In addition, the western third held all the species of large predators, in varying degrees 
of presence and density (Hamlin and Alt, 2012). In 2004, liberal seasons, designed to harvest a 
disproportionate number of females, were established in all areas that were over objective. 
Two examples of western hunting districts, where liberal regulations were implemented in 2005, provide 
interesting results. In a southwest Montana hunting district (Fleecer Elk Management Unit), an elk 
population of 2000 observed elk was quickly reduced to well below objective. Once below objective, 
conservative hunting season prescriptions were implemented, allowing no or very few females to be 
killed. Under conservative season management, this elk population has grown to 897 countable elk, but 
has been slow to reach objective. 
In a westcentral hunting district (West Fork Elk Management Unit), a population of 1,600 observed elk 
was reduced to well below objective by 2008. The population objective mid-point was increased from 
1,400 to 2,000 and the area has been in conservative seasons for female harvest since 2008. The 2013 
count was 985 elk (published counts at fwp.mt.gov/fishAndWildlife/management/elk/), andhas yet to 
reach objective. As a result, a 3-year intensive research project was initiated to evaluate, among other 
variables, the role that predation was having on this population. 
There are two populations of migratory elk that Montana shares with Yellowstone National Park. The 
Gallatin elk herd, wintering on ranges that are continuous between Montana and Yellowstone National 
Park in the Gallatin drainage, has high predator to prey densities, and all predator species are present.  
About 75% of the winter range for this population was outside of the Park and had been managed through 
late season antlerless harvest at relative stability for over 30 years prior to wolf reintroduction (Hamlin 
and Cunningham, 2009). The late season was closed in this area in 2005 because of dramatic declines in 
the population, from 1,200-1,500 pre-wolf to 600 (FWP hunting regulations, 2005). Currently this 
population has continued to decline to less then 200 countable elk (published counts at 
fwp.mt.gov/fishAndWildlife/management/elk/). 
The Northern Yellowstone elk herd, wintering on ranges that are continuous between Montana and 
Yellowstone National Park in the Yellowstone drainage, also has high predator to prey densities, and all 
predator species are present. About 25 to 30% of its winter range is outside of the Park in Montana, and 
population numbers have fluctuated widely over the 37 years prior to wolf restoration in the park (Hamlin 
and Cunningham, 2009; Hamlin et al., 2009).  The population has been in continuous decline since 2003.  
The Yellowstone population had also been managed through late season hunting in Montana as elk 
moved into Montana to winter. The January late hunt was dramatically reduced in 2006, from 1,100 to 
100 female permits, when the elk population count was 9,500 (FWP hunting regulations, 2006; Hamlin 
and Cunningham, 2009).  With this change, hunting mortality was essentially removed as a demographic 
impact, leaving predation and environmental conditions as the primary impact on this elk population.  The 
late season was closed to all hunting in 2010, at an elk population count of 6,070 (FWP hunting 
regulations, 2010). The population has continued to decline, from when hunting was removed as a 
demographic force in 2006, population of 9,500 countable elk, to a current population of less then 4,000 
countable elk (K. Loveless, FWP, pers. comm.). There has also been a greater proportion of the Northern 
herd wintering in Montana, north of Yellowstone National Park, since 2008, ranging from 48 to 77% (in 
2013) of the observed population (K. Loveless, FWP, pers. comm.).  
In the two western Montana hunting districts, where all species of predators are managed to some degree, 
eliminating female harvest has allowed a very slow, but steady, population increase. Any difference may 
be due, in part, to a relatively higher predator presence in the westcentral area as compared to the 
southwestern area. Importantly, managers were also increasing female hunting harvest in these two areas 
to reduce the population, while not being able to account for top down influences from predators that 
were increasing during the same period, specifically wolves and lions. In the Montana/Yellowstone 
National Park shared populations, reductionsin female harvest, and closing late season hunting, did not 
prevent the populations from declining further. Predation pressure remains high there. 
 

Conclusion 
 

Interestingly, in both western Montana examples, the period of increased female harvest specifically 
initiated to reduce the elk populations to objective, overlapped with increasing wolf presence.  Hunters 
naturally perceived both the reduction in elk and the increase in wolves, and blamed wolves and predators 
in general.  Wolves and other predators do eat ungulates and can cause changes in population dynamics as 
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witnessed by the Yellowstone examples.  However, managers do need to be cognizant of how results 
from their management recommendations could be perceived by the public.   
In addition, there should be caution by managers, if in establishing population objectives; a legislative 
body then adopts those objectives as legally binding.  It is likely the Fleecer Unit, if not both of the 
western Montana areas, would either have not entered a liberal season structure, or more likely, pulled out 
sooner, had House Bill 42 not been passed by the Montana Legislature.   When population objectives are 
made legally binding through legislative action, the ability by managers to readily adapt to changing 
environmental circumstances is dramatically reduced. Increasing predator richness is one of those 
ecological changes that can initially occur subtly, without managersand the public noticing. 
On landscapes with high predator richness, it is important for biologists to increase efforts and accuracy 
in collecting recruitment data, for example, calf/100 cow ratios as expressed for elk. In those areas of 
Montana where predator richness is high, and where counts and recruitment data cannot be reliably 
collected, we suggest being cautious with female harvest. Wildlife management has been historically 
sensitive to bottom up effects, yet today, biologists are struggling to account for the top down effects that 
are present, but hard and expensive to quantify. The margin for error in allowing female harvest is much 
narrowerin areas of high predator richness, western Montana, then in areas of low predator richness, 
eastern Montana. 
Management was more simplistic when an increase in antlerless harvest would result in a predictable 
decrease in population, and a reduction in antlerless harvest would result in a corresponding increase in an 
ungulate population. However, today, a hunter driven decrease may result in a deeper and more rapid 
reduction then anticipated if predator richness is high. In addition, a corresponding decrease in hunter 
harvest of females, even closing all female harvest, may not result in a corresponding increase in the 
population. Managers must find ways to account for top down factors.  In doing so, they must rely on 
sound predator-prey research to add clarity and develop additional tools for monitoring and managing 
predator rich systems. Picton and Lonner (2008) may have stated it best, “The integration of large 
predators into the mosaic of human communities requires more than activists and lawsuits.  Science and 
knowledge are required.”  
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HUNTING AND FISHING AREAS INTEGRAL MANAGEMENT 

 
Šarčević, B.,1 Obradović, S.,2 Đekić, V.,3 Šekler, M.,4 Marković, M.,5  Živkov-Baloš, M.,6 Stefanović, R.7 

 
 

Summary: Hunting and fishing areas in the legal, organizational and practical terms have very 
much in common so consequently these areas management organization is identical in the most 
aspects. Mutual relations between biotic and abiotic factors have a crucial impact on sustainability 
of hunting grounds and fishing waters, both in environmental and in economic terms, so natural 
resources integration of management should be a priority of the relevant institutions. 
The aim of this paper is to show the necessity and benefit of the unified hunting and fishing areas 
management in the Republic of Serbia. 

 
Keywords: hunting and fishing areas, ecology, sustainability, management 

 
Introduction 

 
Hunting and fishing areas in the legal, organizational and practical terms have very much in 

common, and usually exhibit congruence arising from the legal definition of these areas. Definitions of 
these areas are under the laws as follow:   

"Hunting area is spatially rounded geographic and natural unity that is established to implement the 
unique hunting policy, cost-effective long-term management with populations of particular game species 
and effective implementation of appropriate measures in hunting grounds" (Law on Wildlife and Hunting, 
Official Gazette of the Republic of Serbia 18/10). 

"The fishing area is fishing water or its part which makes the hydrological, biological and 
economic entity to conduct rational fishing. Hunting and fishing areas have common features of natural 
boundaries" (The Law on the Protection and Sustainable Use of Fish Resources, Official Gazette of the 
Republic of Serbia 36/09) 

Besides the legal formulation, for unification of these areas it is necessary to include a water 
system that is the backbone for the spatial areas formation within the hunting and fishing areas 
management. Open waters caused orographic conditions, quantity and availability of feed for native 
populations, climate and microclimate conditions in both cases. The aim of this work is showing of the 
criteria and alternatives for management functions improvement in the integrated management of hunting 
and fishing areas on a real and practical way.  

 
Materials and methods 

 
Laws and planning documents regarding hunting, sustainable use of fish resources, environmental 

protection, especially protection of water and forestry as a renewable resource were used as starting 
material in this paper. Multi-criteria analysis based on criteria of PEST analysis (separately hunting - 
separately fishing - Integrated hunting and fishing areas management) were done by usage of tactical 
plans, statutory provisions and team works of other authors. PEST analysis (Political, Economic, 
Sociological, Technological and environmental analysis) is based on the analysis of the external 
influences that affect the choice of organizational form of hunting and fishing areas management.
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Analytic hierarchy process (AHP) has been used as control method to determine the extent of 

external environmental criteria (PEST) influence on the selection of the offered alternatives. Analytical 
Hierarchy Process (AHP) is one of the most known multi-criteria analysis method that is widely used in 
the fields of control, management, allocation and distribution (Saaty, 1980). 

 
Results and Discussion 

 
Basic principles for sustainable development in hunting, fishing and forestry are directed to methods 

of reorganizing of the public sector and private sector support to improve forestry, sustainable wildlife 
population management and fishing improvement by improved management of fishing waters and 
tourism development. 

Sustainable forests management and hunting enhancement along with sustainable management of 
game populations involve optimal conditions creating for native wildlife habit improving, wildlife 
management development tactics creating, as well as providing of regulatory, institutional and economic 
frameworks for its implementation (National Tactics for Sustainable Development, 2012). Serbia has 
established more than 300 hunting grounds, in which the most common deficiencies were noted: 
inconsistent application and disregard of law regulations, monopolies of certain organizations and interest 
groups, the low level of technological and institutional development, the lack of strategic planning 
documents in hunting, underdeveloped monitoring of wildlife and their habitats (Professional basis for 
hunting strategy development RS, 2011). From sustainable hunting areas management aspect, main 
objectives are: the number of small and large game populations increasing, sex and age structure of 
populations improving, conservation of rare and endangered hunting game species (Medarević et al., 
2008). 

Our country has many rivers with a total length of more than 65 000 km and more than 160 natural 
and man-made reservoirs. Integrated River Basin Management presents management planning and 
monitoring development based on ecological characteristics and continuous monitoring of physical, 
chemical and biological factors. It is possible to provide conditions for integrated water management, 
with respect to the normal fish reproduction, environmental accidents reducing and preventing and 
organizational capacity increasing by proper selection of multidisciplinary environmental monitoring 
(Simonovic et al., 2005). There is an urgent need for integrated water resources and water facilities 
management in our country according to most authors (Knezević 2005; Bajčetić et al., 2011), which 
would through an appropriate legal frameworks realize its full technological and technical capacity, 
economy, efficiency and effectiveness. Also, authors state necessity of other activities including that are 
indirectly associated with this natural resource, such as environment protection, forestry, agriculture, 
urban planning and tourism. 

According to the experiences of federal USA agency, natural resources in hunting and fishing 
should be mutually connected, wherefore it makes integrated plans for sustainable natural habitats, wild 
flora and fish management. The agency published a graph (Figure 1) that simply illustrates relationship 
among hunting, fishing, and forestry. 

 
Figure 1. Direct and indirect benefits from forestry and fishery (source: Washington Department of 

Fish and Wildlife) 
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Based on results and other authors studies, adopted strategic goals in hunting and fishing, as well as 
states experience in integrated management for this important natural resource, the PEST analysis was 
performed in which was assessed: political and legislative, economic and organizational, social and 
technological and environmental influences on organizational alternatives, apropos hunting, fishing and 
integral hunting and fishing areas. 

Potential opportunities are marked with a plus sign in the analysis (+), potential threats and 
weaknesses with minus sign (-), and influences of certain factors were estimated from 1 to 10, where the 
importance of the factors evaluated by a score from 1 to 5 (Pfeifer, 2002). Thus opportunities weights 
were defined, respectively threats of some influencing factor with respect to the offered alternatives. 

 
Table 1. PEST analysis of factors influencing organizational alternatives of hunting and fishing 

areas 
FACTORS OF INFLUENCE The possibility of 

threats (+ / -) 
factor influence 

(1 to 10) 
Factor importance 

(1 to 5) 
Weight of 

influence factor 
ALTERNATIVE A - INDEPENDENT HUNTING AREA 

Political and legislative + 8 4 32 
Economic and organizational + 6 5 30 
Sociological  - -8 4 -32 
Technological and 
environmental + 6 3 18 

TOTAL 48 
ALTERNATIVE B – INDEPENDENT FISHING AREA 

Political and legislative + 6 4 24 
Economic and organizational + 5 5 25 
Sociological  - -6 4 -24 
Technological and 
environmental + 4 3 12 

TOTAL 37 
ALTERNATIVE C – INTEGRATED HUNTING AND FISHING AREA 

Political and legislative + 8 5 40 
Economic and organizational + 7 5 35 
Sociological  - -4 4 -16 
Technological and 
environmental + 7 3 21 

TOTAL 80 
 

According to the results shown in Table 1, the lowest weight values of influence factor of 37 were 
identified in the option of independent fishing areas management, afterwards at the hunting areas 
management this value was 48, while the highest value of this parameter was 80, obtained in the option of 
integrated hunting and fishing areas management. Based on the obtained results it can be concluded that 
analyzed factors of influence had almost twice the value at integrated fishing and hunting areas 
management, compared to existing organizational forms where hunting and fishing areas were 
independently managed. 

PEST analysis clearly showed the limitations of external factors, which were most pronounced in 
the social segment, with the biggest limited effects in hunting, and slightly lower in the fishery. The main 
reason for this negative trend has been connected with decades of understanding that the management of 
this important natural resource is social category, not economic and environmental category. We should 
also note a significant negative impact of political and legislative solutions that have not been resolved, 
not only the economic and financial problems, but did not create the statutory requirements for the 
adoption of appropriate organizational changes. 

The method of analytic hierarchy process was used for the results of PEST analysis checking, 
which was determined weighting values of analyzed criteria, respectively influencing factors (Saaty, 
1980). The matrix of criteria comparison is shown in Table 2, where the calculated degree of consistency 
was CR> 10, which is considered as satisfactory value. From the results of Table 2, it can be seen that the 
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importance of economic and organizational criteria had the highest value of 0,4495, followed by political 
and legislative 0,2596, then 0,1202 sociological and technological environmental with a value of 0,1707. 

As shown, technological and ecological criteria had a devastating small weighting value (TV). This 
phenomenon is explained by the fact related to long-term violation poor economic situation in our 
country, which was directly and indirectly affected the least value of this criterion relative to other 
criteria. 

The weight value (Tv) of sociological impact or criteria deserves special attention because the 
gained values were compatible with the results of PEST analysis. With multi-criteria analysis it was 
clearly ranked relative to other criteria, because of the above mentioned economic reasons has an 
inhibiting role on all three organizational alternatives. 

As for the political and legislative criteria, its value (0,2596) was lower compared with the 
economic and organizational criteria. Weighting value of the criteria clearly indicates the need of reassess 
the traditional view that hunting and fishing are social category, because only by appropriate legislative 
norms adopting is possible to improve the organization of management and control on this important 
natural resources. 

 
Table 2: Results of criteria comparison matrix related to the target 

CR= 0,03 Weighting value (Tv) 
Political and legislative 0,2596 
Economic and organizational 0,4495 
Sociological  0,1202 
Technological and environmental 0,1707 

TOTAL 1,0000 
 
Table 3 Results of multi-criteria alternatives comparison analysis against the criteria 
 

ALTERNATIVE - Areas CRITERIA – INFLUENCING FACTORS 

Political and 
legislative 

Economic and 
organizational 

Sociological 
Technological 

and 
environmental 

Hunting area 0,5714 0,2519 0,1416 0,1199 
Fishing area 0,2857 0,1593 0,3338 0,2721 
Hunting - fishing area 0,1429 0,5889 0,5247 0,6080 

TOTAL 1,0000 1,0000 1,0000 1,000 
 

Table 3 shows a comparison of organizational alternative to the established criteria, and results of 
the criteria effect on the concepts of hunting and fishing areas management. Relative to the political and 
legal criteria, integrated hunting and fishing areas management has a very small weighting (Tv = 0.1429), 
what can be explained by mutual interaction with other criteria, but also as a result of experts influences 
deficiency on political, legislative and administrative institutions. Also, such a small value was 
contributed by traditional understanding inertia regard these resources as well as application of 
inappropriate organizational changes. 

Relative to the other criteria, the concept of integrated hunting and fishing areas management had a 
high weight value for technological and ecological criteria Tv = 0,6080, for economic and organizational 
Tv = 0,5889 and sociological Tv = 0,5247. 

 
Table 4: Data normalization with respect to integrated hunting and fishing areas management, with 

the weight values of alternatives regard the given target. 
 

ALTERNATIVES PEST analysis 
(1) 

AHP analysis 
(2) 

Difference (%) 
(3)/(2) 

Weighting value 
(Tv) 

Hunting area 0,60 0,64 106,36% 0,2990 
Fishing area 0,46 0,50 107,77% 0,2323 
Hunting - fishing area 1,00 1,00 - 0,4686 

TOTAL 1,0000 
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Table 4 shows the comparative data obtained by PEST and multi-criteria analysis (AHP), where the 

final result of AHP analysis is weighting value of alternatives compared to the set target. From the 
tabulated data it can be seen that the alternative of integrated hunting and fishing areas management has a 
weighting value (Tv = 0.4686) which is almost two times higher compared to the alternatives of 
independent hunting and fishing areas management. By normalization of index data relative to integrated 
hunting and fishing areas management, the results of PEST and AHP analysis were gained, which 
mutually differs by less than 10%. 
 

Conclusion 
 
The results of this study on the basis of multi-criteria analysis indicate the necessity of hunting and 

fishing areas management integrating. By integrated hunting and fishing areas management the 
monitoring would be simplified with the clear and comparable results, and the control and use of funds 
would be much better and more rationale. Integrated hunting and fishing areas management would reduce 
costs, increase efficiency, had a positive impact on the social aspect and awareness of public opinion 
changing that hunting and fishing are social category. 

In terms of overcoming the differences in determining the required number of guards and territorial 
incompatibility of these areas, it is necessary to perform a detailed analysis of the geographical 
distribution, size and number of hunting and fishing areas to optimize their management by economic and 
ecological principles. The potential benefits for the state could be seen in the government costs reducing, 
whereby regional centers would be formed at the level of one or more areas, which would be used for 
staff training, monitoring organization, accident situations reacting, etc. Legislation is necessary before 
that, and after that hunting and fishing areas have to be made compatible.   

 
References 

1. Bajčetić, M., Stojanović, N., 2011, Opšti principi i osnovni elementi strategije strukturnog razvoja upravljanja vodama 
i vodoprivrede, Vodopriverda, 43 (2011) 249-251 p 69-77. 
 

2. Knežević, B., 2005, Pristup planiranju integralnog upravljanja vodnim resursima–IWRMP, Vodoprivreda 2005, vol. 
37, br 4-6, p 153-162. 
 

3. Medarević, M., Banković, S., Šljukić, B., 2008, Sustainable forest management in serbia - state and potentials. Bulletin 
of the Faculty of Forestry 97, p 33-56. 
 

4. Ministarstvo poljoprivrede, šumarstva i vodoprivrede RS,  Uprava za šume, 2011, Strategija razvoja lovstva Republike 
Srbije (stručni osnov za izradu), Beograd, p 131. 
 

5. Nacionalna strategija održivog korišćenja prirodnih resursa i dobara, 2012,  Službeni glasnik RS, broj 33 od 15. aprila 
2012. 
 

6. Nacionalna strategija održivog razvoja (Sl.glasnik RS, br 55/05, br 71/05, ispravka br 101/07) 
 

7. Pfeifer, S., 2002, Analiza eksterne okoline, Ekonomski fakultet Osijek, p 31. (http://www.efos.unios.hr/) 
 

8. Saaty, T.L., 1980, The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation, McGraw-Hill, 
New York, p 287. 
 

9. Simonović, P., Mijović, Č., Nikolić, V., Marić, S.,2005, Pregled održivog ribarstvenog korišćenja ribljeg fonda Srbije. 
«Životna sredina ka Evropi», Simpozijum sa međunarodnim učešćem, Beograd, 5–8 juna 2005, Zbornik radova, 
Beograd, p 77-82. 
 

10. Zakon o divljači i lovstvu (Sl.glasnik RS br 18/10) 
 

11. Zakon o vodama (Sl. glasnik RS, br 30/2010) 
 

12. Zakon o zaštiti o održivom korišćenju ribljeg fonda (Sl. glasnik RS, br 36/2009 i 32/2013 - odluka US) 
 

13. Zakonom o šumama (Sl. glasnik RS, br 30/2010) 
 

http://www.efos.unios.hr/


2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

_____________________________________________________________________________________________ 
Original scientific paper                                                                                                                     UDC: 639.1.055 

155 
 

 
CONTEMPORARY CONDITION AND THE THREATS TO POPULATION OF WOLVERINE 

GULO GULO IN THE EUROPEAN RUSSIA 
 

Ludmila  Emelyanova1, Yuly  Gubar2 
 

Summary: The results of monitoring  the number of Wolverine population (Gulo gulo L., 1758) in 
the north-western part of Russian Federation are presented. The surveys’ data concern Karelia 
Republic, Arkhangelsk and Murmansk oblasts for the period of 1986-2013. The number of 
population was estimated  by using the united standard methodic – winter calculation routes carried 
out in the second half of winter. There has been noticed shortening of Wolverine population in the 
region since  1980s up to present time. Recently the serious factor of the number shortening has  
become the use of high accessible transport equipment by poachers. 
Key words: wolverine, number of population, dynamics of number, species protection 

 
Introduction 

 
Wolverine  (Gulo gulo L., 1758) is one of the biggest species among contemporary fauna of mammals 
(Mammalia), representing the Mustelids’ familia (Mustelidae) , its weight reaches up to 28 kg. The 
wolverine is animal with unique and very especial ecological niche. It is omnivorous (getter and 
scavenger) and very strong nomad predator with tremendous individual range. The wolverine is 
excellently adapting to far distance migrations in conditions of deep snow. 
This is a Holarctic and Hypoarctic species and the larger part of its area  occupy the southern tundra, 
forest and tundra zone, northern taiga in Northern America and Eurasia. The territory to the north and to 
the south of this belt is characterized by very small number of this species, and some insignificant 
transgressions are marked into arctic tundra and southern taiga. In mountain regions the species raises up 
to tundra belt. The reproductive territory lies in the framework of the northern taiga subzone of taiga 
zone. 

Materials and Methods 
 

This paper is based on the materials, collected within framework of united monitoring system for species 
population in Russia. The joint methodic of the monitoring is presented by winter calculation routes. This 
approach considers the calculations of animal trace activity in calculation routes.  The knowledge of trace 
number per 10 km of the route and the length of day animal trip give an opportunity to calculate the 
density of animal population and the total number of animals in this region. 
Every year during winter calculation routes in the second half of winter about some hundreds of 
calculation routes are implemented in each administrative district. The length of one calculation route is 
10 km. 

Results and Discussion 
 

The winter calculation routes had been organized by the State Service of Game Resources Calculation but 
unfortunately at present it has lost centralized data analyses. However the accumulated data allow to 
compare estimates of sum number of species, implemented during 1986-1989 (Gubar,1992) and the last 
data for 2008-2010 years period (Volodina, 2011), and the data of State Monitoring, received from 
regions in 2012-2013 years also (table 1).According to results of winter calculation routes (the Russian 
Hunt Control data) the total  number of Wolverine population in north-western Palearctic part of range 
within Murmansk and Arkhangelsk oblasts and Karelia Republic (Russian Federation) was 2100 animals 
at the edge of 1960-1970.  This number is twice more than at present time. Taking into account this 
parameter and materials, performed in the Table 1 we can state the loss of total number of Wolverine 
population in the region.   
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Table 1. The total number of Wolverine population in the north-western regions of Russian Federation 
(Murmansk oblast, Arkhangelsk oblast, Karelia Republic) 
 
Years Total Murmansk oblast Karelia Republic Arkhangelsk 

oblast 

1986-1989 1000 200 200 600 

2003-2007 1500 440 160 900 

2008-2010 1330 600 190 540 

2012 990 240 150 600 

2013 930 210 120 600 

 
Also it is of interest to know the data on average density of Wolverine population for each administrative 
oblast at present. Now these data (number of animals per 1000 km2) for regions are as follows: Murmansk 
oblast – 2,3; Karelia Republic – 0,8; Arkhangelsk oblast – 1,4. 
It was observed that  the Wolverine’s area is shortening in the north-western part of the range. The 
southern boundary of species distribution has moved northward – more than  100 kilometers in some 
places.  The main reason is strengthening poacher impact as well as shortening (and even full 
disappearing in some places) of major feed resource number – the reindeer (Rangifer tarandus).  
Until 1990s  the species  were not considered as hunting object and its catch occasions were very rare. 
During this period the wolverine was a subject to shooting as the animal damages catch in traps of 
hunters. However at  the end of XX century the interest to wolverine had arisen and its catch had 
increased. As a response to this circumstances the license catch had been established, and then license 
individual catch was introduced and these measures diminished loss to some extent. 
Lately, since the beginning  of 2005-2007, the new anthropogenic threat for Wolverine has appeared in 
the region. Increased number of snowmobile equipment available for northern people make the wolverine 
absolutely helpless during strict persecution in open space.  Increased transport equipment of high 
practicability resulted in species losses in tundra, forest-tundra, and northern taiga and in areas of 
concentrated clear cuttings through all seasons. The poacher catch  sharply increased. At present time 
poacher catch is 2-5 times more than license one (according to different references). 
On the other side the density of human rural population has  sharply decreased in the European North of 
Russia. But the most part of northern men are hunters, often they are commercial hunters. 
The balance of these factors having opposite impact on Wolverine population is difficult for assessments, 
but  it should be taken  into account.  
Climate warming influence on Wolverine population in the region has  not been explored  yet.  

 
Conclusion 

 
The species is included into regional Red Data Books: Red Data Book of the Vologda Region, 

Red Data Book of the Murmansk Region, Red Data Book of Karelia, Red Data Book of Nature of the 
Leningrad Region. The species has the second -Vulnerable and the third- Lower Risk- status of 
vulnerability. It is necessary not only to include the species into Red Data Books and to award it the 
nature protective status, but effective measures on wolverine protection and conservation should be 
provided indeed. 
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CYCLES OF ABUNDANCE DYNAMICS OF SQUIRREL (SCIURUS VULGARIS, L. ) 

IN TRANSBAIKALIA, RUSSIA 
 

Agafonov G. M. 1, Yerdakov L. N.2  
 

Summary:  The population´ rhythms as a basis of adaptable opportunities for living on specific area 
were studied. Permanently active physical factors (geomagnetic field, solar emission, geological 
rhythms of the Earth) have exact periodicity. Biotic influence is also exposed to specific 
rhythmicity (fructification of forage plants, predation pressure). By only having its own (endogenic) 
rhythm, a population can synchronize it with the relevant external rhythm. Thereupon we consider 
the population’ rhythms as a basis for its environment adaptation. By studying this curve, it  will be 
possible  to identify the definite periodic components (population rhythms) that it contains.  
The analysis is based on data on preparation of fells of squirrels in Transbaikal krai (Russia) over 
period from 1932 to 2003. The dynamics of Pinus sibirica seeds yield (one of the principal food 
types for squirrels) were identified by the markings of strobilus on fruiting boughs (3,164 
specimens) of crowns (164 specimens). The time-series analysis was implemented for the detection 
of hidden periodical components. The strongest population rhythm in abundance dynamics of 
squirrels, approximately 9 years, could synchronize with the 8-11 year cycle atmospheric 
circulation known for the whole territory of Russia. The population waves on a periodic basis of 2-3 
years in population are always stable, because there are weather cycles with similar periods in any 
habitat. 
We studied the possibilities of squirrel abundance dynamics to “coordinate” its waves with the 
variation of yield of one of the principal food types for squirrel ― Pinus sibirica seeds. The 
strongest population rhythm of squirrel (8.8 years) appears to be similar by value to basic, by 
strength, yield rhythms of local cedar forests (10.4 and 7.5 years rhythms). It could be prolonged by 
any of them. Even one of the low-frequency rhythms of squirrel (23.7 years) could synchronize 
well by 27.5 years yield rhythm.  
It could be suggested that in the process of evolution of a population the abundance dynamics in the 
population develops a complex of cycles that insures population’s development and survival. 
Among such cycles there are the low-frequency which ensure an adaptation to the secular variation, 
and many high-frequency cycles which ensure an adaptation to rapid fluctuations of the 
environment. Detection of low-frequency population cycles could become a basis for abundance 
forecast, and the occurrence of high-frequency could be useful for explaining a population’s rapid 
reaction to the changing existence conditions by intrapopulation restructuring. 
 
Key words: population, rhythms, spectral analysis, forecast.   

 
 

Introduction 
 

The main efforts of the researches in the studying of population abundance dynamics are directed to 
revealing its intrapopulation mechanisms (birth rate and mortality waves, genetic processes) and external 
influencing factors (dependence on nutritive base, predators and competitors). At the same time, less 
attention is given to the general process of the evolution of a population in a permanently balancing 
external environment in the widest sense. Why, for instance, on one territory the population cycle is 4 
years, but 9 years on another? 

We took the challenge to examine population rhythms per se and to try to present the cyclic 
characteristics of a population as the basis of its adaptive capabilities for living on in a specific area. 
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Permanently active physical factors (geomagnetic field, solar emission, geological rhythms of the 

Earth) have exact periodicity. Biotic influence is also exposed to specific rhythmicity (fructification of 
forage plants, predation pressure). In such a poly periodical environment a population must have its own
 rhythms; for instance, rhythms of abundance dynamics capable of fitting into characteristics dynamics in 
the external environment that are important for such a population. Only having its own (endogenic) 
rhythm, a population can synchronize it with the relevant external rhythm. Thereupon,  the population 
rhythms is considered as a basis for its adaptation to the environment. The long-term dynamics abundance 
curve typically has a shaped form since such curve expresses several populations’ rhythms. By studying 
this curve, it woul be possible  to identify the definite hidden periodic components (population rhythms) it 
contains. 

 
Material and Methods 

  
The analysis is based on data on preparation of fells of squirrels in Krasnochikoysky District 

(Transbaikal krai, Russia) over the period from 1932 to 2003. The dynamics of Pinus sibirica seeds yield 
(one of the principal food types for squirrels) were identified by the markings of strobilus on fruiting 
boughs (3,164 specimens) of crowns (164 specimens); for the extension of records of the data of I.D. 
Kiris  used (Kiris, 1969). It is not possible to identify the periodic components specific for this case study 
by using common chronogram.  Also, it is not possible to identify the correlations of these components 
and their strength and continuity. Thereupon the time-series analysis was implemented for the detection 
of hidden periodical components (Sollberger,1968; Binkley,1973; Yerdakov,2011; Jenkins, Watts, 1971). 
Spectral analysis software owned by the Institute for taxonomy and zooecology of SB RAS (Novosibirsk) 
was used for the calculations. 

 
Results and discussion 

 
The  strongest population rhythm in abundance dynamics of squirrels, approximately 9 years (Table 

1), could synchronize with the 8-11 year cycle atmospheric circulation known for the whole territory of 
Russia (Drozdov, Grigoryeva, 1963). 

 
 
 
Table 1. Magnitude and strength relation of periodical components of long-term dynamics 

abundance of squirrel and cedar forests yield 
 

 
Note: figure above ― period, year, figure below ― strength (spectral density unit) 
 
 
 

    Period, 
         year 
Type 

100-120 20-50 8-12 7-9 5-6 3.1-4 3-2.5 2-3 

Squirrel 85.0 23.7 8.8  6.6 3.2  2.7 

 2.3 9.2 9.7  5.6 0.4  1.5 
  3.8  2.1 

      4.8  0.7 
Pinus 
sibirica 

113.3 27.5 10.4 7.5 5.2 3.4 2.5 2.2 

0.23 0.77 2.98 1.23 1.63 1.44 0.40 1.03 

     4.4  3.0  

    0.26  1.09  
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Furthermore, it could also be maintained by the intrasecular variability of climate with the 
periodicity of 7-11 years. This variability is connected to a 20-30 years Brikner cycle (Druzhinin, 1987; 
Krivenko, 1991). We have found such a cycle (Table 1), that has quite significant strength. It should be 
noted that the strongest rhythm of squirrel abundance could maintain its sustainability also by the 
geological rhythm of the Earth. There is a 7-12 years rhythm among such geological rhythms (Yakushev, 
2002). This is why the most expressed population cycle through the environmental rhythms becomes the 
most stable cycle through the environmental rhythms. 

The strong, approximately 7 year, population cycle could preserve its sustainability prolonging (by 
interaction with the nearest external rhythms) through the winter severity cyclicity. Such variability is 
characterized by several cycles; there is a 5-7 years cycle among them (Byalko, Gamburgcev, 2000). 

The population waves on a periodic basis of 2-3 years in a population are always stable, because 
there are weather cycles with similar periods in any habitat. These are repeatedly described rhythms of 
atmosphere circulation that ensure meteorological conditions. Such nature cycles are also known in the 
whole territory of Russia (Drozdov, Grigoryeva, 1963; Druzhinin, 1987; Korotina, 2002). 

We were also interested in the posiibility of squirrel abundance dynamics to “coordinate” its waves 
with the variation of the yield of one of the principal food types for squirrels ― Pinus sibirica seeds. 
These waves could coincide when their rhythms have the nearest values. The comparison of the 
charachteristics of the harmonical components (Table 1) proves the existence of such possibilities for the 
squirrel population. Principally the majority of high-frequency harmonical components of the population 
are periodically close to the relevant yield rhythms. This alone provides the possibility for rapid 
“adjustment” to variation in the nutritive base. 

Furthermore, the strongest population rhythm of squirrel (8.8 years) appears to be similar by value 
to the basicyield rhythms of local cedar forests by strength (10.4 and 7.5 years rhythms). It could be 
prolonged by any of them. Even one of the low-frequency rhythms of squirrel (23.7 years) could 
synchronize well by 27.5 years yield rhythm. 

 
Conclusion 

 
It could be suggested that in the process of evolution of a population the abundance dynamics in a 

population develops a complex of cycles that insures the population’s development and survival. Among 
such cycles there are the low-frequency cycles  which ensure the adaptation to the secular variation, and 
many high-frequency cycles which ensure the adaptation to the rapid fluctuations of the environment. 
Detection of low-frequency population cycles could become a basis for abundance forecast, and the 
occurrence of high-frequency cycles could be useful for explaining a population’s rapid reaction to the 
changing existence conditions by intrapopulation restructuring. 
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IS SUPPLEMENTARY FEEDING ESSENTIAL FOR RED DEER 

(CERVUS ELAPHUS) IN HUNGARY? 
Katona, K.,1 Terhes, A., 2 Bartucz, K, 2  Szemethy, L., 1 

 
Summary: Practical deer management requires understandingthe relationship between the quantity 
and quality of the available food and resource use by deer in the habitat. Although red deer 
(Cervus elaphus) primarily forages on woody plant species from the shrub layer, supplementation 
by non-browse food is very common among game managers. Provision of extra food in addition 
to the natural supply has significant costs. Consequently, it is important to know how essential 
this feeding may be for populations of game like red deer. In our study area we determined the 
consumption by red deer of two feed types (maize silage and apple pomace which is the residue 
from pressing apples) commonly offered at feeding plots in Hungary during the winter. 
Additionally, we assessed the minimum distance for these feeders to have an attractive effect. We 
used microhistological analysis of faeces and rumen content and macroscopic observation of 
markers mixed into the food. Based on our analyses, 20 to 90% of the red deer (depending on the 
date and method of investigation) had eaten the supplemental food. However, the proportion of 
supplementary food in the red deer droppings collected in the immediate surroundings of the 
feeding plots was always very low (<10%). The detected range of effect of the feeding plots (the 
distance from which deer came to the feeder) was typically around 1.7 km, but no more than 3.2 
km. All this indicates that only a part of the red deer population visits the feeding plots, and from 
short distances from the forest. Thus, our data strongly suggests that supplementary food did not 
necessarily play an important role in the diet of the red deer individuals regularly visiting these 
sites. Managers considering supplementary feeding should evaluate the quality of the forest area 
because the natural food supply can greatly influence the use of the feeding plots. 
Key words: apple pomace, maize silage, diet composition, feeding plot 

 
Introduction 

 
Practical deer management requires understanding the relationship between the quantity and quality of the 
available food and resource use by deer in the habitat (Tremblay et al., 2004, Sahlsten et al., 2010). 
Although red deer Cervus elaphus is an intermediate feeder (Hofmann, 1989) which primarily forages on 
browse (Gebert & Verheyden-Tixier, 2001), supplementation by non-browse food is very common 
among game managers (Rajský et al., 2008). Supplementary winter feeding by readily-available crops 
(e.g. corn Zea mays, wheat Triticum aestivum, oat Avena sativa, rye Secale cereale) or cheap by-products 
is also a widespread practice in Central Europe (Csányi & Lehoczki, 2010) as well as in the U.S. (Brown 
& Cooper, 2006, Timmons et al., 2010). 
 According to the common opinion of Hungarian game managers (for some details see e.g. Heltay, 
2000, Faragó, 2002), grasses, agricultural crops, crops grown in game fields, and supplementary winter 
feed are all considered important in the diet of red deer in Hungary. It is also a commonly-accepted idea 
among game managers and nature conservationists that winter feeding greatly contributes to local density 
increases (Sanchez-Prieto et al., 2004, Luccarini et al., 2006) and overabundance of  large game (Putman 
& Staines, 2004, Geisser & Reyer, 2005, Gortázar et al., 2006). 
 For a manager, provision of extra food in addition to the natural supply has significant costs 
(Calenge et al., 2004). However, many supplemental feeding programs in Hungary and elsewhere proceed 
without such data collection. The supplemental feeding is often not adapted to the addressed management 
goal, the size of game populations or their requirements and is mainly the result of management habits 
which are not investigated for cost-efficiency (Page & Underwood, 2006, Biró et al., 2010, Csányi & 
Lehoczki, 2010).  

                                                 
1Krisztián Katona, PhD, professor,  László Szemethy, PhD, professor, Szent István University, Institute for Wildlife Conservation, Gödöllő, 
Hungary;  
² Attila Terhes, student, Kálmán Bartucz, student, Szent István University, Institute for Wildlife Conservation, Gödöllő, Hungary;  
Corresponding author: Krisztián Katona, Szent István University, Institute for Wildlife Conservation, Gödöllő, Hungary; E-mail: 
katonak@ns.vvt.gau.hu; Phone: +36 28 522 086.  



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

163 
 

 
 In this study our main aim was to determine the importance of supplementary feed in the diet of 
the red deer in two different areas. We investigated: a) the proportion of the supplementary food 
compared to that of natural ones in the red deer diet and b) the proportion of the individuals using the 
feeding plots and consuming supplementary feed. 

 
Material and Methods 

 
The research was carried out at Hajósszentgyörgy (46°24’N, 19°07’E) situated between the Danube and 
Tisza rivers. The site of 14600 ha is mainly a forested area located in two blocks around 
Hajósszentgyörgy. The forested areas grow on extremely dry sand dunes where no natural water courses 
are found. The forests in the surroundings of the town of Hajós were established in the second half of the 
20th century in places less suitable for agricultural use. These are mainly black locust Robinia 
pseudoacacia and pine Pinus sylvestris and P. nigra woodlands. In addition, smaller stands of poplar 
Populus spp. plantations and oak Quercus spp. woodlands can be found. The estimated size of the red 
deer population within the area of the game management unit was 1100 in 2007 (according to the 
Hungarian National Game Management Database). 
Two types of supplementary feed were provided during our study period, apple Malus domestica pomace 
and maize Zea mays silage. Apple pomace is the residue of apple juice production; it mainly contains 
apple peel, ovaries and seeds. Maize silage is made by grinding, compressing and fermenting harvested 
maize plants. 
 Supplementary feeding in the area was started in the middle of September 2007, when apple 
pomace was fed regularly at 17 sites (approx. one site per 200 ha). After the beginning of November, 
however, apple pomace was supplied at only two game fields (Kukulla and Lugozi, 5 km away from each 
other). Here, 4 tons (wet weight) were fed at both game fields, five times each (20 tons altogether) until 
the beginning of February 2008. At two game fields (Kismajor and Tinósi, 2.5 km away from each other) 
maize silage marked for research was fed. Between November 6, 2007 and January 31, 2008 at both game 
fields an average of 542 (±42 kg) kg of food was fed, eleven times each. Feed was always put down on 
the ground and available for all ungulates. At the game fields of Kismajor and Tinósi from January, 10 to 
20 kg of rubber scrapings (a filler used at tennis courts using artificial grass) was mixed into the maize 
silage as marking material (for distinguishing from maize consumed beyond the feeding plots). Before 
application, rubber scrapings were tested in laboratory conditions and did not loose weight after having 
been soaked in concentrated hydrochloric acid for 24 hours at 40°C, which means it should not disappear 
during the extreme conditions of digestion.  
 On the investigation days (November 22, December 13 and 29, 2007 and January 14, February 
12, 2008) we collected faeces samples in the vicinity (to a maximum distance of 100 m) of the feeding 
sites to determine the proportion of the supplemental food in the diet of individuals visiting that site.  In 
addition to this, we collected faecal samples on the above mentioned days walking a 5 km long straight 
line transect between Kukulla and Lugozi recording the precise location of the samples by GPS. From 
these latter samples, based on the presence of supplementary food in them, we determined the distance 
animals came from to these feeding sites.  
 During hunting, professional hunters collected samples for us (200 to 300 g) in 40 known 
locations from red deer rumens from which we also determined the presence of natural (apple seed, only 
available at the feeding stations) and artificial (rubber) markers proving the consumption of supplemented 
apple pomace or maize silage, respectively. The length of the faeces sampling line from Kukulla to 
Lugozi game field (approx. 5 km) has determined the maximum detectable distance of attractive effect of 
feeders in about 2.5 km. Based on these rumen samples we could determine the range of effect of the 
game feeders more precisely. Hunters shot the deer individuals from stands within an approx. 5 km x 5 
km area around the transect, but never in the close proximity of the feeding plots.  
 Our laboratory investigation approach was based on two different simultaneously used methods 
(macro- and microscopic analysis). We used the macroscopic method, a thorough laboratory analysis with 
a stereo microscope, for the detection of natural (apple seed) and artificial (rubber) markers. In this way 
we were able to determine the frequency of supplementary food consumption (samples with markers / all 
samples), but not the proportion of supplementary food in the individual samples (we could separate the 
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categories „consumed to some extent” or „not consumed at all”, depending on the presence/absence of 
apple seed and rubber markers in the sample). 

Before the macroscopic analysis, the collected and frozen deer faeces and rumen samples were 
defrosted and washed through a tea filter with 0.1 mm diameter pores until the effluent water was clean. 
Afterwards we spread the samples in Petri dishes and dried them for 24 hours at room temperature, then 
examined them by stereo microscope to detect the apple seeds and rubber pieces. We analyzed 
macroscopically 40 red deer rumen samples (n=40 for apple pomace, n=19 for maize with rubber 
scrapings), as well as 10 faeces samples collected at feeding plots and 53 faeces samples collected in the 
forest. 

Simultaneously, we carried out microhistological analyses (Katona & Altbäcker 2002) using our own 
reference collection (Mátrai & Katona 2004). With this parallel technique we were able to determine both 
the frequency (explained previously) and the proportion of supplemented feed in the collected individual 
droppings and rumen contents. The method is based on the microscopic identification of the residues of 
undigested plant dermal tissues according to the diagnostic anatomical characters specific to different 
plant species with a binocular microscope. In Hajósszentgyörgy, only apple pomace but not maize was 
examined in the microscopic analysis as maize was cultivated in some game fields, consequently only the 
rubber marker was a useful indicator of consumption of supplied maize food. We microscopically  
analyzed 30 red deer faeces samples collected around the feeding plots, 20 collected in the forest, and 24 
deer rumen contents.  

 
Results and Discussion 

 
In Table 1 we  summarize the results from Hajósszentgyörgy. Based on the macroscopic analysis of 
faeces samples collected in the immediate surroundings (< 100 m) of the Tinósi feeding plot offering 
maize silage on February 12, 2008, the majority of samples did not contain the marker mixed into the 
maize silage (20%; n=10 contained rubber). 
 Microscopic analysis of faeces collected at the Lugozi feeding plot offering apple pomace, on 
November 22, December 13 and 29, 2007 revealed a greater consumption of supplementary food. There, 
the frequency of apple pomace consumption in the faeces reached 80 to 90 % (n1,2,3=10). However, the 
proportion of apple pomace in the diet was low; it always stayed under 10 % (Paired t-test: t=95.59, 
df=29, p<0.0001). 
 Based on the macroscopic analysis of faeces samples collected along the 5 km long forest line 
connecting the apple pomace feeders of Lugozi and Kukulla on January 14 and February 12, 2008 the 
majority of samples did not contain apple pomace or the marker of maize silage (23%; n=53 contained 
rubber scrapings).  
 Nevertheless, according to the results of microscopic analysis, 70 % of deer faeces (n=20) 
collected along the above mentioned line on December 13 and 29, 2007 contained residues of apple 
pomace.  
 On the basis of the macroscopic analysis of red deer rumens 20% (n=40) of samples contained 
apple seed, which indicated the use of apple pomace feeders. However, no rubber scrapings were found in 
these samples (n=19). 
 During the microscopic analysis of deer rumens, apple pomace was found in 62.5% (n=24) of 
samples (64%; n=14 in November and 60%; n=10 in December).  
 In the vicinity of the feeding plot offering maize silage marked by rubber particles, faeces 
containing marker were found up to about 1.4 km from the feeding site. Both in January and February, we 
found marked red deer faeces farther than 1.2 km from the feeder.  
 Faeces containing apple peel were found at distances of about 2.4 km; while the farthest rumen 
samples in which apple residues were detectable either microscopically or macroscopically were shot at 
about 3.2 km far from the feeder. In most cases, however, this distance varied between 0.7 and 1.7 km. 
The proportion of supplementary feed in the diet did not change by the distance between the feeder and 
location of a given faecal or rumen sample, i.e. specimens sampled closer to the feeder did not eat more 
supplementary food (Pearson-correlation: faeces, microscopic analysis: n=20, r= -0,02, p=0,93; rumen, 
microscopic analysis: n=19, r= -0,095, p=0,7).  
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Table 1. Summary of the results in Hajósszentgyörgy. Proportion of faecal and rumen samples containing 
supplementary feed (frequency), proportion of supplementary feed in the diet and the detected range of 
effect of the feeding plots are detailed according to different investigations. 
 

Date Collection Type of 
analysis Feeder 

Frequency 
(present/all); 
proportion 

(%) 
of feed intake 

Most 
frequent 
range of 

effect 
(m) 

Maximum 
detected 
range of 

effect 
 (m) 

Feb12, 2008 

Around the 
feeder 

 

macroscopic 
from faeces 

Tinósi 
maize 
silage 

 

2 / 10 
--- 
--- 

--- 
--- 

Nov 22, 
2007 

microscopic 
from faeces 

 

Lugozi 
apple 

pomace 
 

9 / 10; 
always <10% 

--- --- 

Dec 13, 
2007 

8 / 10; 
always <10% 

--- --- 

Dec 29, 
2007 

9 / 10; 
always <10% 

--- --- 

Jan 14 and 
Feb 12, 2008 

 In the 
forest 

 

macroscopic 
from faeces 

Tinósi, 
Kismajor, 

maize 
silage 

12 / 53 600-1000 1400 

Dec 13 and 
29,  

2007 

microscopic 
from faeces 

 

Lugozi, 
Kukulla, 

apple 
pomace 

14 / 20; 
always <10% 

900-1700 2400 

2007-2008 
autumn - 

winter 
 

Hunting 
 

macroscopic 
from rumen 

Tinósi, 
Kismajor, 

maize 
silage 

0 / 19 --- --- 

Lugozi, 
Kukulla, 

apple 
pomace 

8 / 40 700-1700 3200 

microscopic 
from rumen 

Lugozi, 
Kukulla, 

apple 
pomace 

15 / 24; 
always <10% 

900-1700 3200 

 
 

Our results indicate that red deer certainly use the feeding plots, as is also verified by the large 
amount of droppings found there. However, this does not automatically mean that the role of 
supplementary food would be significant in the diet. Sahlsten et al. (2010) also concluded in moose that 
the increased faecal pellet density in the vicinity of feeding sites reflected only the usage by a small 
portion of the population. They also found that many individuals just walked around the provided silage 
grass without feeding on it.  
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According to our results, the occurrence of supplementary food in the winter diet of the red deer, based on 
a large sample size of both rumen content and faeces analysis, is low. From 10 to 80% of the animals 
(depending on the date and method of investigation) had not eaten the supplementary food. Those 
specimens that had eaten from the food consumed only a small proportion (less than 10 % of their diet). 
This indicates that not every individual of the red deer population visits the feeders (regularly or 
occasionally), or if it does, it eats a very small or undetectable amount of the provided food. The 
maximum detected range of effect of a feeding plot was about 3.2 km, but usually did not exceed 1.7 km. 
Therefore, deer living within this range do have a major chance to use the feeder. Ribács et al. (2009) 
revealed very similar range of effect of feeding plots (maximum 4 km) in another Hungarian area. 
 It is important to note that we did not find any individual in which the supplementary food 
dominated the diet. Newey et al. (2009) found similar results for mountain hares Lepus timidus. They 
reported that over the course of one winter only 50% of the target hare population used supplementary 
feed and there was considerable individual variation in the time spent feeding among those individuals 
that did feed on it. Our analyses demonstrated that supplementary feed was not the primary diet 
component of red deer during winter. This is in agreement with a previous study at Hajósszentgyörgy 
(Mátrai et al. 2002), which reported that the role of the applied food and game field crops was negligible 
in the forest diet of the red deer, and only the consumption of alfalfa reached 20% in some cases. Thus, in 
spite of frequent observations of a rapid disappearance of the supplementary food from feeding plots, we 
should not conclude that this diet component would surely be important for red deer. Its importance in the 
diet could be rather low compared to the natural food sources (especially woody understory species). 
According to our biomass estimations carried out in the forests of Hajósszentgyörgy, the natural food 
supply of the forest understory can offer 2 to 3 tons of woody sprouts and twigs per hectare during the 
vegetation season and it is still above 500 kg  per ha in winter (Katona et al. 2007). In theory, 
supplementary winter feeding could compete with this quantity but only at a huge expense. However, we 
suggest that supplemental feeding should provide food containing nutrients or compounds limited or 
lacking in natural foods in the area. 
 Our results suggest that supplementary feeding is unlikely to reach and strongly influence all 
individuals of a population of red deer. Nevertheless, this does not mean that for those specimens who 
regularly eat the supplied food, it cannot have positive physiological consequences (e.g. balancing the 
lack of quality food, better survival or better reproduction in the following year). Groot Bruinderink et al. 
(2000) stated that cessation of supplemental feeding resulted in problems in the mineral status of red deer 
and wild boar. Schmidt & Hoi (2002) reported that in their first year of life, supplemented red deer are 
under reduced natural selection pressure. Since measuring the local presence of these effects is not easy 
for the game manager, our results should be viewed with some caution perhaps. But it is essential to keep 
in mind that the observation that the supplied food regularly vanishes from the feeder does not necessarily 
mean that even one red deer has gained significant biological advantage which might be expressed as a 
later financial profit for the game manager.  To put another way, the red deer population can have an 
obvious effect on supplementary feed; meanwhile that food may have little or no effect on deer 
individuals. 
 

Conclusion 
 

It is always recommended to think over the exact goal of supplementary feeding in a given area. Thus the 
feeding program should take into consideration the natural dietary preferences and diet choice of the red 
deer (Mátrai & Kabai, 1989, Gebert & Verheyden-Tixier, 2001; Szemethy et al., 2003a). In terms of the 
detected maximum range of effect (3.2 km) of the feeding plots it might be necessary to plan the spatial 
location of the feeders. Based on earlier (Szemethy et al., 2003b) and present results, there should be an 
appropriate game field or feeding site available in a distance adequate to the diameter of the daily activity 
range of each specimen (approx. 1 km in our area; see Türke et al., 2004), but maximum the diameter of 
the winter seasonal activity range (approx. 3.5 km, Szemethy et al., 2001). We propose that the largest 
distance between game fields and feeders should be about 3 km. Of course, by decreasing the distances 
we can give a chance to the specimens to choose and we can possibly reduce the concentration of animals 
at a game field or feeder.  
 And lastly, but in the practice first of all, it would be very important to evaluate the status of the 
entire forest area mainly based on the availability and quality of food supply in the understory layer. We 
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have to  emphasize that the use of feeding plots is only partly determined by the supplementary food 
itself, as the natural food supply offered to red deer by other patches of the habitat should be much more 
important. 
 

Acknowledgements 
 

We are grateful to Nikolett Bak and Viktória Kiss for their participation in the microhistological faeces 
analyses. Our work was supported by the Natural Resources Department of the Ministry of Agriculture 
and Rural Development (64396/2007), as well as the Forestry of the Gemenc Forest and Game 
Management J.S.C. at Hajósszentgyörgy and the Forestry of the Pilis Parkforest J.S.C. at Valkó. This 
paper was supported by the János Bolyai Research Scholarschip of the Hungarian Academy of Sciences 
(to Katona, K.) and the Research Centre of Excellence- 17586-4/2013/TUDPOL. 

 
References 

 
1. Biró, Zs., Bleier, N., Szemethy, L., 2010, A kiegészítő takarmányozás jelentősége a nagyvadgazdálkodásban. (In 

Hungarian with an English summary: The importance of supplementary feeding in big game management.), 
Vadbiológia, 14: 55-64.  
 

2. Brown, R.D., Cooper, S.M., 2006, The nutritional, ecological, and ethical arguments against baiting and feeding white-
tailed deer, Wildlife Society Bulletin, 34: 519-524. 

 
3. Calenge, C., Maillard, D., Fournier, P., Fouque, C., 2004, Efficiency of spreading maize in the garrigues to reduce wild 

boar (Sus scrofa) damage to Mediterranean vineyards, European Journal of Wildlife Research, 50: 112-120. 
 
4. Csányi, S. and Lehoczki, R.: Ungulates and their management in Hungary, in: European Ungulates and their 

Management in the 21st Century. 2010, Eds. M., Apollonio, R., Andersen, R., Putman, Cambridge University Press, 
Cambridge, pp. 291-318.  

5. Faragó, S.: Vadászati állattan. 2002. Mezőgazda Kiadó, Budapest, 496 pp. (in Hungarian). 
 
6. Gebert, C., Verheyden-Tixier, H., 2001, Variations of diet composition of red deer (Cervus elaphus L.) in Europe, 

Mammal Review, 31: 189-201. 
 
7. Geisser, H., Reyer, H.U., 2005, The influence of food and temperature on population density of wild boar Sus scrofa in 

the Thurgau (Switzerland), Journal of Zoology, 267: 89-96. 
 
8. Gortázar, C., Acevedo, P., Ruiz-Fons, F., Vicente, J., 2006, Disease risks and overabundance of game species, 

European Journal of Wildlife Research, 52: 81-87. 
 
9. Groot Bruinderink, G.W.T.A., Lammertsma, D.R., Hazebrook, E., 2000, Effects of cessation of supplemental feeding 

on mineral status of red deer Cervus elaphus and wild boar Sus scrofa in the Netherlands, Acta Theriologica, 45: 71-85. 
 
10. Heltay, I.: Vadásziskola. 2000. Hubertus Kft,, Budapest, 366 pp. (in Hungarian).  
 
11. Hofmann, R.R., 1989, Evolutionary steps of ecophysiological adaptation and diversification of ruminants: a 

comparative view of their digestive system, Oecologia, 78: 443-457. 
 
12. Katona, K., Altbäcker, V., 2002, Diet estimation by faeces analysis: sampling optimisation for the European hare, Folia 

Zoologica, 51: 11-15. 
 
13. Katona, K., Szemethy, L., Nyeste, M., Fodor, Á., Székely, J., Bleier, N., Kovács, V., Olajos, T., Terhes, A., Demes, T., 

2007, A hazai erdők cserjeszintjének szerepe a nagyvad-erdő kapcsolatok alakulásában. (In Hungarian with an English 
summary: The role of understory in the ungulate-forest relationship.), Természetvédelmi Közlemények, 13: 119-126. 

 
14. Luccarini, S., Mauri, L., Ciuti, S., Lamberti, P., Apollonio, M., 2006, Red deer (Cervus elaphus) spatial use in the 

Italian Alps: home range patterns, seasonal migrations, and effects of snow and winter feeding, Ethology Ecology & 
Evolution, 18: 127-145. 

15. Mátrai, K., Kabai, P., 1989, Winter plant selection by red and roe deer in a forest habitat in Hungary, Acta 
Theriologica, 34: 227-234. 

 
16. Mátrai, K., Katona, K., Szemethy, L., Orosz, Sz., 2002, A szarvas táplálékának mennyiségi és minőségi jellemzői a 

vegetációs időszak alatt egy alföldi erdőben. (In Hungarian with an English summary: Quantitative and qualitative 
characteristics of red deer diet during vegetation period in a lowland forest, Hungary.), Vadbiológia, 9: 1-10. 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

168 
 

 
17. Mátrai, K., Katona, K., 2004, Mikroszövettani határozókulcs növényevők táplálékvizsgálatához / Digital key for 

microhistological analysis of herbivore diet, Hungarian – English bilingual CD content, ISBN 963 219 865 4. 
 
18. Newey, S., Allison, P., Thirgood, S.J., Smith, A.A., Graham, I.M., 2009, Using PIT-tag technology to target 

supplementary feeding studies, Wildlife Biology, 15: 405-411. 
 
19. Page, B.D., Underwood, H.B., 2006, Comparing protein and energy status of winter-fed white-tailed deer, Wildlife 

Society Bulletin, 34, 3: 716-724. 
 
20. Putman, R.J., Staines, B.W., 2004, Supplementary winter feeding of wild red deer Cervus elaphus in Europe and North 

America: justifications, feeding practice and effectiveness, Mammal Review, 34, 4: 285-306. 
 
21. Rajský, M., Vodňanský, M., Hell, P., Slamečka, J., Kropil, R., Rajský, D., 2008, Influence supplementary feeding on 

bark browsing by red deer (Cervus elaphus) under experimental conditions, European Journal of Wildlife Research, 54: 
701-708. 

 
22. Ribács, A., Náhlik, A., Tari, T., Kocsis, M., 2009, A gímszarvas (Cervus elaphus) mesterséges etetőhely-használatának 

vizsgálata a Sopron-Fertődi kistérségben. (In Hungarian with an English summary: Use of artificial feeding places by 
the red deer (Cervus elaphus) in the Sopron-Fertőd region (Győr-Moson-Sopron County, Hungary.), Állattenyésztés és 
Takarmányozás, 58, 6: 585-595. 

 
23. Sahlsten, J., Bunnefeld, N., Månsson, J., Ericsson, G., Bergström, R., Dettki, H., 2010, Can supplementary feeding be 

used to redistribute moose Alces alces?, Wildlife Biology, 16: 85-92. 
 
24. Sanchez-Prieto, C.B., Carranza, J., Pulido, F.J., 2004, Reproductive behavior in female Iberian red deer: Effects of 

aggregation and dispersion of food, Journal of Mammalogy, 85: 761-767. 
 
25. Schmidt, K.T., Hoi, H., 2002, Supplemental feeding reduces natural selection in juvenile red deer, Ecography, 25: 265-

272. 
 
26. Szemethy, L., Biró, Zs., Katona, K., Tóth, P., 2001, Szezonális területváltás a gímszarvasnál: területhasználati 

stratégiák összehasonlítása. (In Hungarian with an English summary: Seasonal home range shift in red deer: 
comparison of different strategies.), Vadbiológia, 8: 1-8.  

 
27. Szemethy, L., Mátrai, K., Katona, K., Orosz, Sz., 2003a, Seasonal home range shift of red deer hinds Cervus elaphus: 

are there feeding reasons?, Folia Zoologica, 52: 249-258. 
 
28. Szemethy, L., Mátrai, K., Biró, Zs., Katona, K., 2003b, Seasonal home range shift of red deer in a forest-agriculture 

area in southern Hungary, Acta Theriologica, 48: 547-556. 
 
29. Timmons, G.R., Hewitt, D.G., DeYoung, C.A., Fulbright, T.E., Draeger, D.A., 2010, Does supplemental feed increase 

selective foraging in a browsing ungulate?, Journal of Wildlife Management, 74: 995-1002. 
 
30. Tremblay, J.-P., Hester, A., McLeod, J., Huot, J., 2004, Choice and development of decision support tools for the 

sustainable management of deer-forest systems, Forest Ecology and Management, 191: 1-16. 
 
31. Türke, I.J., Katona, K., Bleier, N., Szemethy, L., 2004, Gímszarvas napi mozgáskörzetének vizsgálata két különböző 

élőhelyen. (In Hungarian with an English summary: Daily home range of female red deer in two different areas.), 
Vadbiológia, 11: 1-10. 

 
 
 
 
 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
Original scientific paper                                                                                                                        UDC: 569.735 

169 
 

 
IS SEASONAL DIET COMPOSITION OF RED DEER (CERVUS ELAPHUS) AFFECTED BY 

GAME PRESERVATION?  
 

Szemethy, L., 1 Katona, K.,1 Mátrai, K.,1 Sonkoly, K.,1 Szabó, L.,2 Schally, G.,2 
 Galló, J., 2  Bleier, N. 2 

 
Summary: In Europe, approx. 280,000 deer, predominantly red deer (Cervus elaphus) and fallow 
deer (Dama dama) were kept in game preserves in 2012. Information on foraging habits of fenced 
populations is important for wildlife management purposes. However, actual knowledge of diet 
composition of red deer is mainly based on studies of free-ranging deer. Until this time, few 
specific studies have compared the diet composition of deer living in fenced and unfenced areas. 
Hence, we aimed to compare how diet composition differs inside and outside a game preserve 
during the vegetation period. Botanical composition of red deer diet was studied in fenced and 
unfenced areas of a forested region in Gyarmatpuszta, Hungary. We collected faeces samples in 
spring, summer and autumn (n=20 for each area and period). Analyses were made by 
microhistological identification of plant epidermis fragments found in the faeces. Browse species 
dominated the diet of red deer (40-82%) both, in the fenced and unfenced areas throughout the 
vegetation period. Oak species (Quercus spp.), the common tree of the areas, were always the 
dominant browse species in the diet (11-53%). The consumption of different shrub species was 
much lower in the fenced than in unfenced area. Ash (Fraxinus spp.), bramble (Rubus spp.), black 
locust (Robinia pseudoacacia), dogwood (Cornus sanguinea) or rose (Rosa spp.) were highly 
selected by some individuals (15-86%). In turn, supplementary food appeared in a higher 
proportion in red deer diet in the game preserve than outside. This consumption was dominated by 
corn in fenced area in summer (21±33%) and autumn (35±14,8%). Grasses and forbs did not 
exceed 10% of the diet in the most cases. Differences in the diet composition can influence the 
quality of the individuals (body mass, trophy and venison quality) determining the management 
success in game preserves. Ongoing and later nutritional analyses of consumed plant materials and 
venison can reveal  such differences. 
Key words: supplementary feeding, understory, fenced population, faecal analysis 

 
Introduction 

 
Red deer (Cervus elaphus) is a widespread herbivorous game species in Hungary. Stable populations 
inhabit the diverse habitats of the country from the lowland up to the mountainous areas. The size of the 
population increased drastically from 1984 (47,500 animals) up to 2000s (approx.69,000 animals) but the 
low harvest rate did not change (Burbaité and Csányi, 2010). In game preserves, an even larger deer 
density is maintained to ensure hunting possibilities and venison. Nowadays there are 117 game preserves 
with 7,126 red deer in Hungary (Csányi, 2012). In Europe, approx. 280,000 deer, predominantly red deer 
and fallow deer (Dama dama) were kept in game preserves in 2012 (EFSA, 2012).  
 The dense deer populations (and other wild ungulates) in the preserves can have significant 
negative impact on the natural vegetation. Since the regeneration of the browse species is limited, the role 
of supplementary feeding (hay-silages, grains, special supplements etc.) becomes much more important. 
Outside the fenced areas, however, forage supply of the natural vegetation determines primarily the diet 
composition of red deer. The flexibility in feeding behavior of red deer has been reflected in dietary 
differences in various natural environments in Europe (Hearney  and Jennings,  1983;  Homolka,  1990; 
Bruinderink and Hazebroek,  1995;  Mattiello et al.,  1997;  Gebert  and Verheyden-Tixier, 2001; Mátrai 
et al., 2004). Studies have shown exceptional adaptation of this species to the changes in food availability 
(Hofmann, 1985).  
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 Actual knowledge of diet composition of red deer is mainly based on studies of free ranging deer. 
However, information on foraging habits of fenced populations is also important for wildlife management 
purposes. But until this time, few specific studies have compared the diet composition of deer living in 
fenced and unfenced areas. Hence, we aimed to compare how diet composition differs inside and outside 
game preserve during the vegetation period. 

 
Material and Methods 

 
We conducted our study in a fenced area of 700 ha inhabited by 130 red deer (NGMD, 2012) and a 
neighbouring unfenced area located in north-central Hungary (Gyarmatpuszta, Bajna Forestry, Park 
Forest Joint-Stock Company of Pilis). The topography is characterized by gently rolling hills of dolomite 
and limestone with an average elevation of 300 m. On the lower areas, meadows and agricultural fields of 
alfalfa (Medicago sativa) and cereals, mainly oats (Secale spp.) and barley (Hordeum vulgare) occur in 
the  valleys.  
Fishponds also occur among the hills. Precipitation is 345 mm in the vegetation period, and the annual 
mean temperature is 9,5 oC. The dominant tree species are oak (Quercus spp.), maple (Acer spp.), 
hornbeam (Carpinus betulus), ash (Fraxinus spp.) and lime (Tilia spp.). Dominant shrubs are maple, elder 
(Sambucus nigra), privet (Ligustrum vulgare) and dogwood (Cornus sanguinea). However, understory is 
very scarce in the preserve. In the fenced area, barleycorn, maize grains, pomace and granules made for 
red deer are fed. Populations of roe deer (Capreolus capreolus), mouflon (Ovis musimon) and wild boar 
(Sus scrofa) are also present in the study area. 
 We estimated the botanical composition of red deer diet individually by microhistological 
analysis of faeces  (Holechek et al., 1982; Mátrai and Kabai, 1989) collected in spring (23.05.), summer 
(01.08.), and autumn (29.10.) 2012 in the fenced and unfenced areas (n=20 in each area and date). We 
boiled a small quantity of faeces by 40% nitric acid then dispersed the fragments in a drop of glycerin 
with 0,2% Toluidine-Blue on a microscopic slide. We identified 100 epidermis fragments under a 
microscope at 260X magnification using a reference collection of plant species (Mátrai et al., 1986). The 
proportion of diet components was estimated from the number of fragments for a particular forage species 
or group relative to the total number of fragments. The distinguished categories were as follow: oak 
(dominant tree species); other browses (leaves, stems of other browse species); bark; forbs 
(dicotyledonous herbs), grasses (grass and grass like species), seeds (acorn  and  wild fruits and  seeds); 
supplementary feed (pomace, barleycorn, maize grains and granules). 
 We evaluated the differences among the proportion of forage groups in a given period and site by 
Kruskal-Wallis-tests with Dunn’s multiple comparison tests. We compared the proportion of different 
food components within and outside the preserve by t-tests or Mann-Whitney U-tests depending on the 
normality of the data. We used SPSS 10.0 software package to perform all analysis. 

 
Results and Discussion 

 
We revealed significant differences among the proportion of different food components in each period in 
both areas (P<0,001) (Figure 1). The diet of red deer was dominated by browses (40-82%) all over the 
vegetation period, both inside and outside. Oak was the most common forage item (11-53%) among 
browses. In natural environment the browse-dominated deer diet is well-known (Mátrai and Kabai, 1989; 
Chen et al., 1998; Mátrai et al., 2004; Prokesová, 2004). Grasses and forbs did not exceed 10% of the diet 
in most cases, except grasses in spring in the preserve (31±22,3%) and in autumn outside  (30±16,4  %).  
Acorn (<10%) was frequent food component inside in autumn (n=18) and outside in summer (n=17). 
Similarly, bark remains were found in the diet in low proportion (<10%), but frequently in both areas in 
spring (n=18) and outside in summer (n=12). 
 The consumption of different shrub species was much lower in the fenced than in unfenced area. 
Oak and grasses or oak and corn made up the mass of the diet (70-74%) in the fenced area; meanwhile 
oak, maple, elder, ash, alfalfa, acorn and corn (70-84%) did it in the unfenced area. Experiencing the 
scarcity of understory food supply in the preserve, we can suppose that fallen leaves of oak in the litter 
could be a primary food source for red deer. Bark and fallen leaves as alternative diet components appear 
in the diet when resources are restricted (Borkowski and Furubayashi, 1998; Takahashi and Kaji, 2001). 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

171 
 

In a few deer samples in the unfenced area a single forage item dominated the diet. These were privet, 
rose (Rosa spp.), ash, dogwood, black locust (Robinia pseudoacacia), and bramble (Rubus spp.) among 
browses (15-86%); alfalfa, marijuana (Cannabis sativa), purple loosestrife (Lythrum salicaria), milk-
vetch (Astragalus spp.) among forbs (15-62%) and acorn (21-61%). 
 In the game preserve supplementary food appeared in a higher proportion in red deer diet than 
outside. Due to the low availability of natural food supplies supplementary feed could become important 
food item in the preserve. This consumption was dominated by corn in fenced area in summer (21±33%) 
and autumn (35±14,8%). Granules were found only in two samples in summer (30 and 54%). This latter 
can also be due to the interspecific competition with wild boar. 

 
Figure 1. Mean proportion of different forage items (±SD) in red deer diet in fenced and unfenced areas 
during the vegetation period, Gyarmatpuszta (Hungary) 2012. 
Different letters indicate significant difference (P<0,05) between the diet composition of fenced and  
unfenced deer within seasons. 
 

Conclusion 
 

Diet of red deer living in fenced area can differ from that of the free-living animals even within the same 
forested region. For wildlife managers the knowledge of the quantitative characteristics of the deer diet in 
fenced and unfenced areas is essential.  Because of the high ungulate impact on vegetation in preserves, 
deer could generally find richer and more diverse food supply outside than inside the fences. 
Consequently, there they have opportunity to select browses of higher nutritional values, such as elder 
and black locust (Mátrai, 1987; Gáborcik et al., 1999; Mátrai et al., 2002). More diverse species 
composition of the diet in the unfenced area reflects this assumption. As the main conclusion, a game 
preserve with a dense ungulate population can become a less optimal area for red deer from a dietary 
aspect, which strongly influences the food selection and diet composition of the individuals and has 
probably strong effects on the quality of the individuals and the entire population. 
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PHEASANT CHICKS MORTALITY DEPENDING ON DIET  ON THE FARM AND YEAR 
 

Đorđević, N.1 , Bojović, B. 2,   Popović, Z.1, Beuković, M. 3, Beuković, D.3, 
Đorđević, M.4 

 
 Summary: In this experiment the influence of the year and farm at pheasant chick mortality was 
researched. Comparatively two farms were observed «Šumarice» (farm I) and «Vranjica» (farm II) in 
the period from 2008-2010. Pheasant chicks were hatched by incubating the eggs of their own 
breeding flock. Main difference between farms was that,  the chicks on the first farm  were bread up 
to 15 days on the full flooring and at second farm in the battery system. Besides,   on the second farm 
in the period between 29-42 days concentrate feed with 24% of crude protein and on  the first farm 
the feed mixture with 22% of crude protein. 
Lower total mortality was determined on  the first pheasantery  for observed period , but with no  
statistical significance (p>0.05). Mortality rate  on the first pheasantery was lowest  in 2008, and it 
had slow increasing tendency till 2012, while  on the second pheasantery the mortality rate had 
different trend (p>0.05). Influence of the year as monitored factor was not significant. However, the 
interaction of the monitored factors (farm × year) was significant (p<0.01).  
 Key words: pheasant chicks, farm, year, mortality. 

 
Introduction 

 
 Pheasant is favorite game throughout Europe, as well because of the way of hunting  and because 
of the meat quality. However, natural production of pheasants in European and Serbian hunting grounds 
is insufficient with regards to decreased habitat area, ever-deteriorating natural conditions primarily 
related to nutrition and constantly increasing number of hunters (Djordjevic et al., 2012b; Popović et al., 
2008, 2011a; Popović and Đorđević, 2010). It has been noted that lately the number of hare and pheasant 
in Europe is being permanently decreased. Pheasants are therefore reared on pheasantries, in controlled 
conditions, similar to domestic fowl, and released into the hunting grounds in certain phase of growth and 
after required adaptation (Caroll et al., 1997). It is necessary to provide a variety of important factors, 
such as adequate objects, controlled conditions and precise feeding in specific phases of production and 
categories of age to ensure obtaining of maximal results (Pekeč, 2004). It is as important to get as many 
eggs per pheasant as to get as many pheasant chicks from planted eggs. Perfection of breeding technology 
results in constant increase in percent of hatched and reared poults, percent of reared poults in relation to 
number of set eggs increased from 50% to 70% and in some cases up to 75% (Mantovani et al., 1993). 
There is over thirty registered pheasanteries in Serbia, from which the largest one is „Ristovača“ in Bač, 
owned by JP ”Vojvodina šume“, whose capacity is aproximately 11.000 birds in breeding flock (Popović 
et al., 2011b). Current capacity of phesantries in Serbia is 900,500 day-old chicks. Several tens of 
millions of industrially reared birds were released in Serbian hunting grounds in the past four decades 
(Popović and Stanković, 2009). However, both production conditions and production results vary among 
pheasantries. In accordance to this fact, object of this paper  was to study the degree of loss in two 
pheasantries in Serbia. 

Materials and Methods 
 

 Experiment was planned as factorial (2×3), where influence of farm and year at pheasant chick 
mortality was researched. Comparatively two farms were observed «Šumarice» (farm I) and «Vranjica»
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(farm II) in the period from 2008-2010. Chicks were hatched by incubating the eggs originating from 
their own breeding flock. At the first farm up to 28th day they were fed with concentrate mixture with 
28% of protein and then till 42nd day with concentrate feed with 24% of protein. At the second farm in 
the period till 28th day feed mixture containing 28% of protein was used and after that the 22% of protein 
mixture was given.  On the first farm pheasants were reared on the full flooring facility till 15th day, and  
on the second farm in the battery system. After that period they were transfered into facilities with boxes 
where they remained till 21st day of life, and after that they were transfered once again  to aviaries till 
42nd day of life. 
 Statistical data calculation was done in Statsoft (2006) software, where during variability analysis 
the significance of factors was determined.  
  

Results and Discussion 
 

On the first pheasantry lowest mortality of chicks was determined in the first batch (graph 1). 
Highest mortality rate in first pheasantry was determined in 2008 in third batch when 11.64% of pheasant 
chicks died. In 2009 significantly higher mortality was noted, and it happened in sixth batch when 26.6% 
of pheasant chicks died. In 2010, in last batches the highest mortality happened for this pheasantry when 
in seventh batch 55.97% of chicks died. 

Lowest mortality rate in 2008 for second farm was in third batch when 14.2% of chicks died 
(graph 2). Highest mortality for 2008 was noted in thirteenth batch when 37.20% of chicks died. For 2009 
in second batch 7.12% of chicks died and in sixth 23.6%, in 2010 first batch had lowest mortality rate of 
8.59% while in the twelfth batch there was 23.1% dead chicks. 

In the first pheasantry lowest mortality rate was noted in 2008 and then it increased till 2012, 
while in second pheasantry mortality rate had opposite trend (graph 3). 
 Compared to previous researches the results of mortality rate values in this research are not 
satisfying. Therefore, according to Jović (1964) average mortality of pheasant chicks age up to 20 days 
was 7.92%. Braastad (1986) quotes that for 16 weeks, including the birds died due to pecking, was from 
2.0 to 8.7%. Popović and Stanković (2009) comparing the production results in two pheasantries in Serbia 
concluded that mortality rate of pheasants till 40th day in first pheasantry was from 8.33 to 13.39% and in 
second from 3.60 to 4.74%. Đorđević et al. (2010) quote that percent of pheasant chick mortality in the 
experiment with chicks till 42nd day of life was lower than 3%. 

Researched factors  did not have significant influence  on pheasant chicks mortality rate. 
Explanation is partly in the fact that mortality depends on multiple factors, outside environment, 
temperature, ventilation, illumination, hygiene etc. (Jović, 1964). Experiment had shown the high 
significance of interaction of researched factors (p<0.001).  

When it comes to different diets  on farms I and II, the fact is that protein and energy content 
mainly influence the feed conversion and body weight, but not the mortality, except for extreme values of 
these parameters. There are many recommendations for chemical feed composition for pheasant chicks, 
which highly differ in amount of certain nutritional components. Lately those recommendations are 
between 20-40% of protein (Sheppard et al., 1998). According to NRP (1994) level of protein for the first 
phase of pheasant rearing is 28% and for second phase 24%. In experiment by Rizvanov et al. ( 1984) it 
has been proven that there is a physiological limit for protein level after  which animals do not react by 
increasing the growth rate. Excess of protein in those cases can be used after de-amination just as energy 
source (Pack, 1996), which is irrational and can have severe negative effect  on health of chicks, the 
kidney function failure (Đorđević et al., 2012a). Moreover, the body weight of pheasant chicks during 
migration to hunting grounds is significant for their mortality rate and is the direct result of diet  in 
pheasantries (Djordjevic et al., 2012b)  

 
 

 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

175 
 

 

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8
2008 6.34 8.93 11.64 7.19 8.99 9.68 11.59
2009 11.63 18.55 14.54 12.26 20.26 26.6 24.4
2010 9.79 14.47 19.13 16.8 32.32 30.88 55.97 52.72

m
or

ta
lit

y r
at

e 
%

Graph 1

 
Graph 1. Mortality rate of pheasant chicks in period up to 42 days in first pheasantry 
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 Graph 2. Mortality rate of pheasant chicks in period of 42 days in second pheasantry 
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Graph 3. Comparison of the mortality rate of pheasant chicks up to 42 days of age on both observed 
pheasantries 

 
 

Table 1. Significance of the differences in mortality rate of chicks depending on pheasantry and year 
Variation sources (treatments) Fexp  p-level 

Farm 0.112ns 0.769717 

Year 0.170ns 0.854515 

Farm×year 14.845** 0.000008 

 
Conclusion 

 
 Mortality of pheasant chicks had free variation, without significant influence from researched 
factors, and based  on comparison with other literary sources it was not satisfying. Therefore it is 
necessary to pay more attention to factors that in higher measures dictate the mortality rate; microclimate, 
population density, health care and influence of weather during the preparation period for release into the 
wild.  
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PRESENCE OF AFLATOXIN B1 IN LIVER OF BROWN HARE 

 
Beuković, D.1, Beuković, M.1,   Jajić, I.1, Krstović S.1,  Popović Z.2, Đorđević N.2 

 
Summary: One hundred and sixty seven samples of brown hare’s liver were tested for aflatoxin B1 
content. Sample analysis was performed using ELISA test kits, after method validation. Liver 
samples were taken from eight different locations in Vojvodina which included areas of Sonta, 
Voganj, Bačka Palanka, Bačka Topola, Plandište, Kraljevci, Novo Miloševo and Gložan. Aflatoxin 
B1 was detected in 49 (29.3%) samples with the highest incidence in Bačka Topola area (64.0%). 
Results were grouped and compared by their location and by the aflatoxin level (1-1.5 µg/kg, 1.5-2 
µg/kg, and over 2 µg/kg or absence). Statistical significance testing among locations was also 
performed. Significantly higher average aflatoxin B1 content was obtained in samples from Bačka 
Topola, compared to the aflatoxin B1 content in samples from most of other locations.The 
occurrence of B1 in liver of hares on the localities listed above is the result of consumption of 
autumn harvest leftovers which were contaminated by aflatoxin B1. The contamination level is 
directly connected with the level of contamination of food and the length of using it. Based on the 
high level of aflatoxin B1 in the analyzed sample of corn (harvested in 2012) in the amount of 56,4% 
(Kos at al. 2013) and 63,6% (Jajić et al. 2013b), respectively, it could be concluded that it is one of 
the main reasons of contamination.  
 

 Key words: aflatoxin B1, brown hare, ELISA, liver. 
 

Introduction 
 

Mycotoxins, as secondary fungal metabolites, have a great impact on human and animal health. Nearly all 
of the mycotoxins are cytotoxic, disrupting various cellular structures such as membranes, and interfering 
with vital cellular processes such as protein, RNA and DNA synthesis (Guerre et al., 2000). 
Aflatoxins (AFB1, AFB2, AFG1, AFG2, AFM1, and AFM2), a group of potent carcinogenic and 
teratogenic mycotoxins, are produced by some Aspergillus spp.: Aspergillus flavus, Aspergillus 
parasiticus and Aspergillus nomius (Kurtzman et al., 1987; Martins et al., 1989). Among all aflatoxins, 
the aflatoxin B1 (AFB1) is the most potent hepatocarcinogenic substance known; recently, after a 
thorough risk evaluation, it has been proven to be also genotoxic (Van Egmond & Jonker, 2004; Zain, 
2011). 
Mycotoxins, including aflatoxins, can have very pervasive, yet sub-clinical, effects on the health of 
rabbits that more often go unnoticed. When the clinical symptoms of mycotoxin poisoning are observed, 
significant damage has occurred already (Mézes, 2009). Rabbit is a highly susceptible species to 
aflatoxins produced by Aspergillus molds and amongst most sensitive animal species to aflatoxin (Baker 
and Green, 1987). Also, younger/smaller animals are more susceptible to aflatoxins compared to 
older/bigger ones (Scussel et al,. 2006). Feeding diet naturally contaminated with 50 µg/kg AFB1 has 
caused lesions in the liver, absence of lobular architecture (Abdelhamid et al., 2002). Aflatoxicosis in 
rabbits results in with anaemia (Keçeci et al., 1998), inhibition of immune function (Çelik et al., 2000), 
harmful effects in the liver and kidneys (Jindal et al., 1994), mutagenesis, teratogenesis, carcinogenesis 
and haemorrhages (Şehu et al., 2005). AFB1 toxicity also caused damage of other tissues, such as kidney, 
testicles, brain and thyroids (Lakkawar et al., 2004). The teratogenic effects of AFB1 were described as 
enlarged eye sockets and enlarged liver of embryos (Wangikar et al., 2005). Beside the feed as the  
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primary route of AFB1 intake, inhalation of contaminated dust particles may result in high local exposure 
of the nasal mucosa (Larsson and Tjälve, 2000). 
Clinical signs of aflatoxicosis in wildlife vary according to the dose received, the time period of exposure, 
and species of animal (Dhanasekaran et al., 2011). Toxic effects can be divided into acute, subacute and 
chronic exposures (Stewart and Larson, 2002). Acute effects reflect severe liver disease. Subacute effects 
may allow animals to live for a longer period of time. Chronic effects are generally related to impaired 
liver function. 
The aim of this study was to determine level of aflatoxin B1 content in liver of brown hare and its 
geographic distribution in Serbia. 
 
 

Materials and Methods 
 

Samples were obtained from 167 specimens of brown hare. The analyses included micro-population of 
brown hare during harvesting season 2012, from these location Sonta (45N 35' 34.44''; 19W 07' 32.9664'') 
Voganj (45N 0' 21.0096''; 19W 44' 13.596''), Bačka Palanka (45N 16' 34.8096''; 19W 24' 28.3104''), 
Bačka Topola (45N 49' 58.8822"; 19W 36' 44.3226") Plandište (45N 14' 9.5136''; 21W 9' 43.4556''),  
Kraljevci (44N 58' 13.386''; 19W 52' 0.1704''), Novo Miloševo (45N 43' 39.0468''; 20W 16' 17.3706''), 
Gložan (45N 17' 41.769''; 19W 34' 11.0634''). 
Extraction 
Exactly 10 g of blended samples was weighed in a 150 ml beaker. Aflatoxin was extracted with 50 ml of 
70% methanol on a magnetic stirrer (Auto Science, China) for 30 min at 8,000 rpm. Crude extract was 
then filtered through 5B Advantec filter paper. 
Analysis 
The immunochemical analysis was performed using the Celer afla B1, Quantitative Test Kit (Tecna, 
Italy) with five calibration standard solutions (0, 1, 5, 20 and 40 µg/kg). Analytical procedure was carried 
out according to manufacturer’s procedure. Optical densities on the basis of which aflatoxin content was 
calculated were read using the reader of microtitration plates with a 450 nm filter (BioTec Instruments, 
USA). 

Results and Discussion 
 

Validation parameters of method for aflatoxin determination were estimated according to Commission 
Regulation (EC/657/2002). Limit of detection (LOD) was calculated as 3.3 times standard deviation of 10 
replicates of blank sample while limit of quantification (LOQ) was calculated as 10 times standard 
deviation of 10 replicates of blank sample. LOD for aflatoxin in feed samples was 0.32 µg/kg and LOQ 
was 0.97 µg/kg. Average recovery value, based on analysis sample “spiked” with aflatoxin B1 standard 
solution (Supelco, USA), was 108.6% which is within acceptable limits according to Commission 
Regulation (EC/657/2002). Precision was estimated in terms of repeatability with standard deviation of 
0.37 and as reproductivity with HORRAT value of 0.024. Both parameters can be described as 
“acceptable”.  
 
Measure uncertainty was calculated in accordance with Handbook for Calculation of Measurement 
Uncertainty in Environmental Laboratories (2012) and it was 37.4%. The obtained results showed that the 
proposed analytical method is valid for control purposes of aflatoxin B1 in liver samples. 
Aflatoxin B1 content was determinated in liver samples and the results are presented in table 1. The 
results are grouped by its location and by the aflatoxin level (1-1.5 µg/kg, 1.5-2 µg/kg, and over 2 µg/kg 
or absence). 
Based on these results, it can be seen that in Backa Topola was noted the presence of aflatoxin in 14 (out 
of 25) of hares. The level of 1-1.5 µg/kg was obtained in 3 individuals (12%) while the level of 1.5-2 
µg/kg was found in 12 hares which is 48% of the total number of hares in the sample, through the group 
with aflatoxin B1 content over 2 µg/kg, established this level in one individual. (Table 1, Graph 1). 
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Table 1. Presence aflatoxin B1 in brown hare liver 
 

Location 
Sample 
size (n) 

N. D. Presence of aflatoxin B1 (µg/kg) 
1-1,5 1,5 >2 

  
  

(%) 
 

(%) 
 

(%) 

Sonta 20 19 - - 1 5.0 - - 

Bačka Palanka 20 17 2 10.0 1 5.0 - - 

Plandište 18 18 - - - - - - 

Bačka Topola 25 9 3 12.0 12 48,0 1 2.5 

Novo Miloševo 14 11 3 21.4 - - - - 

Gložan 18 13 5 27.8 - - - - 

Kraljevci 24 15 9 37.5 - - - - 

Voganj 28 16 11 39.3 1 3,6 - - 

Total 167 118 33 19.8 15 9.0 1 0.9 
 
Area Backa Topola can be labeled as the critical given that the detection of aflatoxin B1 was observed in 
more than half of the total number of individuals sampled from this area. When it comes to site Voganj 
(Table 1, Graph 1), the presence of aflatoxin was obtained at level of 1-1.5 µg/kg in 11 (of 28) hares, 
which is 39.3% of the total number of sampled hares. 
 
 As can be seen from table 2, average aflatoxin B1 content in samples from Bačka Topola, Kraljevci and 
Voganj was significantly higher (p<0.01) than the samples from area of Plandište. Also, results of 
aflatoxin B1 content was significantly higher (p<0.01)  in samples from Bačka Topola area in comparison 
to samples from area of  Kraljevci. Samples from locations of Novo Miloševo and Gložan, and also 
samples from areas of Bačka Palanka and Kraljevci, were not significantly different (p>0.05) considering 
aflatoxin B1 content. 
 
 
Table 2 Average Presence aflatoxin B1 in brown hare liver, by location  
 

Location Average aflatoxin B1 (µg/kg) 
Sonta  0,1c 

Bačka Palanka  0,19A 

Plandište 0b 

Bačka Topola 1,08B 

Novo Miloševo 0,26a 

Gložan 0,33a 

Kraljevci 0,41C 

Voganj 0,51D 
Capital letters in superscript by rows related to t 
Values with the superscript are significantly different (p<0.01): D-b, D-B, B-a, B-b, B-c, B-A, B-C 
Values with the superscript are significantly different (p<0.05): C-b, c-D, 
Values with the superscript, and without superscript are no significantly different (p>0.05): A-a, A-b, A-c, A-C, a-c, a-a, a-b, C-a, C-c, D-A, D-a, 
D-C 
 
 
Bukvjan et al. (1992) were analized concentrations of products of  toxogenic mould fungus Aspergillus in 
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livers, kidneys and testes of specific game animals, from German's hunting ground's, Detection of 
Aflatoxin B1 was performed by the means of proved radio-immunological screening method  that had 
been accompanied by routine chromatographic methods.  In hares (Lepus europaeus), there was 
determined an average concentration in livers 0.407 µg/kg,  (±0.29),  in kidneys 0.658  µg/kg (±0.60), 
in testes 0.523 µg/kg  (±0.27) and in the ovaries 0.207 µg/kg, (±0.19) (Bukovjan et al. 1992). 

 
The same authors in their research on a sample of 168 hares  did not detect the presence of aflatoxins in 
47.02% of the sampled hare liver. The level of aflatoxin B1 from 0.300 to 0.700 µg / kg was noted in 

37.5% of rabbits, while the level of 0,700 -0,100 µg / kg was recorded in 12.5% of the hare liver. More 
than 1 µg / kg was registered only 2.97% of the observed hares (Bukovjan et al. 1992). 

 
 

 
 
 

Graph 1.  Percent of brown hare with or without aflatoxin B1 contamination liver, and degree of 
contamination during season 2012, by location 

 
 
 

 
 

Graph 2.   Number of brown hare with or without aflatoxin B1 contamination liver, and degree of 
contamination during season 2012, by location 
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Graph 1. Presence aflatoxin B1 in brown hare liver, during season 2012, by location 
 
Ours results can be explained by a high Aspergillus infection in the field which lead to aflatoxin 
contamination of crops and feed and further animal consumption. Namely, during the 2012 presence of 
aflatoxin was found in most grains in the Republic of Serbia, particularly in maize (Kos et al. 2013a; Jajić 
et al. 2013b). Jajić et al. (2013b) reported aflatoxin contamination in 63.6% of the analyzed maize 
samples with concentration range of 5-367 µg/kg. Slightly lower contamination (56.4%) was reported by 
Kos et al. (2013a) with a concentration range of 1-80 µg aflatoxin/kg. All this has contributed to the 
aflatoxin contamination of compound feed (Jajić et al. 2013a).  
Higher Aspergillus infection and aflatoxin contamination of crops and feed seems to be a consequence of 
favorable conditions for Aspergillus mold growth. Kos et al. (2013a) compared climatic conditions in 
2009, 2010, 2011, 2012 
 

  
Figure 1. Average precipitation in July Figure 2. Average precipitation in August 
 
 
The statistical analysis of variance between years showed significant difference for 2012 in terms of 
average temperatures and number of days with temperatures higher than 30°C and 35°C. Kos et al. 
(2013a) noted that different weather conditions during 2012 in comparison to previous years resulted in 
presence of aflatoxins in maize. Namely, drought period (July-August) was characterized with extremely 
hot with lower amount of precipitation for up to 95% than multiannual average (Figure 1, Figure 2) 
(Republic Hydrometeorological Service of Serbia, 2012). 
 
Cardwell et al. (2000) found that maize intercropping with cotton and sorghum also increased the risks of 
aflatoxin contamination in maize. This led to the hypothesis that intercropping maize with specific crops 
increases the risk of aflatoxin contamination in maize kernels. Similarly, maize rotation with susceptible 
crops or maize monoculture on the same plot can lead to a high level of aflatoxin contamination 
(Tédihoun 2012). 

 
Conclusion 

 
Prema dobijeni rezultatima može se zaključiti da su uzorci sa lokaliteta Bačka Topola imali najveći 
kontaminaciju aflatoksinom B1, gde je nivo preko 1,5 µg/kg   zabeležen u 12  od 25 analiziranih jetri 
zeca. Nivo od 1-1,5 µg/kg    zabeležen je kod 3 zeca a nivo od preko 2 µg/kg    kod jednog zeca. Ukupno 
na lokalitetu Bačke Topole od 25 uzorkovanih jetri zeca u 16 (62,5%) je detektovan nivo aflatoksina B1 
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od 1 µg/kg    i više.  Na uzorku od 28 zečeva  lokaliteta Voganj,  nivo aflatoksina  od 1-1,5 µg/kg 
zabeležen je kod 11, a nivo preko 1,5 µg/kg   u jednom slučaju  što je ukupno 42,9% kontaminiranih 
uzoraka. Na lokalitetu Kraljevci, aflatoksin B1 je detektovan kod 37,5% uzorkovanih zečeva (od 24 
jedinke), a na lokalitetu Gložan kod 27,8%  uzorkovanih zečeva (od 18 jedinki). 
 
 
The occurrence of B1 in liver of hares on the localities listed above is the result of consumption of 
autumn harvest leftovers which were contaminated by aflatoxin B1. The contamination level is directly 
connected with the level of contamination of food and the length of using it. Based on the high level of 
aflatoxin B1 in the analyzed sample of corn (harvested in 2012) in the amount of 56,4% (Kos at al. 
2013) and 63,6% (Jajić et al. 2013b), respectively, it could be concluded that it is one of the main 
reasons of contamination.  But we should not neglect the fact that in large monocultures of maze  after 
harvest, crop residues are easily available food, given the downward trend in area under fodder crops. 
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DIFFERENT ORGANIC SELENIUM CONCENTRATION EFFECT ON COMMON PHEASANT 

(Phasianus colchicus) PRODUCTION CHARACTERISTICS  
 

Šarčević, B.,1 Obradović, S.,2 Đekić, V.,3 Šekler, M.,4 Marković, M.,5  
 Živkov-Baloš, M.,6 Stefanović, R.7 

 
Summary: The effect of organic selenium as feed additive contained in the product Alkosel was 
investigated, applied in concentrations of  0.15 g/kg (0.3 mg/kg Se) and 0.20 g/kg (0.4 mg/kg Se) 
on body weight, growth, feed consumption and conversion, production index and the selenium 
content in muscle tissue. The study was conducted on a total of 45 common pheasant individuals 
Phasianus colchicus, six weeks old, divided into three equal groups of 15 individuals for 60 days. 
The control pheasants group was fed with a standard mixture without addition of selenium during 
the experiment, while the mixture of group I contained 0.15 g/kg and pheasants group II had 0.20 
g/kg additives with organic selenium. The results showed that different amounts of organic 
selenium presence in pheasants’ feed had a positive effect on analyzed productivity indicators of 
pheasants’ growth rate, both their final body weight and weight gain, and feed conversion and total 
production index. The best production results were achieved by individual  group II, which also had 
the highest selenium content in muscle tissue of the pectoral muscles, drumstick and thigh (p 
<0.05). 
 
Keywords: pheasant, selenium, production results, muscle tissue 

 
Introduction 

Pheasants brought up in aviaries receive  gaining importance not only as a game species, but also as a 
good dietary foodstuff for human consumption. The basic preconditions for a successful breeding of 
pheasants are providing of housing conditions, health care and feed quality throughout the production 
process. Technological modifications of high-quality pheasants’ meat obtaining involve usage of different 
biologically active substances (nutricines), organic growth promoters and related minerals to improve 
production parameters and higher percentage of bioactive substances in meat  obtained (Adams, 1999). 
Selenium has many physiological functions in the organism and actively participates in the regulation of 
the body's cells redox potential, as well as in antioxidant defense against free radicals in the organism of 
mammals and birds. , Selenium is an integral part of many proteins that affect the normal functioning of 
the thyroid, prostate, pancreas, reproductive organs, and the entire immune system. The largest depots of 
selenium are placed in liver, kidney cortex, pancreas, pituitary, while the lowest concentrations are in 
adipose tissue (Rotruck et al., 1973; Surai, 2000; Surai, 2002).  Previous researches in poultry nutrition 
have confirmed that better production performance, health improvement and obtaining of functional 
products, can be achieved by organic selenium usage, which is usually linked to methionine amino acid, 
so-called selenium amino acid preparations (Cantor, 1997; Edens, 2001). Selenium deficiency in the 
poultry organism causes many pathological changes and ailments as: pancreas atrophy, kidney damage, 
exsudative diathesis, reduced insemination and immunity.Security level of selenium in the bird’s nutrition 
depends on its chemical composition, with the difference of inorganic forms of selenium as selenite and 
selanatas. Latshaw et al. (2004) found that with the addition of selenium in pheasants’ feed in a quantity 
of 9.3 mg / kg decreased carrying capacity by 50% after four days, increased aggressiveness and mortality 
by 12%. Production of eggs was returned to normal after ten days by ommiting toxic amounts of selenium 
.  
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Chelated forms of selenium are highly soluble, easily absorbed, and certain organs such as liver, 

pancreas, skeletal muscles, and kidneys showed a high degree of affinity on them and incorporate them 
into their proteins. Unused portion of absorbed selenium is excreted from the poultry organism through 
urine, feces and lungs (Mihailović, 1996; Jacques, 2001).  

There is a relatively large amount of literature data processing needs and problems of providing 
selenium in poultry nutrition nowadays, but few of the available researches highlight the influence of 
organic selenium on production performances and meat quality of pheasants. The aim of this study was to 
determine the effects of various organic selenium aspects in the nutrition of pheasants, with special 
emphasis on basic production parameters, utilization of nutrients and quality of certain meat categories.  

 
Materials and methods 

 
The experiment was conducted on 45 individuals of common pheasant Phasianus colchicus, average 

body mass 385 g, six weeks old, divided into three equal groups of 15 individuals each.  During the 
experiment which lasted 60 days zoo-hygienic conditions, accommodation and nutrition were adapted to 
under floor heating system.  For pheasants feeding pellet mixture of ordinary composition was used, but 
the control pheasant group did not receive organic selenium with the feed (selenomethionine), and as a 
feed additive for other two groups Alkosel product was used (Lallemand, Fra) which composition 
includes organic selenium in concentration of 2000-2400 mg/kg.   

 
Table 1. Ingredients and chemical composition of feed for pheasants (%) 
 

Component.% K (Control) I II 
Maize 40.50 40.485 40.48 
Feeding meal 3 3 3 
Soybean pellet 24 24 24 
Sunflower pellet 33% 4.3 4.3 4.3 
Alfalfa meal  3 3 3 
Feeding yeast 3.5 3.5 3.5 
Soybean grits 12 12 12 
Sunflower pellet 42% 5 5 5 
Lysine  0.1 0.1 0.1 
Methionine  0.2 0.2 0.2 
Feeding chalk 1.6 1.6 1.6 
Mono-Ca-phosphate 1.5 1.5 1.5 
Iodized salt 0.3 0.3 0.3 
Premix  1 1 1 
Alkosel  - 0.015 0.020 
The chemical feed composition of all three groups, VSM (%): Proteins  24.25; Cellulose 6.05; Ash 7.35; Dry matter 
88.20; Calcium 1.02; Total phosphorus 0.82; ME MJ/kg 12.75; Lysine 1.35; Methionine + Cystine 0.90. Used 
additives in 1 kg of the mixture: Vitamin A (IU/kg) 15000;Vitamin D3 (IU/kg) 3000; Vitamin E (mg/kg) 32; Biotin 
(mg/kg) 0.20; Vitamin C (mg/kg) 15; Folic acid (mg/kg) 1.20; Niacin (mg/kg) 30; Pantothenic acid (mg/kg) 15; 
Vitamin B6 (mg/kg) 3.20; Vitamin B2 (mg/kg) 7; Vitamin B1 (mg/kg) 2.10; Vitamin B12 (mg/kg) 0.03; Choline 
chloride (mg/kg) 500; Fe (mg/kg) 40; Mn (mg/kg) 80; Cu (mg/kg) 8; Zn (mg/kg) 60; J (mg/kg) 0.80; Co (mg/kg) 
0.45; Se (mg/kg) 0.30; Antioxidant (mg/kg) 100. 
 

According to the manufacturer's specifications recommended preparation dosage for poultry feeding 
amounts 100 g/ton, respectively 0.2 mg/kg of organically bounded selenium were used. During the 
experiment pheasants of group I were fed with the mixture supplemented with 150 g/t of this preparation,  
which was equivalent with selenium concentration of 0.3 mg/kg, while the feed of the group II of 
pheasants contained 200 g/t of this additive, respectively 0.4 mg/kg of selenium. Pheasants  had the ad 
libitum access to feed and water during the experiment. 
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Used feed was chemically analyzed at the beginning of the experiment by standard testing methods 
(AOAC, 1990);  energy content and amino acids were obtained by calculations. Ingredients and chemical 
composition of the used pheasants’ feed during the experiment  are shown in Table 1. 

Body weight control measurements were performed on decimal, technical balance every ten days, 
before feeding, and the amount of consumed feed was measured every day. Also, health status of tested 
individuals, mortality and all behavioral changes were permanently monitored during the experiment. At 
the end of the 60 days experiment seven individuals were sacrificed from each group. After slaughter and 
measuring, the basic body parts were segregated (brisket and drumstick with thigh) and measured on 
decimal scale (accuracy ± 0.03 g), and liver samples were taken for determination of selenium content. 
Based on the obtained data the production index was calculated at the end of the experiment. 

The chemical meat composition of brisket, drumstick and thighs were analyzed by usage of standard 
testing methods (SRPS ISO), and the search included determination of water content, lard, protein and 
ash. Selenium content in muscle tissue and pheasants’ organs  were determined by atomic absorption 
spectrometry, hydride technique. Statistical data analysis was performed by analysis of variance usage 
with assessment of statistical significance with the t-test. 

 
Results and Discussion 

 
The chemical composition of the used pheasant’s mixtures presented in Table 1 is in accordance 

with the recommended standards NRC (1994) and Blake et al. (2009). 
Final average pheasants’ body weights at all three groups (Table 2) were in the normal range for 

individuals of this age, with the most intensive growth recorded on 50 and 60 day of the experiment, what 
is consistent with the results of other researchers (Strakova et al., 2004; Šperanda et al., 2005). The best 
results with statistical significance in terms of body weight was achieved by individuals from group II, 
when their average body weight was higher by 2.12% compared with the body weight of pheasants from 
group K (p <0.05), while body weight of the pheasants from group I was statistically significant (p <0.05) 
and higher than group C for 1.71%. Accordingly, in comparison to the pheasants group K, group II had 
higher values of total body weight gain for 3.33%, which  was statistically significant (p <0.05), and 
individuals of group I for 2.70%, but this difference was not statistically significant. These are normal 
values for the investigated production parameters for growing pheasants (Ristić, 2005; Blake et al., 2009). 

Based on the obtained production results (Table 2) it can be concluded that the presence of organic 
selenium in mixtures for pheasants feeding caused achieving of greater feed intake (group I – 1964 g; 
Group II – 1958 g) compared with the group K of pheasants (1932 g), but without evidenced statistical 
significance (p> 0.05) among experimental groups. Analyzing the feed conversion, as well as weight gain 
and food consumption interactions evidently the best feed conversion was achieved by group II (with 
addition of 0.04 ppm / kg of selenium in the feed) and it was amounted 3.14, then group I (with addition 
of 0.03 ppm / kg of selenium in the feed) with the amount of 3.17, and at last the group K with 3.21. 
Statistical analysis of feed conversion results showed no significant differences among examined groups 
of pheasant (p> 0.05). Gained results are consistent with a numerous researches in which it was found 
that selenium addition in poultry feed has a positive impact on weight gain, feed conversion ratio 
reducing and feeding efficiency improving (Aravind et al., 2001; Arruda et al., 2004; Payne and 
Southerm, 2005). 

The value of production index ranged from 54.90 (K group) to 57.24 (group II). The highest value 
of this indicator was in pheasants of group II, which  is the result of a higher vitality percentage and better 
feed conversion of the group. 

Among examined groups of pheasant, gained differences in average weight of the pectoral muscle 
were not statistically significant (p> 0.05) and ranged from 221.50 g in group K to 229.42 g in the group 
II. Similar results with no established statistical differences were obtained for drumsticks and thighs mass, 
where the lowest mass had individuals from the group K (197.00 g), and the largest from the group II 
(205.16 g). Based on the data presented in Table 2, a substantial uniformity of the pheasants’ chemical 
meat composition among groups was obvious,  showing the absence of significant differences (p> 0.05), 
which is consistent with the researches of Cvrtila et al. (2007). 

Analysis of the average selenium concentration in pectoral muscle (0.135 mg/g), drumsticks with 
thighs (0.110 mg/g) and liver (0.410 mg / g) of pheasants from group II showed that they were 
statistically significant (p <0.05) compared to the C group (pectoral muscle 0.121 μg/g; drumstick with 
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thigh 0.102 μg/g; liver 0.345 μg/g). The presence of organic selenium in pheasants feeding mixtures 
caused higher concentrations of selenium in the muscle tissue and liver of pheasants’ group I, but no 
significant differences.  Based on shown data (Table 3) it can be concluded that concentration of selenium 
in muscle tissue and liver of pheasant depends on the amount of selenium in feed. Similar results of 
increasing selenium in broilers were presented by numerous researchers (Arruda et al., 2004; Payne and 
Southerm, 2005; Bou et al., 2005) who found that the concentration of selenium in muscle tissue and 
organs was increased by usage organic selenium compared with the usage of inorganic forms of this 
mineral. 

 
Table 2.  Production indicators during the test 
 

Groups /days  10 20 30 40 50 60 
BW- body weight of live pheasants (g) 

K 454.00 542.15 663.25 791.75 922.95 1056.45 
I 455.00 543.80 667.25 800.40 936.30 1074.55* 

Index, % 0.22 0.30 0.60 1.09 1.45 1.71 
II 455.50 545.00 669.40 803.00 939.80 1078.80* 

Index, % 0.33 0.53 0.93 1.42 1.83 2.12 
Groups /days The average total weight gain per periods (g) 

0-10 10-20 20-30 30-40 40-50 50-60 0 - 60 
K 69.00 88.15 121.10 128.50 131.20 133.50 671.45 
I 70.00 88.80 123.45 133.15 135.90 138.25 689.55 

Index, % 1.45 0.74 1.94 3.62 3.58 3.56 2.70 
II 70.50 89.50 124.40 133.60 136.80 139.00 693.80* 

Index, % 2.17 1.53 2.73 3.97 4.27 4.12 3.33 
Groups /days The average feed consumption per period (g) 

0-10 10-20 20-30 30-40 40-50 50-60 0 - 60 
K 217.00 237.00 330.00 367.00 386.00 395.00 1932.00 
I 218.00 240.00 337.00 375.00 391.00 403.00 1964.00 

Index, % 0.46 1.27 2.12 2.18 1.30 2.03 1.66 
II 219.00 239.00 336.00 372.00 390.00 402.00 1958.00 

Index, % 0.92 0.84 1.82 1.36 1.04 1.77 1.35 
Groups /days The average feed conversion rate per period (g / g) 

0-10 10-20 20-30 30-40 40-50 50-60 0 - 60 
K 3.14 2.69 2.73 2.86 2.94 2.96 3.21 
I 3.11 2.70 2.73 2.82 2.88 2.92 3.17 

Index, % -0.97 0.52 0.18 -1.39 -2.21 -1.48 -1.15 
II 3.11 2.67 2.70 2.78 2.85 2.89 3.14 

Index, % -1.23 -0.68 -0.88 -2.51 -3.10 -2.25 -2.04 
Production index (60 days) 

K I II 
54.90 56.50 57.24 

Index, % 2.90 4.25 
*p<0.05; ** p<0.01 
 
Table 3. Chemical composition and selenium content in muscle and liver of pheasant 
 

Parameters Pectoral muscles Thighs and drumsticks  
K I II K I II 

Average pH of meat 6.1 6.0 6.2 6.0 6.0 6.1 
Mass, g 221.50 224.60 229.42 197.00 203.25 205.16 
Moisture, % 72.63 72.38 72.49 73.04 73.00 73.12 
Lard, % 1.08 1.10 1.11 4.25 4.26 4.23 
Total proteins, % 25.14 25.15 25.11 21.52 21.48 21.51 
Ash, % 1.18 1.20 1.20 1.12 1.11 1.09 
Selenium, μg/g 0.121 0.129 0.135* 0.102 0.106 0.110* 

 The content of selenium in the liver 
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K I II 
Liver weight, g 22.35 22.50 22.50 
Selenium, μg/g 0.345 0.383 0.410* 
*p<0.05; ** p<0.01 

 
Previous studies indicated positive effects of selenium addition into feed overall metabolism of 

nutrients in the organism of animals and poultry. The effect of selenium is based on increasing the 
concentration of thyroid hormones T3 (triiodothyronine) and T4 (thyroxin), which serves to reduce the 
concentration of cholesterol in the blood and increase the absorption of glucose, while encouraging 
protein anabolism (Iizuka et al., 2001; Gursu et al., 2003 ). Organically bound selenium in the form of 
selenium-methionine manifests a strong antioxidant effect on the poultry organism. It directly effects the 
increase in enzyme glutathione peroxidase increasing in the liver and decreases lipid peroxidase 
concentration. The result is a high quality meat rich in selenium (Kang et al., 2000).  

 
Conclusion 

 
Based on the conducted research, it can be concluded that usage of organic selenium as pheasant 

mixtures’ supplement had a positive effect on examined results of the productions and the selenium 
content in muscle and liver. The best production results were achieved in the group II which feed had the 
organic selenium used at a concentration of 0.4 mg/kg. Slightly lower values of production parameters 
were achieved by pheasants of group I, which mixture contained 0.3 mg/kg of selenium, while the lowest 
values of the examined parameters were established in the K group. 

The results of this study show that pheasants except the status of hunting animals could have a great 
importance in the meat production of high quality with a significant content of antioxidant – selenium, 
which could contribute to the prevention of various diseases of the immune system and improve human 
health status. Also, from an economic point of view, by pheasants feeding mixtures containing selenium 
optimization, feed conversion could be rationalized and feed costs reduced. 
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BROWN HARES IN HUNTING AREAS OF VOJVODINA: GENETIC  

DIVERSITY AS REVEALED BY mtDNA SEQUENCES 
 

Đan,  M., 1 Veličković,  N.,1 Obreht,  D., 1 Stefanović,  M.,1 Beuković,  D.2 , Beuković,  M. 2 
 
 

Summary: Brief introduction: Brown hare (Lepus europaeus Pallas) represents one of the most 
important game species in hunting grounds in Vojvodina. Remarkable decline of brown hare 
populations has been registered in several last decades all around Europe which led to efforts to 
evaluate genetic diversity of brown hare populations, with main goal to contribute to maintenance 
of genetic resources and sustainable management of brown hare populations. Previous studies of 
genetic variability of brown hare populations in Vojvodina showed moderate levels of intra- and 
inter-population diversity. The main aim of this study was to determine genetic variability of brown 
hare populations in Vojvodina, after remarkable decline registered before last hunting season, using 
mitochondrial genome variability, as a part of continuous monitoring of this game species. 
Materials and methods: Total number of 90 brown hare individuals sampled from 10 localities 
across Vojvodina during hunting season 2012/13 was included in this study. Hypervariable domain 
1 of the mtDNA control region was amplified and sequenced, and sequence variability was analysed 
using standard population-genetic software. 
Results and conclusions: Total number of 32 mtDNA haplotypes was found. Haplotype diversity 
value was Hd=0.938±0.012, while nucleotide diversity was π=0.0128 and average number of 
nucleotide differences k=5.342. Three genetically different groups were defined in the study area 
(Fct=0.201, p=0.013), even though no geographical barriers were determined (r=0.042, p=0.421). 
Detected inter-population diversity points that controlled translocations are required in order to 
maintain present level of genetic variability. Genetic monitoring represents one of necessary 
evaluation procedures for sustainable management of brown hare populations in studied hunting 
grounds. 
 
Key words: brown hare, mtDNA variability, Vojvodina 

 
 

Introduction 
 

The brown hare (Lepus europaeus Pallas) is one of the most important and most hunted game species in 
Vojvodina (Popović et al., 2012). This species occurs throughout large parts of Europe, and it is the only 
Lepus species that can be found in Balkan Peninsula (Suchentrunk et al., 2000; Mamuris et al., 2001; 
Kasapidis et al., 2005; Alves et al., 2008). The brown hare’s habitats include agricultural areas, open 
woodland and grassland up to 1500m (Mitchell-Jones et al., 1999; Modesto et al., 2011). Several decades 
ago, remarkable decline of brown hare populations has been registered in whole area of Europe, most 
likely as a consequence of anthropogenic effects on habitat (Vapa and Šelmić, 1997; Fickel et al., 2005). 
The main factors that influence brown hare populations decline in Vojvodine likely to be increasing of 
agricultural areas, development of agricultural techniques, urbanization, and lack of high quality diet 
(Beuković et al., 2012). As a consequences of these influences to genetic variability, higher inbreeding 
coefficients were registered, as well as local fixation of certain alleles, reduced gene flow and genetic 
drift, which led to genetic variability decrease (Đan et al., 2012). 
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Considering continuous environmental changes for hares and their regional population declines in large 
parts of Europe, maintenance of genetic resources of locally adapted populations is considered important 
for the long-term development of this species (Vapa and Šelmić, 1997). Population genetic structure has 
important ecological and evolutionary consequences and disappearance of certain genes significantly 
reduces the chance of future genetic variability as well as the chance of adaptations to changes in the 
environment. Hares do not only play an important role for the hunting economy of the Vojvodina, but 
they also represent a significant prey species particularly in the agrosystem of the region, and they 
contribute to the flow of organic matter and nutrients (Vapa et al., 2007).  Due to these facts the continual 
monitoring of brown hares is crucial in order to obtain knowledge of populations’ genetic diversity.  
Brown hare populations from Vojvodina were first genetically characterized using allozymes (Vapa et al., 
1999; Vapa et al., 2002; Davidović, 2003; Vapa et al., 2007), and these analyses revealed shallow gene 
pool divergence among populations. Microsatellite variability analyses revealed higher level of 
substructuring among populations (Đan, 2008). Mitochondrial DNA markers were also analyzed, primary 
for phylogenetic analyses, but also as additional marker for population genetic study (Djan et al., 2006), 
and confirmed moderate levels of intra- and inter-population genetic variability, with high number of 
unique control region haplotypes typical for the Balkan Peninsula. 
The aim of this study was to determine genetic variability of brown hare populations in Vojvodina, after 
remarkable decline registered before last hunting season, using mitochondrial genome variability, and to 
contribute to continuous monitoring of this game species in hunting grounds of Vojvodina. 
 

 
Material and Methods 

 
In total, 90 brown hare individuals were collected from the 10 localities in Vojvodina: Aradac (5), Bačka 
Palanka (6), Bačka Topola (10), Gložan (10), Kraljevci (9), Margita (10), Novo Miloševo (10), Petrovci 
(10), Sonta (10) and Voganj (10) (number of samples per locality is given in parenthesis). Muscle tissue 
of each individual was sampled and frozen at −20°C immediately after the death of the animal. 
Total DNA was extracted using a modified method of Kocher et al. (1989). Hypervariable domain of the 
mitochondrial control region (CR-1) was amplified following Kasapidis et al. (2005). Approximately 
100ng of genomic DNA were amplified in a total volume of 25μl containing 0.2mM dNTP, 0.5 μM of 
each primer, 3mM Mg(OAc2), 0.5U Taq polymerase (Fermentas) and 1x reaction buffer. PCR 
amplification conditions were as follows: initial step of denaturation at 95oC for 5 min, followed by 35 
cycles of amplification – each cycle being 94oC for 60 s, 50oC for 45s and 72oC for 45s – and a final 
extension step at 72oC for 5 min. The PCR products were purified following the ExoSAP protocol 
(Fermentas) and sequencing was conducted on an ABI3730xl DNA Analyzer using BigDyeTerminator 
v3.1 Cycle Sequencing Kit. 
Obtained sequences were aligned using the Clustal W algorithm implemented in BioEdit v7.0.5.3 (Hall 
1999). After alignment dataset comprised 90 sequences of total length of 417 nucleotides. Basic indices 
of genetic diversity, number and haplotype diversity (Hd), nucleotide diversity (π) and average number of 
nucleotide differences (k) were calculated in DnaSP v.5.10.01 (Librado and Rosas, 2009) and Arleuqin 
v3.5 (Excoffier and Lischer, 2010). Same programs were used for the calculations of pairwise Fst and 
Kxy values where ten sampling localities were treated as populations. Neighbour joining dendograms 
were constructed in MEGA v5.2 (Tamura et al., 2011) using nucleotide substitution model TN93 (Tamura 
and Nei, 1993), as the best model as estimated in MEGA. Possible isolation-by-distance was estimated by 
correlation between Fst and geographic distance in IBD v3.23 (Jensen et al., 2005). Defining of groups of 
populations that are geographically homogeneous and maximally differentiated from each other was done 
in SAMOVA v1.0 (Dupanloup et al., 2002).  
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Results and Discussion 

 
The CR-1 mtDNA sequence variability analysis revealed the presence of 32 haplotypes. Total number of 
polymorphic sites was 48, while 34 were parasimony informative. Average haplotype diversity value was 
Hd=0.938±0.012, while nucleotide diversity was π=0.0128 and average number of nucleotide differences 
k=5.342. The values of basic genetic variability indices per each population are given in Table 1. 
 
Table 1. The values of basic genetic variability indices in ten brown hare populations from Vojvodina 
Populations I II III IV V VI VII VIII IX X 
Number of 
samples 

5 6 10 10 9 10 10 10 10 10 

Number of 
haplotypes 

3 4 6 7 5 6 5 7 7 7 

Unique 
haplotypes 

1 1 1 2 1 1 2 4 5 3 

Number of 
transitions 

3 7 10 6 15 8 9 11 20 23 

Number of 
transversions 

0 0 0 0 2 0 0 5 2 3 

Indels 0 0 0 0 1 0 0 0 1 1 
Hd 0.700 0.867 0.844 0.911 0.861 0.866 0.800 0.911 0.933 0.933 
π 0.003 0.007 0.009 0.004 0.014 0.007 0.005 0.015 0.021 0.016 
k 1.400 2.867 3.778 1.800 5.833 2.867 2.133 6.355 8.755 6.755 
I - Aradac, II - Bačka Palanka, III - Bačka Topola, IV - Gložan, V - Kraljevci, VI - Margita, VII - Novo 
Miloševo, VIII - Petrovci, IX – Sonta, X – Voganj; Hd – haplotype diversity; π – nucleotide diversity; k – 
average number of nucleotide differences 
 
Found haplotype and nucleotide diversity in brown hares from Vojvodina as revealed by mtDNA 
variability is at the moderate level and corresponds to previous data for Central European populations 
(Kasapidis et al., 2005; Stamatis et al., 2009). Comparison with previously published data for brown hares 
from Serbia (Đan, 2008) reveals lower values of basic parameters of genetic diversity. Unique haplotypes 
were found in each population, which provides additional evidence that genetic differentiation of brown 
hare populations is mainly maternal (Fickel et al., 2005; Đan, 2008; Stamatis et al., 2009).  
Genetic differentiation among populations was determined by Fst values and neighbor joining dendogram 
was constructed (Figure 1). The graphical presentation indicates grouping of populations from Bačka and 
Srem regions, comparing to populations from Banat region. Generally, higher values of genetic 
differentiations were detected between populations comparing to previously published data (Đan, 2008), 
but this difference may be due to the fact that single locus marker was employed in this study, and 
additional nuclear markers were analysed in previous study (Đan, 2008). Statistically significant pairwise 
Fst value was found between Gložan and Novo Miloševo (Fst=0.567), Bačka Palanka and Novo Miloševo 
(Fst=0.432), and Bačka Topola and Novo Miloševo (Fst=0.450). 
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Figure 1. Neighbor joining dendogram clustering ten brown hare populations from Vojvodina based on 
pairwise Fst values 
 
Spatial analysis of molecular variance (SAMOVA) revealed the presence of three different groups: first 
Sonta, second Novo Miloševo and third which comprises all other populations (Fct=0.201, p=0.013). 
Even though the percentage of variation among groups is lower than within population, it is statistically 
significant (Table 2).  
 
Table 2. SAMOVA results defining three genetically differentiated groups of brown hare populations in 
Vojvodina 
Source of variation Percentage of variation Fixation indices 
Among groups 20.17 0.201* 
Among populations within 
groups 

6.94 0.271 

Within populations 72.89 0.087* 
*p<0.05 
 
Mantel isolation-by-distance method as implemented in IBD software showed no statistically significant 
presence of geographical barriers among tested populations (r=0.042, p=0.421). Isolation-by-distance was 
not found in Central and Southeastern European brown hare populations (Fickel et al., 2005; Kasapidis et 
al., 2005). Even though no geographical barriers which correspond to reduced gene flow could be 
detected, reduced gene flow detected by grouping in three significantly genetically divergent groups 
indicate certain factors, such as habitat fragmentation and/or infrastructure as responsible for reduced 
gene flow and differentiation of locally adapted populations. 
 

Conclusion 
 

Hypervariable domain 1 of control region of mtDNA even though single locus, was proved to be 
informative marker which revealed the presence of intra- and inter-population genetic variability in brown 
hares from Vojvodina. Comparison with previously published data, revealed higher genetic differentiation 
of brown hare populations, and reduced gene flow among them. The presence of three maximally 
genetically differentiated groups of populations was found. Even though isolation-by-distance didn’t 
confirm the presence of geographical barriers, it might be concluded that it is not possible to exclude 
habitat fragmentation and/or infrastructure as responsible for reduced gene flow detected among locally 
adapted populations. Due to all data presented, further genetic monitoring and controlled translocations 
are required for sustainable management of brown hare populations and conservation of genetic 
variability in brown hares in Vojvodina. 
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GENETIC DIVERSITY OF CAPERCAILLIE (Tetrao urogallus L.) ALONG 

THE CARPATHIANS 

 
Paule, L., 1 Klinga, P.,1 Mikoláš, M.,2 Zhelev, P.,3 

 
Summary: Genetic structure of capercaillie populations along the Carpathians was studied by means 
of the using non-invasive samples (faeces and molted feathers). In total, 165 samples of faeces, 
feathers and tissues were used which originated from Slovakia, Poland, Ukraine and Romania and 
70 tissue samples from Bulgaria and Russia which were used as outgroups. For genetic analysis 10 
microsatellites of nuclear DNA were used. Population differentiation was studied using Bayesian 
approach (STRUCTURE software). Except that the population genetic characteristics were used for 
comparison of genetic diversity of studied populations.  

The highest value of mean number of alleles per locus showed populations from Romania 
nA = 7.44, while in contrary the lowest values were found in populations with lowest sample sizes 
Russia and Ukraine (nA = 4.33 and 3.56, respectively). Expected (HE) and observed heterozygosities 
(HO) varied between HE = 0.54 (Ukraine) and HE = 0.66 (Romania) or HO = 0.50 (Ukraine) and HO 
= 0.68 (Bulgaria). Coefficients of inbreeding (FIS) in populations with greater number of samples 
(Slovakia, Romania and Bulgaria) were close to 0 and they varied between –0.06 (Bulgaria) and 
0.01 (Romania) while the populations with lower number of samples showed deficit of 
heterozygotes FIS = 0.11 (Ukraine) or excess of heterozygotes FIS = –0.11 (Poland).  

The Bayesian analysis using the STRUCTURE software produced two results. For K = 2 
groups all Carpathian population were clustered together, while for K = 3 groups, the Carpathian 
populations were split into two groups: the Western Carpathians (Poland and Slovakia) and the 
Eastern Carpathians (Ukraine, Romania) and also Russia was attached to this group. The second 
analysis, K = 3, showed similarity to the intraspecific classification of capercaillie for two 
subspecies (T. urogallus major and T. urogallus rudolfi). However, these results show genetic 
dissimilarity of Romanian and Bulgarian populations which should both belong to T. urogallus 
rudolfi. 

The existence of two subspecies inhabiting the Carpathians should be verified by 
sequencing of the mitochondrial DNA and the transition zone between the Western and the Eastern 
Carpathians should be analyzed in detail by further sampling and analysis of capercaillie from the 
Ukrainian Carpathians. 

It has been proven that non-invasive samples can be used for detailed studies of the 
structure of capercaillie and black grouse populations including the estimates of the number of 
individuals on leks, subpopulation size and gene flow within the fragmented populations. 

 Key words: Tetrao urogallus, genetic diversity, Carpathians. 
 

Introduction 
 

Western capercaillie (Tetrao urogallus) belongs to the umbrella species in the Continental 
Europe. In the past it was broadly distributed in all mountain ranges of Balkan, Carpathians, Alps, 
Pyrenees as well as in higher mountains outside Alps in Germany, Czech Republic and France. During 
the last decades, the capercaillie population sizes are decreasing due to numerous threats. Among the 
most important ones are the loss, fragmentation and disturbance of its habitats on the upper tree limit,  
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impact of carnivores, raptors and ravens, poaching, antropization (disturbance of birds by tourists 
and skiers in the winter period) and climatic changes (Birds Directive – Annex I 2009). 

 

Capercaillie once belonged to the game species in its entire natural range and hunting the males 
(cocks) during the spring season was highly appreciated and belonged to the top hunting activities. In 
Czechoslovakia, the hunting of capercaillie and black grouse was prohibited in 1981, in Slovenia and 
Croatia in 1990, in Romania in 2011. Currently, hunting of capercaillie is only allowed in Bulgaria, while 
in Austria and Switzerland it is carried out under the specific biannual regime. A different situation is in 
Scandinavia, where despite the decreasing population sizes of both species – capercaillie and black grouse 
– they belong to game species. Their hunting is forbidden in spring time during the mating period on leks 
and males and females are hunted in autumn and winter only. 

Western capercaillie is distributed in all mountain regions of the continental Europe, Scandinavia 
and Russia (both European part and in Siberia by Lena river). Large natural range was a good 
precondition for describing numerous subspecies. Historically, 12 subspecies of Western capercaillie have 
been described, based primarily on differences in morphology and behaviour . The results of genetic 
analysis, however, raise questions about the validity of currently recognised sub-speciation and suggest 
that it is very likely overinflated (Bajc et al., 2011). 

 Two of them are inhabiting Iberian Peninsula – Pyrenees and Cantabrian mountains, three 
subspecies are distributed in southern, central and Eastern Europe and the remaining five subspecies are 
inhabiting northern Europe (Scandinavia, European part of Russia and Siberia). The Carpathians are 
inhabited two subspecies of capercaillie Tetrao urogallus major (Western Carpathians i.e. Slovakia and 
Poland) and Tetrao urogallus rudolfi (Eastern Carpathians, i.e. Romania). Both subspecies differ in size, 
both in males and females (Kohl and Štollman, 1968). 

There is single paper (Bajc et al., 2011) which deals with phylogeny of capercaillie from 
southeastern Europe, covering Balkan countries (Slovenia, Croatia, Bosnia and Herzegovina, and 
Bulgaria) and, as outgroup, some samples from Carpathians were used. Based on the sequencing of 
mitochondrial DNA, only the subspecies originating from Iberian Peninnsula differed significantly from 
the remaining samples from Balkan. Unfortunately, in this study no larger sample of capercaillies from 
Carpathians could be used. 

Genetic diversity and differentiation of capercaillie population along the Carpathians have not 
been studied yet. There are several aspects which might be of interest and need to apply genetic methods:  

• genetic diversity of fragmented populations with regard to a possible inbreeding due to small 
numbers of mating birds, 

• genetic differentiation between populations and among fragments within populations, 
• gene flow between fragments and populations. 

 
Materials and Methods 

 
Collection of blood or tissue samples for genetic analyses of endangered species or those difficult 

to handle and capture, e.g. birds, is usually disabled. Handling and manipulation with free living animal 
might be harmful and resulting in death of the individual (Summers, 2004). To avoid such undesirable 
circumstances the noninvasive approach must be employed. There have been developed several 
approaches of the DNA isolation from bird faeces (Segelbacher and Steinbrück, 2001, Regnaut et al., 
2005), molted feathers (Segelbacher, 2002, 2012, Speller et al., 2011), or maternal DNA extracted from 
egg shell membrane (Egloff et al., 2009). The feathers and faeces were collected from capercaillie 
localities along the Carpathian arc in Romania, Ukraine, Slovakia and Poland during the lek season not 
more than 4 days after defecation. The samples were stored for 3–4 months in 15ml tubes filled with 96% 
ethanol or dried in paper bags with silica gel. The total number of samples collected within the 
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Carpathians was 165 (Poland – 19, Slovakia – 74, Ukraine – 12 and Romania – 60). In addition the 
samples from Bulgaria (62) and Russia (8) were used as outgroups.  

DNA extractions: DNA from feathers was isolated using QIAmp Tissue Extraction Kit (Qiagen). 
The feather barb (approx. 1.5 cm long) (Segelbacher, 2002) and blood clot (Horvath et al., 2005)  was cut 
into small pieces and incubated overnight in 57 °C incubator. All steps were performed according to 
manufacturer instructions.   

DNA from faeces was isolated using DNA Stool Mini Kit (QIAGEN) developed for the DNA 
isolation from human stool modified by the methodology described by Segelbacher and Steinbrück, 
(2001). Samples 100 to 300 mg of faeces were stored in 15 ml and were incubated overnight in 1–3 ml 
ASL. This concentrate was pipetted to 2 ml Eppendorf tubes and centrifugated for 3 min. at 14 000 rpm. 
Afterwards 1.4 ml of solution was pipetted into new 2 ml tube and one InhibitEX tab (part of the Qiagen 
kit) was added. Further steps were done according to the procedure given by the manufacturer.  

PCR reactions: PCR reactions were done in volumes of 10 µl using Eppendorf Gradient Thermal 
Cycler. Individual mixtures contained 1.5 µl DNA 50 ng·µl–1 of concentrate, 0.6µl of each primer with 
concentration 10 µl, 1.0 µl BSA(10 µg·µl–1), 2.0 µl buffer (NH4)2(SO)4, 0.6 µl dNTP (10 mM), 1.2 µl 
MgCl2 (50 mM), 0.16 Platinum Taq DNA polymerase (Invitrogen). PCR reaction was composed of 3 min 
denaturation at 94 °C, 35 cycles 30 sec denaturation at 94 °C, 45 sec for primer alignment at 60 °C, 45 sec 
extension DNA at 72 °C with the final extension of 3 min at 72 °C.  

Fragmentation analysis: Fragmentation analysis was performed by means of automated 
capillary genetic analyzer ABI 3130 (Applied Biosystems, USA), using fluorescent dyed primers. 
Mixture for genetic analyzer was composed of 9.1 µl formamide (denaturation agens), 0.2 µl GS-500LIZ 
(length standard)  and 0.7 µl PCR product. This mixture was denaturated 3  min at 95 °C. For 
fragmentation analysis we have used 10 primers of the nuclear DNA (LEI098, ADL184, ADL230, BG15, 
BG16, BG18, TUT1, TUT2, TUT3 and TUT4). The obtained results were evaluated using GENE MAPPER 
software implemented in the genetic analyzer. 

Statistical Analyes: From the GENE MAPPER was exported a genotype table. The data were 
checked, transferred into GENEPOP format, tested for similarity of genotypes and basic population genetic 
analyses were performed in MICROSATELITE TOOLKIT ADD-IN for Excel 7. We calculated within-
population genetic analyses of heterozygosities, mean number of alleles (Nei, 1978), inbreeding 
coefficient FIS (Wright, 1969).   For estimation of genetic distances between 2 populations pairwise FST 
(θ) were calculated (Weir and Cockerham, 1984). Two dimensional PCA was performed in GENETIX 
(Belkhir et al., 1996–2004). To infer the population structure we used program STRUCTURE 2.3.3 
(Pritchard et al., 2000) using Bayesian clustering method assignment of individuals based on allele 
frequencies to populations. All runs were based on 20,000 MCMC iterations after a burn-in period 
10,000. A minimum of 5 independent runs were performed for each K value from K=1 to K=10 using 
admixture ancestry model and correlated allele frequencies (Falush et al., 2003). To calculate ΔK and to 
find appropriate K value Evanno‘s method (Evanno et al., 2005) implemented in STRUCTURE HARVESTER 
(Earl et al., 2012) was used. The optimum number of cluster was K=2. The Q coefficients were obtained 
by averaging these five runs using CLUMPP 1.1.2 and the ‘greedy’ algorithm and the ‘all possible input 
order’ options (Jakobsson and Rosenberg, 2007). The results in form of individual membership 
coefficients were displayed in figures produced by DISTRUCT 1.1 (Rosenberg, 2004). 

 
Results and Discussion 

 
 In general, the non-invasive samples of capercaillie, both feathers and faeces, have shown rather 
good success of DNA isolation. The samples collected during the spring were well preserved at low 
temperatures (they were often collected on snow). However, the attention was paid to use only faeces 
without urine (white part of faeces). 

The mean number of alleles per locus varied in individual samples 3.56 (Ukraine) to 7.44 
(Romania). The samples from two populations (Ukraine and Russia) which were both characterized by 
the lowest number of samples reached the lowest values – 3.56 and 4.33, respectively. On the contrary, 
the populations from Slovakia and Rumania with the highest number of samples reached two highest 
values – 6.56 and 7.56 (Table 1). 
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Comparison of the observed and expected heterozygosities among populations showed that in 
both heterozygosities the lowest values were reached by the population from the Ukrainian Carpathians 
(HE = 0.54 and HO = 0.50) while the highest expected heterozygosity reached population from the 
Romanian Carpathians (HE = 0.66) and the highest observed heterozygosity had the Bulgarian population 
from Rodopi mountains (HO = 0.60). The populations from Western Carpathians (Slovakia and Poland) 
showed similar values of the expected heterozygosity (HE = 0.59 and 0.57, respectively) and also of the 
observed heterozygosity (HO = 0.59 and 0.67, respectively). 
  Coefficients of inbreeding in samples of large populations (e.g. Slovakia, Romania and Bulgaria) 
were below 0.05, while the populations with smaller samples sizes (e.g. Ukraine and Poland) showed a 
deficit or excess of heterozygotes, respectively. The population from Russia, regardless of its small 
sample size showed similar values as the populations with the highest sample sizes. 
 
Table 1. Population genetic characteristics for capercaillie populations. 
 

Country N samples HE Hn.b. HO P(0.95) P(0.99) NA/locus FIS CI (95%) 

Poland 19 
  

0.59 0.60 0.67 
1.00 1.00 5.00 –0.1128 (–0.2295 – –0.0606) 

SD  0.14 0.14 0.16 

Slovakia 74 
  

0.57 0.57 0.59 
1.00 1.00 6.56 –0.0314 (–0.0915 –  0.0140) 

SD     0.11 0.11 0.11 

Ukraine 12 
  

0.54 0.56 0.50 
1.00 1.00 3.56 0.1101 (–0.1507 –  0.2374) 

SD     0.14 0.15 0.28 

Romania 60 
  

0.66 0.67 0.66 
1.00 1.00 7.44 0.0065 (–0.0646 –  0.0613) 

SD     0.07 0.07 0.13 

Bulgaria      62 
  

0.64 0.64 0.68 
1.00 1.00 5.67 –0.0591 (–0.1158 – –0.0183) 

SD     0.12 0.12 0.18 

Russia 8 
  

0.64 0.68 0.65 
1.00 1.00 4.33 0.0436 (–0.1841 –  0.1118) 

SD     0.14 0.14 0.22 
 
Genetic differentiation of populations was measured by θ (pairwise FST). As it is shown in Table 2, the 
lowest genetic differentiatio was found between the populations from Slovakia and Poland which is in 
fact a proof that capercaillies from these two countries belong to single population. Similar phenomenon 
would be expected between population from Ukraine and Romania; regardless of geographic proximity, 
the FST value between Ukraine and Romania is only 0.0875 which is slightly lower than the distances 
between Slovakia and Romania, Poland and Romania (FST = 0.1007 or 0.1045, respectively. 
 
  
Table 2. Genetic differentiation between capercaillie populations as measured by θ (pairwise FST). 
 

θ (pairwise FST) Bulgaria Poland Russia Slovakia Ukraine 

Romania 0.1326 0.1045 0.1306 0.1007 0.0875 

Bulgaria 
 

0.1456 0.1693 0.1550 0.1833 

Poland 
  

0.1929 0.0216 0.1470 

Russia 
   

0.2098 0.2205 

Slovakia 
    

0.1137 
 
 Results of the principal coordinate analysis show the similarity of the populations along the 
Carpathians and their distinctness from the populations originating in Bulgaria and Russia. This figure 
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does not recognize the difference of populations along the Carpathians which would belong to two 
different subspecies i.e. Tetrao urogallus major from Western Carpathians and T. urogallus rudolfi from 
Romania. 
 

 
 
Graph 1. Principal coordinate analysis of genetic differentiation of capercaillie populations (white 
squares – Poland, green squares – Ukraine, pink squares – Romania and yellow squares – Slovakia). 
 
Nevertheless, the same data were subjected to Bayesian analyses using STRUCTURE software. We have 
run several analyses to find optimum number of groups and it was shown that both options K = 2 and K = 
3 groups produced interpretable results. Results of the analysis with K = 2  groups showed similar results 
as the principal coordinate analysis, while the results of the analysis with K = 3 groups splitted the 
Carpathian population into two groups: the Western Carpathians covering capercaillie from Poland and 
Slovakia and the Estern Carpathians covering Ukraine, Rumania and surprisingly also Russia. The results 
of the latter analysis correspond more to the existence of the two subspecies of capercaillie Tetrao 
urogallus major from Western Carpathians and T. urogallus rudolfi from Rumania. According to the 
literature sources the capercaillie originating from Bulgaria should also belong to the subspecies T. 
urogallus rudolfi, which does not correspond at all to the results of our analyses. According to our results, 
there is clear distinctness between the samples originating from Bulgaria and those originating from 
Carpathians. 
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Graph 2. Results of the STRUCTURE analyses for k = 2 and k = 3 groups. 
 
 
Conclusion 
 

Large scale analysis of genetic differentiation of capercaillie populations along the Carpathians 
was completed by two population samples outside the Carpathians – Bulgaria and Russia. The results 
shown rather good differentiation of Carpathian populations and two outgroups – Bulgaria and Russia. 
When increasing the number of groups for K = 3, there was also observed splitting the Carpathian 
populations for two groups – Western Carpahians (Slovakia and Poland) and Eastern Carpathians 
(Ukraine and Romania) which would resemble two putative subspecies T. urogallus major and T. 
urogallus rudolfi. 
 Non-invasive sampling showed to be a safe method to study the genetic diversity and 
differentiation of cryptic species. It has been used for large-scale phylogeography studies as well as to 
strudy the processes running on population level e.g. gene flow na dmating systems. For species with 
cryptic way of life it is a perfect tool for conservation genetics. 
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ESTIMATON OF GENETIC VARIABILITY OF WILD BOAR POPULATIONS IN 

VOJVODINA BASED ON MICROSATELLITES 
 

Veličković, N., 1 Đan, M.,1 Ferreira,  E., 2 Obreht, D.,1Beuković, M.,3 Fonseca, C.2,4 
 

Summary:  Wild boar represents very important and most abundant game species in hunting grounds 
in Vojvodina. After a strong demographic decline at the end of 19th and beginning of 20th centuries, 
wild boar recovered most of its native habitats and nowadays they are worryingly increasing. 
Expansion of wild boar population in several past decades was also observed in Serbia, which led to 
efforts to evaluate genetic variability in order to develop adequate management strategies for this 
species. The main aim of this study was to estimate genetic variability and population structure of 
wild boars in Vojvodina, using eleven tetranucleotide microsatellite markers. 
Total number of 62 wild boars was collected during regular hunts from 14 localities across 
Vojvodina. Multiplex PCR amplification of 11 tetranucleotide microsatellites was carried out. 
Genetic variability and population structure was assessed using standard population-genetic 
softwares. 
Total number of 119 alleles in wild boars from Vojvodina was found, with a mean number of 10.82 
alleles per locus. Average observed and expected heterozygosity values were 0.69 and 0.77, 
respectively. Comparing to other European wild boar populations, we revealed higher genetic 
diversity in wild boars from Vojvodina. Bayesian cluster analysis implemented in STRUCTURE 
suggested the existence of two genetically different groups in Vojvodina, but there was no strong 
correlation between individual assignments to genetic cluster and geographical origin of individual. 
Analysis of molecular variance (AMOVA) showed that genetic variation within defined clusters was 
significantly higher comparing to variability observed among groups. Detected high genetic diversity 
together with registered population structuring point that translocations of wild boars in Vojvodina 
should be controlled and genetic monitoring performed in order to maintain present high genetic 
diversity of populations. 
 
Key words: wild boar, microsatellite variability, population structure, Vojvodina 

 
Introduction 

 
The wild boar is native and one of the most abundant large game species in hunting areas of 

Vojvodina. In the late nineteenth and the beginning of twentieth centuries, continuously widespread wild 
boar populations passed through local extinctions in many parts of Europe (Appolonio et al., 2010). After 
the Second World War, decreasing number of predators and agricultural changes lead to expansion of 
wild boars (Sáez-Royuela and Tellería, 1986). Nowadays, wild boar populations are worryingly 
expanding throughout Europe and their management is urgently required (Appolonio et al., 2010; 
Scandura et al., 2011). Increasing number of wild boars during previous decades was also confirmed in 
Serbia (Urosevic et al., 2010). The increasing of populations caused severe impact on agroecosystems and 
forestry and led to addressing the wild boar as a pest species for which the management strategy is highly 
needed (Đorđević et al., 2010). 

The recent demographic trends of wild boar populations is mainly affected by human impact due 
to agriculture development, habitat transformations, game management practices, etc. Understanding how 
those events affected the genetic structure of present widespread wild boar populations represents the 
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basis for development adequate management strategies. Vernesi et al. (2003) stressed the 
importance of analysis of the microsatellite variability for estimating the genetic effect of the wild boar 
populations reintroduction , as well as for the development of conservation and management strategies for 
this species. The genetic researches of wild boars across Europe showed that wild boar populations are 
rarely homogenous and mostly split into genetically differentiated populations, but these genetic 
discontinuities could not be completely explained by the existence of physical geographical barriers 
(Scandura et al., 2011).  
 The first characterization of wild boars in the West Balkan region included microsatellite analysis 
of wild boar population from the Podunavlje-Podravlje hunting area (located in the triangle between 
Danube and Drava rivers) and showed high level of gene diversity within analyzed population 
(Velickovic et al., 2010). In order to get better insight into nuclear gene pool diversity, three wild boar 
populations, Vojvodina, Slavonija and Bosnia, were later analysed and the existence of some level of 
population structure was found (Velickovic et al., 2012). It was shown that wild boar populations divided 
by river Sava are more genetically distinct. The presence of populations structuring was similar to those 
one that was found in genetic analysis of Portuguese wild boars where rivers act as geographical barrier 
(Ferreira et al., 2006). Previous genetic characterization of wild boars from Vojvodina also showed high 
level of genetic diversity (Velickovic et al., 2012) and the research was done using lower number of 
microsatellites. 
 With the aim to get better insight into genetic variability and population structure of wild boars in 
hunting grounds of Vojvodina, we extended previous research using analysis of eleven tetranucleotide 
microsatellite loci for characterization.  

 
Material and Methods 

 
Muscle tissue samples of 62 wild boars were collected in regular hunts from 14 different 

localities across Vojvodina. Total DNA was extracted using Proteinase K digestion followed by standard 
phenol-chloroform-isoamylalcohol extraction (Sambrook and Russel, 2001). Multiplex PCR 
amplification of 11 tetranucleotide microsatellites was carried out using Animaltype Pig PCR 
Amplification Kit (Biotype AG, Dresden, Germany) following the manufacturer recommendations. 
Typing was done by capillary electrophoresis on the ABI3730xl Genetic Analyzer (Applied Biosystem). 
The products of fragment analysis of these 11 microsatellites were analyzed using Peak Scanner Software 
v1.0 (Applied Biosystem) in comparison to allelic ladder and a control DNA sample (DL157) of known 
genotype provided with the kit. 

In order to infer the existence of population structuring of wild boars from Vojvodina, Bayesian 
cluster analysis implemented in STRUCTURE 2.3.3 (Pritchard et al., 2000; Melissa et al., 2009) was 
performed. We explored which value of K (number of different genetic clusters) maximized the 
likelihood of the data. Simulations were performed by replicating 5 runs for each K comprised between 1 
and 10 with the following settings: admixture model, no a priori information about geographical origin of 
individuals, correlated allele frequencies, burn-in length 10000, Markov chain Monte Carlo (MCMC) 
length 100000. All other parameters were set at default values. For the inspection of the most likely 
partition of our data set we used method proposed by Evanno et al. (2005) implemented in STRUCTURE 
HARVESTER (Earl and vonHoldt, 2012). Population structure was also examined through factorial 
correspondence analysis using GENETIX (Belkhir et al., 2004). ARLEQUIN v3.5 (Excoffier and Lischer 
2010) was employed to assess potential deviation from Hardy-Weinberg equilibrium and to estimate 
allele frequencies and gene diversity in wild boars from Vojvodina. 

 
Results and Discussion 

 
In order to investigate genetic variability of wild boars from hunting grounds in Vojvodina, we 

analyzed 11 tetranucleotide microsatellites. All markers showed high level of polymorphism, and number 
of observed alleles per locus varied from 6 at locus SBH19 to 19 at locus SBH20, with an average of 
10.82 alleles per locus (Tab. 1). Similar value of average number of alleles per locus was observed in 
previous research of wild boars in Vojvodina based on analysis of four microsatellite loci (Velickovic et 
al., 2012). The observed heterozygosity varied between 0.34 and 0.85, with a mean of 0.69 (Tab. 1). 
Comparing to the previous study of microsatellite variability in wild boars from Vojvodina (Velickovic et 
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al., 2012), with the increased number of loci we observed higher values of heterozygosity. The level of 
genetic diversity observed in wild boars in Vojvodina is higher comparing to wild boar populations from 
Slovenia (Velickovic et al., 2012); Italy (Scandura et al., 2008) and Portugal (Ferreira et al., 2009). 
 
 Table 1. Basic indices of genetic variability observed in wild boars from Vojvodina 
Locus A Ho He FIS 
SBH2 12 0.60 0.62 0.04 
SBH18 9 0.79 0.84 0.06 
SBH4 11 0.71 0.78 0.01 
S0655 9 0.79 0.79 0.001 
SBH20 19 0.85 0.92 0.07 
SBH1 9 0.74 0.83 0.10 
SBH10 15 0.81 0.88 0.09 
SBH13 8 0.52 0.62 0.15 
387A12F 13 0.73 0.81 0.11 
SBH22 8 0.34 0.66 0.49 
SBH19 6 0.66 0.71 0.08 
Mean 10.82 0.69 0.77 0.109 

A – number of alleles per locus; Ho – observed heterozygosity; He – expected heterozygosity; FIS – inbreeding coefficient 
 
 In three out of eleven analyzed loci, we observed statistically significant deviations from Hardy-
Weinberg equilibrium, which may indicate population structuring. Bayesian cluster analysis without any 
a priori information about the geographical origin of individuals revealed the existence of two different 
genetic clusters in our dataset (Fig. 2). In the calculations for the most probably number of genetic 
clusters in wild boars from Vojvodina, using method proposed by Evano et al. (2005), model with K=2 
was suggested as the most appropriate one. There were also observed two secondary peaks at K=5 and 
K=7, but visual inspection of runs revealed that model with K=2 is the most possible one (Fig. 2). There 
was no strong relation between individual assignments in two genetic clusters resulting from 
STRUCTURE analysis and the geographical origin of individuals. Wild boars collected in Macva, 
southern from the river Sava, together with several individuals collected in Srem in the parts closely 
nothern to the river Sava collapsed together in one genetic cluster, while all other individuals belonged to 
the second cluster. Previous research of wild boars from Vojvodina, Slavonija and Bosnia suggested that 
river Sava may represent the border for wild boars, since it was revealed that populations divided by river 
Sava are more genetically distant (Velickovic et al., 2012).   
 Even though Bayesian cluster analyses suggested existence of two genetic clusters in wild boars 
from Vojvodina, factorial correspondence analysis did not confirm this finding (Fig. 2). The revealed 
population structuring by Bayesian statistics may be due to the higher gene flow between individuals 
within one cluster that comes up with the characteristic gene pool for each cluster. The portioning of 
genetic diversity among and between observed genetic clusters by the analysis of molecular variance 
(AMOVA) revealed the significant amount of genetic variance within clusters (Tab. 2).  
 

Table 2. Results of analysis of molecular variance for analyzed wild boar populations 

Source of variation Variance of components Percentage of variance FST P 

Among clusters 0.227 5.21 0.052 0.001 

Within clusters 0.148 94.79   
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Figure 1. Bar plots of STRUCTURE runs for K=2, K=5 and K=7  

 
 

  
Figure 2. 3D Factorial correspondence analysis for wild boars sampled in Vojvodina hunting grounds 

 
 

Conclusion 
 

 The recent expansion of wild boar populations in Serbia raised concern about the investigation of 
genetic variability and structure of wild boar populations in order to develop adequate management 
strategies. In comparison to previously publish data of wild boars in Vojvodina, as well as in comparison 
with other European wild boar populations, we revealed higher level of genetic diversity. The presence of 
population structure was confirmed by Bayesian cluster analysis, indicated that translocations of 
individuals between two genetically different group should be controlled in order to maintain registered 
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high genetic variability. According all presented data, we could conclude that high genetic diversity is 
present in wild boar populations in Vojvodina and that genetic monitoring of this very important game 
species is required for defining adequate management strategies.   
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  DISINFECTION AS A BIOSAFETY MEASURE IN PHEASENT FARMS 
 

Đorđević M. 1 , Pesić B., 2 Radanović O. 3 
 

Summary: The success in the production of pheasant game depends on a continuous 
implementation of biosafety measures throughout all the stages of the technological process of 
production. The key biosecurity measure that is implemented in farm buildings is disinfection. This 
study evaluated the effect of disinfection carried out at various stages of production through the 
implementation of a solution based on peracetic acid and formaldehyde vapor. The reduction of the 
total number of bacteria, fungi and molds was established. 

 
Key words: pheasant farm, disinfection, peracetic acid, formaldehyde, microbiological status 

 
Introduction 

 
  The increased interest of hunters for polygon pheasant hunting, the attractiveness of pheasant 
hunting in open hunting areas, and the need to maintain the optimal population abundance in nature, 
increased the production of animals for hunting polygons. In the production of pheasants at farms, 
technological norms must be followed and biosecurity measures must be implemented in order for the 
bred specimens to be in top shape and have a good health status (Anon, 2012; Djordjevic, 2009) 
 Pheasant farms are production facilities which represent rounded up production units, with 
different age groups of individuals which include: an aviary for the parent flock, a room for storing eggs, 
a hatchery, and facilities for the breeding of young pheasants and aviaries with outlets where the young 
pheasant are bred until they are released to the hunting grounds. 
 
Table 1 The most frequently used disinfectants and their disinfecting properties  
Properties/ 
Disinfectants 

formaldehyde Chlorides Organic 
iodine 

Phenol Quaternary 
ammonium 
compounds 

Cresol Peracetic 
acid 

Bactericidal + +   + + + + + 
Fungicidal + + + +/- +/- + + 
Virucidal + +/- +/- +/- +/- + + 
Toxic + + + + + + + 
Use:        
Washing eggs - + - - + - - 
Dipping eggs - + + - + - - 
Disinfection of 
water 

- + + - - - + 

Disinfection 
barrier 

- - - + + + - 

Disinfection of 
rolling mills 
and  

+ - + + + - + 

facility + - + + + + + 
Resistance to 
organic 
substances 

Weak Weak Mild High Weak Mild Weak 

+ positive effect;  - negative effect;  +/- limited to a specific activity  

                                                 
1 dr Milutin Đorđević, vanredni profesor, Univerzitet u Beogradu, Fakultet veterinarske medicine, Beograd, Srbija 
2 dr vet. med. Branislav Pešić, Zavod za biocide i medicinsku ekologiju, Beograd, Srbija 
3 vet. spec. Oliver Radanović, Naučni institut za veterinarstvo Srbije, Beograd, Srbija   
 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

210 
 

 
This system of production which involves holding various age groups of pheasants on a small area 
represents a major health risk and requires a continuous implementation of biosafety measures (defined  
biosafety protocol) with continuous monitoring of the health status of the pheasants at different stages of 
production (Pavlović, Floristean, 2004).  

In addition to the regular maintenance of the hygiene of the facilities and equipment, disinfection 
is extremely important because it is the best measure for the reduction of microorganisms that are found 
in these objects (Ilić et al., 2008; Matković, Matković, 2006). The most frequently used disinfectants in 
pheasant farms and their disinfecting properties are shown in table 1. Most of the disinfectants 
listed in table 1 have a bactericidal, fungicidal, virucidal and toxic effect which makes them effective 
for use in this environment. The assessment of the effects of these disinfectants is usually done by taking 
swabs from the treated surfaces (floors, walls, equipment) prior to and after the disinfection. On one hand, 
the success of disinfection in the facilities depends largely on the products used for the removal of 
organic and inorganic impurities which may decrease or inhibit the effects of the disinfectants 
used; on the other hand, it depends on the type of the disinfectant and its application in terms of 
dosage and type of application. 

One must bear in mind that microorganisms become resistant over time, and that the uncontrolled 
and excessive use of disinfectants can lead to a resistance that is difficult to control. 

In this paper, we present the results of the evaluation of the effect of disinfection carried out at 
various stages of production with the use of two products: based on peracetic acid and formaldehyde. 
 

Material and Methods 

 Upon completion and before starting a new production cycle, all production the facilities and all 
the equipment in them (facility with the aviary for the parent flock, the room for storing eggs, the 
hatchery, the facilities for the breeding of young pheasants and the aviaries where the young pheasant are 
bred until they are released to the hunting grounds) are mechanically cleaned from visible dirt using the 
standard equipment (broom, brush, etc.) and washed with warm water (up to 56oC)  in accordance with 
the defined biosafety protocol. After completing the mechanical cleaning and sanitary wash of all the 
facilities, the walls were whitewashed and the floors were sprayed using motor sprayers with a 2% 
aqueous solution of a peracetic acid based disinfectant. After being washed, the equipment (feeders, 
drinkers, batteries, egg cassettes) is disinfected by immersion in a 2% aqueous solution of a peracetic acid 
based disinfectant. The soil surface in the aviaries was sprayed using motor sprayers with a 3% aqueous 
solution of a peracetic acid based disinfectant. After cleaning and washing the incubators and rolling 
mills, they are disinfected using formaldehyde vapor (60 ml of formaldehyde and 40 g of hyper 
manganese for a space of 1 cubic meter). Cardboard boxes for the transport of eggs (cartons) and straw 
mats are disinfected with formaldehyde vapors. Fumigation of straw was conducted before bringing it 
into the facility for holding the parent flock and the facility for breeding pheasants of 2-6 weeks. 
Formaldehyde vapors were left to take effect for 30 minutes. Afterwards, all the rooms, incubators, mills, 
storage rooms for cartons as well as the rooms where the straw fumigation was conducted are well 
ventilated. 
  Analysis of the microbiological status of the surfaces within the production units, the surfaces of 
the equipment (feeders, drinkers, egg trays, batteries, the rooms for storing eggs, cartons, the inside of the 
incubators and mills, the soil surfaces of the aviary and the straw mat is conducted by taking swabs before 
and after disinfection. Swab samples from the surfaces of the buildings and equipment were taken using 
commercial sterile swabs soaked with sterile saline using a plastic template (10x10cm) always from the 
same surface in the facility before and 30 minutes after disinfection; swabs from the soil surfaces in the 
aviaries were taken using the overshoes that experts wore upon entering the aviary and took off upon 
exiting it. Also, sampling of the soil in the aviary was conducted from a depth of 5 cm by random 
selection in order to detect anaerobes. 
 The first analysis of the microbiological status of the production unit of the parent flock was 
conducted before the incubation of eggs. By random selection, 5 swab samples were taken from the 
surface of the feeders, drinkers, walls and floors of the facility for holding the parent flock, as well as the 
soil in the aviary using overshoes as was previously explained. Before and after the fumigation, 5 swab 
samples were taken from the straw mat by random selection in order to analyze its bacteriological and 
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mycological status. In the following period, in accordance with the production dynamics, swabs were 
taken in order to check the microbiological status of surfaces in the following units: In the room for 
storing eggs - 5 swab samples were taken by random selection from the surface of the wall, the floor of 
the inside of the room and 5 swab samples from the egg trays and cartons. In the incubation station 
(hatchery) - 5 swab samples were taken from the surface of the wall, the floor of the room with the 
incubators, as well as 5 swabs from the inside of the incubators and egg trays. In the room with the mills -
5 swab samples were taken by random selection from the surface of the wall, the floor of the room, and 5 
swabs from the inside of each mill, as well as 5 swabs from the egg trays inside each mill.  
 In the facilities for breeding pheasants up to 2 weeks, 5 swab samples were taken by random 
selection from the surface of the walls, the floor of the room and the surface of the empty batteries. In the 
facilities for breeding pheasants from 2 to 6 weeks, as well as facilities for breeding pheasants from 6 
weeks on, 5 swabs were taken by random selection from the surface of the walls, feeders, drinkers, as 
well as the soil in the aviary using the overshoes that experts as was explained earlier. 
 After sampling, the swabs were placed in a portable refrigerator and transported to the laboratory. 
Under laboratory conditions, the number of bacteria in the samples was determined, the cultural 
properties of the bacteria were studied; detection for enterobacteria, Salmonella, anaerobic bacteria, fungi 
and molds was performed. The swabs were homogenized for a few minutes in 10 ml of saline with the 
addition of 1% peptone for further dilution. The total number of bacteria was determined in a dilution 
series from 1:10 to 1:10000000 on a plate for detecting the total number of bacteria. 
 Enterobacteria were detected in nutrient agar with the addition of 5% sheep blood. Brilliant green 
lactose bile broth, Endo agar and McConkey agar for enterobacteria. 

The potential presence of Salmonella was examined using plates for pre-enrichment – buffered 
peptone water (Bio Merieux, France) which were incubated for 18-24h on 370C. Then 0,2 ml were put on 
a plate for selective enrichment Rappaport Vasilliadis (HiMedia) on 41,50C and Selenit cistein broth on 
370C for 18-24h. After the incubation, 0,1 ml of the liquid culture was taken and seeded on XLD, 
McConkey agar and Brilliant green agar (HiMedia). These plates were incubated on 370C for 24h after 
which they were checked for the presence of colonies that correspond to Salmonella spp. Identification of 
bacteria was done by examining cultural, macro- and micro-morphological characteristics and 
biochemical activitiy using standard and commercial tests. To confirm the identification BBL Crystal 
system was used (becton Dickenson, USA). For testing the presence of anaerobic bacteria, Tarozzi broth 
and Zeissler agar were used, as samples of soil (1gr of the sample in 9ml of saline) were seeded on sulfite 
agar (HImedia) in a dilution series from 1:10 to 1:1000000. The final identification of  anaerobic bacteria 
was done with BBL Crystal Anaerobes ID Kit (Becton Dickinson, USA).    

The total number and determination of fungi and molds done was done on a Sabouraud agar 
dilution series from 1:10 to 1:10 000 000. 

 
Results and Discussion 

 
 Tables 2 and 3 show the production units and equipment from which the swabs were taken using 
the defined procedures, as well as the average number and type of bacteria, fungi and molds before and 
after disinfection. 
 During the experiment, from coliform bacteria, E.coli and Klebsiella spp. and Enterococcus spp. 
were isolated, while from saprophytic bacteria, different types of Bacillus spp., Micrococcus spp. and α-
Hemolytic Streptococcus spp. were mostly found. 
 Based on the results presented in Table 2, it can be noticed that there has been a reduction in the 
number of bacteria in all the samples after disinfection using disinfectants based on peracetic acid and 
formaldehyde. After disinfection, no coliform bacteria were found in the samples except in the swabs 
from the egg cartons where the total number of bacteria remained high after disinfection. 
 
Table 2 Results of the bacteriological tests   
 
Place of sampling Average number of bacteria 

before disinfection 
Average number of 
bacteria after disinfection 

Aviary for the parent flock:  
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The wall 3x106 saprophytic 4x103 saprophytic 

The floor  2x108 saprophytic 3x104 saprophytic 

Feeders 5x107 saprophytic 4x103 saprophytic 
Drinkers 3x106 saprophytic 0 
Matting small number, saprophytic 0 
Soil surface in the aviary 3x106 coliform, saprophytic 3x103  saprophytic 
Room for storing eggs: 
The wall 7x105 saprophytic 2x101 saprophytic 
The floor 4x106 saprophytic 3x102 saprophytic 
Egg cassettes 3x105 coliform, saprophytic 1x102 saprophytic 
Egg cartons 7x105 coliform, saprophytic 3x103 coliform, saprophytic 
Eggs 1x103 saprophytic 0 
Incubation station: 
The wall 2x105 saprophytic 1x102 saprophytic 
The floor 3x106 saprophytic 2x102 saprophytic 
Inside of the incubators 4x103 saprophytic 0 
Egg cassettes 3x105 coliform, saprophytic 0 
Mills: 
The wall 3x105 saprophytic 4x101 saprophytic 
The floor 2x106 saprophytic 4x102 saprophytic 
Inside of the mill 5x102 saprophytic 0 
Egg cassettes 2x104 saprophytic 0 
Facility for breeding pheasants up to 2 weeks: 
The wall 6x106 saprophytic 3x103 saprophytic 
The floor 4x107 saprophytic 4x103 saprophytic 
Surface of the empty batteries 2x104 saprophytic 1x102 saprophytic 
Facility for breeding pheasants from 2 to 6 weeks: 
The wall 2x106 saprophytic 4x103 saprophytic 
The floor 3x107 saprophytic 2x104 saprophytic 

Feeders 5x107 coliform, saprophytic 2x104 saprophytic 
Drinkers 3x106 saprophytic 0 
Soil surface in the aviary 3x105 coliform, saprophytic 4x103 saprophytic 
Facility for breeding pheasants from 6 weeks on: 
The wall 7x105 saprophytic 3x102 saprophytic 
The floor 2x106 saprophytic 3x104 saprophytic 

Feeders 3x107 saprophytic 6x104 saprophytic 
Drinkers 3x104 saprophytic 2x102 saprophytic 
Soil surface in the aviary 4x106 coliform, saprophytic 3x103 saprophytic 

 
The above phenomenon can be explained by bad practices in the previous period, as egg cartons were 
reused. In accordance with the defined biosafety protocol the repeated use of egg cartons is prohibited.
 The saprophytic bacteria which were isolated from the swabs after the disinfection were mostly 
members of the genus Bacillus. The aforementioned results are explained by the fact that members of 
genus Bacillus in unfavorable environment form spores which are significantly more resistant than their 
vegetative form to the applied disinfectant. Therefore, it is necessary to continually implement hygiene 
measures and disinfection in order to reduce the number of m.o. thereby reducing the risk of potential 
pathogens. 
 Surfaces where it was possible to carry out high-quality measures of mechanical cleaning and 
sanitary washing gave the best results and no bacteria was detected on the, or it was found sporadically 
after disinfection using the defined procedure.  
 
Table 3 Results of the mycological tests 
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Place of sampling Average number of fungi and 

molds before disinfection 
Average number of fungi 
after disinfection 

Aviary for the parent flock:  
The wall 2x106Mucor spp. Aspergillus spp. 4x103Aspergillus spp. 

The floor 3x107Aspergillus spp. 3x103Aspergillus spp. 

Feeders 4x105Mucor spp. Aspergillus spp. 2x103Aspergillus spp. 
Drinkers 2x103Mucor spp. Aspergillus spp. >100Aspergillus spp. 
Matting 7x108Mucor spp. Aspergillus spp. 4x102Aspergillus spp. 
Soil surface in the aviary 5x104Mucor spp. Aspergillus spp. 4x102Aspergillus spp. 
Room for storing eggs: 
The wall >100Mucor spp.  0 
The floor >100Mucor spp. Aspergillus spp. 0 
Egg cassettes 6x105     Penicillium 

spp.Aspergillus spp. 
0 

Egg cartons 8x107 Penicillium spp. 
Mucor spp. Aspergillus spp. 

5x104Aspergillus spp. 

Eggs 3x103Mucor spp. Aspergillus spp. 0 
Incubation station: 
The wall >100Mucor spp.  0 
The floor >100Mucor spp. Aspergillus spp. 0 
Inside of the incubators >100Mucor spp.  0 
Egg cassettes 5x104Penicillium spp. Aspergillus 

spp. 
0 

Mills: 
The wall >100Mucor spp.  0 
The floor >100Mucor spp. Aspergillus spp. 0 
Inside of the mill >100Mucor spp.  0 
Egg cassettes 2x102Mucor spp. 0 
Facility for breeding pheasants up to 2 weeks: 
The wall 4x104Mucor spp. Aspergillus spp. >100 Mucor spp.  
The floor 4x105Aspergillus spp. >100 Aspergillus spp. 
Surface of the empty batteries 2x105Aspergillus spp. 0 
Facility for breeding pheasants from 2 to 6 weeks: 
The wall 5x106Mucor spp. Aspergillus spp. 2x103Aspergillus spp. 
The floor 5x107Mucor spp. Aspergillus spp. 4x103Aspergillus spp. 
Feeders 1x106Mucor spp. Aspergillus spp. 7x102Aspergillus spp. 
Drinkers 4x103Mucor spp. Aspergillus spp. 0 
Soil surface in the aviary 5x104Mucor spp. Aspergillus spp. 3x103Aspergillus spp. 
Facility for breeding pheasants from 6 weeks on: 
The wall 3x106Mucor spp. Aspergillus spp. 2x103 Aspergillus spp. 
The floor 3x108Mucor spp. Aspergillus spp. 6x104Aspergillus spp. 
Feeders 4x105Mucor spp. Aspergillus spp. 1x103Aspergillus spp. 
Drinkers 2x104Mucor spp. Aspergillus spp. 0 
Soil surface in the aviary 1x108Mucor spp. Aspergillus spp. 3x104Aspergillus spp. 
 
 Тable 3 shows that after disinfection, a significant decline in the number of molds was observed. 
The finding of a small number of fungi and mold before disinfecting the incubator and mill can be 
explained by the very material of which they are made, which according to its characteristics and with 
proper maintenance are not suitable for the growth of fungus and mold. 
 The surfaces of the walls and floors in the facilities for keeping the parent flock, in accordance 
with the technological process, created certain difficulties in the mechanical cleaning and sanitary 
washing process due to the presence of the animals. The use of wooden feeders created and additional 
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problem as well as not implementing the daily wash and disinfection of feeders and drinkers. During the 
inspection after the disinfection, it was determined that a significant number of molds of genus 
Aspergillus was still present, while the swabs taken after the disinfection mainly showed the presence of 
Aspergillus flavus with a significant decline in the number of other members of this genus, which can be 
explained by the higher resistance of the Aspergillus spp. spores and the previously mentioned problems. 
By introducing the practice of daily wash and disinfection of the drinkers, satisfactory results were 
achieved in terms of the reduction of m.o., while the problem of the presence of m.o. even after 
disinfection of the wooden feeders must be solved by the exclusion of wooden feeders from use and using 
feeders from materials that can be washed and disinfected easily instead.  
 

Conclusion 
 

 Based on the results of the of the microbiological analysis before and after disinfection, it can be 
concluded that using a peracetic acid based disinfectant had satisfactory effects on the surfaces which, 
due to their characteristics, could be adequately prepared for disinfection – mechanical cleaning and 
sanitary wash. On the surfaces which could not be adequately cleaned and washed, such as wooden 
feeders, the results of the disinfection were not satisfactory. Therefore, it is necessary to use feeders and 
drinkers made from materials that can be washed and disinfected easily, thus enabling the continuous 
implementation of disinfection as a biosafety measure. The problem of the increased number of m.o. 
detected on the egg cartons can be solved exclusively by the single use of the egg cartons, which are 
previously disinfected according to the defined procedure using formaldehyde vapor.  

The use of disinfectants based on peracetic acid and formaldehyde gave satisfactory results, and 
considering the fact that these are biocidal products with a reasonable price and easy application method, 
their use can be recommended for disinfecting the surfaces of pheasant farms, which are prepared 
adequately.  

The application of disinfection on certain surfaces and equipment in the pheasant farm Rit, which 
is located in the outskirts of Belgrade, had the positive effect of increasing the percentage of hatching and 
reducing the percentage of mortality of pheasants in breeding compared to the previous season. 
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ROLE OF FOXES (VULPES VULPES L.) IN THE EPIDEMIOLOGY OF HELMINTH 

ZOONOSES IN URBAN ENVIRONMENT CONDITION 
 

Pavlović,  I., 1 Đorđević, M.,2 Pavlović,M.,2 Kulišić,Z.,2  Ćirović,D. 3  
 
Summary:  Red foxes (Vulpes vulpes L.) present natural carriers of many nematoda species 
important for the health of dogs and people. Permanent contact between  foxes and hunting and 
stray dogs and indirectly with pet dogs induce permanent circulation of those parasitic species and 
present its role in epidemiology of parasitic zoonoses. Therefore we conducted a postmortem 
parasitological (pathoanatomic) examination of red foxes hunted in the Belgrade area. During the 
examination the following zoonotic helminth species were found: Toxocara canis, Ancylostoma 
caninum, Uncinaria stenocephala, Mesocestoides lineatus, and Dipyllidium caninum. Comparing 
these results with the results of examination of stray dogs we concluded that many helminth species 
were found in both populations. This is of great epidemiological significance in terms of expansion 
of helminthoses, because of possible urban enviroment contamination and subsequent human 
infection. 
 
Key words: fox, nematodes, cestodes, epidemiology, urban environment 

 
Introduction 

 
 Red foxes (Vulpes vulpes L.) are a widely distributed canid which occurs in various ecosystems. A large 
number of foxes lives in the vicinity of numerous cities worldwide. Habiting in the nearest surroundings 
of urban areas, foxes have permanent contact with largest population of urban animals - stray and pet 
dogs. Both population of animal (foxes and dogs) belong to the Canida family and have the same parasitic 
fauna. Foxes present natural carriers of many nematoda species important for the health of dogs and 
people. Permanent contact between foxes and hunting and stray dogs and indirectly with pet dogs induce 
permanent circulation of those parasitic species and present its role in the epidemiology of parasitic 
zoonoses.   Therefore, in most European countries and as in many other parts of the world, research 
surveys have been carried out to study the helminthes fauna of the fox (Williams, 1976; Kozlov, 1977; 
Jancev and Ridjakov, 1977; Nickel et al., 1980; Petavy et al., 1985; Papadopulos et al., 1991; Ballek et 
al., 1992; James and Walters, 1992; Willingham et al., 1996; Shimalov et al.,.2005). In Serbia, in 
Belgrade area, some information regarding the helminths of foxes has been given by Lozanić, 1965; 
Bošković,1983; Pavlović.1994. and Pavlović et al., 2001,2006,2008b).  These results showed that foxes in 
the Belgrade area were carriers of many species of nematodes, including the same species  which are 
important forhuman health.  
In our paper we presented the results obtained during a continuous examination of foxe parasites fauna in 
the Belgrade area in the period 1998-2008. 

 
Material and Methods 

 
At the Laboratory of parasitology in the Veterinary institute in Belgrade we performed continuous 
parasitological examination of red foxes. During a10 years period (1998-2008) we examined a total of 
1431 foxes. The foxes were hunted at the spread area of Belgrade including North Banat and North Srem.  
After necropsy, we examined the trachea, lung, heart, complete gastrointestinal tract, liver, kidney and 
urinary bladder. The intestine and the other organs were slit opened and visible helminths removed and 
the contents of intestine washed out. The contents and washing was scenned over a gauze sieve, mesh 
aperture 150 μm, under jet water and the retained material was examined small  quantity  at a time, in a  
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large whistle enamel tray. The detected parasites were either fixed in 10% formalin, or mounted in 
lactofenol for 
identification, and mounted in Canada balsam. Determination  was done by the keys given by Soulsby 
(1977). 

 
Results and Discussion 

 
During our examination we found 29 species of helminthes: 7 trematodas (Alaria alata, 
Echinochasmus perfoliatus, Metagonimus yokogawai, Euparyphium melis,  Pharyngostomum 
cordatum and Metorchis albidus), 11 cestoda (Mesocestoides lineatus, M. litteratus, Dipylidium 
caninum, H.taeniaeformis, T.pisiformis, T.hydatigena, T.crassiceps ,T.polycantha, Multiceps multiceps, 
M.serialis, and Spirometra erinacei europie) and 11 nematoda (Toxocara canis, Toxocara mystax, 
Toxascaris leonina, Ancylostoma caninum, Uncinaria stenocephala, Spirocerca lupi, Capillaria plica, 
Rictularia affinis, Gonglynema pulchrum, Trichinella spiralis and Trichuris vulpis) species.  
From these helminthes, the most important zoonotic species which were found are Toxocara canis 
(40.41%), Mesocestoides lineatus  (34.30%), Uncinaria stenocephala (26.62%), Ancylostoma caninum 
(17.89%), and Dipyllidium caninum (20,80%) 
Toxocara canis is a common parasite of dogs and foxes throughout the world, particularly in young 
animals.  Human infection causes a syndrome called larva migrans (Dubinski, 1998). Visceral larva 
migrans (VLM) refers to the migration and sequestration of larvae of T canis in the internal organs 
(viscera) of humans – the most common site is the liver (Dubinski, 1998, Dickson, 2003).  Migration may 
also occur (with potentially serious consequences) to the brain, and eye (ocular larvae migrans (OLM)) 
where it can cause blindness or cause tissue changes similar to a retinal tumor resulting in eye removal.  
VLM has a mean age at diagnosis of 1-4 years, while for OLM it is 7-8 years (Glickman, 1993, Elaine 
and Regina, 2011). 
Human infection occurs by ingestion of embyonated eggs, containing the second stage (L2) larva.  Under 
optimal conditions of moisture, oxygenation and temperature, eggs survive for many months or years, 
providing a reservoir of infection (Chiodo et.al.2006)  Embryonation occurs outside the host, from 10-15 
days, two weeks, or 28 days - unembryonated eggs (i.e. those in fresh faeces) are not infective, and will 
pass through a human (or any other animal) without causing infection (Dubinski,1998).  All surveys show 
that infection rates are much higher in children, and are associated with pica or geophagia (soil eating), 
failing to wash hands before eating, and dog ownership (probably especially puppies). A rural 
background may increase risk, and socio-economic conditions are also important (Pavlović et al.1997b, 
2006) 
The tapeworms of the genus Mesocestoides (Cestoda: Cyclophillidea) are recognized as a human 
pathogen and many cases of human infection, especially in the Far East and USA, are described 
(Chandler, 1942., Morishita et al. 1975., Gutierrez et al., 1978., Hutchinson and Martin, 1980, Pavlović, 
2004a, Pavlović et al,1996, 2008). Nevertheless, usually the definitive hosts of this tapeworm species are 
red foxes, dogs and variety sylvatic carnivores (James, 1969, Etges and Sidner, 1980). Naturally, the 
presence of these interesting yet poorly understood parasites in the red foxes provides a useful 
opportunity to study the epidemiology of the tapeworms, especially since it is now recognized as a human 
pathogen. The first case of human infection was described by Chandler (1942) in people in Rwanda.  
followed by reports on human infections in the Far East (Choi et al,1967) especially in Japan and Korea. 
Human infections were also reported in the USA. In all the cases they found strobilar (adult) form of 
mesocestoides tapeworms.  
Human infection is a result of ingestion of meat of second intermediate hosts like partridges, rabbits and 
etc. contaminated with cysticercoids. Infections with this tapeworm species have not been reported in 
Serbia. The presence of continuous infections in dogs and red foxes as well as the permanent 
environmental contamination cause infection of intermediate hosts. Examinations performed by Pavlović 
et al. (1995,2008) reported the prevalence of Mesocestoides spp. eggs in 6.8% of the examined grassy 
area in the wider rear of Belgrade. A great number of first intermediate hosts (oribatid mite) and second 
intermediate hosts (especially game animals like rabbits, partridges or quails) used as human feed, imply 
the role of foxes in spreading infection with this tapeworm species.  
Hookworms (Ancylostomidae spp.) are common parasites of dogs throughout the world, but individual 
species tend to occur in specific geographical locations.  The most common hookworm of foxes and dogs 
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in Serbia are Uncinaria stenocephala and Ancylostoma caninum (Pavlović et.al.1997, 2009) the canine 
hookworm most commonly implicated as the cause of the zoonotic disease cutaneous larva migrans 
(CLM) (creeping eruption) (Heukelbach and Feldmeier, 2008). Both species, Ancylostoma caninum and 
Uncinaria stenocephala can cause this disease (Pavlović and Anđеlić-Buzadžić, 2011)   
Hookworms have a direct lifecycle, with eggs passed in faeces onto the ground, hatching into larvae 
which go through a succession of moults until they become infective (L3 stage). Larvae do not develop in 
the centre of faeces, but eggs will hatch if the faeces are disturbed and broken up into soil (Hochedez and 
Caumes 2007). Infective larvae crawl out of faecal material and onto vegetation (Pavlović, 2004b).  All, 
but especially early, larval stages are susceptible to desiccation and heat (Soulsby,1977). Infection of 
humans occurs via the mouth or by skin penetration, (except perhaps in small children).   
Dipylidium caninum, also called the flea tapeworm or the double-pore tapeworm, is a cyclophyllid 
cestode that infects organisms afflicted with fleas and canine chewing lice, including dogs, cats, and pet-
owners, especially children. In children, infection causes diarrhea and restlessness (Mangaval and 
Pavlović, 2005).The results shown above indicate that the foxes inhabited in the Belgrade area are carriers 
of many nematoda species  important to human health, especially Ascaridae and Ancylostomidae species 
which caused human larval syndrom. With those tendencies in mind we compared our examination with 
the results of examination of parasitic fauna of stray and pet dogs in the Belgrade area (Kulišić et al.1998. 
Pavlović et al.1997, 2009)  
Results showed that both groups of animals have carried the same species of Ascaridae and 
Ancylostomidae. Intensity of infection was similar in both populations (especially stray dogs and foxes) 
and was high leveled especially with Toxocara canis. Pet dogs were highly infected with the same species 
of nematoda too. Those results presented epizootiological and epidemiological importance in pointing out 
the role of foxes and dogs in contamination of the urban environment.  
The results shown above indicated that the fox population around the Belgrade area is only one of the 
natural carriers of helminths important for human health, but the permanent contact with induces 
permanent circulation of those parasitic species and presents its role in epidemiology of parasitic 
zoonoses in the Belgrade area.     

 
Conclusion 

 
Foxes present natural carriers of many helminth species important for the health of dogs and people. 
Permanent contacts between foxes and hunting and stray dogs and indirectly with pet dogs induce 
permanent circulation of those parasitic species and present its role in epidemiology of parasitic zoonoses. 
During the period (1998-2008), we examined 1431 adult foxes and found 6 species of zoonotic helminths. 
The most important results are presented in the infection with Toxocara canis and Ancylostomidae 
species responsible for human larval infection and a high rate of infection. 
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THE BACTERIAL INFECTIONS OF RESPIRATORY TRACT OF WILD BOARS 

 
Prodanov-Radulović, J.1,  Došen, R., 1 Pušić, I., 1 Stojanov, I., 1 

Petrović, T., 1 Urošević, M., 2 

 

Summary: In our country a certain number of wild boars are reared in controlled and enclosed 
hunting grounds, while a number of free-ranging populations are mainly unknown. The control of 
health status of wild boar population is quite demanding and it is not easy to achieve. Also, often is 
not possible entirely to perform a complete diagnostic examination in wild boars in each evaluated 
case. The aim of this research was to evaluate the significance of bacterial infections on occurrence 
of respiratory tract disease of wild boars. The material for this research included three hunting 
grounds in Vojvodina, where clinical signs, health disorders and dead of young categories of wild 
boars were recorded. The following research methods were applied: epidemiological, clinical and 
pathological examination of live and shot wild boars, standard laboratory testing for detection the 
presence of aerobic and anaerobic bacteria in tissue samples (lympho nodes, lung), hystological 
examination of the lung tissue samples and parasitological examination of the lung tissue samples 
and feces (isolation, identification and parasite determination). In all examined cases, 
macropathogical examination revealed changes dominantly in the respiratory tract. By 
pathohystological and parasitological examination the presence of lung worms in the trachea, 
bronchi and in posteroventral parts of the diaphragmatic lung lobes were detected. By bacteriological 
testing on tissue samples derived from diseased shot or dead wild boars the presence of 
Streptococcus dysgalactiae, Actinobacillus sp., Mannheimiahaemolytica (Pasteurellahaemolytica), 
Pasteurellamultocidaand Escherichia coli haemolytica was detected. In conclusion, the achieved 
results strongly suggest that bacterial infections of respiratory tract represent economically important 
diasease of wild boars in our climatic conditions. In wild boars special attention should be given to 
the presence of lung worms since this parasite is a factor which favours secondary respiratory 
infections by bacteria.  
 
Key words: wild boars, lung bacterial infection  

 
Introduction 

 
Number of wild boars (Susscrofascrofa) has dramatically increased over the past 60 years. Because of 
their wide distribution (Wu et al., 2011) transmission of diseases is possible, but also a higher contact rate 
between hosts (Ruiz-Fons et al., 2008). Increasing food availability and climatic change provide optimal 
conditions for a rapid wild boar multiplication and expansion (Wu et al., 2011). The population of wild 
boar in 15 member states of European Union (EU) has been roughly estimated between 800,000 and 1 
milion heads, but its density varies from country to country (Laddomada, 2000). The size of wild boar 
population is regulated greatly by man and larger predators such as the wolf (Järvis et al., 2007). The 
increase in population density of wild boars raises concerns regarding the welfare and an increasing 
prevalence of infectious diseases and parasites (Prodanov-Radulović et al., 2010; Ruiz-Fons et al., 2008).  
Domestic pigs and wild boars belong to the same species and they share the same pathogens (Wu et al., 
2011).Wild boar pathogens are highly relevant not only for the livestock industry but also for wildlife 
conservation and for the hunting industry. Because several million wild boar are harvested and consumed 
yearly in Europe, wild boar meat and derivates are a likely source of human infections (Boadella et al., 
2012). The parallel increase of outdoor piggeries has led to a higher risk of contacts, and thus of disease 
transmission, between wild boars and domestic pigs (Prodanov et al., 2009; Wu et al., 2011). 

                                                 
1 Jasna Prodanov-Radulović, PhD Reasearch Associate; Radoslav Došen, MSc, Advisor Specialist; Ivan Pušić, MSc, Advisor Specialist; Igor 
Stojanov, PhD Senior Reasearch Associate, Scientific Veterinary Institute „Novi Sad“, Novi Sad, Serbia;  
2 Miroslav Urošević, DVM, PhD, Institute of Food Technology, University of Novi Sad, Novi Sad. 
Corresponding author: Jasna Prodanov-Radulović, Scientific Veterinary Institute „Novi Sad“, Rumenački put 20, 21000 Novi Sad,; e-mail: 
jasna.prodanov@gmail.com; phone:++381 21 4895 314 
 

mailto:jasna.prodanov@gmail.com


2nd  International Symposium on Hunting, »Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

221 
 

 
 
 

Material and Methods 
 
The material for this research included three hunting grounds in Vojvodina, where clinical signs of health 
disorders and dead of young categories of wild boars were recorded. The following research methods 
were applied: epidemiological, clinical and pathological examination of live and dead wild boars, 
standard laboratory testing for detection the presence of aerobic and anaerobic bacteria in tissue samples 
(lympho nodes, lung) deriving from dead wild boars, hystological examination of the lung tissue samples 
and parasitological examination of the lung tissue samples and feces (isolation, identification and 
determination).  
 

Results and Discussion 
 

In two hunting grounds (I+II), by epizootiological and clinical examination distinct clinical signs of 
respiratory infection in 15 young wild boars were detected: dispnea, nasal discharge, intensive coughing 
(„thumping“). Beside this, the wild boars were emaciated andsigns of slow gait, lagging behind the pack 
were noticed. The wild boars were with shrunken eyes and tough dry hair. As part of health control 
programm of clinically diseased wild boars shot by hunters, pathological examination of trunci and 
internal organs deriving from 10 wild boars was performed. The pathomorphological examination of 
clinically suspected i.e. all diseased animals shot by hunters revealed changes dominantly in the 
respiratory tract: purulent nasal discharge, effervescent content in bronchi and bronchioles, mixed with a 
large number of lung worms, which were like mucoid plugs filling the respiratory pathways. All lobes of 
the lungs were diffusely swollen, edematous and reddened with marginal emphysema and consolidation. 
A large amount of clear, foamy fluid and numerous slender, white nematodes 4-7 cm long were visible in 
the trachea and bronchial trees.The presence of lung worms (Metastrongylus spp.) in the trachea, bronchi 
and in posteroventral parts of the diaphragmatic lobes were detected(Metastrongylosis pulmonum summ). 
In several cases, pathomorphologically the presence of numerous abscesses (Pneumonia 
apostematosadisseminata) in lung tissue were discovered. By pathohystological examination of 
macroscopically changed lung tissue Pneumonia interstitialis was diagnosed. In the most of the cases, 
applying hystological examination the presence of lung worms in the trachea, bronchi and in 
posteroventral parts of the diaphragmatic lobes were detected(Pneumonia verminosa). Applying 
parasitological control of the faecal material extracted from the rectum the presence of the several 
parasites was discovered: Trichuris suis, Oesophagostomum sp. and Hyostrongylus sp. By bacteriological 
testing on tissue samples (lungs, mediastinal lymphonodes) derived from shot clinically diseased wild 
boars the presence of Streptococcus dysgalactiae, and Escherichia coli haemolytica was detected.  
Lung parasites of the genus Metastrongylus are found in wild and domestic pigs worldwide (Garcia-
González et al., 2013). They are considered to be one of the most important selective factors acting on 
wild boar population, increasing the mortality of weaker young and adult animals. Clinically, they may 
cause dyspnea, bronchopneumonia and permanent weight loss in addition to inflicting tissue damages 
which allow opportunistic infections of viruses and bacteria (Da Silva and Muller, 2013).Lung worms can 
significantly undermine the lung tissue integrity and consequently contribute to genesis of observed 
bacterial lung infections (Prodanov-Radulović et al., 2010). Verminous migration through lung tissue may 
induce a small hemorrhagic foci, abcesses, or firm granulomas. The verminous processes are mainly 
located dorsocaudally in the lung (Christensen et al., 1999). 
This parasite has an indirect life cycle and its transmission occurs through ingestion of intermediate hosts 
(annelids) (Da Silva and Muller, 2013).  Because earthworms are required for their transmission, 
parasitism is less frequent in indoor pig-rearing facilities. Young wild boars are thought to ingest a higher 
number of earthworms than adults and therefore may have a higher level of parasitism (Garcia-González 
et al., 2013). It is considered that the prevalence of infection in wild boars is approximately 50% to 100% 
whenever it is found (Yoon et al., 2010). An important factor that intensifies the infection of animals with 
helminths is the density of population. In the population with high density, contacts between wild boars 
and other definitive and intemediate hosts of helminths become more frequent, facilitating transmission of 
helminths (Järvis et al., 2007; Prodanov-Radulović et al., 2010).  
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The achieved results in our study suggests that lung worms are common in wild boars in our region. In 
Europe, these parasites also have high prevalence, affecting more than 80% of pigs created in extensive 
system and considered one of the main causes of respiratory changes of these animals (Da Silva and 
Müller, 2013).  
 
On the third examined hunting ground (III), the case history data revealed the problem in piglets category 
with clinical signs of growth retardation. Clinically, in 8 diseased piglets the following signs were 
detected: reluctance to move, fatigued, easy to catch. Recently, a large number of dead piglets was 
discovered by hunters. As part of health control program 8clinically diseased wild boars (staggering gait, 
with long bristling hair and arched back)were shot by hunters. Patomorphological examination revealed 
changes dominantly in the respiratory tract: severe necrotizing pleuropneumonia, the presence of multiple 
abscesses in the lung tissue (Pneumonia apostemosa disseminata). In few animals, purple to gray areas of 
consolidation of lung tissue were detected (Pneumonia fibrinosa in statu hepatisatiois rubrae et griseae). 
Macroscopically the lung lobes were very similar to the hepato or pancreatic tissues. In addition, the 
trachea and bronchi were filled with a foamy, mucous exsudate mixed with small number of lung worms 
in the respiratory pathways.By standard bacteriological testing on tissue samples (lungs, mediastinal 
lympho nodes) Mannheimiahaemolytica (Pasteurellahaemolytica), Pasteurellamultocidaand bacteria 
from genusActinobacillus (Actinobacillus pleuropneumoniae)were detected.   
 
Table 1.  Summary of clinical and pathological control in investigated hunting grounds 

Hunting 
ground 

Total number of 
clinically 
examined wild 
boars 

Total number 
of clinically 
diseased wild 
boars 

Total number of 
pathologically 
examined wild 
boars 

Number of detected dominant 
pathological changes 

 
 

I+II 

 
 

55 

 
 

15 

 
 

10 

Metastrongylosis pulmonum 
summ (10) 
Pneumonia 
apostematosadisseminata (4) 

 
 
 
 

III 

 
 
 

25 

 
 
 
8 

 
 
 

8 

Pleuropneumoniaactinobacillosa 
(2) 
Pneumonia apostemosa 
disseminata (4) 
Pneumonia fibrinosa (2) 
Metastrongylosis pulmonum 
summ (6) 

 
The upper respiratory tract is the natural habitat for myriads of commensal microorganismswhich may 
have a favourable competitive effect for their host in outnumbering pathogenic agents (Christensen et al., 
1999; Dosen et al., 2007). Pasteurella multocida probably is the most frequent and damaging invader in 
the lung. However, these bacteria are tipically secondary invadersand was never isolated in the bronchial 
tree of healthy pigs. Even the most pathogenic strains are not capable of infecting a healthy lung, unlike 
Actinobacillus pleuropneumoniae (Pijoan, 1999).It is considered that A. pleuropneumoniaeis an obligate 
parasite of the porcine respiratory tract and there are no other natural hosts.The clinical and pathologic 
outcome of infection depends on serovar and virulence factors, but also on age, immunity, hygiene, 
infectious pressure, breed, and stress factors (Reiner et al., 2010). Pleuropneumonia caused by A. 
pleuropneumoniae  is one of the important bacterial diseases of the respiratory tract of the pig and occurs 
in most pig-keeping countries (Boadella et al., 2012). The course of pleuropneumonia can range from 
peracute to chronic, including subclinical cases. Survivors of acute infections become carriers, and the 
infectious agent is located mainly in necrotic lung lesions and/or in the tonsils, less frequently in the nasal 
cavity (Pijoan, 1999). Reiner et al. (2010) discovered a wide distribution ofA. pleuropneumoniae among 
wild boars, with more than one-third of the tested animals infected. 
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Picture 1. Mucoido-purulent content filling the respiratory pathways 

 

 
Picture 2. Lung worms in posteroventral parts of the diaphragmatic lobes 

 
In our country a certain number of wild boars are reared in controlled and enclosed hunting grounds, 
while a number of free-ranging populations are mainly unknown. One of the characteristics of outdoor 
swine production in some regions is raising free-roaming domestic pigs, where they share forest habitat 
with wild boars (Prodanov et al., 2009). In areas in which traditionally raising free-roaming domestic pigs 
has been introduced in the woods, hybridization with the wild boars has led to crossbreeding, production 
which is often reffered to as a feral pig or feral hog (Ruiz-Fons et al., 2008). In the research Prodanov et 
al. (2009) during the epizootiological and clinical examination, the existance of this type of animal 
hybrids in the backyards of the owners who practice exstensive grasing was discovered. 
Monitoring wildlife diseases faces a number of wildlife-specific constaints, including sampling 
difficulties regarding proper sample and site stratification, consistent samling of the same sites, and 
limitations of the diagnostic test available for wildlife (Boadella et al., 2012;Morita et al., 2007). The 
health control of the population of wild boars is very complex and requires applying the specific plan and 
strategy which takes into consideration the disease characteristics, the wild boar ethology, interaction 
which occurs between wild boars and free-roaming domestic animals and the interfering human activities 
(Prodanov et al., 2009; Ruiz-Fons et al., 2008). 

 
Conclusion 

 
On the bases of necropsy and result of patomorphological examination, it was concluded that the bacterial 
diseases of the respiratory tract in shot wild boars had characteristics of subacute and chronic course. 
Pathological examination discovered that in the largest number of animals the health problems were 
mainly connected to the parasitic infestations of respiratory organs (Pneumonia verminosa), which 
favoured secondary respiratory infections by bacteria.  
Animal health surveillance is routinely applied to domestic animals, but limited data exist on the 
prevalence and distribution of infectious agents of wild boars. To better understanding the role of this 
species in serving as a reservoir of these diseases, additional epidemiologic data are needed, as well as the 
isolation and molecular characterization of etiologic agents.  
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HEALTH MONITORING OF FREE-RANGING WOLVES (CANIS LUPUS) IN GERMANY 

 
Szentiks,  C. A., 1 Lesniak,  I. ,1 Fritsch,  G., 1 Galateanu,  G., 1 Grobbel,  M., 1 Reinhardt,  I., 2 Kluth,  G., 2  
Ellerbroek,  L., 3 Nöckler,  K., 3 Müller,  T., 4 Aue,  A., 5 Wittstatt,  U., 5 Hildebrandt,  T. B., 1 Krone,  O., 1 

 
Summary: The German wolf population has continuously been growing since the year 2000. 
Therefore, a nationwide health monitoring is essential to identify potentially arising health problems 
already in the beginning phase of population expansion. Thus, the Leibniz Institute for Zoo and 
Wildlife Research (IZW) started a routine health monitoring programme using post mortem 
investigations on the cause of death and underlying infectious diseases. This programme combines 
both non-invasive and invasive methods such as: computed tomography (CT)-investigation, 
necropsy, histology, parasitology, virology and - if necessary - bacteriology and electron 
microscopy. Our long-term study on 51wolf carcasses shows that most wolves died due to traffic 
accidents (63%) and illegal killing (17%). Concerning diseases, virological investigations showed 4 
cases of canine distemper virus infection. Other tested viral diseases namely rabies, pseudo rabies, 
parvovirosis and hepatitis contagiosa canis were not detected. So far 86% of the wolves carried 
endoparasites. We found pure helminth infections in 53% of all positive cases, pure protozoan 
infections in 11% of the animals, while 36% were co-infected with protozoans and helminths. 
Further investigations will follow to identify potential wolf-driven risks of infections for domestic 
animals especially hunting dogs and other wild animals as well as to evaluate the risk of zoonotic 
infections for humans. In fact, more knowledge on the health status of the German wolf population is 
needed to create reliable integrated conservation management plans to react in cases of arising 
problems.  
Key words: Wolves, Canis lupus, health monitoring, CT-investigation, necropsy 

 
Introduction 

 
During the 19th century the German wolf population was hunted to extinction. After the German 
reunification in 1990, wolves became a protected species all over the country. A European wide 
conservation plan was manifested by the Flora Fauna Habitat Directive 92/43/EWG, the Large Carnivore 
Initiative for Europe and by guidelines for management plans (Linnell et al., 2008). After the eradication 
programmes had stopped, in 1996, the first wolf settled in Germany. In 2000, cubs were proven for the 
first time and since then the population has been growing to a number of 24 packs/pairs (August 2013) 
(Wildbiologisches Büro LUPUS, 2013). The German Federal Agency for Nature Conservation estimated 
by habitat modelling that there is theoretical space for 440 packs in Germany (BfN, 2009). Already since 
1999 the IZW is regularly involved in the health monitoring and post mortem investigations of the wolf 
population.  

Material and Methods 
 

So far 51 wolf carcasses have been investigated during the last 14 years (Fig. 1). Routine monitoring 
includes CT investigation followed by necropsy, histology, parasitology, virology, and if necessary 
bacteriology and electron microscopy. The first step of each post mortem analysis is the non-invasive CT 
investigation using a state-of-the-art multidetector (128-slide) CT scanner (AquilionTMCX, Toshiba 
Medical Systems, Tochigi, Japan) with a dedicated workstation with specialised software (ViTREA® 2, 
Vital Images Inc., Minnetonka MN, USA). Details about the CT settings are explained in Galateanu et al., 
2013. The radiological scan is followed by routine necropsy in which tissues are also collected for further  

                                                 
1Claudia A. Szentiks, Dr., pathologist, Ines Lesniak, PhD-student, Guido Fritsch, radiologist, Gabriela Galateanu, radiologist, Mirjam Grobbel, 
Dr., bacteriologist, Thomas B. Hildebrandt, Dr., professor, Oliver Krone, Dr., parasitologist, Leibniz Institute for Zoo and Wildlife Research, 
Berlin, Germany;  
²Ilka Reinhardt, Dr., Gesa Kluth, Dr., Wildbiologisches Büro LUPUS, Spreewitz, Germany;  
³Lüppo, Ellerbroek, Dr., Karsten Nöckler, Dr., Federal Institute for Risk Assessment, Berlin, Germany; 
4Thomas Müller, Dr., virologist, epidemiologist, Federal Research Institute for Animal Health, Greifswald, Germany;  
5Angelika Aue, Dr., public animal health system, Ulrich Wittstatt, Dr. pathologist, Berlin-Brandenburg State Laboratory, Berlin, Germany; 
Corresponding author: Claudia A. Szentiks, Leibniz Institute for Zoo and Wildlife Research, Alfred-Kowalke-Str. 17, 10315 Berlin, Germany; E-
mail: szentiks@izw-berlin.de; Phone: +49-30-5168-213. 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

226 
 

 
investigations. If available, samples from cerebrum, cerebellum, brain stem, pituitary gland, tongue,  
thyroid glands, heart, lung, thymus, spleen, lymph nodes, oesophagus, stomach, small and gross intestine, 
pancreas, liver, kidneys, urinary bladder, ovaries or testes, uterus or prostate gland, adrenal glands, 
muscles, and peripheral nerves are collected, fixed in 4% neutral buffered formalin, embedded in paraffin, 
routinely processed, and stained with haematoxylin and eosin for histology. Native tissue samples are 
collected for the screening of canine distemper, rabies, parvovirosis, pseudo rabies, hepatitis contagiosa 
canis, and trichinellosis. Heart, lung, stomach, small and gross intestine, liver and gall bladder as well as 
urinary bladder undergo a parasitological dissection afterwards. 
 

 

 
Fig. 1: Investigated wolves at the IZW per year. 

 
 

Results and Discussion 
 

So far 51 wolf carcasses were investigated at the IZW. However, the growing number of German wolves 
suggests that there will be more dead animals which need to be investigated. The majority of individuals 
(63%) died due to traffic accidents, which includes that they were hit by cars or trains (Fig. 2). In 17% of 
the cases, the wolves have been poached. All these illegally killed wolves were shot, except for one case, 
where it was intentionally killed by car. Only 16% died due to natural causes like canine distemper, 
septicaemia or fights with other wolves or wild boar. In 4% of all cases the cause of death remained 
unclear.  
Even if the cause of death is clear, the second most important question remains whether there is an 
underlying disease or infection or whether the animal had to suffer from non-fatal strikes once in its 
lifetime. Therefore, as described above, each wolf is tested for infections with canine distemper virus, 
parvovirus, hepatitis contagiosa canis virus, pseudo rabies virus and terrestrial rabies virus as well as bat 
originated lyssaviruses. Canine distemper virus infection was detected in four cases. However, the disease 
was considered fatal in only one of those cases. The other individuals were killed in traffic accidents. 
However, it remains unclear whether the infection might be responsible for a slow reaction time or other 
disorders which might have resulted in the collision with a car. So far, all tested wolves were negative for 
rabies, pseudo rabies, parvovirosis and hepatitis contagiosa canis.  
Three wolves which died due to natural causes (fights and septicaemia) showed another problem which 
might occur more often in the future; early in their lifespan all three individuals had been shot at. In one 
case the wolf even lost one of its eyes. In general, these cases of illegal shooting would not have been 
recognised by normal necropsy. But due to our routine CT-analysis, old shotgun bullet particles were 
detected (Fig. 3). These examples imply that there might be a problem of acceptance in particular 
stakeholder groups towards returning wolves in Germany.  
Routine examination of the health status of wolves includes research on their endoparasitic load. So far 
86% of the tested wolves were infected with endoparasites and 35% of these positive cases have been co-
infected with protozoans and helminths. In about 35% pure helminth infections were detected, and in 13% 
only protozoans were found. Hence, 14% of the wolves tested were not infected with endoparasites at all 
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(Lesniak et al., 2013). The species identified so far were coccidian protozoans (Sarcocystis sp.), 
nematodes (Toxascaris leonia, Capillaria plica and Trichinella sp.), trematodes (Alaria alata) and 
cestodes (Taenia sp.) (Krone, 2012). To extend these studies on endoparasites in wolves the research 
study will be complemented with analyses of endoparasites in potential prey of wolves and in hunting 
dogs.  
 

 
Fig. 2: Causes of death of German wolves, 1999 - 2013. 

 
 

 
Fig. 3: 3D-reconstruction of a CT data set of a male adult wolf; shotgun bullets marked in blue. 

 
 

Conclusion 
Germany offers wolf habitats which are highly interspersed with roads; this is reflected by the high 
amount of traffic accidents. To reduce the number of road kills animal bridges might be a useful tool not 
only for the wolves but also for their prey and other wild animals. Conflicts between wolves and humans 
are bound to occur based on the fear of wolf attacks, competition on game meat, predation on livestock, 
and potential spreading of diseases such as rabies, etc. (Linnell et al., 2002). As reflected by the high 
number of poached animals (17%) and the detection of old bullet particles, there seems to be an image 
and/or acceptance problem of the wolf population in Germany. To encounter such fears and to cope with 
the low acceptance of this population a good information policy of the public community, hunters, 
shepherds, farmers and pet owners is needed. To reach these goals, there are already some projects in 
Europe which aim at obtaining knowledge about the feeding habits of wolves, their social system and the 
use of habitats (Jedrzejewsky et al., 2004; Wagner et al., 2012; Wildbiologisches Büro LUPUS, 2013).  
However, there is a big lack of information about the health status of wolves and underlying diseases in 
Europe. Considering the large expansion expectancies for wolves in Germany it is important to find out 
which diseases could evolve within the population. It is important to know what kind of risks may occur 
for humans, and if the viral and parasitic burden might have effects on other wild animal species or 
companion animals. All this information is necessary to create reliable risk assessments and management 
strategies. However, it is also important to improve the communication and information management for 
the broad public.  
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Therefore, the long-germ goal of the project is to observe the impact of the current population expansion 
on the wolves’ health status. So far, the first results show that the highest risk of infectious diseases seems 
to be related to canine distemper virus (CDV) infections. It has to be observed carefully whether the rate 
of CDV infection will be growing in this population.  
At the moment it seems that there is a low risk of infection with the terrestrial rabies virus for German 
wolves. Germany is listed as a country free of terrestrial rabies after the strict and successful elimination 
efforts (Müller et al., 2005; Müller et al., 2012). However, the increasing number of CDV positive wolves 
in 2013 shows that there is a risk of spreading diseases in between species as the virus was probably 
passed by foxes. It is known that the fox population in the area where two of this year’s positive wolves 
came from suffers from CDV (Schulze, 2013). Further investigations are needed to confirm this 
hypothesis.  
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TICK SPECIES (ACARI: IXODIDAE) OF RED FOXES (VULPES VULPES) IN SERBIA 

 
Tomanović, S1, Radulović, Ž. 1, Ćakić, S. 1, Mihaljica, D. 1, Sukara, R. 1, Penezić, A.2, Burazerović, J. 2, Ćirović, D. 2  

 
 
Summary: Knowledge on the ectoparasitic fauna of red foxes (Vulpes vulpes) in Europe is limited, yet 
foxes are known to host many species of ectoparasites e.g. fleas, mites and ticks. The aim of our study 
was to investigate tick fauna of red foxes in Serbia, with emphasis on the species important from the 
standpoint of human and veterinary medicine. Tick fauna of red foxes in Serbia was studied during the 
period from 2011 to 2013. Bodies of hunted and roadkill animals were collected and inspected for 
presence of ticks. Remains of 58 foxes were collected at nine localities (Veliko Gradište, Krnjevo, 
Braničevo, Kljajićevo, Zatonje, Boljevci, Surčin, Ogar and Bukovac). A total of 70 ticks, belonging to 
five ixodid species: Ixodes ricinus, I. hexagonus, I. canisuga, Haemaphysalis concinna and Dermacentor 
reticulates, were collected in fur of 14 foxes. The most numerous species was I. ricinus (62.86%), 
followed by I. canisuga (14.28%), I. hexagonus (10%), H. concinna (7.14%) and D. reticulatus (5.71%). 
For three species (I. ricinus, I. hexagonus and D. retilucatus) only adult ticks were found. No ticks in 
larval stages were observed. Each parasitized animal was infested with just a single tick species. Ixodes 
ricinus ticks were collected from animals at five out of nine localities, I. hexagonus at two localities, 
while the other species were found at one locality each. Our results have shown the presence of five out 
of 12 tick species previously registered on foxes in Europe. All of these species have been known to 
harbor different pathogenic microorganisms.   
 
Key words: red foxes, Vulpes vulpes, ticks, Serbia 

 
Introduction 

 
The red fox (Vulpes vulpes) is the largest species in genus Vulpes with the most member of the order 
Carnivora with the largest range, being distributed across the entire Palearctic from the Arctic Circle to 
North Africa, South Asia and Central America. It is absent in Iceland, the Arctic islands, some parts of 
Siberia and in extreme deserts. Its range has additionally increased alongside the human expansion, 
having been introduced to Australia and Tasmania, where it is considered an invasive species harmful to 
native mammal and bird populations. Recent distribution of the red fox cover an area estimated to nearly 
70 million km2 (Sillero-Zubiri et al. 2004). Within such a large range, the red fox is adapted to live in 
very different habitat types: from taiga and tundra in the north to deserts and subtropical habitats in the 
south.  
 
Besides the natural habitats, red foxes thrive particularly well in urban environments. Throughout the 
twentieth century, they established themselves in many Australian, European, Japanese and North 
American cities. It was estimated that in 2006 there were 10,000 foxes in the urban area of London alone. 
 
In Serbia the red fox is a widely distributed species, inhabiting the whole territory of the state. It is also 
the most abundant predatory species in our country (Ćirović 2000). 
 
Knowledge on ectoparasitic fauna of red foxes (Vulpes vulpes) in Europe is limited, yet foxes are known 
to host many species of ectoparasites e.g. fleas, mites and ticks. Although ticks  do not have the highest 
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parasitic impact on foxes, they may, like in other wild animals, play an important role in the 
epidemiology of tick-borne diseases and in the maintenance of tick populations in certain areas (Bengis 
et al. 2004). 
Previous studies conducted in Europe have shown that red foxes are infested with 12 tick species, namely 
Ixodes ricinus, Ixodes canisuga, Ixodes hexagonus, Dermacentor reticulatus, D. marginatus, 
Haemaphysalis concinna, H. punctata, H. inermis, H. erinacei, Rhipicephalus bursa, R. sanguineus, R. 
turanicus (Hinaidy 1971, 1976; Schöffel et al. 1991; Sréter et al. 2003, 2005, Lorusso et al. 2011). All 
these species have been found to harbor different pathogenic microorganisms. 
The aim of our study was to investigate tick fauna of red foxes in Serbia, with emphasis on species 
important from the standpoint of human and veterinary medicine. 

 
Material and Methods 

 
Tick collecting 
 
Tick fauna of red foxes in Serbia was studied during the period from 2011 to 2013. Bodies of hunted 

and roadkill animals were collected and inspected for ticks. The following data was noted for each 
collected individual fox: sex, date of death and the most precise locality. Collected ticks were kept alive 
or preserved in 96% ethanol until final identification. In the laboratory, ticks were classified by stage and 
sex and determined according to standard taxonomic keys (Pomerancev 1948) 

 
Results and discussion 

 
The bodies of 58 foxes were collected at nine localities (Veliko Gradište, Krnjevo, Braničevo, Kljajićevo, 
Zatonje, Boljevci, Surčin, Ogar and Bukovac) in cooperation with local hunting organizations (Figure 1). 
Most individuals were legally hunted (n=56) while the rest were collected as  roadkills (n=2). A total of 
70 ticks were found in the fur of 14 foxes (Table 1). The number of ticks per animal ranged from 1 to 16, 
with the mean value of 5.   
 
Table 1. Infestation rate of collected animals  
 
Locality No. of collected 

animals 
No. of animals infested with 

ticks 
Infestation rate 

(%) 
Veliko 
Gradište 

16 4 25% 

Krnjevo 8 2 25% 
Braničevo 5 1 20% 
Kljajićevo 1 1 100% 
Zatonje 3 1 33.3% 
Boljevci 11 2 18.2% 
Surčin 5 1 20% 
Ogar 6 1 16.7% 
Bukovac 2 1 50% 
Σ 58 14 14/58 (24.14%) 
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Table 2. Tick species detected on analyzed foxes 
 
Species 

 
 

       Stage and 
sex 

♀ ♂ n l Σ 

I. ricinus 29 15   44 (62.86%) 

I. hexagonus 5 2   7 (10%) 

I. canisuga 1  9  10 (14.28%) 

H. concinna   5  5 (7.14%) 

D. reticulatus 3 1   4 (5.71%) 

Σ 38 18 14 / 70 

 
 
 The collected ticks were identified as belonging to the following species: Ixodes ricinus, I. hexagonus, I. 
canisuga, Haemaphysalis concinna and Dermacentor reticulatus. The most abundant species was I. 
ricinus (62.86%), followed by I. canisuga (14.28%), I. hexagonus (10%), H. concinna (7.14%) and D. 
reticulatus (5.71%). For three species (I. ricinus, I. hexagonus and D. reticulatus) only adult ticks were 
found. No ticks of larval stage were observed (Table 2). Each parasitized animal was infested with a 
single tick species. Ixodes ricinus ticks were collected from animals at five out of nine localities, I. 
hexagonus at two localities, while the other species were found at a single locality each (Table 3). 
 
Table 3. Distribution of tick species on collection sites 
 
 I. ricinus I. hexagonus I. canisuga H. concinna D. reticulatus Σ 
Veliko 
Gradište 

16 2    18 

Krnjevo 3 5    8 
Braničevo 6     6 
Kljaićevo     4 4 
Zatonje 16     16 
Boljevci   9   9 
Surčin    5  5 
Ogar 3     3 
Bukovac   1   1 
Σ 44 7 10 5 4 70 

 
 
During the studies on ectoparasite fauna of red foxes in Serbia, Pavlović et al. (2001) reported the 
presence of seven hard tick species, namely: I. ricinus, R. sanguineus, R. bursa, H. punctata, H. inermis, 
D. marginatus and D. reticulatus. Our results showed the presence of five out of 12 tick species 
previously registered on foxes in Europe (Hinaidy 1971, 1976; Schöffel et al. 1991; Pavlović et al. 2001; 
Sréter et al. 2003, 2005, Lorusso et al. 2011). All these species have been found to harbor different 
pathogenic microorganisms.  
The vector species of the greatest importance is Ixodes ricinus, a confirmed transmitter of many human 
and animal pathogens (tick-borne encephalitis virus, Borrelia burgdorferi sensu lato, Anaplasma 
phagocytophilum, Francisella tularensis, Rickettsia helvetica, Babesia divergens, Babesia microti etc.) 
(Raoult and Roux 1997; Gorenflot et al. 1998; Randolph 2001). Ixodes ricinus is the most widely 
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distributed among all European tick species. Its wide ecological amplitude and very aggressive and 
undiscriminating behavior during the quest for a host make it one of the main transmitters of causative 
agents of infectious diseases among humans and animals. Ixodes ricinus is also one of the most abundant 
and most widely distributed species of ticks in Serbia (Petrović 1979; Milutinović 1992; Milutinović and 
Radulović 2002). Our previous research has shown the presence of several tick-borne pathogens in this 
tick species (five genospecies of Borrelia burgdorferi sensu lato complex, Anaplasma phagocytophylum, 
Francisella tularensis, Rickettsia monasensis, R. helvetica) (Milutinović et al. 2008, Radulović et al. 
2011, Tomanović et al. 2013). 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

  
 
 

 
 
 
 
 
 
 
 
Figure 1. Map of Serbia with collection sites: 
Legend: 1 Kljićevo, 2 Ogar, 3 Boljvci, 4 Surčin, 5 Krnjevo, 6 Zatonje, 7 Veliko Gradište, 8 Braničevo, 9 
Bukovac 
 
 
Dermacentor reticulatus is mainly a parasite of wild mammals, horses, cattle, goats, dogs, cats, and 
occasionally it may be found on birds (Milutinović et al. 2012). It may also bite humans. The species is a 
proven vector of Babesia microti, Rickettsia sibirica, Francisella tularensis, Coxiella burnetti and Omsk 
hemorrhagic fever, while several other pathogenic species have been detected (Borrelia burgdorferi sensu 
lato, Babesia divergens, B. bigemina, Rickettsia slovaka, R. conorii, R. helvetica. R. raoultii, A. 
phagocytophilum, Bartonella henselle) (Obsomer et al. 2013). This species is the primary vector of 
tularemia in some parts of Central Europe (Hubálek et al. 1996, 1998). In Serbia, D. reticulates is 
frequent in the Belgrade area and northern parts of the country (Petrović 1979; Milutinović 1992; 
Tomanović 2009). Our previous study  revealed A. phagocytophilum, B.canis and C. burnetii presence in 
D. reticulatus ticks from Serbia (Tomanović et al. 2013).  
 
Two endophilic species, I. hexagonus and I. canisuga, are often found on red foxes, but their medical 
importance is not significant since they rarely, if ever, parasitize on humans (Arthur 1953; Liebisch and 
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Liebisch 1996). Ixodes hexagonus is a proven vector of the tick-borne encephalitis (TBE)-virus (Radda 
1973) and B. burgdorferi (Gern et al. 1991; Toutoungi and Gern 1993). It is a proposed vector for 
Thaileria annae, blood-borne pathogenic protozoa of canids (Camacho et al. 2003). In certain areas I. 
hexagonus and I. ricinus can coexist, and in cases of co-feeding on reservoir species such as hedgehogs 
borreliae may cross from the “silent” enzootic cycle (I. hexagonus-Erinaceus europeus) to the main 
vector species I. ricinus (Dautel and Kahl 1999).  
 
Ixodes canisuga is widely distributed and often found on foxes, as well as on polecats, weasels, badgers, 
Eurasian owls, dogs and cats (Gilot and Aubert 1985; Ogden et al. 2000). Massive infestation may cause 
dermatitis pruritus, alopecia and anemia in dogs. It is not a significant vector species, though TBE virus 
and Yersinia pestis have been detected (Obsomer et al. 2013). 
 
Haemaphysalis concinna is a relict species distributed in the Central and Eastern parts of Europe and 
Asia. Sub-adult stages parasitize on mammals, birds and occasionally on reptiles, while adults feed on 
medium sized mammals, usually on hares, foxes, deer, bears, cattle, horses, sheep, goats and dogs. 
Occasionally it may feed on humans. It is a vector of Francisella tularensis, TBE virus and Rickettsia 
sibirica (Estrada Peña and Jongean 1999). Past studies in Serbia have reported Coxiella burnetii, 
Anaplasma ovis, Anaplasma phagocytophilum and Babesia canis in unfed adult host-seeking H. concinna 
ticks, with a potential epidemiological and epizootiological importance for this area (Tomanović et al. 
2013). 

 
Conclusion 

 
Although the red fox is a known reservoir and vector of several pathogens, its exact role in enzootic 
cycles of tick-borne pathogens has not been completely revealed yet. Since the ecology of the etiological 
disease agent is the reflection of the vector's ecology, the pathogen transmission control is mostly realized 
through different aspects of control of the vector itself. So, in addition to knowledge of tick fauna in 
certain area, their host species and complete pathogen transmission cycles need to be recognized in order 
to develop complex and modern control strategies. 

. 
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ACTIVITY CONCENTRATION OF RADIONUCLIDES IN VARIUS GAME MEAT SPECIES  

 IN SERBIA 
 

Mitrović, B.,1 Vitorović, G.,1 Lazarević Macanović, M.,1 Krstić, N.,1 Andrić, V.,1 Grdović S.,1 Vitorović, D.2 
  

 
Summary: The activity concentration of 40K, 238U, 232Th and 137Cs in game meat from 
mountain regions Tara and Maljen as well as around the Belgrade city were measured by the 
gamma-spectrometric method. In game meat from mountain regions the activity 
concentration of 137Cs was higher (22-54 Bq kg-1) compared with samples collected around 
the Belgrade city (<0.2 Bq kg-1). The content of natural radionuclides was low in all 
investigation samples. 

 
Key words: game meat, radionuclides, 137Cs, gamma-spectrometric method 

 
Introduction 

 
The behaviour of radionuclides in forest ecosystem is different than in agriculture ecosystem, 

which is mainly affected in longer maintenance of higher radionuclides concnetration. The importance of 
radioactive contamination of forest as a significant source of radiation exposure was recognised after the 
Chernobyl accident (Calmon et al., 2009) when an increased level of radioactive caesium was detected in 
environment. Numerous authors (Delfanti et. al., 1999; Dragović et al., 2004; Mitrović et al., 2009, 
Grdović et al., 2010) concluded that mosses, lichens, mushrooms and wild game are bioindicators for 
radiocaesium. The radionuclides concentrations in game meat depend of the feeding habits of the animals. 
In animals tissue the levels of radiocaesium  increased by eating mushrooms and lichens, which was 
observed for roe deer (Karlén et al., 1991; Strandberg and Knudsen, 1994).  

The consumption of game meat in Serbia by general population is low, but hunters consumption 
relatively large quantities of these products. Therefore, the aim of this study was to determine and 
compare the activity concentration of natural (40K, 238U, 232Th) and artificial (137Cs) radionuclides in 
various game meat species from different region in Serbia. The game meat samples were collected in two 
mountain region (Tara and Maljen) and around Belgrade city. Because the mushrooms are the mainly 
source of radioactive contamination of wild animal, concentration of radionuclides in mushrooms were 
investigated. 

Material and Methods 
 

The samples of game meat were collected in period 2002-2007 in the area of Maljen and Tara 
mountains. During 2007-2010 the samples of game meat and mushrooms were collected around the 
Belgrade city (Fig. 1). Mushroom samples were collected in area where animals were hunting. 

 

Figure. 1. Geographic map of Serbia – location of Tara and Maljen mountains 
and Belgrade city
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Game meat samples (Venison, Wild board, Pheasant, Rabbit) were homogenized and measured in 1l 
Marineli beakers. Mushroom samples were first cleaned of soil and other impurities and dried at 80°C 
until constant mass, homogenized and packed in 200 ml plastic vessels.  

Before the measured samples were kept at least 30 days. The activity of samples was determined 
by gamma-spectrometric measurement on HPGe detector (Ortec), with relative efficiency 30% and 
energy resolution 1.85 keV (1332.5 60Co). The analysis of each measured γ-ray spectrum has been carried 
out by a software program GAMMA VISION®-32.  
 

Results and Discussion 
 

The activity concentrations of natural and artificial radionuclides in game meat are presented in 
Table 1. Table 2 presents the activity concentration of natural and artificial radionuclides in mushrooms. 
In wild boar meat from mountain region the activity concentration of 137Cs was higher (31-54 Bq kg-1) 
compared to the venison meat (22-24 Bq kg-1). In game meat hunting in Belgrade environment the 
activity concentration of 137Cs was below the detection limit.   

The wild boars are omnivores, and they like to eat the mushrooms, as venison. In forest 
ecosystem the mushrooms are the main source of radioactive contamination of ruminants (Hove et al., 
1990), and can participate up to 20% of rumen content (Karlén et al., 1991). In game meat from Belgrade 
environment the activity concentration of 137Cs was below detection limit (<0.2 Bq kg-1). In our earlier 
investigation on Maljen we detected that the activity concentration of 137Cs in mushrooms ranged from 
93-385 Bq kg-1 (Mitrović et al., 2009), while in Belgrade environment the activity concentration of 137Cs 
ranged from 0.3-27 Bq kg-1 (Table 2). This can explain higher 137Cs activity concentration in venison and 
wild boars meat founded on Tara and Maljen mountains than in Belgrade environment. The activity level 
of natural radionuclides was low in game meat. In mushrooms (Table 2) 40K was dominant radionuclide 
and its activity concentration ranged from 111-790 Bq kg-1, depending of the type of mushrooms.  
  

Table 1. 40K, 238U, 232Th and 137Cs activity concentration (Bq kg-1) in game meat from Tara, Maljen and 
around Belgrade city 

Samples No. of 
samples 

40K 238U 232Th 137Cs 

Tara 
Venison 5 125 ± 4 <4.3 <2.5 24 ± 7 
Wild boar meat 5 157 ± 5 <3.2 <0.3 54 ± 6 

Maljen 
Venison 5 88 ± 3 <12.2 <1.5 22 ± 2 
Wild boar meat 5 48 ± 2 <6.5 <5 31 ± 2 

Belgrade city 
Venison 3 136 ± 4 < 1.2 <0.2 <0.2 
Wild boar meat 6 95 ± 3 <1.1 <0.2 <0.1 
Pheasant 6 85 ± 4 <1.6 <0.3 <0.2 
Rabbit 6 90 ± 3 <1.5 <0.2 <0.1 
Values are presented as mean ± standard deviation  

 

 

 

 

 

 

 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

_____________________________________________________________________________________________ 

238 
 

 

Table 2. 40K, 238U, 232Th and 137Cs activity concentration (Bq kg-1) in mushrooms around the Belgrade 
city and Maljen mountain 

Area/Samples 40K 238U 232Th 137Cs 
Belgrade 
Avala-Zuce 
seasonal mushrooms  547 ± 18 < 5 < 3 19 ± 2 
Kosmaj- Nemenikuće 
seasonal mushrooms  276 ± 4 < 4 < 1.6 18 ± 3 
Barajevo 
seasonal mushrooms  790 ± 22 < 3.5 < 2 27 ± 2 
Grocka-Vinča 
seasonal mushrooms  338 ± 8 < 6 < 1.2 7 ± 1 
Opovo 
seasonal mushrooms  211 ± 5 < 5.8 < 1.8 9 ± 2 
Jakovo- Bojčin forest 
seasonal mushrooms  111 ± 4 < 3.5 < 2.2  < 0.3 
Maljen* 
seasonal mushrooms 97 ± 3 < 2.1           < 0.3            93 ± 3 
seasonal mushrooms 118 ±1 < 3.0           < 0.7          294 ± 8 
seasonal mushrooms 105 ± 3 < 3.2           < 0.3          385 ± 11 
seasonal mushrooms 142 ± 6 < 2.6           < 1.5             258 ± 9 
Values are presented as mean ± standard deviation 
* Mitrović et al., 2009. 

Conclusion 
 

On the basis of obtained results it can be observed that the game meat and mushrooms are the 
good bioindicators of radioactive pollution, even so many years after the accident. The low level of 137Cs 
activity in the Belgrade environment, than on Tara and Maljen, can be explained by lower amounts of 
rainfalls after the Chernobyl accident. This study shows that the necessary continuous radioactivity 
monitoring of wild animals is important for assessing the radiation doses caused by consumptions of these 
meat. 
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ENVIRONMENTAL LEVEL OF MERCURY AND CADMIUM IN DEERS AND WILD BOARS 

FROM DIFFERENT SERBIAN HUNTING AREAS 
 

Petrović, Z. 1, Vranić, D. 1, Đinović-Stojanović, J. 1, Milićević, D. 1, Lukić, M. 5, Nikolić, D1., 

 
Summary: Concentrations of cadmium (Cd) and mercury (Hg) in liver and kidney in big game (red 
deers and wild boars). In the wet mass of kidney and liver samples, a total of 100 individuals (33 
red deers, 67 wild boars) hunted in 9 Serbian regions were investigated. Median concentrations of 
metals (mg/kg w.w) in liver and kidneys of big game ranged as follows: In red deer, Cd:0.03-0.49 
and 0.03-3.00, Hg:0.01-0.02 and 0.01-0.06; In wild boars, Cd: 0.03-0.96 and 0.48-8.58; Hg:0.01-
0.03 and 0.02-0.32. There were higher concentrations of Cd and Hg in wild boar organs compared 
to those in red deer organs (p <0.05).  

Key words: cadmium, mercury, wild boar, red deer, kidney, liver. 
 
 

Introduction 
 

Interest in the toxic effects of heavy metals has increased during recent decades since large 
amounts of these chemicals have been released into the environment.  

Atmospheric deposition is a major mechanism for metal input to plants and soils. This is 
particularly true in forest ecosystems, where metal contamination of soils is almost totally due to 
atmospheric deposition.  A great number of environmental contaminants accumulate in animal organisms. 
Among these are the non-essential, potentially toxic trace elements such as lead, cadmium, mercury, 
arsenic and radionuclides. Wild mammals can be valuable biological monitors of environmental gradients 
of metal concentrations (Wren, 1986). Most data in literature on the content of heavy metals in animals 
are related with herbivorous species. The use of omnivorous and carnivorous species is limited by the fact 
that their diet composition is more variable and often influenced by food chain effect (Tataruch and 
Kierdorf, 2003).The aim of this study was to monitor cadmium and mercury content in the liver and 
kidney of big game as a possible consequence of environmental contamination and compare it with 
wildlife from other countries. Site-specific assessments of heavy metals levels in wildlife are conducted to 
inform about particular location and may also support some national regulatory decisions. 
 

Materials and Methods 
 

Sampling procedure 

Over a period of two year the total 200 tissue samples (liver and kidney) of wildgame have been 
collected from nine localities in Serbia: 67 wild boars (Sus scrofa), 33 red deers (Cervus elaphus. The 
geographical locations where animals were hunted are shown in Figure 1.  

 
Sample preparation 
 

The whole liver and kidney were sampled from each animal. Until analyzed the liver and kidney 
samples were stored at -20 oC. Samples  (1g)  after the process of homogenisation were digested with 8 
ml of HNO3 (65% v/v, Analytical grade, JT Baker, Center Valley, USA) and 2 ml of H2O2  (30%, 
Analytical grade, Kemika, Zagreb, Croatia) using the method of acid microwave digestion. Samples were 
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destroyed in the microwave digestion unit (Milestone TC, EVISA, EU) with temperature control. 
The digestion program began at a potency of 1000 W, then was ramped for 10 min to 200 oC, after which 
samples were held at 1000W and a  temperature of 180 oC for 20 min.  
 

 
 
 
 
 
 
 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Map of the sampling regions 
 

Cadmium and Mercury determination 
 

Calibrations were prepared from commercial solutions in HNO3 (0.2%) with 1.000 mg/l of each 
element (JT Baker, Center Valley, USA). All results are expressed on wet weight basis (w/w). Cd content 
was determinated using GFAAS (Graphite Furnace Atomic Absorbtion Spectrometry) technique using an 
atomic absorption spectrophotometer-Varian SpectrAA 220, equipped with GTA 110  furnace with a 
constant temperature zone. Cd was measured at 228.8 nm, LOD (0.005 mg/kg). Hg concentrations in 
tissue samples were analyzed by HG-AAS (Hydride Generation Cold Vapour Technique) at 253.7 nm, 
LOD (0.005mg/kg), using Varian SpectraAA 220-atomic absorption spectrometer equipped with a Varian 
VGA-77 hydride generator. Calibrations were prepared from commercial solutions in HNO3 (0.2%) with 
1,000 mg/l of each element (JT Baker). Digested samples were diluted to a final volume of 50 ml with 
deionized water (conductivity – 0.067 µS/cm) produced on ELGA, Purelaboption - DV 35. Blanks were 
processed in each batch of digestions. Recoveries for all examined elements ranged from 95% to 102% 
and the variation coefficient between 4% and 9%. Quality control included the analysis of standard 
reference material (BCR No.186 – Community Bureau of Reference). All results are expressed on wet 
weight basis (w/w). Statistical analysis was performed by the MINITAB software package, version 16.0.   
 Concentrations were expressed as median values and range from minimum to maximum. The 
Kruskal-Wallis test and the post-hoc Man-Whitney non parametric test were used to examine statistical 
differences of heavy metal concentrations among groups. The differences were considered statistically 
significant when the p value was ≤0.05.  

 
Results and Discussion 
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 Game structure assayed and sampling regions are given in Table 1. Concentrations of selected 
heavy metals (Cd and Hg) in kidney and liver of hunted game from different areas in Serbia are listed in 
Tables 2 and 3. 
 
 

Table 1. Sampling areas and number of  investigated animals 

Locality 
deers boars Total  

n* 
1 Backi Monostor 10 8 18 
2 Ristovaca 4 8 12 
3 Erdevik 6 9 15 
4 Klenak 2 11 13 
5 Tupiznica 4 3 7 
6 Begej 7 - 7 
7 Visnjicevo - 14 14 
8 Veliki Jastrebac - 5 5 
9 Morovic - 9 9 

Total 33 67 100 
                n* – number of investigated animals 
 

 
Table 2. Content of Cd and Hg in liver and kidneys of red deers hunted in monitored regions 

 

Region 
Liver Kidney 

Cd (mg/kg) Hg (mg/kg) Cd (mg/kg) Hg (mg/kg) 
median range median range median range median range 

Backi 
Monostor 0.18 a 0.10-0.60 0.02 a 0.01-0.03 0.49 a 0.32-4.98 0.03 a 0.01-0.05 

Ristovaca 0.12 a 0.08-0.24 0.01 a,b 0.01-0.01 0.71 a,b 0.35-4.99 0.03 a 0.01-0.03 
Erdevik 0.03 b / 0.01 a,b 0.01-0.01 0.03 b,c / 0.01 a 0.01-0.02 
Klenak 0.79 c / 0.01 a,b / 3.00 a,b 1.11-4.89 0.06 a 0.02-0.10 

Tupiznica 0.49 c 0.39-0.59 0.00 b,c / 1.96 a,b 1.83-2.08 0.03 a 0.02-0.04 
Begej 0.03 b / 0.00 b,c / 0.03 b,c / 0.02 a 0.01-0.02 

 a, b, c - values that sharing different letters are significantly different 
 Kruskal-Wallis and post –hoc Mann-Whitney non parametric test, p <0.05;  
 Bold values denote values higher than maximal permissible levels given in national regulation  
 (1 mg Cd/kg kidney; 0.5 mg Cd/kg/liver and 0.1 mg Hg/kg kidney or liver). 
 

 
Table 3. Content of Cd and Hg in liver and kidneys of wild boars hunted in monitored regions 

 

Region 
Liver Kidney 

Cd (mg/kg) Hg (mg/kg) Cd (mg/kg) Hg (mg/kg) 
median range median range median range median range 

Backi 
Monostor 0.03 / 0.03 / 2.09 a,b 0.49-6.32 0.02 a,b 0.02-0.11 

Ristovaca 0.09 0.08-0.09 0.01 
0.01-
0.03 

0.82 a,b 0.18-1.89 0.02 a,b 0.01-0.04 

Erdevik 0.03 / 0.01 
0.01-
0.08 

1.33 a,b 0.51-6.62 0.05 a,b 0.02-0.22 

Klenak 0.48 0.34-1.26 0.00 / 3.78 a,b 0.21-8.58 0.05 a,b 0.01-0.33 
Tupiznica / / / / 1.83 a,b 1.63-2.08 0.04 a,b 0.02-0-09 

Visnjicevo 0.43 0.19-0.97 0.03 
0.01-
0.08 

2.64 a,b 0.71-9.77 0.12 b,c 0.02-0.52 
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Veliki 
Jastrebac 

0.96 0.29-1.12 0.03 
0.01-
0.04 

6.84 b,d 5.13-8.40 0.20 b,c 0.19-0.20 

 a, b, c - values that sharing different letters are significantly different 
Kruskal-Wallis and post –hoc Mann-Whitney non parametric test, p <0.05; 
Bold values denote values higher than maximal permissible levels given in national  regulation 
(1 mg Cd/kg kidney; 0.5 mg Cd/kg/liver and 0.1 mg Hg/kg kidney or liver). 
 

From the total number of examined kidneys (n=100) and livers (n=100) of big game, 33 belong to 
red deer and 67 to wild boar. Cd concentration above Maximum Permmited Level (MPL), regulated by 
Serbian Hygienic Regulatory Act for Cd in kidney and liver (1,0 mg/kg and 0,5 mg/kg, respectivelly) was 
confirmed in 9 kidney samples (27 % from the total) and in 3 liver samples (9%) of red deer  and in 55 
kidney samples (82%) and 31 liver samples (46%) of wild boar.  Hg presence was detected in 30 red deer 
kidney samples (90.9%) and 18 liver samples (54.5%). In wild boar organs Hg was detected in 63 kidney 
samples (94%) and 46 liver samples (68.7%). Hg concentrations exceeding the MPL  in wild boar organs 
were recorded in 24 kidney samples (38.1%) and 12 liver samples (38.7%). 

In red deer liver, Hg concentrations  exceeding the MPL,  were not registered in any of the 
investigated individuals. In kidney, Hg concentration above MPL was registered only in one sample (0,10 
mg/kg) collected from Klenak. 

The concentrations of Cd in the liver and kidneys of red deer from Slovakia were: 0.26 mg/kg 
and 2.39 mg /kg (Gasparik et al., 2004) and Cd concentrations registered in red deer organs collected 
from the region of Warmia and Mazury, Poland (Falandysz et al., 2005) were:0.10 mg/kg (liver) and 2.2 
mg/kg (kidney). These values are close to the results shown in Table 1, where more results were included. 
The average Cd concentrations in red deer kidneys from these locations were higher than those (0.94 
mg/kg) from region Baranja - Croatia, located across the Serbian border to Croatia, nearby Backi 
Monostor (Lazaruš et al., 2005). At the same time Hg concentrations (0.38 mg/kg) registered in red deer 
kidneys collected from Baranja – Croatia, were higher than those measured in red deer liver from Backi 
Monostor (0.02 mg/kg) Ristovaca, Erdevik and Klenak (0.01 mg/kg). Maximum recorded concentrations 
of Cd and Hg in red deer kidneys from Baranja-Croatia were 8.57 mg/kg and 0.88 mg/kg, respectively. 

From reviewed literature the Cd concentrations in red deer decreased in the order 
kidney>liver>muscle tissue. Data from Spain regarding Cd concentrations in red deer liver of adult 
animals (mean values) from four sampling sites were: 0.554, 0.463, 0.249 and 0.226 mg/kg are close to 
values obtained from locality Tupiznica and Backi Monostor (data presented in Table 2). In roe deer 
organs collected from Spain, Cd level in liver and kidney were: 0.016 mg/kg and 0.197 mg/kg, 
respectively (Hermoso et al., 2011) . Data about Cd levels in roe deer hunted in Czech Republic were: 
liver (0.22 mg/kg) and kidney (0.69 mg/kg) (Celechovská et al., 2008). These data indicate that the roe 
deer as a other herbivora species, accumulate Cd in their organs at a lower level than red deer. Data about 
mean Hg concentrations in red deer organs from Southern Spain Hg mining area (Nevado Berzas et al., 
2012) were: liver: 0.013 mg/kg (0.061 max.) and kidney: 0.092 mg/kg (0.991 max.).  These Hg 
concentrations are significantly higher than those in Serbian red deers and wild boars from this study. 
Generally, Hg contents in red deer liver and kidney at the present study were at low level. 

In kidney samples of roe deer aged three months to approximately nine years collected in eastern 
Austria (Beiglböck et al., 2002 ). Cd burden was relatively high (range: 0.010-22.076 mg/kg) and 
increased with age. Females aged one to two years had higher contents than males of the same age. Cd 
concentrations  in red deer organs of different sexes and ages from north-eastern of Poland  (kidney and 
liver) were  2.2 and 0.19 mg/kg, respectively (Falandysz et al., 2005).   

It was pointed, that organs of wild boars collected from Veliki Jastrebac had significantly higher 
median Cd content in liver (0.96 mg/kg) and kidney (6,84 mg/kg) and also Hg in the kidney (0.20 mg/kg)  
than wild boars from all other localities (Table 3).  Srem region is where, two the highest Cd 
concentrations in wild boar kidney (8.58 mg/kg and 9.77 mg/kg, respectively) were registered.  Also the 
highest Hg concentrations measured in individual wild boar kidney were registered in the samples from 
this region, which was represented with four localities: Erdevik – 0.22 mg/kg , Klenak – 0.33 mg/kg, 
Morovic – 0.56 mg/kg and Visnjicevo 0.52 mg/kg.  

Elevated Cd concentrations above the MPL in kidney by regions for wild boars were:  Backi 
Monostor (62,5%), Ristovaca (33,3%), Erdevik (75%), Visnjicevo (92,3%), Tupiznica (100%) and Veliki 
Jastrebac (100%). Maximum measured concentrations of Cd and Hg in wild boar kidney and liver were: 
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9.77 mg/kg, 0.33 mg/kg, 1.26 mg/kg and 0.08 mg/kg, respectively. Median Hg concentrations, given by 
locations in wild boar liver at present study (Table 3) were from 0.01-0.03 mg/kg (liver) and 0.2-0.32 
mg/kg (kidney). Piskovora  et al., 2003 reported Hg and Cd level in wild boar liver (0.01-0.48 mg/kg; 
0.12-0.94 mg/kg) as well as in wild boar kidney (0.05-1.60 mg/kg; 0.14-2.68 mg/kg). Nevado Berzas et 
al., 2012 also reported Hg level in wild boars collected from Hg mining area: liver: 0.023 mg/kg (0.125 
max.) and  in kidney: 0.103 mg/kg (0.316 max.). 

The recent data for metal level in wild boar kidney, collected from seven counties of continental 
Croatia (Bilandžić et al., 2010) in period 2008-2009, ranged Cd and Hg concentrations as follows: 0.87-
4.58 mg/kg and 0.04-0.15 mg/kg, respectively. Maximum registered concentrations of renal Cd and Hg 
contents were 13.67 mg/kg and 0.984 mg/kg. These individual maximum recorded values are higher than 
concentrations registered at present study. The median Cd and Hg concentrations in wild boar kidney 
registered at present study (Table 3) were almost twofold lower in comparison to those reported in 
Croatian study (Bilandžić et al., 2010). Data published  by Poland authors ( Dobrowolska and Melosik, 
2002) with regard to toxic element presence in organs of  wild boars from unpolluted areas, shown  Cd  
concentrations in relation to age, from 0.02 mg/kg to 0.06 mg/kg (liver)  and 0.07 mg/kg to 0.15 mg/kg 
(kidney). These concentrations are remarkable lower than data from present study (Table 3). Other Spain 
authors (Reglero et al., 2008) reported the highest Cd mean liver concentrations from 0.554 mg/kg found 
in red deers from lead mining in the Sierra Madrona mountains and the valley of Alcudia in Southern 
Spain and this value are higher from those measured in wild boars from majority of Serbian localities 
(excluding region Veliki Jastrebac). 

Generally, findings in present study suggest that the contamination levels in  animals taken from 
some Serbian localities show some similarities about registered Cd and Hg level in Serbian wildlife 
individuals to those from Croatia, Slovakia and partly from Spain. Results of investigated heavy metal 
accumulation in wildlife from unpolluted areas of  Poland and also Spain had been shown lower Cd and 
Hg levels than those reported in the present study.  

Similar to red deer, wild boar kidneys and livers and hare kidneys from older animals are 
unsuitable for consumption. Nevertheless, the consumption rate of big game kidneys and livers is very 
low, and is probably only higher in hunters and their relatives. Results about  investigated heavy metal 
levels among different species and tissues from different Serbian regions  shown  that metals are naturally 
occurring constituents in the environment and vary in concentrations  across geographic regions. The 
major metal exposure route for wildlife is ingestion, with a minor (and often unknown) inhalation 
component.  Food chain and the incidental ingestion of soil are the two most important exposure 
pathways for terrestrial wildlife. 

It must be outlined, when evaluating the state of pollution of a particular area, the differences 
between heavy metal concentrations in older and younger animals must be taken into account. Results 
from different researchers show some differences in values that might result from environmental factors, 
age and sex of animals, animal species, type of diet, free living or farmed game etc. Big game in the 
present study not selected according to sex and age but on acknowledged assumption that they were aged 
from 2 to 5 years (adults).  

 
Conclusion 

 
The amount of Cd accumulated in the animal organs reflects the bioavailability of Cd in the 

environment. However, it also depends on the species as well as age and gender of the animal and other 
individual properties that may influence the uptake (e.g. metabolism, browsing habits). For example, 
metals present in soils may be more or less bioavailable within the gut of an herbivore that relies on 
fermentation as compared to the simpler gut of a carnivore (or omnivore) that is designed to break down 
proteins. These gut systems differ in chemistry (including pH) and residence time, hence there are 
registered differences also between different species of animals on the same territory. 
In the present study, higher Hg concentrations are found in kidney than in liver and in wild boar than in 
red deer. However, the concentrations found are well below the ones associated with clinical signs of 
poisoning. 
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IMAGE-GUIDED VIRTUAL BALLISTIC FINDINGS APPLIED FOR MONITORING OF 

FREE-RANGING WOLVES (CANIS LUPUS) IN GERMANY 
 

Galateanu,  G., 1 Fritsch,  G., 1 Szentiks,  C. A., 1 Krone, O., 1Hildebrandt,  T. B., 1 
 
Summary: Conventional ballistic procedures are highly invasive, time-consuming and may affect the 
accuracy of the findings. The continual advances in diagnosis imaging including high-resolution 
computed tomography (CT) allows looking at different areas of science anew by coming at it from a 
different perspective. Modern forensic medicine in gunshot wolves from Germany gains new insights 
using the highest CT resolution available worldwide in veterinary medicine. 
 
Key words: Multi-slice computed tomography (MSCT), Non-invasive diagnosis, Virtual necropsy, 
Gunshot, Forensic 
 

Introduction 
 

Traffic accidents and poaching are the most prevalent causes of death in German wolf populations. 
Therefore, comprehensive post mortem examinations are essential prerequisites for the investigations of 
the cause of death. 
The latest advances in high-resolution computed tomography (CT) shed light and expand our knowledge 
on new fields of science. Modern forensic medicine including ballistic impact damage diagnosis is one of 
them (Folio et al., 2011). Standard, conventional assessment is both highly invasive and time-consuming. 
Virtopsy refers to “virtual autopsy”, being a minimally invasive and efficient way to perform an autopsy 
through state-of-the-art imaging-guided means (Thali et al., 2003). Specifically, in veterinary medicine, 
CT imaging was described as a suitable and promising new technique for ballistic reconstructions (Thali 
et al., 2007). The aim of our study was to perform a ballistic analysis of gunshot wolves in Germany 
using the non-invasive tools of quantitative and tri-dimensional (3D) multi-slice computed tomography 
(MSCT) with the highest resolution available worldwide in veterinary science (Galateanu, 2012).   

 
Material and Methods 

 
In order to perform this study, we used the state-of-the-art tools of 128-slice CT scanner (AquilionTMCX, 
Toshiba Medical Systems, Tochigi, Japan) and a dedicated workstation (ViTREA® 2, Vital Images Inc., 
Minnetonka MN, USA). Settings for the CT helical scan protocol were: 120 kVp, 100-300 mA, 0.6 s 
rotation time and 0.5 mm acquisition slice thickness. The reconstruction protocols included both body-
standard and bone-high resolution algorithms with a reconstruction slice thickness/slice interval of both 
1/0.8 mm and 0.5/0.25 mm. We used volume-rendering software, simultaneous imaging of specific 
anatomical and pathological structures of interest using a combination of 2D orthogonal Multi-Planar 
Reconstructions (MPR) and 3D images; trim function with 3D and 2D segmentation to focus images on 
regions of interest, a wide variety of clinical viewing protocols, and fine adjustment of visualization 
parameters to enhance the diagnostic quality of the images. Oblique and curved MPRs were necessary in 
order to delineate several fractures with a complex 3D architecture (Fig. 1). 
Next features were investigated in gunshot wolves: two-dimensional multiplanar reconstructions (2D 
MPRs) of the missile trajectory including entrance wounds, bullet track and exit wounds, 3D solid object 
reconstruction and rendering, virtual sectioning and segmentation, residual projectile fragments, ballistic 
cavity development, impact induced voids, pathological changes produced by different projectiles in the 
near and far from the impact site. 
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Fig. 1. Analysis of bullets’ trajectory and impact is performed using a new approach: synchronized two- 
dimensional (2D) with multiplanar reconstructions (MPRs) and tri-dimensional (3D) imaging with 
volume rendering reconstructions. Additionally, a new strategy in 3D imaging using both bone-
subtraction (removal) algorithms and special bone-metal protocols facilitates an improved visualization 
both of metallic objects and the afflicted organs and tissues, by eliminating the metallic artefacts.   

 
 

Results and Discussion 
 

Analysis of the CT images (Fig. 2, 3) endowed detailed 2D and 3D analysis of the tissue-projectile 
interaction, allowing us to gain information about: 
1) Identification, characterization, and analysis of different damage morphological types; 
2) Assessment of the damage produced to the structural integrity of the penetrated tissues; 
3) Long-distance effects and vital reactions to gunshot as: air emboli in the heart and blood vessels or the 
classic pattern of blood aspiration to the lung; 
4) Trajectory analysis; 
5) Analysis of the overall ballistic performance. 
Multidetector CT technology and image processing enabled detailed trajectory analysis that facilitated 
time saving triage and accurate image-based diagnosis of organ damage. A whole body CT scan is 
recommended before a traditional necropsy in judicial investigations to rule out gunshot and fractures due 
to cruelty. Forensic radiologic imaging in wolves helped to detect additional pathologies such as: internal 
bleeding, haematomas, brain contusion, blood aspiration to the lung, pulmonary congestion, (tension) 
pneumothorax, haematopneumothorax, diaphragmatic injuries, pericardial tamponade, splenic laceration, 
evisceration, pneumoperitoneum, haematopneumopeitoneum, bladder rupture, hypovolemic shock, soft 
tissue laceration, and subtle fractures.  
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Fig. 2. High-resolution tri-dimensional CT images illustrate severe, multiple and comminuted skull 
fractures.  
The braincase of this skeletally mature wolf presents highly comminuted fractures affecting the occipital, 
temporal, and parietal bones. On the right peri-orbital area, two main metallic fragments are visualized 
together with severe metallic artefacts (bright beams). Fracture of the zygomatic arch on the left side and 
multiple fractures of the right mandible can be noted.  
 
 
Enhanced CT imaging advances allow an improved diagnosis and more accurate characterization of 
different types of fractures, otherwise difficult to be detected. The fractures identified in our study 
presented a large variety of patterns and were characterized as follows: closed or opened (compound); 
single, multiple or comminuted; transverse or longitudinal; linear, oblique or spiral; displaced or non-
displaced etc.  
Soft tissue pathologies (lacerations, abrasions, bruising and contusions) provided useful insights and clear 
indications regarding the nature of the traumatic event and its impact on the afflicted tissues. Two areas of 
projectile-tissue interaction could be differentiated: the temporary and the permanent cavity. Both direct 
tissue destruction (“tissue crush”) and traumatic expansion of the injury (“cavitation”) into the 
surrounding tissues were evaluated.  
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Fig. 3. “Bone-Metal Protocol” represents exceptional imaging software which allows perfect 
visualisation of different metallic bodies, without any undesirable interference of metallic artefacts.  
 

 
Conclusion 

 
Considering these findings, it is indisputable that the radiological methods of MSCT have the potential to 
become a routine and powerful “virtual necropsy” tool in the future to complete the post mortem analysis. 
Consequently, bullets and relevant histological samples from specific sites might be acquired through 
image-guided minimally invasive procedures via percutaneous biopsy. The rapid application of state-of-
the-art imaging diagnosis may lead to new horizons in forensic documentation and vivisections as well as 
post mortem examinations, useful for both clinical and research applications. 

 
References 

 
1. Folio, L.R., Fischer, T.V., Shogan, P.G., Frew, M.I., Kang, P.S., Bunger, R., Provenzale, J.M., 2011, Radiology, 258 

(3): 923-929. CT-based Ballistic Wound Path Identification and Trajectory Analysis in Anatomic Ballistic Phantoms. 
 

2. Thali, M.J., Yen, K., Vock, P., Ozdoba, C., Kneubuehl, B.P., Sonnenschein, M., Dirnhofer, R., 2003, Forensic Sci Int., 
138(1-3):8-16. Image-guided virtual autopsy findings of gunshot victims performed with multi-slice computed 
tomography and magnetic resonance imaging and subsequent correlation between radiology and autopsy findings. 
 

3. Thali, M.J., Kneubuehl, B.P., Bolliger, S.A., Christe, A., Koenigsdorfer, U., Ozdoba, C., Spielvogel, E., Dirnhofer, R., 
2007, Forensic Sci Int. 171(1):63-6. Forensic veterinary radiology: ballistic-radiological 3D computertomographic 
reconstruction of an illegal lynx shooting in Switzerland. 
 

4. Galateanu, G: New insights into the morphology, pathology and evolution of wolves as seen through high-resolution 
 computed tomography in: Workshop zum Wolf-Totfundmonitoring. Wildtiere im Spannungsfeld von Naturschutz und  
 

5. Gesellschaft 3, 2012, Eds. C. A. Szentiks, I. Lesniak, S. Kühlmann, H. Hofer, A. D. Greenwood, Eigenverlag IZW, pp 
15-17. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Thali%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Yen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Vock%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozdoba%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Kneubuehl%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Sonnenschein%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Dirnhofer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=14642714
http://www.ncbi.nlm.nih.gov/pubmed/14642714
http://www.ncbi.nlm.nih.gov/pubmed?term=Thali%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Kneubuehl%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolliger%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Christe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Koenigsdorfer%20U%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozdoba%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Spielvogel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed?term=Dirnhofer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16831528
http://www.ncbi.nlm.nih.gov/pubmed/16831528


2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
Original scientific paper                                                                                                                           UDC: 639.11 

249 
 

 
CONFIRMATION OF CARBOFURAN POISONING OF WILDLIFE 

 
Mihaljev, Ž.,1 Marić, B.,2 Ratajac, R.,1 Živkov-Baloš, M.,1 Jakšić, S.1 

 
 

Summary:  During May 2012, carcasses of five White-tailed Eagles (Haliaeetus albicilla) and one 
golden jackal (Canis aureus) were delivered to the Scientific Veterinary Institute “Novi Sad“. Dead 
eagles were discovered by the hunters; very close to the spot they discovered the dead jackal. 
Qualitative and quantitative analysis of ingluvial content, kidneys, muscles and liver of dead 
animals for the presence of pesticides was performed applying GC-MS method. Ingluvial content of 
four examined eagles revealed carbofuran levels ranging from 4.5 to 121.8 mg/kg, whereas levels 
of its metabolite, carbofuran-7-phenol was within the range 2.5 - 527.4 mg/kg. In the examined 
jackal carcass, highest carbofuran and carbofuran-7-phenol contents were detected in kidneys, 
being 35.2 mg/kg and 41.5 mg/kg, respectively. The obtained results implicate that carbofuran-
contaminated feed was a source of poisoning of White-tailed Eagles that were found close to 
Vajska village.  
 
Key words: carbofuran, furadan, gas chromatography, white-tailed eagle, jackal.    

 
 

Introduction 
 

The presence of pollutants in game was studied in many previous research works (Kljajić et al., 1994; 
Mihaljev et al., 1997). Carbofuran pesticides are used for seed control in a wide variety of field crops. 
The insect-repellent activity of this insecticide is achieved by absorption of the compound by the plant 
and its incorporation into plant tissue. Carbofuran also has contact-activity against pests and it is often 
used for rodent control practice such as putting carbofuran-sprayed seeds into the rodent holes. Normally, 
such procedures should be practiced only during early spring; however, this rule is frequently ignored. 
Throughout the world, as well as in Serbia, the use of various poisons in the natural environment is pretty 
common and such practices take their toll every year. Carbamate insecticides have been in common use in 
agriculture, gardens and home. Protected bird and mammal species are most common victims of 
poisoning by consuming poisoned catch or biocide-treated seeds (Plumlee, 2004).  
Carbofuran belongs to the group of methylcarbamates (carbamate pesticides) and is a derivative of 
monomethyl carbamic acid. Carbamate pesticides function as irreversible inhibitors of cholinesterase 
(Hoffman et al., 2003). Carbofuran is widely used in agriculture practices as an insecticide, nematicide 
and acaricide (Šarkanj et al., 2010). Carbamates are ingested by animals by either contaminated feed of 
eating spoiled pesticide. Acute toxicity of per orally administered carbofuran in birds is LD50 6 mg/kg-
body weight in chickens, 5.04 mg/kg-body weight in quails, 4.15 mg/kg-body weight in pheasants, 1.3 
mg/kg-body weight in sparrows and 0.42 mg/kg-body weight in wild ducks at 6 months of age (WHO, 
Data Sheet on Pesticides No. 56). 
 
The established cumulative LD50 to pheasants for a 10-day period is 960 mg of active substance (10% 
granulate) per 1 kg of complete feed mixture. Intentional poisoning of wildlife with pesticides is most  
commonly accomplished by using carbofuran and aldicarb. Granular carbofuran pellets have been 
consumed by birds that apparently mistook them for seeds and one pellet of this carbamate insecticide is 
enough to kill a bird. Carbofuran was the insecticide most commonly associated with wildlife pesticide 
poisoning events (Gupta, 2007). This indicates the extremely high toxicity of carbofuran for birds, which 
has previously been used as an avicide. In that respect, the Environmental Protection Agency (EPA) took 
a stand against its application (Brajković et al., 2010) 
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• Molecular Formula: C12H15NO3

• Molecular Weight:  221,26

• CAS registry number:  1563-66-2

• Name of the IUPAC Catalog: 2,3-
dihydro-2,2-dimethylbenzofuran-7-
yl methylcarbamate

• Water Solubility: 351ppm (t=25°C)

• Aqueous Photolysis, Half-Life 
(years):  21,8   (pH 7, t=28°C)

• Soil Photolysis, Half-Life (years):  
0,4  (pH 5.7, t=27°C)

 
Fig 1.  Carbofuran structural formula 
 

  

 
Fig. 2 Carbofuran metabolites in the environment 

 
Acute carbamate poisoning results from the carbamylation of cholistenerase.  The formatted complex 
undergoes degradation through oxidation and hydrolysis (Fig. 2) and the products are rapidly eliminated 
from the body (Živanov, 2001). Symptoms of acute carbamate intoxication include increased bronchial 
secretions, excessive sweating, salivation, eye tearing, cramps, vomiting, diarrhoea and tachycardia, 
respiratory system depression and coma. Death occurs due to asphyxia-disordered breathing (Ćupić, 
1999) 

 
Materials and Methods 

 
During May 2012, carcasses of five White-tailed Eagles (Haliaeetus albicilla) and one golden jackal 
(Canis aureus) were delivered to the Scientific Veterinary Institute “Novi Sad“. Dead eagles, which are 
designated as specially protected birds, were discovered by the hunters very close to the spot where they 
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discovered the dead jackal in the area of Vajska village. Autopsy findings strongly suggested suspect 
pesticide poisoning of birds resulting from either consuming the meat of dead jackal or rodents poisoned 
by toxic seeds.  Qualitative and quantitative analysis of ingluvial content, kidneys, muscles and liver of 
dead animals for the presence of pesticides was performed applying the gas chromatography–mass 
spectrometry (GC-MS) method. 

 
Gas chromatography–mass spectrometry was performed using the following apparatus: gas 
chromatograph Agilent 7890 A, mass detector Agilent 5975 MSD, auto injector Agilent 7683B and 
capillary column 30 m × 0.250 mm ID, 0.25 μm HP-5MS (Agilent J&W 19091S-433). The following 
experimental conditions were defined: 

 
Inlet temperature 250 °C/260 oC 
Injected volume 1 μL 
Gas carrier                         Helium 
Pressure Constant pressure mod  (pressure  approx. 135 kPa at 70 °C, 65 cm/s at 70 

°C) 
Temperature program 70 °C, 2 min; 25 °C/min to 150°C, 0 min; 3 °C /min to 200°C, 0 min; 8 °C 

/min 
to 280 °C, 15 min 

Temp. transfer line 280 °C 
MSD parameters                Scan (50 to 500 amu), threshold  50,  MS quad 150 °C, MS source 230 ºC 
MSD parameters                SIM (164, 149, 122, 131) MS quad 150 °C, MS source 230 ºC 
Pressure Constant pressure mod (press approx.150 kPa at 260 °C, 65 cm/s at 260 °C) 
Temperature program 260 °C, 26 min 
Solvent delay                   4.0 min 
 
Data analysis for the qualitative determination was carried out by mass spectra and retention times with 
use of mass spectra of NIST 2008 MS library. Quantitative analysis was done using the calibration curve. 
A calibration curve was constructed using Carbofuran PESTANAL ®, analytical standard, Sigma-Aldrich 
Co. Standard substance was dissolved in n-hexane. 
 

Results and Discussion 
 

Qualitative and quantitative toxico-chemical analysis of submitted samples encompassed the GC-MS 
examination and comparison of the resulting chromatograms with the RTL Pesticide and Endocrine 
Disrupter Database. Figures 3 and 4 illustrate the obtained chromatograms for carbofuran and its 
metabolite carbofuran-7-phenol in jackal kidney and ingluvies of white-taled eagles, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Carbofuran 
 

Carbofuran-7-phenol 
 

Carbofuran 
 

Carbofuran-7-phenol 
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  Fig 3. Chromatogram of carbofuran and      Fig 4.  Chromatogram of carbofuran and          
             its metabolite in jackal kidney                   its metabolite in eagle ingluvies 
   
In organ samples from dead jackal and eagles, we detected and (in some cases) quantified the contents of 
the pesticide carbofuran (Furadan) and its metabolite carbofuran-7-phenol, which typically accompanies 
degradation of carbofuran in animal body (Fig. 2). According to the results given  in Table 1, the highest 
levels of carbofuran and carbofuran-7-phenol were measured in kidney samples being 35.2 mg/kg and 
41.5 mg/kg, respectively. The levels of the examined toxic elements in jackal muscle and liver samples 
were by one order of magnitude lower than those in the kidneys. 
 
Table 1. Contents of carbofuran and carbofuran-7-phenol in internal organs of jackal  
                                                     Analyzed  
Examined                                     organ                          
substance 

 
Kidney 

 
Muscle 

 
Liver 

C a r b o f u r a n  (f u r a d a n)  [mg/kg] 35.2 3.9 < 1 

C a r b o f u r a n – 7 – p h e n o l    [mg/kg] 41.5 2.2 1.5 

 
Table 2 depicts the amounts of carbofuran measured in the ingluvies, kidney, muscles and liver samples 
of dead white-tailed eagles. As evident from the presented results, highest carbofuran concentration was 
detected in the ingluvies reaching 121.8 mg/kg. The highest level of carbofuran in the liver of examined 
eagles was 17.9 mg/kg, whereas lowest levels were detected in muscles (Ī=6.25 mg/kg) and kidneys 
(Ī=2.85).  
 
Table 2. Contents of carbofuran in internal organs o white-taled eagles  

Examined substance C a r b o f u r a n  (f u r a d a n)    [mg/kg] 

Analyzed organ Ingluvies  Kidney Muscle Liver 

Concentration interval I = 4.5 – 121.8 1.5 – 4.2 6.2 – 6.3 3.5 – 17.9 

Number of positive samples n = 4 n = 3 n = 2 n = 3 

 
Elimination of carbofuran from the body starts with its oxidation into metabolites (3-hydroxy-N- 
hydroxymethyl-carbofuran, 3-hydroxy carbofuran and 3-keto carbofuran) that are less active than the 
carbofuran itself. Their hydrolysis results in formation of carbofuran phenols (Fig. 2), which are 
eliminated from the body in the urine (Richards, 2012). However, all metabolites do not have equal 
toxicological significance (Milošević et al., 1992). Table 3 displays the content of the metabolite 
carbofuran-7-phenol in the ingluvies and liver of dead eagles. As evident, the level of carbofuran-7-
phenol in the ingluvial content reached even 527.4 mg/kg. 
 
Table 3. Contents of carbofuran-7-phenol in internal organs of white-taled eagles 

Examined substance C a r b o f u r a n – 7 – p h e n o l    [mg/kg] 

Analyzed organ Ingluvies Liver 

Concentration interval I = 2.5 – 527.4 3.8 

Number of positive samples n = 4 n = 1 
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Conclusion 
 

Carbofuran levels detected in the ingluvial content of white-tailed eagles ranged between 4.5 and 121.8 
mg/kg, while levels of its metabolite carbofuran-7-phenol were within the range of 2.5 to 527.4 mg/kg. 
According to the measured carbofuran contents in the examined samples and values calculated based on 
body weight of eagles as well as reference data on LD50 for birds, as well as patho-anatomic findings, we 
can conclude that acute poisoning after consumption  of carbofuran-contaminated feed was the most 
likely cause of death of white-tailed eagles. Furthermore, we can emphasize that GC-MS method is of 
great importance in rapid detection of pesticides in biomaterial, even at very low concentrations.  
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SEROPREVALENCE OF PORCINE CIRCOVIRUS TYPE 2 (PCV2) INFECTION IN WILD 

BOARS IN SERBIA  
 

Stojanac, N.,1 Stevančević, O. 1, Potkonjak, A. 1, Lupulović, D.2, Stančić, I.1 
 

Summary: Porcine circovirus type 2 (PCV2) is a widespread virus in domestic and wild pigs and is 
the primary cause of this disease in pigs. Wild boars are hosts for PCV2 and infections in these 
species  were identified in many countries around the world. The aim of this study was to perform a 
serological testing for the presence of antibodies specific for PCV2 in wild boars. Serum samples 
from 50 wild boars from 5 different locations were tested by indirect ELISA method. From each 
location 10 sera were examined from wild boars older than 6 months. Seroprevalence ranged from 
20 to 80%. Overall there were 28 (56.0%) seropositive wild boars. Only in one location 
seroprevalence was 20%. This test confirmed that wild pigs can be hosts for PCV2 and showed that 
the virus is widespread in Serbia, as it was found in other parts of the world. 
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Introduction 

 
Porcine circovirus type 2 (PCV2) is a widespread virus in domestic and wild pigs and is the primary 
cause of this disease in pigs (LlorençGrau-Rome, 2011). The group of circovirus diseases in addition to 
Postweaning multisystemic wasting syndrome-PMWS also includes reproduction disorders, Porcine 
Dermatitis Nephropathy Syndrome-PDNS, and respiratory and enteric form of this disease. Today, these 
pathological entities are collectively referred to as Porcine circovirus-associated diseases (PCVAD) 
(Segalés, 2012). Source of infection are usually  sick animals, and clinical manifestations depend on the 
organic system that is affected. 
Many pathogens are spread among wild and domestic pigs, including Classical swine fever (Paton and 
Greiser-Wilke, 2003), African swine fever (Jori and Bastos, 2009), the Aujeszky’s disease (Vicente et al., 
2005), Porcine reproductive and respiratory syndrome (PRRS) (Reiner et al., 2009) and porcine circovirus 
type 2 (PCV2) (Ruiz-Fons et al., 2006). 
Based on serological tests it is known that PCV2 is ubiquitous and is present on farms with and without 
clinical signs of disease (Rose et al., 2002), with close to 100% seroprevalence in fattener pigs worldwide 
(Segalés et Domingo, 2002). It is also known that wild boars are susceptible to PCV2 (Sánchez et al., 
2002). PCV2 is mainly spread by horizontal transfer (directly or indirectly), oronasally through secretion, 
feces and urine (Ghebremariam and Gruys, 2005), but vertical transmission has been confirmed also 
(Park et al., 2005). Incidence of PCV2 disease was detected only in the genus Sus, i.e.  domestic and wild 
pigs (Segalés et al., 2005). Clinical signs of PCV2, macroscopic and microscopic lesions were the same 
for both species. 
In wild boars population prevalence of antibodies to PCV2 in Spain is 50% (Vicente et al., 2004; Ruiz-
Fons et al., 2006), in Czech Republic 43% (Sedlak et al., 2008); PCV2 in wild boars was found in many 
countries including the United States (Ellis et al., 2003), Brazil (Correa et al., 2006), Germany (Schulze et 
al., 2004), Croatia (Lipej et al., 2007), Greece (Sofia et al., 2008), and Italy (Petrini et al., 2009). The aim 
of this study was to investigate the seroprevalence of PCV2 in wild boars from five different locations 
and based on the results obtained to analyze the possible risk of new infections with PCV2 in the wild 
boars population. 
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Materials and methods 

 
During the 2012 blood serum samples were taken from wild boars shot in 5 different locations (hunting 
sites) in Serbia. From each location 10 blood serum samples from wild boars were tested. 
Blood samples were collected in the amount of about 5 ml and stored in vacutainers with an activator of 
coagulation and were delivered to the laboratory in hand refrigerator. Blood serum was separated after 
coagulation and centrifugation. Serum samples were stored at -20 ° until the testing was done. Detection 
of PCV2-specific antibodies was performed by indirect ELISA method – INGEZIM CIRCO IgG 
(Ingenasa, Spain) according to the manufacturer's instructions. 
 

Results and Discussion 
 

Presence of PCV2-specific antibodies was detected in 28 wild boars blood sera out of 50 analyzed (56%). 
Prevalence varied among wild boars originating from different locations (Table 1). The highest 
prevalence was determined in wild boars from the site II (80%), while only one location had 
seroprevalence less than 50%, where only two out of 10 animals were seropositive. The high PCV2-
seroprevalence, equally distributed indicates the endemic status of PCV2 in wild boars in Serbia. This is 
corroborated by findings of other authors, who, in their research came up with similar results worldwide. 
Reiner et al. (2010) in Germany found that PCV2 seroprevalence ranged from 12.5% to 100% depending 
on the region in which they conducted the testing. In Romania a slightly lower seroprevalence of 7% to 
30% was determined (Cadar et al., 2010) and in Poland (Fabisiak et al., 2012), similar to that in our study, 
seroprevalence ranged from 52.4 % to 95%. 
 
Table 1: Distribution and the presence of PCV2-specific antibodies in blood serum of wild boars from 5 
different locations. 

Locations Number of blood serum 
samples tested 

 
Number of blood serum 

samples positive 
Seroprevalence PCV2 (%) 

I 10 2 20 

II 10 8 80 

III 10 6 60 

IV 10 5 50 

V 10 7 70 

TOTAL 50 28 56 
 
 
Wild boars are a potential reservoir of several viral diseases of domestic pigs, such as classical swine 
fever, Aujeszky’s disease and bovine viral diarrhea virus, but with PCV2 it seems to be the opposite case 
(Ruiz-Fons et al., 2008). Indeed, serological testing has shown higher incidence PCV2 infection in 
domestic pigs comparing to other diseases, with worldwide prevalence close to 100% (Segalés et 
Domingo, 2002). This prevalence is higher in domestic pigs than in wild boars. The research in the U.S. 
(Corn et al., 2009), has shown the higher prevalence of PCV2 in wild boars in the regions with large 
farms with intensive production of domestic pigs. In regions with inferior production of domestic pigs a 
significantly lower PCV2 seroprevalence in wild boars was determined. 
 

Conclusion 
 

This study implies that there is a need for a comprehensive and more extensive research of serological 
status of wild boars in terms of PCV2, and other viral diseases since wild boars have a very important role 
in the transmission and spread of pigs’ diseases. In order to improve knowledge of the epidemiology of 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

256 
 

PCV2 in wild boars, further research needs to include piglets, in order to determine the harmful effects of 
PCV2 on health status, and thus the impact on mortality of wild boars 
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COMPARISON OF THE FAT AND PROTEIN CONTENT IN THE RED DEER HIND MEAT 

FROM CONFINED AND OPEN AREAS 
Bleier,  N., 1 Galló,  J.,1 Szabó,  L., 1 Balázs,  B.,1 Tóth,  B., 1 Biró,  Zs.,1 Heltai,  M., 1 Szemethy,  L., 1  

 
 
Summary: Game meat was an important part of the human food supply from the prehistoric era. The 
importance of this food type changed during the history of the human civilization. Recently it 
differs from country to country. Generally, venison is low in fat and carbohydrate and rich in 
protein, minerals and traces, as well as vitamins. These days, an increasing amount of the game 
species are kept in confined areas for hunting and meat production. Several factors affect the quality 
of game meat especially the food composition (nutrition). Hungarian game managers feed the 
animal population in confined areas intensively, while in open areas the nutrition is only 
supplementary. That is why we investigated the possible differences of the red deer meat originated 
from a confined and an open area of a forested habitat in Gyarmatpuszta, Hungary. The fat, protein, 
ash and moisture content were analysed in samples from the longissimus muscle (m. longissimus 
dorsi). The hunts were conducted between November 15th, 2012 and January 15th, 2013. The 
sample sizes were 9 individuals from the confined area with average carcass weight 54 kg, 
and 7 individuals from the open area with average carcass weight 62 kg. According to our 
results, the meat from the garden contains: 76.48 g/100g moisture, 20.56 g/100g protein, 1.14 
g/100g ash, 1.31 g/100g fat; the meat from the open area contains: 75.07 g/100g moisture, 21.05 
g/100g protein, 1.18 g/100g ash and 1.87 g/100g fat. Little differences were found between the 
individuals and also between the areas. There was no correlation between the age of the individuals 
and the studied parameters. Based on our research we suppose that the differences of the food 
supply and nutrition between the confined and open areas are not large enough to significantly 
influence the measured meat quality characteristics. 
 
Key words: game meat, Cervus elaphus, longissimus muscle, game management, Hungary 

 
Introduction 

 
Wild game meat has been a part of the human diet since ancient times. Its importance has changed 
considerably throughout the history of the human civilization, and it varies between continents and in 
different countries. Wild game meat is important for Eskimos, or for some ethnic groups in Africa and 
South America. Despite the fact that game meat from South Africa and venison from New-Zealand are 
increasingly being imported into the European Union, it is less important in the majority of the European 
countries, although it can certainly be found there (Hoffmann and Wiklund, 2006). Today, meeting the 
needs of consumers is becoming more important, and the consumers expect the meat products on the 
market to have the required nutritive value, be fresh and flavourful (Hoffmann and Wiklund, 2006); 
healthy food has an increasingly important role, as well (Balogh, 2008). Wild ungulate populations have 
increased steadily in Europe over the past decades, therefore the size of harvests increased (Milner et al., 
2006). In Hungary, in the last five, years 200-270 thousand wild ungulates (red deer, fallow deer, roe 
deer, mouflon and wild boar) and 400-500 thousand small game (brown hare, ring-necked pheasant, and 
water-fowl species) had been shot annually (Bleier et al., 2012). One part of the game meat is utilized 
directly by hunters, the other part is sold. In Hungary, there have been few investigations of the chemical 
composition of wild game meat (Zomborszky et al., 1996, Tóth et al., 2010, Bodnárné et al., 2009), but it 
is considered as a good quality food with high protein and low fat content (Bodnár et al., 2011). 
Nowadays wild game species are kept in farms,  with the purpose of either hunting or production of wild 
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game meat. Meat quality of a particular animal species is affected by several factors, but one of the most 
important factors is the food composition, as has already been proven (Volpelli et al., 2002; Phillip et al., 
2007). Game meat production in confined areas is not under standardized circumstances, as is the case 
when meat is produced  from beef-cattle or farmed animals. In Hungary, wildlife managers feed the 
animal population intensively in confined areas, while in open areas feeding is just supplementary. 
Because of the differences in food supply, there is a question, whether there is any difference in meat 
composition between red deer originated from confined and open areas.  

We investigated the possible differences in the protein, moisture, fat and ash content of red deer 
meat originated from a confined and an open area of a forested habitat in Gyarmatpuszta, Hungary. 

 

Material and Methods 

Study area 
We conducted our study in a confined area of 700 ha inhabited by 130 red deer (NGMD, 2012) 

and a neighbouring open area located in north-central Hungary (Gyarmatpuszta, Bajna Forestry, Park 
Forest Joint-Stock Company of Pilis). The topography is characterized by gently rolling hills of dolomite 
and limestone with an average elevation of 300 m. On the lower areas, meadows and agricultural fields of 
alfalfa (Medicago sativa) and cereals, mainly oats (Secale spp.) and barley (Hordeum vulgare) are found 
in the valleys. Fishponds are also found among the hills. The mean annual precipitation is 550-600 mm, 
with 345 mm in the vegetation period, and the annual mean temperature is 9.5 oC. The dominant tree 
species are oak (Quercus spp.), maple (Acer spp.), hornbeam (Carpinus betulus), ash (Fraxinus spp.) and 
lime (Tilia spp.). Dominant shrubs are maple, elder, privet (Ligustrum vulgare) and dogwood. However, 
understory is very scarce in the preserve. In the confined area, barleycorn, maize grains, pomace and 
granules are prepared for feeding the  red deer. Populations of roe deer (Capreolus capreolus), mouflon 
(Ovis musimon) and wild boar (Sus scrofa) are also present in the study area. 
 

Data collection and meat analyses 
The fat, protein, ash and moisture content were analysed by Food Analytica Laboratory and Innovation 
Services Ltd. (Békéscsaba, Hungary) in samples from the longissimus muscle (m. longissimus dorsi). The 
hunts were conducted between November 15th, 2012 and January 15th, 2013. The sample sizes were in 
the confined area: 9 individuals with average carcass weight 54 kg and in the open area 7 individuals with 
average carcass weight 62 kg. Samples were taken from the longissimus dorsi 24 hours after harvest. 
Samples were packaged into special nylon bags and preserved at -20 oC until the meat analyses. The fat, 
protein, ash and moisture content of muscle samples was determined according to the Hungarian 
Standards. 
 
Statistical analyses 

Results are compared using the two-samples T-test. In the case of fat content, Mann-Whitney U-
test was used, because the data were not  normally  distributed. 

 

Results and Discussion 

The chemical composition of red deer muscle sample is presented in table 1. Significant differences were 
found in moisture content (t=2.22, df=14, p<0.05) and fat content (U=12.5, n1=9, n2=7, p<0.05), while 
no differences were found either in protein content (t=0.6, df=14, NS) or ash content (t=0.51, df=14, NS). 
Impact of food composition and feeding on meat composition is known from previous studies (Volpelli et 
al., 2002, Phillip et al., 2007). In our study, the food choice of red deer populations living in two different 
areas slightly differed in the studied period (Mátrai et al., 2013). The consumption of different shrub 
species was much lower in the confined than in the open area. However, supplementary food appeared in 
a higher proportion in red deer diet in the game preserve than outside (Mátrai et al., 2013). 
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Table 1. Average parameter of moisture, protein, ash and fat content in the study areas. * significant 
difference (p<0.05) 

 Meat from confined area Meat from open area 

 Average value SD Average value SD 

moisture 
g/100g 76.48* 1.41 75.07* 0.72 

protein 
g/100g 20.56 1.12 21.05 0.99 

ash 
g/100g 1.14 0.09 1.18 0.16 

fat 
g/100g 1.31* 0.39 1.87* 0.49 

 
In a previous study carried out in Hungary (n=10) similar results were found with the exception 

of fat content although the samples were taken from a 10 month old red deer: moisture 76.6%, crude 
protein 21.7%, fat 0.6% and ash 1.11% (Zomborszky et al., 1996). With the exception of moisture 
content, similar results were found in a Romanian study (n=4), where samples were taken from adult 
hinds: moisture 73.7%, crude protein 21.82%, fat 3% and ash 1.205% (Postolache et al., 2011). 
 

 

Conclusion 
Despite the fact that statistical differences were found between confined and open areas in the 

case of moisture and fat content, we think that it doesn’t cause any appreciable differences in 
consumption. This effect will be studied in the future. Furthermore, we think that our studies have to be 
completed with comparing fatty acid composition, because the ratio of SFA, MUFA and PUFA plays a 
great role in the modern diet. It can be assumed that circumstances in confined and open area do not differ 
to such an extent that it would cause a big difference in meat quality.  
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TREND IN GAME MEAT PRODUCTION AND CONSUMPTION IN HUNGARY OVER THE 

PERIOD 1970-2012  
 

Bleier,  N., 1 Biró,  Zs.,1 Galló,  J.,1  Szemethy,  L., 1 Csányi,  S. 1 
 

Summary: Game species are renewable natural resources and they represent complex values ranging from 
consumptive use and non-consumptive use values. Game management in Hungary is dominated by trophy 
hunting, and the commercial value of wild ungulates is mostly determined by the value of trophy. In 
addition, the meat of harvested game is also utilized. The game meat is an important source of animal 
protein for feeding humans even nowadays. In Hungary, in the last five years 200-270 thousand wild 
ungulates (red deer, fallow deer, roe deer, mouflon, and wild boar) and 400-500 thousand small game 
(brown hare, ring-necked pheasant, and water-fowl species) had been shot annually. A part of the game 
meat is utilized directly by hunters, and the other part is sold. In our study we analysed the change of big 
game harvest and the quantity of game meat produced in Hungary. Moreover, we analysed the 
distribution of game meat among game species and the characteristics of use. The available game meat is 
directly related to the number of animals shot in each year. This is clearly reflected in the changes of the 
amount of game meat and the total meat produced between 1970 and 2012. In Hungary, the quantity of 
hunted game species was more than 10 thousand tons in 2012, and wild boar and red deer represented 
around 80% of that amount. We expect the same proportions in the future. Most of the game meat is sold 
to markets and the hunters’ consumption ranges between 10-20%. In case of hunters, there were 
significant differences in consumption of species according to sex, and age groups: red deer calves: 15-
25% and red deer stags: 0,5-5%; roe deer fawns: 25-50%, wild boar piglets: 30-55% and wild boar 
tuskers: <10% were used by hunters. 
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Introduction 
 

Wild ungulate populations are increasing throughout in Europe, with a consequent increase in 
economic problems such as game damage (Bleier et al., 2012), urban-wildlife conflicts (Heltai, 2013) and 
certain increase in benefits of harvests and availability of their meats (Apollonio et al., 2010; Ramanzin et 
al., 2010). It is widely known that game meat/venison is not produced under standard conditions like in 
animal husbandry (Winkelmayer et al., 2011). Accordingly, it is particularly important to reveal the 
effects of the different keeping and feeding technologies on meat quality, as well as the variability of the 
most relevant meat quality parameters that can depend on the foods consumed by the wild animals 
(Volpelli et al., 2002, Dahlan and Norfarizan Hanoon, 2008).  Game management in Hungary is based on 
a well-organised hunting-system that relies on the Act LV/1996 of Game Conservation, Management and 
Hunting. The purpose of the Hungarian legislation is to consider the interests of the landowners, the 
conservation of game species and their habitats, other sectors managing natural resources (agriculture and 
forestry) as well as the interests of nature conservation. Actually, >55000 Hungarian citizens are hunting 
and an additional 20-30000 foreign hunters visit Hungary annually (Csányi and Lehoczki, 2010). The 
legal framework of game conservation, game management, and hunting including game meat distribution 
are regulated in Act LV/1996. Specific and detailed issues related to the implementation of the Act are 
provided in Decree No. 79/2004. (V. 4.) of the Minister of Agriculture and Rural Development, as well as 
in Decree No. 43/2011. (V. 4.) of the Minister of Rural Development (food hygiene conditions of 
handling and distribution of hunted animals). It is obligatory to apply the relevant provisions of the 
European Parliament in case of Decree No. 43/2011 (178/2002/EC, 
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2075/2005/EC, 1069/2009/EC), and Act XLVI of 2008 on the Food Supply Chain and on Control 

and Supervision of the Food Supply Chain, as well. This regulation establishes the EC Regulation 
852/2004 (29 April 2004) on the hygiene of foodstuffs, and the EC Regulation 853/2004 (29 April 2004) 
laying down specific hygiene rules for foods and animal origin.  

Regarding the handling of harvested game animals and the requirements of food hygiene the 
Decree No. 43/2011. (V. 4.) of the Minister of Rural Development is especially important. Careful 
inspection of game before killing and post mortem examination of carcass and organs, as well as the strict 
adherence to certain rules of good hygiene practice along the food chain (‘from forest/field to fork’) are 
necessary to assure that all quality traits are preserved and that game meat is not a risk to the consumer 
(Winkelmayer et al., 2011). According to EU regulations, game management units selling game to 
wholesalers or game processing companies, are responsible for meat safety and traceability. Any wild 
game has to be inspected by a “trained person” before being transferred to the “approved game handling 
establishment”. This person must be able to ascertain abnormal behaviour of the living animal and 
pathological changes caused by disease, environmental contamination or other factors, which may affect 
human health. Once the carcass arrives at the approved game handling establishment, it is inspected by a 
veterinarian and, if relevant, further analyses may be conducted (Ramanzin et al., 2010; Winkelmayer et 
al., 2011).  

The purpose of this paper is to evaluate the trends of available meat from big game in Hungary, 
and to show the consequences of increasing availability. During the last 50 years the composition of the 
Hungarian hunted fauna showed enormous changes. Small game populations declined in a considerable 
extent and the importance of brown hare, ring-necked pheasant, grey partridge and water-fowl species has 
seriously diminished. At the same time, big game populations and harvest showed marked and continuous 
increase: the range of red deer, roe deer and wild boar increased and their population sizes and harvests 
reached unprecedented levels (Csányi and Lehoczki, 2010). After 2000, approximately 250-300 thousand 
big game animals (red deer, fallow deer, roe deer, mouflon, and wild boar) had been shot annually 
(Csányi et al., 2013).  

In our study we analysed the change of the quantity of venison produced in Hungary, and the 
distribution of game meat between the game species and the characteristics of use. 

 

Material and Methods 

 

Characterization of the amount of Hungarian game meat production, distribution of game species 
and temporal changes were analyzed based on data from the National Game Management Database 
(NGMD; www.ova.info.hu).  
 

Results and Discussion 

 

The available game meat is directly related to the number of animals shot in each year. In the 
1970s the total amount of game meat was around 3000-3500 tons, it reached 4000 tons by the mid-1980s. 
Fast increase of the total game meat production started in 1998 and this still continues to these days. 
Analysing the proportions of the meat of the five big game species marked changes can be identified 
(Figure 2).  
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Figure 1. The changes in the amount of big game meat produced between 1970 and 2012 (Source: 
National Game Management Database) 
 

In the 1970s >50% of the game meat was produced by red deer and 20-30% was wild boar meat. 
Roe deer shared with 30% of the total game meat production. All of the big game species increased 
during the last half century, and their contribution was different to the game meat production. The share 
of red deer venison decreased to around 30% and wild boar increased >50%. The proportion of roe deer 
ranges between 15-20%.  

During the last forty years the total amount of game meat produced showed >10-fold increase. 
One of the difficulties of the game meat market is the fluctuating production and the dependence on 
management efforts to control big game populations (Figure 1). As it was already mentioned the total 
amount sharply increased between 1997 and 2002, and after a short decline it increased again between 
2007 and 2012. This pattern is clearly connected to the introduction of a shooting quota system in order to 
reduce big game populations to more tolerable levels (and the damages attributed to them). At the same 
time the meat share of the five big game species shows considerable differences (Figure 2). 
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Figure 2. The proportional share of the five big game species in the total game meat produced between 
1970 and 2012 (Source: National Game Management Database; until 1990 red deer and fallow deer 
venison were pooled in the statistics) 
 

The ratio of the sold game meat and the hunters private consumption changed significantly 
between 1994 and 2012 (Figure 3.). The main part of the game meat was sold, only a smaller amount was 
taken by the hunters during the whole period. The hunters’ consumption was below 10 % until 2002, but 
it increased to 15-20 % between 2002 and 2012. 
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Figure 3. The proportional of the sold (wholesaler and domestic) and the own consumption big game 
meat in the total game meat produced between 1994 and 2012 (Source: National Game Management 
Database) 
 

The hunters own use by game species is different (Figure 4.). The roe deer was used in the largest 
ratio and the wild boar was the second during this period. The hunters’ share showed little variance 
between 1994 and 2002, but it increased significantly from 2003, and it reached a peak in 2009 and 2010, 
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when the proportion of roe deer venison was more than 30%, that of the wild boar was 20% and the 
others was 15%. The ratio decreased slightly after this peak. The price fluctuations of the game meat, the 
market and legal changes might cause this decline. 
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Figure 4. The changes in the proportion of hunters own use from the five big-game species between 1994 
and 2012 (Source: National Game Management Database) 
 

There were differences in the use of species according to sex, and age groups (Table 1.). In case 
of each species males showed the lowest proportion, while the highest ratio can be found in the young 
individuals. Not surprisingly, hunters prefer the meat of young animals. 

 
Table 1. The proportion of the own use among the species according to sex and age. The cursive values 
show the highest proportions in a species. (Source: National Game Management Database) 

   1994 1999 2004 2009 2012 

Red deer 
stag 0.9% 0.8% 2.7% 5.2% 4.0% 
hind 7.6% 5.4% 13.5% 19.4% 14.0% 
calf 23.5% 15.9% 23.0% 28.7% 23.4% 

Fallow deer 
buck 3.5% 1.6% 6.1% 11.7% 10.3% 
doe 3.6% 4.1% 10.2% 18.4% 13.5% 
fawn 6.9% 8.3% 14.4% 23.6% 22.3% 

Roe deer 
buck 12.7% 8.2% 17.3% 23.4% 22.0% 
doe 18.9% 11.9% 22.7% 31.7% 27.0% 
fawn 27.6% 22.7% 36.5% 45.8% 41.8% 

Mouflon 
ram 5.0% 6.2% 8.8% 14.3% 8.7% 
ewe 9.2% 5.1% 13.7% 16.1% 13.0% 
lamb 33.0% 8.9% 20.9% 24.3% 15.6% 

Wild boar 

tusker No data 2.3% 5.7% 8.9% 7.4% 
sow No data 3.2% 9.0% 12.7% 13.5% 
yearling pig  No data 15.7% 22.8% 31.4% 30.1% 
piglet No data 45.4% 48.7% 46.0% 39.9% 



2nd  International Symposium on Hunting, » Мodern aspects of sustainable management of game populations« 
Novi Sad, Serbia, 17 – 20. October, 2013. 

___________________________________________________________________________________________ 
 

267 
 

 

By the end of the 1990s the export of the large amount of wild boar meat and red deer venison 
became difficult on international markets especially that domestic markets did not exist and pricing of 
game meat was not adapted to the potential Hungarian consumers. However, the demand for healthy, 
affordable and available might be important (Anonymous, 2003). It may increase the revenues of game 
management, and it can contribute to the development of quality of life of rural populations and 
attractiveness of the country. Until 2011 the opportunities of the game management units to sell the game 
meat in small amounts on the domestic market was limited. Practically the domestic use consisted only 
the hunters' share (own use). The wholesalers, the meat-processing and meat-packing companies were 
producing for the international markets. The more liberal rules introduced in 2011 diversified the market 
channels and allowed the direct connection of the game management units (producers) and the consumers 
(individuals). This has allowed increasing the Hungarian market and the growth of the domestic 
consumption of big game meat. In spite of the positive changes, the domestic market has not been 
assessed yet and the specific characteristics of this niche market are not known (Sonkoly et al., 2013). 
 

Conclusion 
 

Game meat and red deer venison are products of nature, healthy foods used primarily locally or 
delivered not too distant markets. Big game meats generally have a low fat content, although with a 
certain variability associated with sex, hunting season, age and physiological conditions, and a favourable 
fatty acid composition. In general, they are darker, less tender and characterised by a more intense and 
peculiar flavour than meats from domestic animals. However, these properties also show a great inter- 
and intra-specific variability (Ramanzin et al., 2010). Risks for the consumer associated with 
contaminants (heavy metals, radionuclides, organochlorine pesticides) and zoonoses are considered to be 
low. Generally, it can be said that wild animals meat is low in fat and carbohydrate and rich in protein, 
micro- and macro elements, as well as vitamins. Therefore, game meat can and should be promoted as an 
excellent component of almost any healthy nutrition plan (Lugasi, 2006). 

The dominance of wild boar and red deer can clearly be attributed to their increasing populations 
and bags, and also they are the heaviest of the hunted species. It would be very important to direct the 
meat produced by red deer and wild boar shot to the domestic market. Both big game species in Europe 
reached never seen peaks of population numbers and reduction of their populations requires sustained 
hunting pressures (Apollonio et al., 2010). Based on this fact, it can be predicted that the hunting bag of 
the wild boar and red deer will remain on high levels and the prices on the foreign markets stay depressed 
on the long-term. 
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