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Assessment of the Feasibility of Restoring Wild Ungulates in Racha    

  

 

1. Introduction 

1.1. Goal and Necessity of the Study 

The primary objective of this study is to assess the feasibility of restoring wild ungulates—specifically the 
Red Deer (Cervus elaphus maral) and the European Bison (Bison bonasus) in Racha (Racha and Likhi 
Ridges) through conservation translocation. 

The study addresses the following key areas: 

• Assessment of habitat suitability and analysis of population viability. 

• Preparation of recommendations for planning the necessary actions related to the restoration of 
wild ungulates in Racha (Racha and Likhi Ridges). 

Wild ungulates, which were once widespread, have either become extinct or exist in very small 
populations over the centuries. Their grazing historically determined the species diversity of natural 
meadows and subalpine fields. In the past, domestic livestock replaced wild ungulates in performing this 
essential ecological function. However, internal migration of the local population (beginning in the last 
century, amplified by the Soviet policy of "collectivization") led to village abandonment and a reduction 
in the number of domestic ungulates, thus disrupting the existing ecological balance.  

Human activity exerts a strong influence on the natural processes that have shaped the Racha landscape. 
Climate change further intensifies these negative impacts. Visible changes in the Racha landscape include 
the upward shift of the forest line on mountains, the replacement of high-mountain grasslands by shrubs 
and forests, and the melting of glaciers. 

Mountain species are highly sensitive to climate change, being adapted to low temperatures. Global 
warming may lead to their replacement by thermophilic (heat-loving) species. Furthermore, natural 
meadows and pastures face a risk of degradation, caused not only by climate change but also by 
insufficient grazing. 

Wild ungulates, which were once widespread, have either become extinct or exist in very small 
populations over the centuries. Their grazing historically determined the species diversity of natural 
meadows and subalpine fields. In the past, domestic livestock replaced wild ungulates in performing this 
essential ecological function. However, internal migration of the local population (beginning in the last 
century, amplified by the Soviet policy of "collectivization") led to village abandonment and a reduction 
in the number of domestic ungulates, thus disrupting the existing ecological balance. 

This disruption resulted in the loss of species diversity in mountain meadows and natural 
hayfields/pastures, which began to be replaced by shrubs and forests. The decline in wild ungulate 
numbers also means a decrease in prey species for wild predators, which intensifies human-wildlife 



2 
 

conflict—predators destroying domestic livestock, causing economic damage to the already small and less 
affluent population. 

In recent years, there has been significant interest in species reintroduction in Georgia from state 
agencies, NGOs, and scientific institutions. Conservation translocation (reintroduction) is important not 
only for returning individual extinct species to the wild but also as a self-sustained tool for 
landscape/ecosystem restoration. 

Scientific literature has recommended several locations in the Caucasus for bison reintroduction (Blayhl 
et al. 2015). Out of these, 25 sites are recommended in Georgia, totaling an area of 4,200 square 
kilometers. Within Racha, this includes 114 km2 in Oni Municipality and 139 km2 on the border of 
Ambrolauri and Lentekhi Municipalities. Each of these habitat fragments is estimated to be sufficient for 
approximately 50 individuals (Fig. 1). 

 The idea of reintroducing the European Bison and Red Deer in Racha was noted in documents prepared 
by SABUKO, which were related to the research of Emerald Sites Racha 3 (GE0000041) and Racha 4 
(GE0000042) and the preparation of management plans for these sites. 

On March 23, 2022, the National Environmental Agency issued a special license for a hunting economy to 
LLC "HG Capra Caucasica," covering nearly $105,000$ hectares in the territories of Racha and Lower 
Svaneti. One condition of the license was specified as: "Reintroduction of previously existing game species, 

 

Figure 1: Potential Reintroduction Sites for the European Bison in Georgia (According to 
Blayhl et al., 2015). 
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namely the Red Deer (Cervus elaphus Linnaeus 1758 - Caucasian form) and the European Bison (Bison 
bonasus Linnaeus, 1758)." However, the hunting economy license was revoked in 2023, and no activities 
in this direction had commenced. 

Within the scope of the project, "Racha-Likhi Ridge: Enhancing Landscape Connectivity and Resilience," 
various studies were conducted, including Habitat assessment regarding the potential for grassland 
regeneration (Scoping study of grasslands regeneration potential, 2024) and Human-wildlife conflict in 
Racha and assessment of local community attitudes towards reintroduction (Participatory Landscape 
Conservation and Restoration Vision, The Case of Racha-Likhi Ridge, 2025; Understanding current and 
potential Human-Wildlife Conflict (HWC) in Racha, 2024-25) 

Grasslands developed on limestone in the lower subalpine belt of the Racha Ridge are a vital ecosystem. 
The assessment of the current state and regeneration potential of these grasslands showed that most of 
this formation is in good or excellent condition. Signs of overgrazing and the resulting typical erosion 
phenomena, as found in other parts of the Central Greater Caucasus, were not detected. Grazing is either 
non-existent or not large-scale (approximately 80 heads of livestock across more than 300 hectares). Plant 
species diversity is very high. The spread of newly emerging shrubs and trees does not currently pose a 
significant threat to grassland species richness, as sufficient open pastures remain at high altitudes (2,100–
2,400 meters) and in forest openings (meadows). However, forest vegetation already covers large areas 
that were not previously classified as forest. This particularly applies to openings within forests (meadows) 
and forest edges. The low height and limited species diversity of trees in these sections indicate an early 
stage of succession. With the increasing trend of herbivore decline and the growing impact of climate 
change in these areas, there is a risk that these remaining open sections will eventually be lost due to 
forest expansion. 

As part of the project's assessment of local community attitudes towards conservation issues, the public's 
stance on the potential reintroduction of the European Bison and Red Deer was investigated. 
(Participatory Landscape Conservation and Restoration Vision, The Case of Racha-Likhi Ridge, 2025). The 
study revealed the following attitudes:  

Species Attitude Percentage of Respondents 

European Bison 
Positive 54% 
Neutral 18% 
Negative 8% 

 
Red Deer 

Positive 92% 
Neutral 4% 
Negative 4% 
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Fig 2.: Map 1: Land cover and forest cover based on forest inventory; Map 2: Grassland quality based on 
supervised classification of NDVI values. 
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1.1. Information about species   
1.1.1. European Bison (Bison bonasus) 

• Kingdom: Animalia 

• Phylum: Chordata 

• Class: Mammalia 

• Order: Artiodactyla (even-toed ungulates) 

• Family: Bovidae 

• Subfamily: Bovinae 

• Genus: Bison 

• Species: Bison bonasus 
 

1.1.1.1. General Information on the European Bison (Bison bonasus) 

The conservation status of the European Bison (Bison bonasus) on the International Union for 
Conservation of Nature (IUCN) Red List is VU (Vulnerable). In the Georgian National Red List, it is classified 
as RE (Regionally Extinct). 

The European Bison is the largest land mammal in Europe. Historically, it was widely distributed across 
much of the continent. Today, its populations, including free-ranging, semi-free-ranging, and 
reintroduction-in-progress groups—are found in many locations, and their numbers have been increasing 
over the last few decades [Plumb, Kowalczyk & Hernandez-Blanco (2020)]. 

Sexual dimorphism becomes apparent around the age of 3. Males are larger and possess a well-defined 
hump, formed by massive muscles covering the dorsal processes of the thoracic vertebrae. The lowland 
and mountain (Caucasian) forms of the European Bison had several distinguishing features, including 
differences in size, and the shape of their horns and hooves (see Fig. 3). 

 

 

 

 

 

 

 

 
  

Fig.3.The lowland (A) and mountain (Caucasian) (B)  forms of the European Bison 
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The animal's body length is approximately 2.4–2.9 meters, and the tail length is 30–60 cm. Males' height 
at the shoulder is 1.8–2.0 meters, and females' is 1.69–1.9 meters. The male's weight is, on average, 615–
920 kg (rarely 1000 kg), while the female's is approximately 424–633 kg. A newborn's weight is 25–30 kg. 
The lifespan in the wild is usually 18–24 years, and in captivity, it can reach 30 years.  

 The breeding season is from August to October. Males reach sexual maturity at approximately 2 years of 
age, and females at 3 years. The gestation period averages approx. 264 days (ranging from approx. 254–
277 days). They typically give birth to one calf. Births mainly occur between May and July, depending on 
the population. 

The bison's diet primarily consists of grass and reeds, but they also consume shoots, leaves, and bark, 
especially during winter. In summer, an adult bull can consume 30–45 kg of fresh plant matter per day. 

The bison's habitat includes broadleaf and mixed forests in mosaic-type landscapes. They appear to favor 
deciduous habitats the most. Open areas within the forest—such as mown meadows, forest glades 
(openings), and riparian forests—are important for bison. They show a preference for fir and beech 
groves. 

Range and Home Territory 

The spatial ecology of bison demonstrates marked variation in home range size according to age, season, 
and habitat type. Bulls aged 5–6 years exhibit an average home range of approximately 44 km², whereas 
individuals older than six years expand their ranges to 84.3 km². In forested habitats, home ranges are 
considerably larger, ranging from 136.5 to 151.6 km². Seasonal dynamics further influence spatial use: 
during winter, the home range of bulls increases by an average of 10.7 km², while that of adult cows 
expands by 7.9 km². These seasonal enlargements are correlated with snow depth and ambient 
temperature. Importantly, bison are non-territorial; they do not defend exclusive ranges, and spatial 
overlap among individuals is common (Puchec et al., 2003). 

1.1.1.2. Historical Distribution of the European Bison 

During the Holocene, the European bison was widely distributed across the Eurasian continent (Lehto 
2015). Historically, it was found throughout Europe, with a particularly significant presence in the areas 
between the Carpathian and Caucasus Mountains (Krasinska & Krasinski, 2007). By the Middle Ages, 
however, the bison's range had been significantly reduced, resulting in the formation of two distinct 
populations: one in Europe and the other in the Caucasus region (Figure 4). While literary sources contain 
less information regarding the wisent's distribution within the Caucasus, the available data does allow for 
a reconstruction of its historical range. It is presumed that the bison's distribution extended from the 
Caucasus Mountains all the way to Talysh. For example, Rashid al-Din described Abaqa Khan's hunting 
expedition in Arran (Talysh) during the winter of 1275–1276. Among the animals hunted, he mentioned 
mountain buffaloes (which were most likely wisents) (Vereshchagin, 1959). Furthermore, mountain 
buffaloes were also referenced in the description of Ghazan Khan's hunting trip in 1301–1302. 
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Arcangelo Lamberti described bison in Western Georgia in 1654. In 1770, Academician Güldenstädt found 
bison skulls in Ossetian caves, likely brought for sacrificial purposes. This is considered the first 
documented evidence of bison existence in the Caucasus. Güldenstädt (1770–1774) described bison in 
Chechnya and North Ossetia. In 1832, Ménétries described bison in Talysh and Elburs. In 1835, Baron 
Rosen sent the first hide of a bison killed in the Caucasus to the Russian Academy of Sciences. By the mid-
19th century, bison were apparently surviving only in the Western Caucasus, with the Kuban River forming 
the northern boundary of their range (Верещагин 1959; Динник 1910). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The only known photograph of a Caucasian bison in the wild, 
taken in the late 19th century by E.K. Jutner. 

 

Fig.4.The Historical range of the European Bison in the Caucasus 
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In the 1870s, the bison population reached 2,000 individuals. By the 1890s, their number had fallen to 
500–700 individuals. Filatov (1910, 1912) noted that in 1910, bison were found between the Belaya and 
Great Laba rivers. In 1917, the bison population did not exceed 500 individuals. In 1918, Kulagin (1918) 
recorded 442 individuals (Верещагин 1959). During this same period, a large number of bison were killed 
for their hides and meat, and the remaining individuals perished due to an unknown epizootic. 
Descriptions of several instances of bison hunting were recorded between 1921 and 1926.  

Information regarding the presence of bison in Georgia is scarce. However, an analysis of the existing data 
indicates that the described range did encompass Georgian territory. Dinik (1910) noted that bison were 
found in the Caucasus, including North Ossetia and the adjacent forests. While there is little surviving 
direct information about bison in Georgia, the analysis of available data suggests the species' historical 
territory extended into Georgia. Furthermore, the documented range in scientific literature includes 
Georgia, and specifically the Racha region (Bleyhl et al. 2015).  In 1921, a bison was killed 50 km from 
Maikop, as well as near Mount Gefes. In 1923, animals were taken on Mount Alous and Mastakan. In 
1925–1926, hunting occurred in the headwaters of the Kodori River. According to Bashkirov (1940), in 
1926, three bison were killed on Mount Alous by Imeretian shepherds (Верещагин 1959). The last 
Caucasian Bison was killed in 1927 near Mount Dombay-Yolgen, which is located in the territory of modern 
Adygea (Fig. 6).   

The species is currently extinct in the wild in Georgia. However, a small captive population exists: six 
individuals live at the Tbilisi Zoo. The species is well-represented in European zoos; according to 2018 
data, 625 animals were held across 84 European zoos. 

 

 

    Fig. 6. Photo of a killed Caucasian Bison (1927). 
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(Graph 1: Years in which information about the bison in the Caucasus exists. The red columns indicate 
data on population numbers; the blue columns indicate information only about the bison's presence.) 
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1.1.2. Red Deer (Cervus elaphus Linnaeus,1758) 

  

• Kingdom: Animalia 
• Phylum: Chordata 
• Class: Mammalia 
• Order: Artiodactyla (even-toed ungulates) 
• Family: Cervidae  
• Genus: Cervus  
• Species: Cervus elaphus 
• Subspecies: Cervus elaphus maral  

 
1.2.2.1 General Information on the Red Deer 

The red deer is a widely distributed species, found across Europe (excluding the northeast), Asia, and the 
temperate zones of North America (Kiabi et al. 2004). Modern classification systems recognize up to 25 
subspecies of the red deer (Wilson et al. 2005). The specific subspecies found in Georgia is the Caucasian 
Red Deer, or Caspian Red Deer (Cervus elaphus maral Grey, 1850). 

The Caucasian red deer is distributed in Asia Minor, the mountainous regions of the Caucasus between 
the Black and Caspian Seas, and in Iran, south of the Caspian Sea. It is noted as one of the most easterly 
distributed subspecies (Kiabi et al. 2004) (Figure 7). 

During glacial periods, most European species in the temperate zone retreated to refugia in the southern 
part of the continent. Five main European refugia are recognized: 1) The Balkan Peninsula and the 
Carpathians, 2) The Iberian Peninsula, 3) Southern France, 4) Italy, The Caspian-Caucasus regions.  

When the climate softened during interglacial periods, these abandoned areas were recolonized (Hewitt, 
2000). The northward spread and range expansion of the eastern red deer lineage appears to have 
occurred after the last glaciation. The current presence of the western lineage in Eastern Europe might be 
explained by reintroduction efforts following local extermination due to hunting. For instance, red deer 
were relocated to Latvia from Germany, Poland, and the Caucasus (Balesis, 1988). Some researchers 
suggest that the Caucasian red deer (C. elaphus maral) and the endemic red deer subspecies inhabiting 
the islands of Corsica and Sardinia (C. elaphus corsicanus Erxleben, 1777) are closely related forms (Zachos 
et al. 2006). 

The red deer’s color varies from dark brown to light brown. In summer, they develop a characteristic 
yellowish-brown tint. The head, neck, abdomen, and legs are typically darker than the back and flanks. 
Stags (males) possess long heads, large ears, and large, highly branched antlers that can reach a length of 
1.1 to 1.5 meters. Hinds (females) do not have antlers. The deer have a stocky build, a short tail, and long, 
slender legs. Their height at the shoulder (withers) is approximately 1.5 meters, and their length, from 
nose to tail, can reach up to 2.7 meters. Most stags are 10% larger than hinds and can weigh twice as 
much. Hinds weigh between 171 and 292 kg, averaging 241 kg. Stags weigh between 178 and 497 kg, 
averaging 331 kg. 
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Red deer live in small herds primarily composed of females and their offspring. These small groups often 
join together to form larger groups in winter. Outside of the rutting season, stags live separately or form 
small, all-male groups. 

The breeding season (rut) runs from the second half of September to mid-November. During this period, 
stags establish harems consisting of one male and several hinds. The optimal sex ratio for reproduction is 
1:4. Gestation lasts for approximately 235 days, with the peak birthing period occurring in May and June. 
Hinds typically give birth to a single calf. 

Hinds reach sexual maturity between 1.5 and 2.5 years of age. While stags become sexually mature at one 
year, they often cannot participate in breeding until at least age three due to competition with larger, 
adult stags. The average lifespan in the wild is up to 15 years. 

An important part of the red deer's diet consists of mineral salts, particularly sodium chloride (NaCl). The 
internal population dynamics are significantly influenced by the "food-climate" factor. The amount of food 
available is directly related to deer density. Food conditions also influence the sex ratio of the calves. For 
instance, under poor food conditions, the birth of males tends to dominate in American deer populations; 
the sex ratio evens out when nutritional conditions improve. This phenomenon is explained by the "local 
resource competition" hypothesis: female offspring remain on the mother's individual home range until 
age 2.5, whereas males disperse at one year, leading to intensified competition between a mother and 
her daughters during periods of food scarcity (Caley, Nudds, 1987).  

The size of an individual deer's territory varies widely. The territory size depends on food availability: the 
smaller the food base, the larger the individual territory required. Territory size also increases significantly 
during the rutting period. On average, the home range can vary from 100 to 7,000 hectares. Stag 
territories may range from 30 to 5,000 hectares, while hinds occupy 30 to 2,500 hectares. 

Red deer are generally found in mountainous landscapes, extending vertically up to 3,000 meters above 
sea level. They spend summers in alpine meadows and descend to lower elevations in valleys during 
winter. In relatively flat terrain, they inhabit wooded slopes in summer and prefer open, grassy areas in 
winter (Wilson and Mittermeier, 2011). 

Their habitat is diverse, including deciduous, mixed deciduous-coniferous, and coniferous forests, 
mountain bogs, and open mountainous areas (often above the tree line), as well as meadows (Koubek 
and Zima, 1999). They prefer broad-leaved forests interspersed with large open meadows and tend to 
avoid steep, high-gradient slopes and impenetrable thickets. They are also found in riparian forests, 
conifer swamps, and aspen groves. 

In forest ecosystems, the main part of their diet consists of the young shoots of shrubs and trees. In other 
habitats, they also feed on grass and various shrubs. Seeds and different types of fruit become an 
important food source during the autumn. 
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Habitat  Subcategory Season Suitability 
1. Forest 1.1 Boreal forest  All Suitable  

1.4 Temperate forest  All  Suitable 
2.   Shrubland 2.4 Temperate shrubland All Suitable 
3. Meadow  3.4 Temperate meadows All Suitable 

 
Table 1. Red Deer Habitats (According to IUCN, 2021)  

Historical Distribution of the Red Deer in the Caucasus and Georgia 

At the beginning of the 20th century, the red deer in the Caucasus was documented in the Batumi, Kars, 
and Kutaisi regions (oblasts); the Elizavetpol and Tbilisi provinces (gubernias); and the Lenkoran and Kuban 
regions (Dinnik 1910). 

The northern boundary of its distribution ran near Batalpashinsk (present-day Cherkessk), and north of 
Maikop and Yekaterinodar (present-day Krasnodar). Here, deer were found only in the so-called "Red 
Forest" (Krasny Les), which is located away from the mountains, in the steppe on the right bank of the 
Kuban River, and in the upper reaches of the Abin and Afips rivers. 

 Deer were also found in the Black Sea Province, near the Kuban region, and throughout the North 
Caucasus (in the Nalchik, Vladikavkaz, and Grozny okrugs), essentially everywhere forests were present. 
The species was also distributed in the lower reaches of the Terek River near Kizlyar and along the borders 
of the Terek and Dagestan regions. The species was found in forests near Stavropol. 

In summary, the red deer was distributed across the entire Western, Central, and Eastern Greater 
Caucasus (Dinnik 1910). Cervus elaphus maral was also present in the Baku province, near Lenkoran, and 
along the Talysh Range, bordering Iran. Rade (cited by Dinnik 1910) and Satunin (1898) reported sightings 
of the deer here. Satunin noted that the deer were numerous in Karabakh, near Dilijan, and in the 
northern part of the Erivan province near Darachichag. However, they were rarely found in the Kars 
region, appearing only in its extreme southern part near the Turkish border. 

 

 

 

 

 

 

 

 

 

Fig. 7. Distribution of the Red Deer in the Caucasus 
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The red deer was distributed across almost the entire territory of Georgia. Along the eastern Black Sea 
coast, its range extended as far as Batumi, with the highest numbers found between Ochamchire and Poti. 
Near Batumi, they formed small groups, but their numbers increased toward Borchkha (approximately 37  
km from Batumi on the road to Artvin). 

Deer inhabited Upper Samegrelo, the forests of Abkhazia (including Ritsa Nature Reserve), and would 
descend to the Kolkheti Lowlands and the forests of the Black Sea coast during winter. Interestingly, the 
red deer was absent from the large forests of the upper Rioni River and most of Svaneti (the upper reaches 
of the Enguri and Tskhenistskali rivers). While abundant in the lower third of the Enguri, they were not 
found in the Rioni delta. 

In eastern Georgia, the species was widespread across the Greater Caucasus, specifically in Lagodekhi, 
Dusheti, Samachablo, and the vicinity of the Georgian Military Road. It was also found in the surroundings 
of Tbilisi, the Trialeti Range, the Khrami, Alazani, Iori, Kura (Mtkvari), and Ksani valleys. In the Lesser 
Caucasus, it was found near Borjomi, Akhaltsikhe, Adigeni, Gori, Sighnaghi, and Karayazi (Dinnik 1910). 

Even in the early 20th century, the red deer inhabited almost all of Georgia, with particularly wide 
distribution in Eastern Georgia—on the Iori, Alazani, and Kura plains, and the Gombori Range. It was 
numerous on the main Caucasus ridge and the forest belt of the Tusheti basin (Dinnik 1910). 

By the 1950s, the red deer's range had significantly shrunk: it was no longer found on the Gombori Range, 
the Iori Upland, or the Alazani Valley (Janashvili 1953). By the 1980s, only isolated populations remained 
in the Kakheti Caucasus, specifically in Lagodekhi and Tusheti. 

Although Dinnik (1910) stated that the deer did not inhabit the upper Rioni River region during his time, 
there is no direct information about its presence in Racha. It is likely that the deer were already locally 
extinct in the Racha territory by that period. 

Today, the species is restricted to only a few isolated populations in Georgia: the Lagodekhi population, 
the Borjomi-Kharagauli population, and the Gardabani population. A resident population may now exist 
in Tusheti, and individual movements have been recorded in Khevsureti and Khevi (Kazbegi). The status 
of the population in the Liakhvi Nature Reserve is unknown, as the territory is de facto occupied by the 
Russian Federation, preventing the Georgian government from exercising jurisdiction; this area directly 
borders Racha. 

Censuses of the red deer population in Georgia were conducted in 2012 and 2015. 

Census Data 2012 Count 2015 Count 2023 Report (Agency of 
Protected Areas) 

Borjomi-Kharagauli 
National Park 

165 individuals (Density: 
0.002/ha) 

350 
individuals 919 individuals 

Lagodekhi Protected 
Areas 

312 individuals (Density: 
2.6/100 ha) 

200 
individuals 270 individuals 

Gardabani Managed 
Reserve - 29 

individuals 78 individuals (Tbilisi NP) 

Tusheti National Park - - 85 individuals 
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In 2012, the Borjomi population was counted using track signs, while the Lagodekhi population was 
counted during the rut by tallying the number of roaring stags. The sex ratio in both populations was 
approximately 1 male to 3 females. 

The 2023 report from the Agency of Protected Areas (a document from the Ministry of Environmental 
Protection and Natural Resources: “Caucasian Red Deer Restoration Plan, 2025”) provides the following 
numbers: Lagodekhi (270), Borjomi-Kharagauli (919), Tusheti (85), and Tbilisi National Park/Gardabani 
(78). 

Information on captive populations was sourced through the Zoological Information Management System 
(ZIMS) database. Individuals of Cervus elaphus maral are housed at the Budapest and Bursa Zoological 
Parks. The Tbilisi Zoo also reports that Caucasian Red Deer are held at the Izmir Zoo and possibly other 
zoos in Turkey. 

The Tbilisi Zoo currently houses 29 red deer. 

In 2025, a reintroduction project began in Algeti National Park, a collaboration between the Agency of 
Protected Areas, the Wildlife Agency, and the Tbilisi Zoo. A reintroduction enclosure spanning 
approximately 60 hectares was established, in first stage where 9 individuals were released (2 stags, 7 
hinds) next year is planned released additional 8 individuals. 

  

1.2. Habitat Characteristics of the European Bison and Red Deer for Reintroduction Suitability 

Evaluating the potential for reintroduction requires assessing the existence of habitats suitable for the 
target species. To this end, we detail the habitat characteristics of the European Bison and the Red Deer 
that will be used as variables in the suitability analysis. 

 

1.2.1. European Bison Habitat Characteristics 

The European Bison prefers "mosaic" landscapes—broadleaf and mixed forests interspersed with fields 
and pastures. They utilize forest-covered habitats with open patches, and in winter, they frequently move 
into forests near agricultural fields (Kuemmerle et al. 2010). In Lithuania and Białowieża (Zikmund 2021), 
the use of dense forest has been recorded (often >70–90%), depending on the season. 

Vertical distribution and slope steepness are crucial habitat characteristics. Bison are typically recorded 
most frequently between 500–800 m above sea level (in the Bieszczady/Eastern Carpathians), though this 
is region-dependent [Danilă et al. 2024]. 

The typical upper limit in many populations is up to 1,200 m. However, GPS monitoring in the Țarcu Massif 
of the Carpathians has confirmed movement into the alpine zone, at altitudes of 2,000 m [Danilă et al. 
2024]. 

Studies indicate bison select for "low to medium" slopes. In habitat connectivity/migration models, very 
steep slopes are assessed as high-resistance zones. This practically means that bison generally do not 
utilize very steep terrain (>~25–30°) for extended periods [Kuemmerle et al. 2010, Ziółkowska et al. 2012, 
Wołoszyn-Gałęza 2016]. 
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Satellite monitoring showed that the individual territory (Minimum Convex Polygon, MCP) per animal can 
range from 38–100 km2, while the intensively used core zone is smaller (17–43 km2) (Klich et al. 2023). 

In free-ranging populations, an optimal population density is considered to be 3–4 individuals per 1,000 
hectares when supplementary feeding is minimized. 

Bison adapt well to cold, humid climatic conditions. Bison avoid human settlements and anthropogenic 
activities. Positive habitat characteristics include a low density of roads, limited forestry activity, less 
grazing, and reduced hunting pressure. 

1.2.2. Red Deer Habitat Characteristics 

The Red Deer requires the presence of habitats arranged in a "mosaic" landscape, incorporating both 
forest and high-mountain environments. The most attractive habitat for this species is forest rich in 
undergrowth, with interspersed shrubs and grassy meadows. Along with forest openings and meadows, 
subalpine and alpine meadows with rich grassy vegetation are vital as summer pastures. As noted 
previously, dense, impenetrable forests with steep slopes are less appealing to the Red Deer. 

The primary food source for Red Deer is grassy vegetation, shrubs (e.g., blackberry, guelder rose, 
hawthorn, juniper), mosses, and lichens.  

Permanent water sources, particularly streams that do not dry up, are essential, especially during drought. 
Red Deer tolerate cold, humid climatic conditions. They utilize rocky slopes for shelter against wind and 
snow. 

Vertical distribution ranges from 0 to 3,000 meters, but the slope gradient is important. Optimal slopes 
for Red Deer are those with a low gradient (< 10°). Furthermore, slope utilization changes seasonally, 
indicating that slope is a major factor in habitat selection (M. Zhang, 2013). 

A 2014 study by Alves assessed the role of slope, vegetation density, roads, and water in deer habitat 
selection. Although a precise slope range was not defined, the study highlighted the importance of slope 
as a significant environmental factor in selection (J. Alves et al., 2014). 

The "Random Forest" model used in Jordan's 2025 study identified slope as one of the environmental 
factors influencing deer spatial dynamics, particularly during periods of resource scarcity (Villafuerte 
Jordan et al., 2025). 

Studies in Central and Eastern Europe show that Red Deer most frequently use slopes with a gradient of 
5–20°, while slopes greater than 30°are used relatively rarely. Deer avoid very steep slopes (>35–40°) but 
are often found in important biotopes with a gradient of 10–25°. 

In the spring and summer, when grass is abundant, deer actively inhabit lower slopes (5–15°). Slope may 
be a dynamic factor influencing deer spatial movement and habitat selection, especially during early 
resource periods (Villafuerte Jordan et al., 2025). 

Topographic features (slope, high/low relief, etc.) are frequently included as components in resource 
selection models, indicating the significant role of slope in terrestrial structure (Alves et al., 2014). 
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Rocky slopes, ravines, and steep, hard-to-access areas may also be used as a defense mechanism against 
predators. That is, they select locations where they can quickly move across steep rock—part of a defense 
strategy. In winter, deer may be found in lower zones where snow cover is minimal. 

Similar to the bison, human influence on territory is a crucial factor in determining habitat suitability. Deer 
avoid human settlements and anthropogenic activities. Fewer roads, less forestry activity, reduced 
grazing, and low hunting pressure are considered important positive habitat characteristics. 
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1.3. Description of the Study Area 

Racha is located in the Rioni River basin, within the Racha Depression. The area's boundaries are defined 
by several mountain ranges: The Lekhumi Range forms the northern border. The Greater Caucasus 
Mountains form the northwestern border. The Likhi (Surami) Range forms the eastern border. The Racha 
Range forms the southern border (see fig.8). 
 

 
Racha is characterized by a mountainous and hilly relief, with elevations ranging from 500 to 4,500 meters 
above sea level. The region reaches its maximum altitude in the northeast at Mount Chanchakhi-tsveri, 
standing at 4,462 meters. The region is connected to North Ossetia via the Mamisoni Pass and to Imereti 
via the Nakerala Pass.  
The main orographic unit of the region is the Racha Depression, with the Rioni River flowing through its 
center. The depression lies between the Lechkhumi and Racha Ranges. The Racha Range is composed of 
limestone rocks, which has resulted in the development of typical karst relief forms. 

Administratively, Racha comprises two municipalities: Oni and Ambrolauri, the latter serving as the 
regional center of Racha-Lechkhumi-Kvemo Svaneti (Elizbarashvili et al., 2000).  

Fig.  8. Location of Racha 
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The climate in Racha is moderately humid and warm. The average temperature of the coldest month is 
below 0°C, while the average temperature of the warmest month ranges between +2°C and +22°C, 
decreasing with altitude. Annual precipitation ranges from 800 to 1,200 mm. 

The Racha Depression is occupied by Colchic lower-mountain forest landscapes. With increasing altitude 
(starting at 600–800 m asl), the zones proceed as follows: Colchic middle-mountain forest, middle-
mountain mixed forest (from 1,000–1,200 m), high-mountain subalpine (from 2,000 m) and alpine 
meadow (from 2,500–2,600 m), and glacial-nival landscapes (from 3,300–3,500 m) (Elizbarashvili et al., 
2000). 

The Racha-Lechkhumi region is distinguished by high floristic diversity, with 1,198 plant species recorded, 
of which 272 are endemic to Georgia and the Caucasus (Gagnidze and Kemularia-Natadze, 1985). The 
subalpine belt of Racha, where high-mountain forest types are found, is particularly diverse. The Racha 
region belongs to the Colchic botanical-geographical province, evidenced by the abundance of Colchic 
elements (e.g., Rhododendron ponticum, Ilex colchica, etc.). 

According to the National Forest Inventory data, 46.6% of the territory is covered by forest. Racha's forest 
is characterized by four main belts: 

1. 500–1,000 m: Mixed broadleaf and oak forest belt, dominated by polydominant formations of 
deciduous forests. 

2. 1,000–1,600 m: Beech and dark-coniferous forest belt, dominated by Oriental beech (Fagus 
orientalis), which can be monodominant or co-dominant with other deciduous or coniferous species. 

3. 1,600–1,900 m: Dark-coniferous spruce-fir forest belt (Picea orientalis, Abies nordmanniana). 

4. 1,900–2,500 m (Subalpine Belt): Sparse and crooked forests, formed by Oriental beech (Fagus 
orientalis), high-mountain oak (Quercus macranthera), maple (Acer trautwetteri), and birch (Betula 
litwinowii, Betula pendula), or other bi-dominant forest types (Metreveli et al., 2016). 

Habitat Classification 

In total, 39 habitats from Resolution 4 of the Bern Convention have been identified to date, the most 
relevant being: C1.1 Permanent oligotrophic lakes, ponds and pools; E2.3 Mountain hay meadows; E4.4 
Calcareous alpine and subalpine grassland; F2.226 - Pontic alpenrose heaths; G1.12 Boreo-alpine riparian 
galleries; G1.6 Fagus woodland; G1.A1 Quercus – Fraxinus – Carpinus woodland on eutrophic and 
mesotrophic soils; G3.1H Picea orientalis forests; G3.17 Balkano-Pontic Abies forests; G3.4E Ponto-
Caucasian Pinus sylvestris forests. 
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2. Research Methods 

Literature Review and Initial Assessment 

To assess the feasibility of reintroducing the Red Deer and the European Bison, the study first involved a 
comprehensive review of existing literature concerning the historical distribution and current status of 
both species. 

Habitat Suitability Modeling (HSM) 

The initial and essential stage in any species restoration effort is determining the suitability of the species-
focused habitat. This was accomplished through a combination of desk-based and fieldwork. 

The Habitat Suitability Model (HSM) is grounded in the concept of ecological niches. It involves assessing 
each habitat unit or fragment based on how its environmental characteristics align with the species' 
requirements, abundance, and accessibility. 

Species requirements for a viable population include: 

 The initial and essential stage in any species restoration effort is determining the suitability of the 
species-focused habitat. This was accomplished through a combination of desk-based (cabinet) 
and fieldwork. 

 The Habitat Suitability Model (HSM) is grounded in the concept of ecological niches. It involves 
assessing each habitat unit or fragment based on how its environmental characteristics align with 
the species' requirements, abundance, and accessibility. 

Species requirements for a viable population include: 

• Food 

• Water 

• Mineral Licks (nutrients) 

• Topography/Relief 

• Cover/Shelter 

• Breeding Sites 

• Dispersal Opportunities 

2.3 Habitat Stratification and Criteria 

In the first stage of analysis, the study area was stratified according to natural barriers. Representative 
strata were selected, and an expert assessment was conducted to determine the criteria for both optimal 
and pessimal (least suitable) habitats. 
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2.4 Field Research and Data Collection 

Field research was conducted across the project area, encompassing the municipalities of Oni, 
Ambrolauri, and Sachkhere. 

Surveys were carried out in the directions of the villages of: Khideshlebi, Pharakheti, Seva, Shardometi, 
Chibrevi, Mravaldzali, Uravi, Chiora, Ghebi, Shovi, Glola, and Tlughi. The areas around the following rivers 
were inspected: Rioni, Lukhunistskali, Gortskali, Barula, Chedura, Kheori, Sakauri, Chevshura, and 
Chanchakhi, as well as the vicinity of the Kvreti Strict Nature Reserve (Fig. 9). 

The following data were collected during the field trips: 

• Proximity to water 

• Mountain exposure and slope 

• Forest type and primary composition (tree species) 

• Presence of open spaces (meadows, fields) 

• Forest fragmentation and density of trees 

• Boundaries between habitats and transition possibilities 

• Presence of agricultural lands 

• Anthropogenic pressure and other factors 

2.5 Survey Methodology and Data Analysis 

Movement during habitat inspection was facilitated by high-clearance vehicles. A Fantom 4 Pro drone was 
utilized to scout and survey inaccessible points, allowing the team to cover a significantly large area 
efficiently. 

Observation points were selected based on the bio-ecological characteristics and specific habitat 
requirements of the target species (e.g., altitude, slope of the hillside). 

The specialized computer program MAXENT 3.4.4 and QGIS 3.40.9 were used for the Habitat Suitability 
Analysis (Phillips et al., 2008; QGIS.org, 2023). 

2.6 Habitat Suitability Assessment Variables 

The Habitat Suitability Analysis employed a variety of climatic, geographic, biological, and ecological 
characteristics. The characteristics selected were those deemed essential for the existence of a viable 
population. 

The following variables were selected for the Habitat Suitability Assessment:  
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Bioclimatic parameters 

Variable Description Ecological Significance 

BIO1 Annual Mean Temperature 
Influences activity levels and food 
availability. 

BIO2 
Mean Diurnal Range (Mean of monthly 
max temp - min temp) 

Influences activity levels and food 
availability. 

BIO3 Isothermality (BIO2/BIO7) ($\times 100$) 
Influences activity levels and food 
availability. 

BIO4 
Temperature Seasonality (standard 
deviation $\times 100$) 

Influences activity levels and food 
availability. 

BIO5 Max Temperature of Warmest Month 
Relates to the accessibility of summer 
pastures. 

BIO6 Min Temperature of Coldest Month 
Relates to winter resilience and the 
impact of snow cover. 

BIO7 Temperature Annual Range (BIO5 - BIO6) 
Affects food availability and the need 
for vertical migration. 

BIO8 Mean Temperature of Wettest Quarter 
Affects food availability and the need 
for vertical migration. 

BIO9 Mean Temperature of Driest Quarter 
Affects food availability and the need 
for vertical migration. 

BIO10 Mean Temperature of Warmest Quarter 
Affects food availability and the need 
for vertical migration. 
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Variable Description Ecological Significance 

BIO11 Mean Temperature of Coldest Quarter 
Affects food availability and the need 
for vertical migration. 

BIO12 Annual Precipitation Directly impacts vegetation growth. 

BIO13 Precipitation of Wettest Month 
Reflects the dynamics of vegetation 
growth. 

BIO14 Precipitation of Driest Month 
Reflects the dynamics of vegetation 
growth. 

BIO15 
Precipitation Seasonality (Coefficient of 
Variation) 

Reflects the dynamics of vegetation 
growth. 

BIO16 Precipitation of Wettest Quarter 
Reflects the dynamics of vegetation 
growth. 

BIO17 Precipitation of Driest Quarter 
Reflects the dynamics of vegetation 
growth. 

BIO18 Precipitation of Warmest Quarter Determines summer food resources. 

BIO19 Precipitation of Coldest Quarter Determines winter food resources. 
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Other parameters  

Category Variable Description 
Significance for the 
Species 

Topography 
(Relief) 

Elevation 
Height above sea level 
(Digital Elevation Model - 
DEM) 

Primary determinant of 
the species' core habitat. 

Topography 
(Relief) 

Slope 
Steepness of the 
hillside/gradient 

Steeper environments are 
preferred for defense 
against predators. 

Aspect Aspect 
Orientation of the slope 
(relative to the sun) 

Warmer slopes are 
desirable during winter. 

Geology 
Rockiness / Land 
Cover 

Presence of rocky surfaces 
Essential for secure/safe 
habitat. 

Vegetation 
Land Cover / 
NDVI 

Type and density of 
vegetation cover 

Crucial for grazing and 
food resources. 

Water 
Distance to 
Water 

Proximity of water sources 
(near or far) 

Essential for water intake, 
particularly in the 
summer. 

Human 
Factor 

Distance to 
Roads / 
Settlements 

Distance from roads or 
villages/settlements 

Drives the selection of 
more secure and less 
disturbed areas. 

 

Terms and Interpretation in Habitat Suitability Analysis (HSA) 

The following terms and concepts were used in the analysis and interpretation of the Habitat Suitability 
Model results: 
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Term Definition and Interpretation 

Omission Rate 

Shows the percentage of actual presence points that the model does 
not predict to be within the favorable area. A low omission rate 
indicates good coverage, but an extremely low value may suggest 
overfitting. 

Commission (False 
Inclusion) 

Represents the area where the model predicts the species' presence, 
but the species is not actually observed in reality.  

AUC (Area Under the 
ROC Curve) 

Measures the model's ability to distinguish presence from absence 
compared to random chance. Interpretation: AUC > 0.9 = Excellent 
Model; 0.7–0.9 = Fair/Average; <0.7 = Weak. 

Suitability 
The continuous prediction output from the model, ranging on a scale 
from 0 to 1. A higher value signifies a more favorable environment. 

Clamping 
The limiting of environmental variables within the training range. A 
clamping map shows where predictions may be less reliable due to 
extrapolation beyond the original data scope. 

MESS (Multivariate 
Environmental 
Similarity Surface) 

Indicates the similarity of environmental conditions in the projected 
area compared to the training data. Red areas signify conditions 
outside the sample range. 

MoD (Most Dissimilar 
Variable) 

Identifies the single variable that, at a given location, differs most 
significantly from the sample range. 

Regularized Training 
Gain 

Measures how well the model explains the training data. An extremely 
high value may indicate overfitting. 

Percent Contribution / 
Permutation 
Importance 

Two distinct methods for assessing variable contribution: Percent 
Contribution measures the variable's contribution during the learning 
process, while Permutation Importance measures the drop in 
prediction quality when the variable is randomly shuffled. 
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This is a substantial section covering the interpretation of Habitat Suitability Model (HSM) results and the 
methodology for Population Viability Analysis (PVA), followed by the first research result. 

 The following terms and concepts were used in the analysis and interpretation of the Habitat Suitability 
Model results: 

Reference Points for Model Training 

• Red Deer: Reference points were taken from existing Red Deer populations in Georgia: Lagodekhi, 
Tusheti, Borjomi-Kharagauli, and Gardabani. 

• European Bison: Reference points were taken from populations in the Teberda Nature Reserve 
and the North Ossetia Nature Reserve, as these represent the closest populations to the Racha 
region of Georgia. 

 
Population Viability Analysis (PVA) 

Following the determination of habitat suitability for the Red Deer and European Bison, a Population 
Viability Analysis (PVA) was conducted. This analysis uses the stochastic population sustainability 
simulation program VORTEX 10 (Lacy et al., 2025). 

Hypothetical Population Parameters 

The simulation utilized a hypothetical population size, which was determined based on the quality and 
size of the habitat and the estimated area required per individual. The following biological and ecological 
parameters were defined for the baseline scenario: 

• Species biological description 

• Reproduction biology 

• Reproduction rates 

• Mortality rates 

• Monopolization of mating 

• Initial population size 

• Carrying capacity 

• Sex, number, and periodicity of added (translocated) individuals 

The model also included key scenario variables: 

• Number of Simulation Scenarios: 10,000 variations. 

• Prediction Period: 200 years. 

• Critical Extinction Threshold: 12 individuals. 
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• Inbreeding Depression (Theoretical Number of Lethal Alleles): 6.29 (O’Grady et al.). 

Simulation Variables 

The simulation was run by varying several ecological parameters, including: 

• Hypothetical population size 

• Birth rate (optimistic and pessimistic values) 

• Mortality rate (optimistic and pessimistic values) 

• Fertility parameters 

• Anticipated threats 

• Other characteristics 

By varying these parameters, the simulation generated a range of scenarios, from the most pessimistic to 
the most optimistic. 
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2.  Research Results 

Habitat Slope Analysis 

In the analysis of information, habitat slope was used as a significant component for prediction and was 
categorized into four groups: 

1. 0–10°  Slope: Used for foraging in grassy lowlands and along riverbanks. 

2. 10–20° Slope: Considered the optimal habitat, utilized for both feeding and shelter. 

3. 20–30° Slope: An "acceptable" habitat where the species finds both food and cover. 

4. Steep Slope >25-30°: Used less frequently but may be utilized for cover (especially when escaping 
predators or seeking undisturbed environments). 

 
 
 

 
 
 

Fig 10. Habitat Suitability Based on Slope  
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Red Deer Habitat Suitability Analysis Results 

The Omission analysis allows us to identify areas that are unsuitable for the given species. The following 
section presents the omission rate and the predicted area within the cumulative boundary function: 

 

 

 

 

 

• ROC Curve: This curve reflects the predictive accuracy of the model and its AUC (Area Under the 
ROC Curve) value. 

. 
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• Suitability Map: This map illustrates the favorable environmental conditions for Red Deer. 

Warmer colors indicate highly suitable conditions for the species (Fig. 11). 

 

 

Fig. 11. Red Deer Habitat Suitability Map. 
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• Clamping Map: This map identifies areas where the environmental variables fall outside the 
model's training range. These areas are where the model prediction has the highest uncertainty. 
(Fig. 12) 

 

 

Fig. 12. Red Deer Clamping Map. 

 

• MESS (Multivariate Environmental Similarity Surface) Map: This map shows the novelty of 
environmental conditions. Red areas denote locations where one or more variables have values 
that exceed the range of the initial training data (Fig. 13).  

 

Fig. 13. Red Deer MESS (Novelty) Map. 

 

 

 

 

 



31 
 

• MoD (Limiting Factor) Map (Fig. 14): This map highlights the Most Dissimilar Variable - the specific 
variable that deviates most significantly from the training range at a given spatial point. 

 

Fig. 14. Red Deer MoD (Limiting Factor) Map. 

Core Model Parameters 

The core parameters for the MAXENT model used for the Red Deer analysis were: 

• Training Presence Locations: 63 

• Background Points: 10,061 

• Training AUC: 0.988 

• Regularized Training Gain: 2.217 

• Feature Types: Hinge, Linear, Quadratic 

• Iterations: 500 (completed in 6 seconds) 

Variable Contribution to the Model  

The table below presents environmental variable Percent Contribution and the Permutation Importance. 
This indicates the relative level of significance of each variable in the model's predictive capability. 

Variable Variable Contribution (%) Permutation Importance (%) 
wc3_30s-cau3 24.8 16.5 
wc3_30s-cau12 21.2 11.1 
wc3_30s-cau19 8.2 1.2 
wc3_30s-cau8 7.9 7.3 
wc3_30s-cau16 7.6 6.5 
wc3_30s-cau4 7.0 5.9 
wc3_30s-cau9 5.8 0.1 
wc3_30s-cau18 4.9 10.8 
wc3_30s-cau15 4.5 6.5 
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wc3_30s-cau14 2.6 15.3 
wc3_30s-cau13 2.2 16.0 
wc3_30s-cau7 1.3 0.7 
wc3_30s-cau10 0.8 1.9 
wc3_30s-cau6 0.7 0 
wc3_30s-cau5 0.5 0.1 
wc3_30s-cau1 0.1 0.1 
wc3_30s-cau17 0 0 
wc3_30s-cau11 0 0 
wc3_30s-cau2 0 0 

 

The first stage of the analysis, which considered climatic, geographical, and ecological factors, resulted in 
the identification of several clusters of suitable points for Red Deer. These presence points were grouped 
based on proximity, and the Minimum Bounding Geometry tool was used to delineate several 
significant/viable territories. The remaining points, which are significantly isolated and small in area, can 
only be considered suitable for random entries and are not deemed important long-term habitats for the 
Red Deer population.  

 

 

Fig. 15. Cumulative Habitat Suitability Map. The color gradient—transitioning from blue (a cool color) 
to red (a warm color)—indicates the level of habitat suitability. Specifically:Blue represents low 
suitability. Red represents high suitability 
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The next stage of the analysis involved incorporating the human impact factor. The human factor—
proximity to roads, settlements, and other infrastructural units—is a significant limiting component. 
Therefore, habitats intersected by roads or human settlements, or areas with intense anthropogenic 
activity, cannot be considered suitable or viable. 

 The cumulative map (Fig. 15), generated by analyzing all factors that determine suitability, presents the 
final assessment of suitable Red Deer habitat in the Racha region (the study area).  

The map shows that when bioclimatic and physical-geographical parameters (such as slope) are 
considered, the potential habitat for the Red Deer is relatively small. 

• Carrying Capacity Calculation: Using the density of existing populations in Georgia as a reference 
(e.g., Lagodekhi Nature Reserve: 0.02 individuals/ha in 2014; Borjomi: 0.004 individuals/ha; 
Georgia average: 0.012 individuals/ha), the estimated carrying capacity was calculated based on 
the area of the habitat and the social structure of the deer. 

• Result: This calculation indicated that the Racha territory is sufficient to support a population of 
100 to 245 individuals. 

Red Deer Population Viability Analysis (PVA) Results 

The PVA for the Red Deer population was conducted by simulating several scenarios. The baseline for the 
reintroduction population, used in the most pessimistic scenario, was set at 15 individuals (3 males and 
12 females). Using these initial numbers, the mortality and natality data were varied to simulate three 
distinct scenarios. For each scenario, population dynamics and genetic diversity changes were examined, 
and for Scenarios 2 and 3, the probability of quasi-extinction was assessed. 

Scenario N 1: Optimistic Parameters 

Parameter Value 

Reproductive Females Participating 75% 

Mortality (0-1 years) 50% 

Mortality (1-2 years) 10% 

Mortality (>2 years) 10% 

Carrying Capacity 245 individuals 

Supplement (Translocation) 0 

Outcome Reintroduction is successful 
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Graph 1: Population Size Dynamics (Scenario No. 1) 

This graph illustrates the population size dynamics according to Scenario No. 1 of the 
model. The X-axis represents the Years. The Y-axis represents the Population Size 
(Abundance). 
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Graph 2: Quasi-Extinction Probability (Scenario No. 1) This graph illustrates the probability of 
quasi-extinction based on Scenario No. 2 of the model. The X-axis represents the Years. The Y-
axis represents the Probability of Quasi-Extinction. 



36 
 

Scenario N 2: Pessimistic/Realistic Parameters 

Parameter Value 

Reproductive Females Participating 50% 

Mortality (0-1 years) 50% 

Mortality (1-2 years) 10% 

Mortality (>2 years) 10% 

Carrying Capacity 100 individuals 

Supplement (Translocation) 0 

Outcome Reintroduction is unsuccessful 

  

  

 

 

Graph 3: Population Size Dynamics (Scenario No. 2) 

This graph illustrates the population size dynamics according to Scenario No. 2 of the model. 
The X-axis represents the Years. The Y-axis represents the Population Size (Abundance). 
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Graph 4: Dynamics of Genetic Diversity (Scenario No. 2) 

This graph illustrates the change (dynamics) in genetic diversity according to Scenario No. 2 of the 
model. 

      

       

 

 
Graph 5: Quasi-Extinction Probability (Scenario No. 2) This graph illustrates the probability of quasi-
extinction based on Scenario No. 2 of the model. The X-axis represents the Years. The Y-axis 
represents the Probability of Quasi-Extinction. 
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Scenario N 3: Assisted Reintroduction 

Parameter Value 

Reproductive Females Participating 50% 

Mortality (0-1 years) 50% 

Mortality (1-2 years) 10% 

Mortality (>2 years) 10% 

Carrying Capacity 100 individuals 

Supplement (Translocation) 3 individuals annually (1 male, 2 females) 

Outcome Reintroduction is successful 

 

  

 
Graph 6: Population Size Dynamics (Scenario No. 3) 

This graph illustrates the population size dynamics according to Scenario No. 3 of the model. The X-axis 
represents the Years. The Y-axis represents the Population Size (Abundance). 
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Graph 7: Dynamics of Genetic Diversity (Scenario No. 3) 

This graph illustrates the change (dynamics) in genetic diversity according to Scenario No. 3 of the 
model. 
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Interpretation of PVA Results 

The Population Viability Analysis yielded the following key findings: 

1. Scenario 1 (Optimistic): A combination of high natality and low mortality may allow the population 
to be sustained. However, maintaining such low mortality (especially in the 0-1 age group) is 
problematic and unrealistic in a real-world setting. This is further evidenced by a decline in genetic 
diversity. 

2. Scenario 2 (Pessimistic): With a balance of realistic natality and mortality rates, the population is 
deemed non-viable. A corresponding decrease in genetic diversity is also evident. 

3. Scenario 3 (Assisted): By balancing realistic natality and mortality rates and supporting the 
reintroduction with annual supplementation (a minimum of 3 added individuals), it may be 
possible to maintain a viable population. However, genetic diversity still declines, and there is a 
threat of quasi-extinction within 10 years without continued assistance. 

 

 
Graph 8. Quasi-Extinction Probability (Scenario No. 3) This graph illustrates the 
probability of quasi-extinction based on Scenario No.3 of the model. The X-axis 
represents the Years. The Y-axis represents the Probability of Quasi-Extinction. 
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European Bison Habitat Suitability Analysis Results 

• The Omission analysis shows the areas that are unsuitable for the given species. Below are the 
omission rates and the predicted area within the cumulative boundary function: 

 

 

 

• ROC Curve: This curve reflects the model's predictive accuracy and the AUC (Area Under the ROC 
Curve) value. 
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Suitability Map: This map illustrates the favorable environmental conditions for the European Bison, 
where warmer colors indicate the most suitable conditions for the species (Fig. 16). 

 

Figure 16: European Bison Habitat Suitability Map. 

• Clamping Map: This map identifies areas where the environmental variables fall outside the 
model's training range. These areas are associated with the highest uncertainty in the model's 
prediction (Fig. 17).  
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Fig. 17: European Bison Clamping Map.   

• MESS (Multivariate Environmental Similarity Surface) Map: This map shows the novelty of 
environmental conditions. Red areas denote locations where one or more variables have values 
that exceed the range of the initial training data (Fig. 18).  

 

 

Fig.18: European Bison MESS (Novelty) Map. 
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MoD (Limiting Factor) Map: This map highlights the Most Dissimilar/Limiting Variable—the specific 
variable that deviates most significantly from the training range at a given spatial point (Fig. 19).  

 

 

Fig. 19: European Bison MoD (Limiting Factor) Map. 

Core Model Parameters 

The core parameters for the MAXENT model used for the European Bison analysis were: 

• Training Presence Locations: 6 

• Background Points: 10,006 

• Training AUC: 0.963 

• Regularized Training Gain: 1.228 

• Feature Types: Linear 

• Iterations: 360 (completed in < 1 second) 

Variable Contribution to the Model 

The following section details the contribution of variables to the model: 

 

 

Variable Variable Contribution (%) Permutation Importance (%) 
wc3_30s-cau18 36.6 30.5 
wc3_30s-cau9 32.1 36.4 
wc3_30s-cau15 17.4 3.5 
wc3_30s-cau4 7.2 3.3 
wc3_30s-cau7 5.1 0 
wc3_30s-cau5 0.8 7.7 
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wc3_30s-cau13 0.6 9.5 
wc3_30s-cau11 0.1 9 
wc3_30s-cau16 0.1 0 

 

 

In addition to climatic factors, the analysis also incorporated human impact (settlements, roads, etc.) and 
excluded their zones of influence from the list of suitable habitats. This detailed analysis served to 
precisely define the final suitable habitat (Fig. 20). 

 

The results obtained from the first stage of the analysis, which involved assessing climatic, geographical, 
and ecological factors, produced an initial map showing several clusters of suitable points for the 
European Bison. 

The distribution points obtained from the analysis were grouped based on proximity. Using Minimum 
Bounding Geometry, this grouping allowed for the delineation of several significant and viable territories. 

The remaining points, which are significantly isolated from other potential areas and cover a small area, 
cannot be considered important habitats for the European Bison. 

 
Fig: 20: Map of Suitable Habitats for the European Bison (Wisent) This map displays the 
suitable habitats for the European bison (wisent). Suitable habitats are represented by 
warm colors, following a gradient from green to red. (Note: This map does not consider 
the elevation above sea level.) 
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During the initial phase of the analysis (as shown in Fig. 20), critical limiting factors such as altitude 
(elevation above sea level) and anthropogenic pressure were not yet fully incorporated. 

The subsequent stage of the analysis, therefore, focused on integrating human impact into the acquired 
data. The human factor—proximity to roads, settlements, and other infrastructural units—represents a 
significant constraint. 

Consequently, any habitat that contains roads or human settlements, or where anthropogenic activity is 
intense, cannot be considered suitable or viable (Fig. 21). 

 

 

 

European Bison Population Viability Analysis (PVA) 

To develop a release scheme for the European Bison, various scenarios were considered using pessimistic 
models to account for different potential outcomes. The following biological and ecological parameters 
were defined for the hypothetical population in the baseline scenario: 

 
Fig. 21: European Bison Suitable Habitat Map. The suitable habitats are shown using warm colors, with 
a color gradient ranging from green to red. This map incorporates the limiting factors of altitude 
(elevation above sea level) and anthropogenic factors. 
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• Species biological description 

• Reproduction biology 

• Reproduction rates 

• Mortality rates 

• Monopolization of mating 

• Initial population size 

• Carrying capacity (Ecological capacity) 

• Sex, quantity, and periodicity of supplemented (added) individuals 

PVA Model Variables 

The model also incorporated the following core simulation variables: 

• Number of Scenario Variations: 10,000 simulations 

• Prediction Period: 200 years 

• Critical Extinction Threshold: 12 individuals 

• Inbreeding Depression (Theoretical Number of Lethal Alleles): 6.29 (O'Grady et al.) 

Simulation Methodology 

The simulation was conducted by varying several ecological parameters, including: mortality rates, 
natality rates, the number of supplemented individuals, and other ecological factors. By adjusting these 
parameters, the simulation generated a range of scenario variations, spanning from the most pessimistic 
to the most optimistic outcome. 
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European Bison Population Viability Analysis Results 

Graph 9: Simulation Parameters for European Bison. 

Key Findings and Scenario Setup 

The simulation analysis identified mortality as the most significant parameter influencing the probability 
of extinction. Therefore, reducing mortality is the most crucial component for a successful reintroduction. 
The graphical representations of the scenarios are shown in the following graphs (see Graphs 10, 11, and 
12). 

The following parameters were selected for the simulation to test the effect of initial population size: 

• Population I (Blue): Initial size of 15 individuals. 

• Population II (Red): Initial size of 25 individuals. 

Mortality and natality parameters were kept constant across these two populations. 

The results showed that the optimal starting size for a semi-free-ranging population is 25 individuals, 
although the reintroduction process can potentially be initiated with 15 individuals (see Graph [Number]). 
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Graph 10: Modeling of European Bison Population Size Over Years. 

The survival rate of the "Red" population (initial size 25 individuals) significantly exceeded that of the 
"Blue" population (initial size 15 individuals) (Graph 11). 
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Graph 11: European Bison Survival Rate. 

Genetic diversity declines in both scenarios, but the reduction is less pronounced in the "Red" population 
(Graph 12). To increase genetic diversity and improve the population's long-term viability, it is essential 
to introduce additional, unrelated individuals from non-native populations whenever feasible. 
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Graph 12: Genetic Diversity of the European Bison Restoration Population. 

European Bison Reintroduction Process (Scenario) 

For the reintroduction of the European Bison, a minimum of three distinct populations must be 
established: 

1. Captive Population: Located at the Tbilisi Zoo. 

2. Semi-Free-Ranging Population: Located at the selected reintroduction center. 

3. Wild (Feral) Population: Ultimately, at least one self-sustaining wild population. 

After the optimal number of individuals is achieved in the semi-free-ranging population, individuals can 
be transferred to the wild. This strategy ensures the maintenance of a stable, growing population in the 
semi-free environment. 
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Initial Stock and Genetic Management 

The captive population currently resides at the Tbilisi Zoological Park. This population consists of 
individuals of various origins and age groups, with no known kinship ties, which significantly minimizes 
the potential for inbreeding initially. However, the problem of inbreeding will inevitably arise in later 
stages. Therefore, future efforts must include the planned introduction of additional, unrelated 
individuals. 

For the first stage, a minimum of 10 individuals should be transferred to the reintroduction center, with a 
recommended sex ratio of 3:7 (3 males: 7 females). 

Conclusion of the European Bison Analysis 

The performed analysis yielded the following results and conclusions: 

1. Optimistic Viability: According to the most optimistic scenario, a combination of high natality and 
low mortality may allow for the establishment of a viable population. 

2. Suitable Habitat: The most suitable habitats are located on the Racha Range and the Likhi Range. 

3. Complex Reintroduction Recommendation: Due to the scarcity of suitable habitats within the 
study area, it is advisable that the European Bison reintroduction be conducted as a complex 
project involving other regions that possess higher-quality habitats. These regions should be 
interconnected via migration corridors. In such a complex, coordinated effort, the reintroduction 
of the European Bison becomes feasible and highly recommended. 
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Conclusions and Recommendations 

 

Conclusions and Recommendations on the Reintroduction of the Red Deer in Racha 

The study on the reintroduction of the Red Deer (Cervus elaphus) in Racha reveals that the suitable habitat 
in the region is limited. This is primarily due to bioclimatic and physico-geographic parameters, such as 
slope. These limitations are compounded by anthropogenic pressures: 

• Extensive construction of hydropower plants (HPPs) on rivers. 

• Forestry practices. 

• Plans for mineral extraction. 

• Poaching. 

• Non sustainable Tourism. 

Despite these factors, the suitable territory in Racha could theoretically support 100–245 individuals.  

However, a population viability analysis highlights significant challenges: 

• Introducing an initial reintroduction group of 15 individuals (3 stags and 12 hinds), even with the 
periodic addition of 3 more (1 stag and 2 hinds), might sustain a viable population numerically, 
but genetic diversity will continuously decrease. 

• A risk of quasi-extinction is projected within 10 years. 

This suggests that the considerable effort and resources invested in reintroduction could ultimately be 
futile. 

It is also noteworthy that historical distribution data must be considered. In the early 20th century, the 
Red Deer was not present in Racha—the upper Rioni River basin (Dinnik, 1910). This indicates that the 
species was either already extinct due to anthropogenic and other factors, or its historical range never 
extended to this territory. 

Future Potential for Natural Return of Red Deer in Racha 

Theoretically, future conditions may become more favorable for the spread of Red Deer in Racha, 
potentially negating the need for direct reintroduction efforts: 

• Climate Change: Global climatic changes might lead to a milder climate with less snow cover, 
higher average temperatures, and shorter winters. 

• Protected Areas: Before the establishment of Racha National Park in 2023, the region lacked 
protected areas, and anthropogenic pressure, including poaching, was high. The development 
and strengthening of the protected areas network will reduce pressure on biodiversity, which is 
a crucial factor for the natural return of extinct species. 

• Ecological Corridors: Restoring natural corridors and migration routes (Lesser Caucasus – Likhi 
Range – Racha Range – Greater Caucasus) could be beneficial for biodiversity. This may create 
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conditions for the Red Deer to naturally recolonize Racha from parallel Greater Caucasus ridges 
(e.g., the Liakhvi Valley population) or from the Lesser Caucasus (e.g., the Borjomi-Kharagauli 
National Park population) (see Fig. 22). 

Fig. 22 Map of the Likhi (Surami) Ridge Bridging Landscape  

Conclusion on Red Deer: Implementing these in situ conservation measures (corridor restoration, 
protected area management) will bring multiple benefits, including supporting the Red Deer's recovery. 
If the aforementioned scenario develops and signs/preconditions for the natural return of the Red Deer 
in Racha emerge, the implementation of specific reintroduction measures for the species may become 
timely and necessary. 

 

Conclusions and Recommendations on the Reintroduction of the European Bison in Racha 

The study on the reintroduction of the European Bison (Bison bonasus) in Racha identified a suitable site 
for the species' reintroduction: habitats located on the Racha Range and the Likhi Range. The potential 
reintroduction area is approximately 100000 hectares, covering a part of the Racha Ridge (the Khikhamta-
Kvereti-Mravaldazali-Shkmeri section and the southern slopes, including a part of Kvereti Managed 
Reserve) and continuing onto the Likhi Range. (see Fig. 23).   
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Fig. 23 See: Map of the Bison Reintroduction Site. 

 

 

Optimal Reintroduction Strategy 

• The optimal initial population should consist of 25 individuals. 

• The reintroduction process should involve a minimum of three populations: the captive 
population at Tbilisi Zoo, a semi-free-ranging population in a reintroduction center, and at least 
one wild population. 

• A minimum of 10 individuals (3 males: 7 females) will be needed for the reintroduction center. 

• To increase genetic diversity and improve population viability, non-related individuals should be 
periodically introduced as feasible. 

Due to the limited habitat for the European Bison in Racha, its reintroduction in Georgia must be 
addressed holistically. Optimally, other suitable habitats across the country should also be utilized. In 
this context, the restoration of migratory routes, particularly the connecting landscape of the Likhi 
Range, plays a significant role. 
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It is important to note that the Likhi Range contains several Emerald Sites (Surami 1 – Site Code: 
GE0000034, Surami 2 – Site Code: GE0000049, Surami 3 – Site Code: GE0000050, Surami 4 – Site Code: 
GE0000052, Surami 5 – Site Code: GE0000053), which are crucial for eco-corridor management. 

Significant work on environmental education and fostering local participation in the decision-making 
process is required. Although positive local sentiment toward bison reintroduction currently outweighs 
negative views, this support remains fragile. 

The anticipated effect of bison reintroduction on biodiversity, ecosystem services, and their sustainable 
use is notable: 

• Restoring the species will contribute to the full functioning of the entire ecosystem/landscape. 

• It will help preserve the species diversity of grasses. 

• A key ecosystem service is the development of ecotourism. The presence of a large, charismatic 
mammal in the landscape will make the territory a desirable tourist destination. 

Comprehensive Recommendations: Restoring the Ecological Corridor 

The restoration of the natural corridor—Lesser Caucasus–Likhi Range–Racha Range–Greater Caucasus—
is a complex, multi-component effort that provides extensive benefits for biodiversity, aligning fully with 
the Ecoregional Conservation Plan (ECP) for the Caucasus. 

Key actions proposed for the management and restoration of this ecological corridor include: 

 

1. Protected Area and Site Management 

• Improve Management: Implement and/or enhance the management strategies for existing 
Protected Areas and Emerald Sites located along the corridor's route. This ensures the core 
habitat areas are effectively conserved and monitored. 

o Note: Particular attention should be paid to the crucial Likhi Range Emerald Sites (e.g., 
Surami 1, 2, 3, 4, 5) which are vital connecting landscapes. 

2. Sustainable Forest Management 

• Integrate Conservation: Plan and execute forest management practices with explicit 
consideration for biodiversity conservation and the needs of species recovery. This involves 
setting aside key forest blocks and managing logging to maintain habitat continuity. 

3. Specialized Infrastructure Development 

• Mitigate Barriers: Implement specialized infrastructural projects at points that are difficult for 
animal species, particularly large mammals, to cross (e.g., major roads or rivers). 

• Wildlife Crossings: Construct animal crossing structures (such as overpasses or 
underpasses/ecoducts) to ensure safe passage and landscape continuity across human 
infrastructure. 
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4. Advocacy and Policy Integration 

• Mainstream Conservation: Engage in advocacy to ensure that development projects better 
account for issues of landscape continuity and the protection of migration routes. 

• Developer Obligations: Enforce environmental obligations for construction companies, 
specifically in areas concerning Biodiversity Offsetting (compensating for unavoidable ecological 
damage) and fulfilling social responsibility mandates to support conservation efforts. 

 

Legal Basis 

The recommendations related to the European Bison reintroduction in this study are fully consistent with 
the State Plan for the Reintroduction of Species, approved by the Order of the Minister of Environmental 
Protection and Agriculture №2-804 on October 21, 2024, concerning the approval of rules for practical 
measures for the survival of endangered species. 
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