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ABSTRACT

The Anatolian viper, Vipera anatolica Eiselt & Baran, 1970, is the rarest, critically endangered, and endemic spe-
cies in the western Taurus Mountains, Antalya, Turkey. Here, we evaluated the current status, potential threats, 
and recommended necessary conservation measures for Anatolian meadow viper. We created some activ-
ities during the 5-year species conservation action plan implemented by the General Directorate of Nature 
Conservation and National Parks. We conducted 70-days extensive fieldworks between May and October 
2016–2017 for determining the distribution, habitat characteristics, phenology, and population status of the 
species in the province of Antalya. We also interviewed locals and surveyed potential threats of Anatolian 
meadow viper. We detected only 10 specimens in the territory of the Çığlıkara cedar forest reserve at altitudes 
between 1800 and 2300 m and only two specimens in the territory of Geyik Mountains at altitudes between 
1600 and 1900 m. We determined the potential threats like habitat loss and degradation, quarry (especially 
for senliki subspecies), global climate change, illegal collecting, and willingly or accidentally killing of vipers. 
Major precautions to protect the species were determined as: (1) to establish protected habitat patches in 
the species’ known distribution and to prohibit entrance and grazing activities, (2) to create alternative new 
habitats for reintroduction, (3) to plan long-term monitoring survey to obtain data on its ecology and pop-
ulation trends, (4) to start a captive breeding program, (5) to educate and raise awareness among locals to 
prevent illegal collecting, willingly or/and accidentally killing of specimens for the sustainability of Anatolian 
meadow viper. 
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Introduction

The Mediterranean basin is categorized as one of the global hotspots and considered affected by 
serious threats (Brooks et al., 2006; Çiçek & Cumhuriyet, 2017; Mittermeier et al., 1999; Myers et al., 
2000). Mediterranean region of Turkey is positioned in the eastern part of the hotspot and exhibit 
one of the most irreplaceable biodiversity regions with many endemic species (Şekercioğlu et al., 
2011), including that of amphibians and reptiles (Çiçek & Cumhuriyet, 2017). Anatolia is host to 19 
endemic reptile species of which 10 of them are snakes (Ilgaz, 2019).

Apart from the original description of Vipera anatolica from Kohu Mountain in the western Taurus 
Mountains, Antalya province by Eiselt and Baran (1970), limited concrete records of the species have 
been encountered on an excursion from its type locality until 1987 (Billing, 1985; Eiselt & Baran, 
1970; Sigg, 1987). Later, the species is listed as CR in the IUCN Red List due to its extent of occurrence 
is less than 100 km2 (Tok et al., 2009). In the following period, no new localities were found from 
neighboring mountainous regions in western Antalya province by numerous herpetologists, and 
the specimens were encountered only by the known locality of this species till then (Franzen et al., 
2008). Between 2013 and 2014, two groups of researchers were carried out field works to confirm 
the presence of V. anatolica in the vicinity of Kohu Mountain and rediscovered it in the type locality 
(Göçmen et al., 2014; Stümpel et al., 2015; Zinenko et al., 2016). The new population of V. anatolica 
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was reported from the Geyik Mountain Range in eastern Antalya 
province and assigned as new subspecies, V. a. senliki (Göçmen 
et al., 2017). The locality is about 200 km east of the terra typica 
at Kohu Mountain in western Antalya Province, Turkey. Later, 
Mebert et  al. (2017) also reported on a second population of 
the recently described V. a. senliki from Mühür Mountain, Geyik 
Mountains in eastern Antalya, and 10 km farther type locality 
of the subspecies. The results of these research were formed 
from the basic knowledge of population structure, dynam-
ics, and main threats of the species. Stümpel et al. (2015) and 
Zinenko et al. (2016) also stressed the effect of human influence 
and recommended the establishment of a large enough pro-
tected area for it in Kohu Mountain. Moreover, Göçmen et  al. 
(2017), which could for the firstly discovered specimens from 
the eastern Antalya range, proposed preparing an action plan 
for V. anatolica. 

Here, we evaluated the current status, potential threats, and 
necessary conservation measures for Anatolian meadow viper 
and prepared the species conservation action plan imple-
mented by the General Directorate of Nature Conservation and 
National Parks (GDNCNP).

Methods

Study Area
The province of Antalya is geographically located between 
29° 20' – 32° 35' E longitudes and 36° 07'–37° 29' N latitudes 
at coast bordered by the Taurus Mountains, Antalya, southwest 
Anatolia. It is surrounded by the Taurus Mountains extending 
parallel to the Mediterranean Sea in the south and the north, 
neighboring Mersin, Konya, and Karaman provinces in the east, 
Isparta and Burdur provinces in the north, and Muğla province 
in the west. The area of the province has 77.8% mountainous, 
10.2% plain, and 12% rugged structures (Kaman & Yavaş, 2014). 
The Taurus Mountains, which cover 3/4 of the province and are 
mostly composed of limestones, have many hills exceeding 
2500–3000 m. Between 1.200 and 2.100 m elevation, there is 
a forest belt consisting of fir (Abies cilicica), scotch pine (Pinus 
sylvestris), beech (Fagus sylvatica), and various juniper (Juniperus 
spp.) species. Coniferous forests over 2000 m become sparse 
and stunted. This area ends at 2100–2300 m and passes to high 
grasslands that do not dry in the summer called alpine mead-
ows. The province has a Mediterranean climate (Köppen: Csa) 
with hot and dry summers and mild and rainy winters (Peel et al.,  
2007). The annual average air temperature is 18.5oC, the average 
precipitation is 1074.6 mm, and the average relative humidity is 
around 64%. (Turkish Meteorology Station, 2020).

Fieldwork
We conducted 70-days extensive fieldworks by two or three crew 
people between May and October 2016–2017 for determining 
potential distribution, habitat characteristics, and phenology, 
and population status of species in the province of Antalya. 
We used a visual encounter survey (Guyer & Donnelly, 2012) 
for the detection of the vipers’ recorded locality information 

(coordinates and altitudes) by using Garmin GPSMAP 62s. We 
visited at least three times the previously known localities of 
Anatolian meadow viper and additional suitable habitats in 
other mountainous areas around Antalya where the species 
could be found (Figure 1). We mostly focused on suitable habi-
tats of Kohu Mountain, Susuz Mountain, Alaca Mountain, Ak 
Mountains, Bey Mountains, Katrancık Mountain, Geyik Mountain 
ranges. 

Conservation Action Plan
Throughout our fieldwork, we conducted interviews with rang-
ers, farmers, beekeepers, shepherds, hunters, and officers. We 
obtained knowledge (life cycle, phenology) and opinions of 
locals on the species, and we tried to confirm their validity dur-
ing fieldwork. Fieldwork, interview with the locals, and literature 
data on species were used to form a draft of the conservation 
action plan (CAP). We followed the Open Standards methodol-
ogy (2013, www.cmp-openstandards.org), used threats classi-
fication (ver. 2.0) for threats and actions classification (ver. 2.0) 
keys. The 5-year action plan was discussed with the participa-
tion of GDNCNP, regional administration, and NGOs.

Result and Discussion

The reptiles are declining for many reasons especially due to 
human-induced habitat loss, fragmentation, harvesting, and 
climate change (Araújo et al., 2006; Gibbons et  al., 2000). But 
in particular, reptiles can be a responsive indicator of human-
induced possible threats caused by high grazing pressure 
(Read, 2002). Among them, vipers are the most misunderstood 
and persecuted animals. However, their low fecundity and slow 
growth rates have caused them to be disproportionately threat-
ened by extinction (Maritz et al., 2016). The Anatolian meadow 
viper is an endemic and threatened species and needs special 
conservation measures and actions for the sustainability of its 
population. We detected only 10 vipers in the territory of the 
Çığlıkara cedar forest reserve at altitudes between 1800 m and 
2300 m and only two vipers in the territory of Geyik Mountains 
at altitudes between 1600 m and 1900 m.

Habitat Characteristics
The exact locality information in the distribution areas of V. ana-
tolica has not been clearly specified in the studies carried out 
so far (Billing, 1985; Eiselt & Baran, 1970; Göçmen et al., 2014; 
Nilson & Andrén, 2001; Sigg, 1987; Stümpel et al., 2015; Zinenko 
et  al., 2016), for the purpose of protecting the species. Eiselt 
and Baran (1970) were reported that type species was found at 
altitudes between 1650 and 1750 m. In the subsequent studies 
(Göçmen et al., 2014, 2017; Mebert et al., 2017; Zinenko et al., 
2016), it was stated that the species lives in suitable habitats 
on the subalpine Mediterranean mountain steppe vegetation 
starting with the upper limit of the tree line. In this study, in par-
allel with the previous researches, the specimens were found 
at the bottom, near or slope of the karstic dolines that show 
the characteristics of Mediterranean mountain steppe veg-
etation. Except for a captured subadult, other adult specimens 
were found at the bottom, near or slopes of the karstic dolines 
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sized between 1 and 2.2 ha, and it has been observed that the 
adult specimens prefer the stony parts, grass, and vegetation 
covered with thorny Astragalus sp. (Figures 2 and 3). However, 
the subadult was found at an altitude of 2073 m near the top 
of a stony slope with little vegetation. It was observed that sub-
adult, which was caught under stones in June, also preferred 
the suitable stony areas in the regions where strong winds 
were blowing and both took refuge under the rocks and used 
them for thermoregulation purposes. The area in question is 
located 50 m from the active goat trail. In the interviews, shep-
herds stated that the species is encountered in such habitats 
from May to October.

As stated in the previous study, two specimens of other 
subspecies from 1600 to 1800 m from the Geyik Mountains 
were detected in cloudy and occasionally rainy weather 
(Figures 4 and 5). Specimens have been identified in the her-
baceous vegetation where Euphorbia nicaeensis, Verbascum 
sp. and Juniperus oxycedrus species are seen in the subalpine 
zone around Mühür Dağ, west of Geyik Mountains (Afsar et al., 
2019).

Activity, Phenology, and Feeding
The observations of the specimens in Eiselt and Baran (1970), 
and Sigg (1987) were in June and July. Göçmen et  al. (2014) 
reported that although the field studies were carried out from 
April to October, interestingly, most samples were encountered 
in October (four out of seven individuals), and one sample 
was recorded in May, June, and July each. Zinenko et al. (2016) 
reported that 19 specimens were caught in May (five individu-
als), July (seven individuals), and September (seven individuals). 
Among them, the month in which activity is observed the most 
is stated as July in the middle of summer.

In this study, the vipers were encountered between 7 a.m. 
and 10 a.m. in June, July, and the third and fourth quarters 
of August. Weather conditions in the region where the spe-
cies live are highly variable, with air temperature measured 
between 17.9°C and 27°C. The unique movement behavior of 
the species between thorny Astragalus sp. communities and 
flat stones on high mountain slopes helps to optimize body 
temperature for long periods in the active period and even 
manage it in bad weather conditions. During the field studies, 
it was noted that at noon when the air temperature rises, the 
individuals made use of the shadows of grass and Astragalus 
communities concentrated in karstic dolines in regions where 
high Mediterranean steppe vegetation prevails. Shed skin of 

Figure 1.   
The Map Showing the Study Site the Province of Antalya (Southwestern Anatolia) and Major Fieldwork Area (1500 m and Above). 

Figure 2.   
The General View of V. a. anatolica Habitat from Kohu 
Mountain in Southwestern Anatolia. 
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an adult V. anatolica specimen was found on August 14th on 
an Astragalus sp. on Kohu Mountain. It has also been observed 
that these regions contain intensive grasshopper species in 
both subspecies habitats. and in this period of time, instead 
of foraging, the species set an immobile trap and waited for its 
prey to come to itself.

For nominate subspecies, Yakın et al. (2019) observed that dur-
ing field studies on the nights following the days when V. anatol-
ica specimens were found, Anatalolacerta pelasgiana (Mertens, 
1959) and Ablepharus kitaibelii Bibron & Bory St-Vincent, 
1833 specimens were active between 9 p.m. and 11 p.m. It was 
observed that grasshopper species come first in the food spec-
trum of the species, and in addition, A. kitaibelii (Göçmen et al., 
2014). Zinenko et al. (2016) stated that the species was special-
ized to feed on Orthoptera, and the lizards were consumed as 
prey in the spring and autumn months when the invertebrate 
population decreased. In this study, it was determined that the 
V. anatolica individuals were fed on A. kitabielii specimens dur-
ing short-term captivity. In addition, small mammal activity was 
noted around different localities where individuals were caught 
in July. Afsar et  al. (2019) described a new subspecies of the 
Ottoman viper Montivipera xanthina varoli in the same habitat 
of senliki subspecies.

Threats and Conservation Actions
We determined the potential threats like habitat loss and deg-
radation (grazing activities etc.), quarry, global climate change, 
illegal collecting, and willingly or accidentally killing of vipers 
(Table 1). Intensive ovine and goat breeding is carried out in the 
subalpine region, which is the range of the Anatolian meadow 
viper. Therefore, there is an overgrazing pressure in the area 
(Göçmen et  al., 2014, 2017; Zinenko et  al., 2016). Overgrazing 
is also destroying the habitat of both subspecies. The effect 
of overgrazing on the habitat of nominate subspecies was 
observed denser. In addition, the decrease in the amount of 
grass affects the grasshopper populations which are an impor-
tant food source of the Anatolian meadow viper. Also, sheep/
goat herds use a limited amount of water in the region. On the 
other hand, the quarry is the main threat for senliki subspecies. 
The activity of the quarry disturbs the vipers and destroys their 
habitat and their surroundings.

One of the major threats to the species is global climate change. 
V. anatolica is a viper that has adapted to high altitude environ-
ments like Vipera graeca Nilson & Andrén, 1988 (Mizsei et al., 
2020; Zinenko et al., 2016). Mizsei et al. (2016) reported that high 
mountain habitats are under threat from overgrazing and soil 
erosion as well as the potential increase in tree line uplift due to 
climate change. While the geographical boundaries of the spe-
cies are shifting, species living in high mountainous such as V. 
anatolica habitats can migrate upward only to a limited extent. 
In this case, it is clear that the natural habitats of the species 
will decrease. By evaluating the future climate scenarios made 
by Lelieveld et al., (2012) Mizsei et al. (2020) stated that suitable 

Figure 4.   
The General View of V. a. senliki Habitat from Geyik 
Mountains in Southwestern Anatolia. 

Figure 5.   
The General View of a Female Specimen V. a. senliki from 
Geyik Mountains in Southwestern Anatolia.

Figure 3.   
The General View of a Female Specimen of V. a. anatolica 
from Kohu Mountain in Southwestern Anatolia.
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habitats for a species that adapted to cold and high altitudes 
like V. graeca will not remain in the future which be possible for 
V. anatolica. Because according to the model stated in Lelieveld 
et  al. (2012), it is estimated that the maximum temperatures 
of daytime will increase rapidly in the eastern Mediterranean 
in Balkan Peninsula and Turkey mostly; the annual rainfall 
will decrease in southern Europe, in Turkey and the eastern 
Mediterranean countries; the number of dry days will increase 
until 21st century.

The high peaks of the Taurus Mountains rising suddenly from 
the southern shores of the Mediterranean region exceeding 
3500 m. There are semi-alpine and rarely alpine meadows 
above the forest border. The water retention potential of the 
region is low because the general rock structure of the region 
is limestone. The survivability of the species depends on the 
amount of snowfall during the winter months. It has also been 
found that individuals are observed in areas close to the snow 
pits, especially in the spring months. In the interviews with the 
locals, it was stated that the snowfall was gradually decreasing. 
Annual rainfall reduction in the future can trigger the regres-
sive effect to the permanence of the region of V. anatolica, 
which has adapted to cold like V. graeca and occupies a nar-
row space.

Wildlife hunting is prohibited in Çığlıkara National Park where 
the nominate subspecies lives. Thus, especially wild boars (Sus 
scrofa), owls (Athene noctua, Otus scops, etc.), and accipitres 
(Buteo rufinus, Buteo buteo, Clanga clanga, etc.) are the predators 
for the subspecies. 

The habitat of the other subspecies has no protection status, 
and the most effective threat for senliki subspecies is the quar-
ries. Thus, habitat destruction and fragmentation are the main 
threats which senliki subspecies will encounter/encountered.

In addition, the potential habitats, especially in Beydağ, 
Alacadağ, and Akdağ regions were observed. But during the 
interviews with the locals and field studies, Ottoman viper 
(Montivipera xanthina) was found in those regions. Probably, the 
Anatolian meadow viper came to the Taurus by following the 
Anatolian Diagonal and separated from its Caucasian relatives 
and was limited to certain regions of the western Taurus. Likely, 
it could not compete with the Ottoman viper in the past and 
disappeared in other areas.

The species is usually observed while basking on the pillow-
shaped plants, and in contact with humans, they hide inside to 
the roots of the plants. Locals, shepherds, and beekeepers who 
make contact with the species kill the species intentionally or 
accidentally because the species is poisonous and they are scared. 
However, the venom of the Anatolian viper is as effective as the 
scorpion venom in the region and does not have a lethal effect.

Although the illegal collection of herptile species is seen as a 
major threat in Turkey (Baran & Atatür, 1998, IUCN, 2020) after 
the 2000s case on this issue is very limited. The major threat for 
reptiles is habitat loss and habitat fragmentation (Gibbons et al., 
2000). Especially human-induced factors such as the expansion 
of urban areas, infrastructure and road constructions, agricul-
tural activities, grazing, quarries, cause habitat loss or decreas-
ing the habitat quality. Besides the biology of vipers in Turkey 
has been poorly studied, including studies on their distributions 
and population statuses with only fragmentary or misleading 
information (Mebert et al., 2020). 

Conclusion and Recommendations

In summary, the potential threats of the Anatolian viper are 
habitat loss and degradation (grazing activities), quarry, global 
climate change, illegal collecting, and willingly or accidentally 

Table 1.   
The Major Threats for the Anatolian Meadow Viper in Southwestern Anatolia

Major Threats Reasons Threat Level

Agriculture & Aquaculture

Livestock Farming & Ranching Grazed land has caused significant declines in populations of this species due to high 
grazing activity which leads to the degradation of vegetation and decrease of abundance 
of potential preys.

High

Biological Resource Use

Hunting & Collecting Terrestrial 
Animals

Deliberate or accidental killing by locals, illegal collection of vipers for the pet trade, 
scientific collection.

High

Climate Change

Changes in Temperature Regimes Potentially affecting the phenology and distribution of species. Unknown

Changes in Precipitation & 
Hydrological Regimes

Potentially affecting the phenology and distribution of species. Unknown

Human Intrusions & Disturbance 

Quarry The activity of the quarry threatens the habitat of the species (especially subspecies senliki). High

Recreational Activities Off-road vehicles, mountain bikes, hikers, birdwatchers, skiers, pets in recreational areas, 
temporary campsites, caving, rock-climbing.

Medium
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Table 2.   
The Implementation of the Conservation Action Plan for the Anatolian Meadow Viper in Southwestern Anatolia

Actions Priority
Responsible Agencies, 
Organizations, and Individuals

A. Land / Water Management

A.1. Site/Area Stewardship

In Çığlıkara Natural Reserve and the habitat of the subspecies senliki, determination of approximately 
100 ha protected areas and prohibition of grazing activities in these areas

In Çığlıkara Natural Reserve and the habitat of the subspecies senliki, continuous monitoring of the area 
and the technological monitoring equipment

Availability of expert personnel for monitoring studies and coordination

High Law enforcers, Mukhtars. Local 
government officers, Forestry, 
Agricultural,
Governorship offices.

B. Species Management

B.1. Species Stewardship

To preclude the illegal collection by introducing the Anatolian viper to locals. 
To protect the regions that Anatolian viper lives, increasing the coordination with relevant corporations 

and organizations, and to prevent the sharing of official species data.
To add awareness activities for protecting the Anatolian viper to the other studies in the viper habitats.
Preventing the species from being harmed by guiding the expert personnel who have knowledge 

about the Anatolian Viper to the works to be carried out in the region.

High Law enforcers, Mukhtars. Local 
governments, Forestry, 
Agricultural,
Governorship offices, Universities.

B.2. Ex-Situ Conservation

Giving enough viper specimens to the zoos in Turkey which can provide necessary conditions to 
support the sustainability of the species.

Releasing the newborns acquired from the couples to their natural habitats.

High Zoos, Universities.

C. Awareness Raising

C.1. Outreach & Communications
To introduce the Anatolian viper and to increase awareness of protection; Preparing posters and 
brochures etc. for its promotion and opening a stand and exhibition in festivals to be held in the 
province.

High Ministry of Foreign Affairs,
Customs Office,
Governorship

D. Law Enforcement and Prosecution

D.1. Detection and Arrest
Raising the awareness of law enforcement officers and officials at border gates for the person(s)/(herp 
keepers) who attempt to collect or steal Anatolian viper specimens without permission.

Critical Ministry of Foreign Affairs,
Customs Office,
Governorship.

D.2. Non-Criminal Legal Action

Not permitting specimens to be taken in the natural environment for scientific research and allowing to 
work without removing the specimens from the field by taking expert opinion only if the reason is 
well explained.

Supporting the studies and follow-up of the populations in the field to determine their reproduction, 
behavior, annual activity, and breeding periods.

High GDNCNP, Universities.

E. Conservation Designation and Planning

E.1. Protected Area Designation and/or Acquisition
As a result of extensive studies on the species, creating new protected areas by revealing suitable/
important habitats for their populations.

High GDNCNP, Universities.

E.2. Site Infrastructure
Establishing an inventory by recording the deaths of Anatolian viper due to roadkills or other reasons 
with the help of forest guards, shepherds, and expert personnel, and taking protection infrastructure 
measures in these regions.

Medium GDNCNP, Universities.

F. Research and Monitoring

F.1. Basic Research and Status Monitoring

Supporting or conducting research on the ecology and biology of the species.
Monitoring the population trend of the species over several years.

Critical GDNCNP, Universities.

G. Education and Training

G.1. Formal Education

Preparing educational materials for primary and secondary schools to attract attention to the viper and 
its protection.

To inform and educate officers, gendarmes, customs house guards, and forestry rangers on the harm of 
smuggling the species.

High GDNCNP, Forestry,
Agricultural, Governorship.
Education offices,
Universities, Schools.

G.2. Training and Individual Capacity Development

To inform locals and especially mukhtars, the shepherds, and the beekeepers who encounter the 
species most often, about the prohibition on killing the species and its criminal penalties.

Increasing awareness of the importance of the species and the threat of bio-smuggling to locals via 
posters, brochures, one-on-one training, etc.

High GDNCNP, Universities.
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killing of vipers. We recommend (1) to establish protected 
habitat patches in the species’ known distribution, (2) to create 
alternative new habitats for reintroduction, (3) to plan long-term 
monitoring survey, (4) to start a captive breeding program, (5) 
educate and raise awareness among locals to prevent illegal 
collecting, willingly or/and accidentally killing of individuals for 
the sustainability of Anatolian meadow viper (Table 2).
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Peer-review: Externally peer-reviewed.

Author Contributions: Concept – M.A., K.Ç., B.Y.Y., C.V.T.; Design - M.A., 
K.Ç., B.Y.Y., C.V.T.; Supervision - M.A., K.Ç., B.Y.Y., C.V.T; Resource - M.A., B.Y.Y., 
C.V.T.; Materials – M.A., K.Ç., B.Y.Y., C.V.T; Data Collection and/or Processing 
- M.A., B.Y.Y., C.V.T; Analysis and/or Interpretation – K.Ç., M. A., C.V.T.; 
Literature Search – M.A., K.Ç., B.Y.Y.; Writing – M.A., K.Ç., B. Y. Y., C.V.T.; 
Critical Reviews - M.A., K.Ç., B.Y.Y., C.V.T.

Acknowledgment: The authors thank the establishment concerned 
and Turunç Peyzaj Ltd.Şti. for the support of the study. The authors also 
thank Prof. Dr. Aziz AVCI for sharing his field experience, and Vural 
ÇELİKOĞLU for supporting the field studies and taking photographs.

Conflict of Interest: The authors have declared that no conflicts of 
interest exist.

Financial Disclosure: The data obtained in this study were reached 
within the scope of a project entitled “Species action plan for the con-
servation of the populations of Anatolian viper (V. anatolica) species and 
habitats living in Antalya province”, funded by the Directorate of Antalya 
Branch of the 6th Regional Directorate of the Department of Nature 
Protection and National Parks of the Republic of Turkey, Ministry of 
Forestry and Water Affairs.

References

•	 Afsar, M., Yakın, B. Y., Çiçek, K., & Ayaz, D. (2019). A new subspecies 
of Ottoman viper, Montivipera xanthina (Gray, 1849), (Squamata: 
Viperidae) from Geyik Mountains, Mediterranean Turkey. Ecologica 
Montenegrina, 22, 214–225. [CrossRef]

•	 Araújo, M. B., Thuiller, W., & Pearson, R. G. (2006). Climate warming 
and the decline of amphibians and reptiles in Europe.  Journal of 
Biogeography, 33(10), 1712–1728. [CrossRef]

•	 Baran, İ., & Atatür, M. K. (1998). Türkiye Herpetofaunası (kurbağa ve 
Sürüngenler). Ankara: Çevre Bakanlığı.

•	 Billing, H. (1985). Beschreibung eines weiteren Exemplares von 
Vipera ursinii anatolica Eiselt & Baran, 1970 (Serpentes: Viperidae). 
Salamandra, 21(1), 95–97.

•	 Brooks, D. M. (2006). The utility of hotspot identification for forest 
management: cracids as bioindicators.  Acta Zoologica Sinica, 52 
(Suppl.), 199–201.

•	 Çiçek, K., & Cumhuriyet, O. (2017). Amphibians and reptiles of the 
Mediterranean basin. Mediterranean identities: environment. Soci-
ety and Culture, 203.

•	 Eiselt, J., & Baran, I. (1970). Ergebnisse zoologischer Sammelreisen 
in der Türkei: Viperidae. Annalen des Naturhistorischen Museums in 
Wien, 74, 357–369.

•	 Franzen, M., Bußmann, M., Kordges, T., & Thiesmeier, B. (2008). Die 
Amphibien und Reptilien der Südwest-Türkei, Bielefeld: 
Laurenti-Verlag.

•	 Gibbons, J. W., Scott, D. E., Ryan, T. J., Buhlmann, K. A., Tuberville, T. 
D., Metts, B. S., Greene, J., Mills, T., Leiden, Y., Poppy, S., & Winne, C. 
T. (2000). The global decline of reptiles, Déjà vu Amphibians: reptile 
species are declining on a global scale. Six significant threats to 
reptile populations are habitat loss and degradation, introduced 
invasive species, environmental pollution, disease, unsustainable 
use, and global climate change. BioScience, 50(8), 653–666.

•	 Göçmen, B., Mebert, K., Karış, M., Oğuz, M. A., & Ursenbacher, S. 
(2017). A new population and subspecies of the critically endan-
gered Anatolian meadow viper Vipera anatolica Eiselt and Baran, 
1970 in eastern Antalya Province. Amphibia-Reptilia, 38(3), 289–305. 
[CrossRef]

•	 Göçmen, B., Mulder, J., Karış, M., & Oğuz, M. A. (2014). The poorly 
known Anatolian Meadow viper, Vipera anatolica: new morpho-
logical and ecological data. Herpetologica Romanica, 8(1), 1–10.

•	 Guyer, C., & Donnelly, M. A. (2012). Visual encounter surveys. Reptile 
Biodiversity Standard Methods for Inventorying and Monitoring, 
218–220.

•	 Ilgaz, Ç. (2019). Türkiye sürüngen Faunasının Endemizm durumu. 
Iğdır Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 9(3), 1243–1252.

•	 International Union for Conservation of Nature (IUCN) (2020). The 
IUCN red list of threatened species. Version 2019, 1. Retrieved from 
https://www.iucnredlist.org.

•	 Kaman, H., & Yavaş, M. (2014). Evaluation of Antalya Province With 
regards to soil and water resources. Türk Tarım ve Doğa Bilimleri 
Dergisi, 1, 1524–1527.

•	 Lelieveld, J., Hadjinicolaou, P., Kostopoulou, E., Chenoweth, J., El 
Maayar, M., Giannakopoulos, C., Hannides, C., Lange, M., Tanarhte, 
M., Tyrlis, E., & Xoplaki, E. (2012). Climate change and impacts in the 
eastern Mediterranean and the Middle East.  Climatic Change, 
114(3–4), 667–687. [CrossRef] 

•	 Maritz, B., Penner, J., Martins, M., Crnobrnja-Isailović, J., Spear, S., 
Alencar, L. R. V., Sigala-Rodriguez, J., Messenger, K., Clark, R. W., Soo-
rae, P., Luiselli, L., Jenkins, C., & Greene, H. W., Messenger, K., Clark, 
R. W., Soorae, P., Luiselli, L., Jenkins, C., & Greene, H. W. (2016). Iden-
tifying global priorities for the conservation of vipers. Biological 
Conservation, 204, 94–102. [CrossRef]

•	 Mebert, K., Göçmen, B., İğci, N., Karış, M., Oğuz, M. A., Yıldız, M. Z., 
& Ursenbacher, S. (2020). Mountain vipers in central-eastern turkey: 
huge range extensions for four taxa reshape decades of mislead-
ing perspectives. Herpetological Conservation and Biology, 15(1), 
169–187.

•	 Mebert, K., Göçmen, B., & Karış, M. (2017). Range extension of the 
critically endangered Anatolian Meadow viper Vipera anatolica sen-
liki in eastern Antalya Province. Biology and Environment, 8(2), 65–77.

•	 Mittermeier, R. A., Myers, N., Mittermeier, C. G., & Robles Gil, P. 
(1999). Hotspots: earth's biologically richest and most endangered 
terrestrial ecoregions. CEMEX, SA, Agrupación Sierra Madre, SC.

•	 Mizsei, E., Szabolcs, M., Szabó, L., Boros, Z., Mersini, K., Roussos, S. 
A., Dimaki, M., Ioannidis, Y., Végvári, Z., & Lengyel, S., Dimaki, M., 
Ioannidis, Y., Végvári, Z., & Lengyel, S. (2021). Determining priority 
areas for an Endangered cold-adapted snake on warming moun-
taintops. Oryx, 55(3), 334–343. [CrossRef]

•	 Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., & 
Kent, J. (2000). Biodiversity hotspots for conservation priori-
ties. Nature, 403(6772), 853–858. [CrossRef]

•	 Nilson, G., & Andren, C. (2001). The Meadow and Steppe Vipers of 
Europe and Asia - the Vipera (Acridophaga) ursinii complex. Acta 
Zoologica Academiae Scientiarum Hungaricae, 47(2/3), 87–267.

https://doi.org/10.37828/em.2019.22.17
https://doi.org/10.1111/j.1365-2699.2006.01482.x
https://doi.org/10.1163/15685381-00003111
https://www.iucnredlist.org
https://doi.org/10.1007/s10584-012-0418-4
https://doi.org/10.1016/j.biocon.2016.05.004
https://doi.org/10.1017/S0030605319000322
https://doi.org/10.1038/35002501


Forestist 2021: 71(3): 167-174
Tok et al. Conservation of Endemic Anatolian Meadow Viper

174

•	 Peel, M. C., Finlayson, B. L., & McMahon, T. A. (2007). Updated world 
map of the Köppen-Geiger climate classification. Hydrology and 
Earth System Sciences, 11(5), 1633–1644.

•	 Read, J. L. (2002). Experimental trial of Australian arid zone reptiles 
as early warning indicators of overgrazing by cattle. Austral Ecology, 
27(1), 55–66. [CrossRef]

•	 Şekercioğlu, Ç. H., Anderson, S., Akçay, E., Bilgin, R., Can, Ö. E., Semiz, 
G., Tavşanoğlu, Ç, Yokeş, M. B., Soyumert, A., İpekdal, K., Sağlam, İK., 
Yücel, M., & Nüzhet Dalfes, H. N., Yokeş, M. B., Soyumert, A., İpekdal, 
K., Sağlam, İK., Yücel, M., & Nüzhet Dalfes, H. (2011). Turkey’s globally 
important biodiversity in crisis. Biological Conservation, 144(12), 
2752–2769. [CrossRef]

•	 Sigg, H. (1987). Nachforschungen über Vipera ursinii anatolica Eiselt 
& Baran 1970 im westlichen Taurus. Herpetofauna, 9(47), 25–34.

•	 Stümpel, N., Zinenko, O., & Jestrzemski, D. (2015). Aktuelles zur 
Schlangenforschung im östlichen Mittelmeerraum: Vipera anatol-
ica und Macrovipera lebetina lebetina – Zwei bedrohte Endemiten. 
Ophidia, 9(2), 2–18.

•	 Tok, V., Uğurtas, I., Sevinç, M., Böhme, W., Crochet, P.-A., Joger, U., 
Kaska, Y., Kumlutaş, Y., Kaya, U., Avci, A., Üzüm, N., Yeniyurt, C., & 
Akarsu, F. (2009). Vipera anatolica. IUCN Red List of Threatened Spe-
cies, 2009: e.T164768A5924622.

•	 Turkish Meteorology Station (2020). Turkish State - Meteorological 
Service https://mgm.gov.tr/?il=Antalya, Last access: November 18, 
2020 

•	 Yakın, B. Y., Çiçek, K., Afsar, M., & Tok, C. V. (2019). Nocturnal activity 
of Anatololacerta pelasgiana (Mertens, 1959) from Çığlıkara nature 
Reserve, Antalya, Turkey. International biodiverstiy & ecology sciences 
symposium. E-book on 22.10, 2019.

•	 Zinenko, O., Avci, A., Spitzenberger, F., Tupikov, A., Shiryaev, K., Boz-
kurt, E., Ilgaz, Ç., & Stümpel, N. (2016). Rediscovered and critically 
endangered: Vipera anatolica Eiselt & Baran, 1970, of the western 
Taurus Mountains (Turkey), with remarks on its ecology. Herpeto-
zoa, 28(3–4), 141–148.

https://doi.org/10.1046/j.1442-9993.2002.01159.x
https://doi.org/10.1016/j.biocon.2011.06.025

