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Anthropogenic changes vastly accelerate climate change and bio-
diversity loss (Díaz et al., 2019; Parmesan & Yohe, 2003; Thomas 
et al., 2004), with extinction rates being exceptionally high 

(Ceballos et al., 2015). These processes significantly affect the stabil-
ity of ecological systems while negatively altering ecosystem func-
tions and services on which humanity strongly depends (Cardinale 
et al., 2012; Ceballos et al., 2015; Díaz et al., 2019). Indeed, Díaz 
et al. (2019) found that if human actions continue under “business 
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Anthropogenic changes, such as land use, are the main drivers causing climate change 
and biodiversity loss, with hundreds of thousands of species lacking sufficient habi-
tats for their populations to persist and likely to go extinct within decades. Endemic 
species are more susceptible to habitat changes and are at the forefront of the bio-
7b�;uvb|�� 1ubvbvĺ�);��v;7� vr;1b;v� 7bv|ub0�|bom�lo7;Ѵv� |o� ];m;u-|;� -� u;Ѵ-|b�;�_-0b|-|�
suitability map and identified the habitat requirements of the critically endangered 
-m7�;m7;lb1��;ŝ;u�"_;�-�=ubm];Ŋ�=bm];u;7�Ѵb�-u7�ŐAcanthodactylus beershebensis). The 
lo7;Ѵ�v_o�;7�|_-|�|_;�vr;1b;vŝ�v�b|-0Ѵ;�_-0b|-|v�-u;�-vvo1b-|;7��b|_�-ub7�Ѵo;vv�rѴ-bmv�
characterized by scattered, low vegetation cover, primarily on north- facing aspects, 
suggesting that these species- specific habitat requirements limit its distribution. The 
vb�;�o=�|_;�ro|;m|b-ѴѴ��v�b|-0Ѵ;�-u;-��b|_bm�|_;�vr;1b;vŝ�_bv|oub1-Ѵ�u-m];�bv�ƐƒƔƏĺƕƒՓhl2. 
�o�;�;uķ� -m|_uoro];mb1� 1_-m];v� 7;1u;-v;7� |_;� u;l-bmbm]� v�b|-0Ѵ;� _-0b|-|� |o�
ƖƖƔĺƏƓՓhl2. Most of this area is unprotected and at risk of further adverse anthropo-
];mb1�;==;1|vĺ��mѴ��ƖƐĺƕƑՓhl2 of this area is protected by the Israel Nature and Parks 
��|_oub|�ķ�-m7�ƔѶƕĺƐƐՓhl2 may be considered indirectly protected because it is within 
military firing zones. Our study is the first attempt to map the remaining suitable 
habitat of �ĸՑ0;;uv_;0;mvbv based on the results of a species distribution model. The 
results of this model can assist in prioritizing the protection of areas needed for the 
conservation of this critically endangered and endemic lizard species.

� � + )� !	 "
Acanthodactylus beershebensis, anthropogenic changes, area conservation, endemic species, 
habitat requirements, species distribution model
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as usual” scenarios, biodiversity and ecosystem services will sharply 
decline to alarming levels.

�Ѵo0-ѴѴ�ķ�Ѵ-m7Ŋ��v;�1_-m];�bv�|_;�lov|�vb]mb=b1-m|�-m|_uoro];mb1�
driver impacting ecosystems, leading to habitat loss and habitat 
deterioration (Díaz et al., 2019ĸ� ����"ķ�2019őĺ���l-m�-1|bomv�_-�;�
reduced global terrestrial habitat integrity, resulting in hundreds 
of thousands of species that lack sufficient habitats for their pop-
ulations to persist and are likely to go extinct within decades (Díaz 
et al., 2019ĸ� ����"ķ�2019). Conservationists must gain vast knowl-
;7];�u;]-u7bm]�vr;1b;vŝ�_-0b|-|�u;t�bu;l;m|v�|o�-vvbv|�bm�1omv;u�bm]�
natural ecosystems and mitigating biodiversity loss. This requires 
allocating considerable effort to study endangered species while 
aiming to relieve adverse pressures on their populations (Ceballos 
et al., 2015; Díaz et al., 2019).

$_;� �;ŝ;u� "_;�-� =ubm];Ŋ�=bm];u;7� Ѵb�-u7ķ� Acanthodactylus beer-
shebensis, is a ground- dwelling lizard endemic to the loess plains of 
|_;��;];��	;v;u|�-m7�vo�|_;um���7;-�	;v;u|�o=��vu-;Ѵ�Ő�o�vhbѴ-�ş�
Amitai, 2003ĸ��oѴ70;u]ķ�2014ĸ��-�Ѵ;m-�;|�-Ѵĺķ�2010őĺ�";�;u;�ror�-
lation declines reported in the late twentieth century due to habitat 
disturbance, destruction, and fragmentation associated with mas-
sive agricultural transformations have led this species to be classi-
=b;7�-v��ub|b1-ѴѴ���m7-m];u;7�0��|_;��&���Ő�o�vhbѴ-ķ�2002; Carretero 
et al., 2011ĸ��-�Ѵ;m-�;|�-Ѵĺķ�2010ĸ�);um;u�ş�	bvbķ�2006őĺ�)_;m�7;-
veloping conservation plans for such endemic species, one must 
consider that they are typically more susceptible to habitat changes 
and thus experience increased population declines (Díaz et al., 2019; 
����"ķ�2019őķ�Ѵ;-7bm]�|o�_b]_�;�|bm1|bom�u-|;v�Ő�wbhķ�2011). The latter 
is often further magnified owing to their narrow geographical range, 
vr;1b-Ѵb�;7�;1oѴo]b1-Ѵ�mb1_;vķ�-m7�vl-ѴѴ�ror�Ѵ-|bom�vb�;v�Ő�wbhķ�2011).

A central challenge in conservation biology is understanding 
the main drivers of species distribution in general and endangered 
species; in particular, for further ecological and conservation goals 
(Petford et al., 2019). Doing so provides the basic knowledge re-
t�bu;7� =ou� rѴ-mmbm]� ;==;1|b�;� 1omv;u�-|bom� v|u-|;]b;v� Ő��bv-m� ş�
Thuiller, 2005; Petford et al., 2019) and prioritizing conservation 
areas, thereby reducing the effort and cost associated with manag-
bm]�;m7-m];u;7�vr;1b;v�Ő)bѴvom�;|�-Ѵĺķ�2011).

In the last two decades, advanced modeling strategies, which 
v|-|bv|b1-ѴѴ�� 1ouu;Ѵ-|;� vr;1b;vŝ� hmo�m� o11�uu;m1;� u;1ou7v��b|_� ;m-
�buoml;m|-Ѵ�7-|-�-u;�=u;t�;m|Ѵ���v;7�bm�;1oѴo]b1-Ѵ�v|�7b;v�Ő�ubv1o;�
et al., 2019ĸ� ��bv-m� ş� $_�bѴѴ;uķ�2005ĸ� �;|;uvom� ş� "o0;uॕmķ�2012; 
Rodríguez et al., 2019ĸ� "bm];u� ;|� -Ѵĺķ�2018). These models predict 
habitat suitability and species distribution range, generally termed 
;1oѴo]b1-Ѵ� mb1_;� lo7;Ѵv� ou� vr;1b;v� 7bv|ub0�|bom� lo7;Ѵv� Ő"	�ő�
Ő�;|;uvom�ş�"o0;uॕmķ�2012; Rodríguez et al., 2019). The projected 
u;v�Ѵ|v�o=�"	��1-m�];m;u-|;�-mv�;uv�|o�t�;v|bomv�bm�;1oѴo]�ķ�0bo-
geography, evolution, conservation biology, and climate change re-
v;-u1_�Ő��bv-m�ş�$_�bѴѴ;uķ�2005).

For example, Petford et al. (2019) investigated the distribu-
tion of five understudied, endemic, rupicolous reptiles from the 
"o�|r-mv0;u]��o�m|-bmv�bm�"o�|_��=ub1-ĺ�&vbm]��-��m|ķ�-�l-1_bm;�
learning method that employs maximum entropy to calculate habitat 
v�b|-0bѴb|��ruo0-0bѴb|b;vķ�|_;��7;�;Ѵor;7�"	�v�|o�b7;m|b=��|_;�-0bo|b1�

�-ub-0Ѵ;v�-vvo1b-|;7��b|_� |_;v;�vr;1b;vŝ�7bv|ub0�|bomvĺ��77b|bom-ѴѴ�ķ�
)bѴvom�;|�-Ѵĺ� Ő2011) proposed a three- phase conservation strategy 
0��1omv|u�1|bm]�"	�v�-m7� b7;m|b=�bm]�|_;�-0bo|b1��-ub-0Ѵ;v�-vvo1b-
ated with the habitats suitable for the globally endangered bivalve 
Margaritifera margaritifera.

In this paper, we constructed a species distribution model to map 
the remaining suitable habitat of the endemic and critically endan-
gered �ĸՑ0;;uv_;0;mvbv. Due to its small, endemic, and highly frag-
mented distribution, in addition to its habitat being degraded and 
-Ѵ|;u;7�Ő);um;u�ş�	bvbķ�2006), it is essential to increase our scien-
tific knowledge about �ĸՑ0;;uv_;0;mvbv to help focus management 
-m7�1omv;u�-|bom�;==ou|vĺ�$_;�1omv|u�1|;7�"	��lo7;Ѵ�-ѴѴo�;7��v�
to quantify the habitat requirements of this critically endangered 
species, reflecting its ecological niche, and to identify the remaining 
suitable areas it can inhabit, provided these that they are not sub-
jected to further anthropogenic changes and destruction.

ƑՊ |Պ��$��	"

ƑĺƐՊ |Պ "|�7��-u;-

There is limited information regarding the precise historical range 
of �ĸՑ0;;uv_;0;mvbvĺ��o�;�;uķ�ru;�bo�v�v|�7b;v�7;v1ub0;7�|_bv�vr;1b;v�
distribution as endemic to the loess plains across the Negev Desert 
-m7�vo�|_;um���7;-�	;v;u|�o=��vu-;Ѵĺ�"r;1b=b1-ѴѴ�ķ�|_;�_bv|oub1-Ѵ�u-m];�
of this species was described as extending from Ovdat (30.794584 
-m7�ƒƓĺƕƕƓƏƔƓő�bm�|_;�vo�|_�|o��;b|Ŋ��-l-�ŐƒƐĺƓƓƕѵƑƔ�-m7�ƒƓĺƕѵƐƖƔƒő�
in the north, and from Arad (31.257105 and 35.215651) in the east 
|o��-�vou�ŐƒƐĺƑѶƑƓѵƐ�-m7�ƒƓĺƓƓƖѵƕƔő�bm�|_;��;v|�Ő�o�vhbѴ-ķ�2002; 
"_-1_-lķ� 2009őĺ� );ķ� |_;u;=ou;ķ� 7;=bm;7� |_;� v|�7�� -u;-� -11ou7-
bm]� |o� |_bv� _bv|oub1-Ѵ� u-m];� 7bv|ub0�|bomĺ�);� -vv�l;7� |_-|� 7�;� |o�
|_;� u;rou|;7� _-0b|-|� Ѵovv� Ő�o�vhbѴ-ķ� 2002ĸ� �-�Ѵ;m-� ;|� -Ѵĺķ� 2010; 
"_-1_-lķ�2009), the remaining suitable habitats are within the lim-
its of the reported historical range. Using ArcMap 10.8.2, we cre-
ated a rectangular polygon according to these boundaries (Figure 1; 
0o||ol� Ѵ;=|Փ=ՓƒƏĺƓƖƕƒƏƒƑƏƖƐƕƑѵķ� ƒƓĺƑѵƖƒƏƐѶƓƕѶƏѶѶĸ� |or�
ub]_|Փ=ՓƒƐĺƔƒѶƒƒƒƐƖƐƐƖƔƔķ� ƒƔĺƓƕѵƔѶƓƏѵƒƐƏƖőķ� v;u�bm]� -v� |_;� ;m-
tire potential distribution area.

ƑĺƑՊ |Պ "|�7��vr;1b;v

"blbѴ-uѴ�� |o�-ѴѴ�l;l0;uv�o=� |_;�Acanthodactylus� ];m�vķ� |_;��;ŝ;u�
"_;�-� =ubm];Ŋ�=bm];u;7� Ѵb�-u7� bm_-0b|v� v;lbŊ�-ub7� -m7� -ub7� ;1ov�v-
tems (Tamar et al., 2016). It is a ground- dwelling insectivorous 
diurnal lizard that actively forages for small insects, specializ-
ing in eating ants (Family: Formicidae) and termites (Infraorder: 
�vor|;u-ő� Ő�o�vhbѴ-� ş� �lb|-bķ�2003ĸ� �oѴ70;u]ķ�2014ĸ� �-�Ѵ;m-� ş�
Pérez- Mellado, 2009). This species quickly escapes into veg-
etation or a burrow when spotting a potential threat. The indi-
�b7�-Ѵ� _ol;� u-m];� vb�;� bv� -rruo�bl-|;Ѵ�� ѵƏƏՓl2� Ő�-�Ѵ;m-� ş�
Pérez- Mellado, 2009), and it contains several escape burrows 
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Ɠ�o=�ƐƑՊ |Պ�ՊՍ HORESH and OVADIA

1omv|u�1|;7�0��|_;�Ѵb�-u7�Ő$;vѴ;u��ĺ�r;uvom-Ѵ�o0v;u�-|bomvőĺ��u-�b7�
females dig burrows to lay their eggs, which are laid and buried 
bm� |_;� Ѵo;vv� vobѴ� -m7� |_;m�m-|�u-ѴѴ�� bm1�0-|;7� Ő�-u�ş��-blo�b|1_�
2011ĸ��o�vhbѴ-�ş��lb|-bķ�2003).

As an ectothermic diurnal reptile, �ĸՑ0;;uv_;0;mvbv is adapted to 
the desert environment it inhabits. On hot days, individuals bask be-
fore activity in the morning and the afternoon. On cold, windy, and 
u-bm��7-�vķ��_;m�1om7b|bomv�-u;��m=-�ou-0Ѵ;�=ou�|_;�Ѵb�-u7vŝ�-1|b�b|�ķ�
they remain in their burrows (Tesler I. personal observations).

Acanthodactylus beershebensis is considered a conservation pri-
oub|��u;r|bѴ;�vr;1b;v�bm��vu-;Ѵķ�bm_-0b|bm]�om;�o=�|_;��ouѴ7ŝv�0bo7b�;u-
sity hotspots (Carretero et al., 2011őĺ�);um;u� Ő2016) wrote that “it 
is the only species of reptile known to be endemic to the borders of 
the state of Israel so that the responsibility for its existence devolves 
om��v�Ő�vu-;Ѵbvő�-Ѵom;ĺĿ�)b|_bm�|_bv�vr;1b;vŝ�vl-ѴѴ�-m7�=u-]l;m|;7�7bv-
tribution, certain areas may be protected either directly by stated 
nature reserves or national parks or indirectly by being declared as 
closed military firing zones, which in some cases may limit anthropo-
genic disturbances.

ƑĺƒՊ |Պ�11�uu;m1;�7-|-

Occurrence records were collected from four different data sources: 
(1) the Israeli Nature and Parks Authority (INPA; nՓ=ՓƒƓƔőĸ� ŐƑő� |_;�
Zoological Museum of Tel Aviv University (nՓ=ՓѵƑőĸ� Őƒő� �-l--u-]�
Institute (nՓ=ՓƒƏőĸ� -m7� ŐƓő� r;uvom-Ѵņo�u� =b;Ѵ7� o0v;u�-|bomv� ŐnՓ=ՓѵѶőķ�
resulting in 505 observations. Experienced researchers and work-
ers collected these presence- only data as part of field surveys and 
during random encounters in the field. All observations used in the 
models were collected between 2014 and 2022.

Using ArcMap 10.8.2, an average nearest neighbor test showed 
observations to be clustered (zŊ�v1ou;Փ=ՓƴƒƑĺƏƖő�-m7�ro|;m|b-ѴѴ��0b-v;7ĺ�
"blbѴ-uѴ�ķ�-�h;um;Ѵ�7;mvb|��-m-Ѵ�vbv�-Ѵvo�v_o�;7�o0v;u�-|bomv�1Ѵ�v|;u;7�
in five areas. Due to this spatial clustering, an analysis was performed 
to obtain an observation dataset with a random distribution and no 
spatial biases. Observations were clipped with an increasing toler-
ance radius, beginning with a radius of the average distance between 
|�o�robm|vķ�ƒѵƔՓlĺ��m�-�;u-];�m;-u;v|�m;b]_0ou�|;v|��-v�r;u=oul;7�
=ou�|_;�7b==;u;m|�1Ѵbrrbm]�u-7b�v;v�Ő��bv-m�ş�$_�bѴѴ;uķ�2005; Mathur 
et al., 2023; Zurell et al., 2020). This optimization analysis showed 
|_-|�1Ѵbrrbm]�|_;�o0v;u�-|bom�7-|-��b|_�-�|oѴ;u-m1;�u-7b�v�o=�ƐƏƏƏՓl�
generated a random pattern (zŊ�v1ou;Փ=ՓƴƐĺƑƖőķ�];m;u-|bm]�ƔƖ�7bv|bm1|�
data points representing the 505 field observations.

ƑĺƓՊ |Պ �m�buoml;m|-Ѵ�7-|-

Acanthodactylus beershebensis is an endemic species with a narrow 
geographical range, a specialized ecological niche, small and declin-
ing population sizes, and a sedentary nature with low dispersal rates 
Ő";;�";1|bom�1Ĺ��m|uo7�1|bomőĺ��-v;7�om�b|v�hmo�m�Ѵb=;Ŋ�_bv|ou��|u-b|v�
and reported behavior, we predicted that the following variables 

-u;� Ѵbh;Ѵ�� |o�-==;1|� |_;�vr;1b;vŝ�_-0b|-|�v�b|-0bѴb|�Ĺ� ŐƐő� |;lr;u-|�u;ķ�
sunlight, and precipitation for thermoregulation and prey presence; 
(2) ground substrate and slope for digging burrows, movement, and 
foraging; and (3) vegetation cover for shelter. Additionally, anthropo-
genic development has been shown to negatively affect this species 
ru;v;m1;�Ő�-�Ѵ;m-�ş��o�vhbѴ-ķ�2006ĸ��-�Ѵ;m-�;|�-Ѵĺķ�2010) leading 
to habitat fragmentation. Therefore, the species is expected to pre-
fer hot and dry climatic conditions in moderate slopes with mild veg-
;|-|bom�1o�;u�-m7�Ѵo;vv�vobѴvĺ�);�rovb|;7�|_-|�|oro]u-r_b1ķ�1Ѵbl-|b1ķ�
_-0b|-|ķ�-m7�;7-r_b1��-ub-0Ѵ;v��o�Ѵ7�0;�-vvo1b-|;7��b|_�|_;�vr;1b;vŝ�
spatial distribution (Table 1). The following data layers were used 
bm�|_;�"	��ŐTable 1): elevation, slope, aspect, annual mean rainfall, 
land cover, soil groups, vegetation cover, and natural area continuity. 
�77b|bom-ѴѴ�ķ�|_;�ľ)ouѴ71Ѵbl�ƑĺƐĿ�7-|-v;|�Ő�ouѴ71Ѵblĺou]őķ�r�0Ѵbv_;7�
by the United Nations Climate Technology Centre and Network, 
�-v�-11;vv;7�|o�7o�mѴo-7�ƐƖ�0bo1Ѵbl-|b1��-ub-0Ѵ;v�Őb1h�ş��bfl-mvķ�
2017). These variables are derived from the monthly temperature 
and rainfall values and are the average for the years 1970–2000. 
Categorical variables (i.e., land cover and soil groups) were repre-
sented numerically to assess their effect on habitat suitability.

All the environmental data layers were cut to fit the geographic 
;�|;m|�o=�|_;�v|�7��-u;-�-|�-�rb�;Ѵ�vb�;�o=�ƐƏՓ×ՓƐƏՓlĺ��;ѴѴ��-Ѵ�;v��;u;�
ruof;1|;7� �vbm]� �u1�-rŝv� ľ��bѴ7� ��u-lb7vĿ� |ooѴ� |o� u;ru;v;m|� |_;�
data in a reduced resolution using the nearest neighbor resampling 
method which used the value of the closest cell to assign a value 
to the output cell. The correlation among layers was investigated 
0�� ];m;u-|bm]� �;-uvomŝv� 1ouu;Ѵ-|bom� 1o;==b1b;m|�l-|ub1;v� �vbm]� |_;�
�-m7��oѴѴ;1|bomv�"|-|bv|b1v�$ooѴĺ�$_;�=bm-Ѵ�vr;1b;v�7bv|ub0�|bom�lo7;Ѵ�
included the following environmental data layers, which presented 
correlation coefficients below 0.85; elevation, slope, aspect, annual 
l;-m�u-bm=-ѴѴķ��"!��Ѵ-m7�1o�;uķ�	�$�Ѵ-m7�1o�;uķ�vobѴ�]uo�rvķ��;];|--
|bom�1o�;uķ�m-|�u-Ѵ�-u;-�1om|bm�b|�ķ����ƑŌl;-m�7b�um-Ѵ�|;lr;u-|�u;�
u-m];ķ����ƒŌbvo|_;ul-Ѵb|�ķ����Ɣŋl-�bl�l�|;lr;u-|�u;�o=��-ul-
;v|� lom|_ķ� ���ƕŌ|;lr;u-|�u;� -mm�-Ѵ� u-m];ķ� -m7� ���ƐƑ� Ō-mm�-Ѵ�
ru;1brb|-|bomĺ��Ѵbrr;7�Ѵ-�;uv��;u;�|_;m�1om�;u|;7�|o��"����=oul-|�=ou�
use in MaxEnt. After gaining preliminary model results, the follow-
ing redundant variables that contributed <1% to the model fit were 
u;lo�;7ĸ�;Ѵ;�-|bomķ����ƒŌbvo|_;ul-Ѵb|�ķ����ƔŌl-�bl�l�|;lr;u--
|�u;�o=�|_;��-ul;v|�lom|_ķ�-m7����ƐƑŌ-mm�-Ѵ�ru;1brb|-|bomĺ

ƑĺƔՊ |Պ "r;1b;v�7bv|ub0�|bom�lo7;Ѵbm]��b|_��-��m|

MaxEnt estimates a target probability distribution by calculating the 
maximum entropy probability distribution, making it applicable to 
species distribution modeling (Mathur et al., 2023). As a presence- 
only model, MaxEnt compares the distribution of presence records 
along environmental gradients to the distribution of background 
points drawn randomly from the study area using a background 
sample (Mathur et al., 2023). MaxEnt software version 3.4.4 was 
used to model the habitat suitability of the endemic and critically 
endangered �ĸՑ0;;uv_;0;mvbv by combining the prepared environ-
l;m|-Ѵ�Ѵ-�;uv�-m7�vr;1b;vŝ�o11�uu;m1;�u;1ou7vĺ�"r;1b;v�7bv|ub0�|bom�
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ՊՍՊ |ՊƔ�o=�ƐƑHORESH and OVADIA

modeling was conducted following the steps and ODMAP protocol 
suggested by Zurell et al. (2020) (Appendix "Ɛ).

As accepted, 75% of the data were set as training data, and 25% 
were used as test data (Elith et al., 2006). Other test parameters 
were left as default. The number of randomly generated background 
points was set to 10,000. Linear, quadratic, and hinge properties 

were employed. After the first run of the model, variables that did 
not contribute to the model fit and were redundant (<1% contribu-
tion) were removed, and the model was rerun. The layers used in the 
final model are noted in Table 1.

Threshold- independent receiver operating characteristic (ROC) 
analyses were used to calibrate and validate the robustness of the 

$���� �ƐՊ�0bo|b1�7-|-�Ѵ-�;uv�ru;7b1|;7�|o�;�rѴ-bm�|_;�7bv|ub0�|bom�o=�Acanthodactylus beershebensis, their resolution, source, expected 
correlation, and whether they were included as explanatory variables in the final species distribution model.

�0bo|b1�7-|-�Ѵ-�;u !;voѴ�|bom "o�u1; Predicted association �m1Ѵ�7;7�bm�|_;�=bm-Ѵ�lo7;Ѵ

Terrain: Ellipsoidal height ƏĺƑƔՓ×ՓƏĺƑƔՓl �vub��u1��"��mѴbm;�
Data

Negative correlation No—removed due to low contribution

$;uu-bmĹ�"Ѵor;�bm�7;]u;;v ƏĺƑƔՓ×ՓƏĺƑƔՓl �vub��u1��"��mѴbm;�
Data

Negative correlation Yes

Terrain: Aspect ƏĺƑƔՓ×ՓƏĺƑƔՓl �vub��u1��"��mѴbm;�
Data

Preference for south- 
facing slopes

Yes

Esri 2020 land cover ƐƏՓ×ՓƐƏՓl �vub��u1��"��mѴbm;�
Data

Preference for bare 
land

Yes

Vegetation cover ƐƏՓ×ՓƐƏՓl �-l--u-]��mv|b|�|; Negative correlation Yes

DMT land cover ƑƔՓ×ՓƑƔՓl �-l--u-]��mv|b|�|; Preference for bare 
land

Yes

Digital elevation model (DEM) ƑƔՓ×ՓƑƔՓl �-l--u-]��mv|b|�|; Negative correlation No—removed due to multicollinearity

Natural area continuity (Rezef full) ƑƔՓ×ՓƑƔՓl �-l--u-]��mv|b|�|; Positive correlation Yes

Annual mean rainfall ƑƔƏՓ×ՓƑƔƏՓl �-l--u-]��mv|b|�|; Negative correlation Yes

"obѴ�]uo�rv 1:50,000 ���Ŋ��� Preference for loess 
soil

Yes

���ƐŌ�mm�-Ѵ�l;-m�|;lr;u-|�u; ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation No—removed due to multicollinearity

���ƑŌ�;-m�7b�um-Ѵ�|;lr;u-|�u;�u-m]; ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation Yes

���ƒŌ�vo|_;ul-Ѵb|��Ő���Ƒņ���ƕՓ×ՓƐƏƏő ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation No—removed due to low contribution

���ƓŌ$;lr;u-|�u;�v;-vom-Ѵb|��
Ő"	Փ×ՓƐƏƏő

ƐƏƏƏՓ×ՓƐƏƏƏ�l )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation No—removed due to multicollinearity

���ƔŌ�-�bl�l�|;lr;u-|�u;�o=�
warmest month

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation No—removed due to low contribution

���ѵŌ�bmbl�l�|;lr;u-|�u;�o=�1oѴ7;v|�
month

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƕŌ$;lr;u-|�u;�-mm�-Ѵ�u-m]; ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Quadratic correlation Yes

���ѶŌ�;-m�|;lr;u-|�u;�o=��;||;v|�
quarter

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ No correlation No—removed due to multicollinearity

���ƖŌ�;-m�|;lr;u-|�u;�o=�7ub;v|�
quarter

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ No correlation No—removed due to multicollinearity

���ƐƏŌ�;-m�|;lr;u-|�u;�o=��-ul;v|�
quarter

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ No correlation No—removed due to multicollinearity

���ƐƐŌ�;-m�|;lr;u-|�u;�o=�1oѴ7;v|�
quarter

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐƑŌ�mm�-Ѵ�ru;1brb|-|bom ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ negative correlation No—removed due to low contribution

���ƐƒŌ�u;1brb|-|bom�o=��;||;v|�lom|_ ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐƓ�Ō�u;1brb|-|bom�o=�7ub;v|�lom|_ ƐƏƏƏՓ×ՓƐƏƏƏ�l )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐƔŌ�u;1brb|-|bom�v;-vom-Ѵb|��
(coefficient of variation)

ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐѵŌ�u;1brb|-|bom�o=��;||;v|�t�-u|;u ƐƏƏƏՓ×ՓƐƏƏƏ�l )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐƕŌ�u;1brb|-|bom�o=�7ub;v|�t�-u|;u ƐƏƏƏՓ×ՓƐƏƏƏ�l )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐѶŌ�u;1brb|-|bom�o=��-ul;v|�t�-u|;u ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity

���ƐƖŌ�u;1brb|-|bom�o=�1oѴ7;v|�t�-u|;u ƐƏƏƏՓ×ՓƐƏƏƏՓl )ouѴ71Ѵbl�ƑĺƐ Negative correlation No—removed due to multicollinearity
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ѵ�o=�ƐƑՊ |Պ�ՊՍ HORESH and OVADIA

MaxEnt model evaluation. The accuracy of the model predictions 
was evaluated using the area under the receiver operating curve 
Ő�&�őĺ��77b|bom-ѴѴ�ķ��-��m|�o�|r�|v�-��-1hhmb=;�|;v|�o=��-ub-0Ѵ;�bl-
portance in which each variable is excluded in turn, and a model is 
created with the remaining variables.

ƑĺѵՊ |Պ	bv|ub0�|bom�l-r�-m-Ѵ�vbv

The results of the species distribution model were further investi-
gated to identify the areas of likely distribution and suitable habi-
tats still available for �ĸՑ0;;uv_;0;mvbv. To plan effective conservation 
strategies and generate applicable knowledge, the continuous habi-
tat suitability output of the model was converted to binary data of 
v�b|-0Ѵ;�-m7��mv�b|-0Ѵ;�_-0b|-|vĺ��-0b|-|v��;u;�7;=bm;7�0-v;7�om�-�
threshold value generated by MaxEnt, using the method that maxi-
mizes the sum of sensitivity and specificity. This method has been 
shown to be a promising threshold selection method when only 
presence data are available (Liu et al., 2013).

Four data layers of human developments were downloaded 
=uol�|_;��vub��u1��"�omѴbm;�v;u�;uĹ� ŐƐő�)ouѴ7�!o-7vŌl-fou� uo-7vķ�
_b]_�-�vķ� Ѵo1-Ѵ� uo-7vķ� -m7� �ouѴ7� =;uub;vĺ� ŐƑő� ľ��bѴ|� �u;-ĿŌ1Ѵbrr;7�
=uol�";m|bm;ѴŊ�Ƒ�ƐƏՓl�Ѵ-m7�1o�;u�|bl;�v;ub;v�o=�|_;��ouѴ7ĺ��uo7�1;7�
by Impact Observatory, Microsoft, and Esri. (3) Public Agricultural 
Plots and (4) Pasture Parcels produced by the Israeli Ministry of 
Agriculture.

To correct for temporal and spatial discrepancy of the 59 aver-
aged observations, areas of suitable habitats that overlapped with 
the human development layers were erased and considered unsuit-
able for the study species. The remaining suitable habitats were 
=�u|_;u�;�-lbm;7ĺ��-0b|-|v�1-m�0;�7bu;1|Ѵ��ruo|;1|;7��_;m�u;vb7bm]�
within nature reserves or national parks or indirectly by being de-
clared as closed military firing zones. Therefore, the “Firing Zone” 
and “Reservations and Parks INPA” data layers, both produced by 
|_;� ����ķ� �;u;� 7o�mѴo-7;7� =uol� |_;� �vub� �u1��"� omѴbm;� v;u�;uĺ�
&vbm]� |_;� ľ�-Ѵ1�Ѵ-|;� �;ol;|u�Ŀ� =�m1|bom� bm� �u1�-r� ƐƏĺѶĺƑķ� |_;�
total area of suitable habitat within the historical range of �ĸՑ0;;u-
shebensis was calculated for the continuous and binary model out-
puts. Additionally, the total area of protected suitable habitats was 
calculated.

ƒՊ |Պ !�"&�$"

$_;�"	��r;u=oul;7��;ѴѴķ��b|_�-m��&���-Ѵ�;�o=�ƏĺѶƖĺ��o7;Ѵ� u;-
sults produced two habitat suitability maps with a pixel size of 
ƐƏՓ×ՓƐƏՓlĺ���;u��rb�;Ѵ�bv�-vvb]m;7�-�u;Ѵ-|b�;�_-0b|-|�v�b|-0bѴb|���-Ѵ�;�
based on the model variables. The first map presents continu-
ous relative habitat suitability values ranging from 0 (unsuitable 
habitat) to 1 (suitable habitat; Figure 2) and the second with bi-
nary data (0 or 1), based on a threshold value of 0.46 as gener-
ated by maximizing the sum of sensitivity and specificity method 
(Figure 3).

Environmental variables that contributed most to the MaxEnt 
model were annual mean rainfall (48.90%), terrain slope (17.80%), 
-m7� ���Ƒ� Ől;-m� 7b�um-Ѵ� u-m];ĸ� ƖĺѶƏѷőĺ� !;v�Ѵ|v� o=� |_;� �-1hhmb=;�
analysis showed that the variable with the highest contribution 
to the training gain of the model, when used separately, is an-
nual mean rainfall. Therefore, it appears to be the most useful 
to the model, and when omitted, it decreased the gain the most. 
�77b|bom-ѴѴ�ķ�rѴo|v�=uol�|_;��-1hhmb=;�-m-Ѵ�vbv�o=��&���-Ѵ�;v�v_o��
|_-|��-|�u-Ѵ��u;-��om|bm�b|��Őľ!;�;=��ѴѴĿő�-m7����ƕ�Ő$;lr;u-|�u;�
annual range) presented the highest AUC values when used 
separately.

Response curves produced by the model present the habitat 
requirements of �ĸՑ0;;uv_;0;mvbv (Appendix "Ƒ). As expected from 
|_;�vr;1b;vŝ�_bv|oub1-Ѵ�u-m];ķ�_-0b|-|�v�b|-0bѴb|���-v�_b]_;v|�bm�-u;-v�
�b|_�-rruo�bl-|;Ѵ��ѵƏŋƑƔƏՓll�o=�-mm�-Ѵ� u-bm=-ѴѴ�1_-u-1|;ub�;7�0��
v;lbŊ�-ub7� �;];�� "1u�0Ѵ-m7vĺ� �u|_;ulou;ķ� _-0b|-|� v�b|-0bѴb|�� �-v�
_b]_;u��b|_bm�-m�-mm�-Ѵ�|;lr;u-|�u;�u-m];�Ő���ƕő�o=�ƑƔŦ�ŋƑƕĺƔŦ�ĺ�
The response curves produced by the model also illustrated that the 
vr;1b;vŝ�v�b|-0Ѵ;�_-0b|-|��-v�m;]-|b�;Ѵ��1ouu;Ѵ-|;7��b|_�vѴor;�Ő0;bm]�
_b]_;v|�bm�-�ƏŦ�vѴor;ő�-m7��;];|-|bom�1o�;u�Őr;u1;m|�o=�|_;�rb�;Ѵ�1o�-
;u;7�0���;];|-|bomőĺ��o�;�;uķ�_-0b|-|�v�b|-0bѴb|���-v�_b]_;u�bm�0-u;�
loess soil and north- facing aspects.

$_;�lo7;Ѵ�v_o�;7�|_-|��b|_bm�|_;�vr;1b;vŝ�_bv|oub1-Ѵ�u-m];ķ�|_;�
vb�;�o=� b|v�ro|;m|b-ѴѴ��v�b|-0Ѵ;�_-0b|-|� bv�ƐƒƔƏĺƕƒՓhl2 and that sites 
of high habitat suitability are adjacent to roads, agriculture areas, 
and built areas (Figure 4). These anthropogenic effects decrease the 
size of the remaining suitable habitat. Therefore, areas of human de-
velopment (main roads, built areas, agricultural plots, and pasture 
parcels) were erased and considered unsuitable for the study spe-
cies. The size of the remaining suitable habitat throughout the his-
|oub1�u-m];��-v�ƖƖƔĺƏƓՓhl2 (Figure 4). The remaining suitable habitat 
remains mostly unprotected and under possible further adverse 
-m|_uoro];mb1�;==;1|vķ��b|_�omѴ��ƖƐĺƕƑՓhl2 (~9%) within nature re-
serves and parks protected by the Israel Nature and Parks Authority. 
�m�-77b|bom-Ѵ�ƔѶƕĺƐƐՓhl2 of the suitable habitat (~59%) is within de-
clared military firing zones and thus may be considered partially and 
indirectly protected.

ƓՊ |Պ	�"�&""���

Endemic species are typically more susceptible to habitat changes, 
manifested in accelerated population declines (Díaz et al., 2019; 
����"ķ�2019ő�-m7�_b]_;u�;�|bm1|bom�u-|;v�Ő�wbhķ�2011őĺ�&vbm]�"	��|o�
];m;u-|;� u;Ѵ-|b�;�_-0b|-|� v�b|-0bѴb|��l-rv�-m7� b7;m|b=�� vr;1b;vŝ�ro-
tential and current distribution provides the basic knowledge needed 
|o�rѴ-m�;==;1|b�;�1omv;u�-|bom�v|u-|;]b;v� Ő��bv-m�ş�$_�bѴѴ;uķ�2005; 
Petford et al., 2019ő� -m7� |o� ruboub|b�;� 1omv;u�-|bom� -u;-v� Ő)bѴvom�
et al., 2011).

This study is the first attempt to map the remaining suitable hab-
itat of the endemic and critically endangered lizard �ĸՑ0;;uv_;0;mvbv 
based on the results of a species distribution model. The generated 
7bv|ub0�|bom�l-rv� v�]];v|� |_-|� |_;� vr;1b;vŝ� v�b|-0Ѵ;�_-0b|-|�o=� |_;�
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ՊՍՊ |Պƕ�o=�ƐƑHORESH and OVADIA

 ��&!� �ƑՊ"r;1b;v�7bv|ub0�|bom�lo7;Ѵ�=ou�Acanthodactylus beershebensis across the species historical range, based on 505 observations 
v1-Ѵ;7�7o�m�|o�ƔƖ�7bv|bm1|�vr-|b-ѴѴ��u-m7ol�7-|-�robm|v�Ő0Ѵ-1h�1bu1Ѵ;vőĺ��b�;Ѵv�o=�ƐƏՓ×ՓƐƏՓl�v_o��-u;-v�o=�Ѵo��v�b|-0bѴb|��bm�0Ѵ�;�-m7�_b]_�
suitability in red.
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Ѷ�o=�ƐƑՊ |Պ�ՊՍ HORESH and OVADIA

 ��&!� �ƒՊ�bm-u��_-0b|-|�v�b|-0bѴb|��l-r�];m;u-|;7��vbm]�|_;�u;v�Ѵ|v�o=�|_;�vr;1b;v�7bv|ub0�|bom�lo7;Ѵ�=ou�Acanthodactylus beershebensis 
across the species historical range, based on 505 observations scaled down to 59 distinct spatially random data points (black circles). The 
|_u;v_oѴ7��-v�v;|�-v�ƏĺƓѵĺ��b�;Ѵv�o=�ƐƏՓ×ՓƐƏՓl�v_o��-u;-v�o=�v�b|-0Ѵ;�_-0b|-|v�bm�u;7ĺ
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ՊՍՊ |ՊƖ�o=�ƐƑHORESH and OVADIA

 ��&!� �ƓՊ!;l-bmbm]�v�b|-0Ѵ;�_-0b|-|�=ou�Acanthodactylus beershebensis�0-v;7�om�|_;�"	�ĺ���bѴ|�-u;-v�-u;�7-uh�]u-�ķ�-]ub1�Ѵ|�u-Ѵ�-u;-v�
are light gray, INPA- protected areas are green, military firing zones are white- green, and main roads are in black lines.
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ƐƏ�o=�ƐƑՊ |Պ�ՊՍ HORESH and OVADIA

vr;1b;v�l-��;�1;;7�|_;�lo7;Ѵ;7�-u;-�|o�|_;�mou|_;-v|ĺ��o�;�;uķ��;�
assume this area to be relatively small and confined due to changes 
in climatic conditions and to the steep canyons and wadis that lead 
|o� |_;�	;-7� ";-ķ� |_�v� 7;1u;-vbm]� _-0b|-|� v�b|-0bѴb|�� -m7� ro|;m|b-Ѵ�
distribution.

$_;� lo7;Ѵ� t�-m|b=b;7� |_;� vr;1b;vŝ� _-0b|-|� u;t�bu;l;m|v� -m7�
illustrated the attributes that dictate its narrow geographical 
range and specialized ecological niche, confirming previous  expert 
hmo�Ѵ;7];� Ő�-u� ş� �-blo�b|1_� 2011ĸ� �o�vhbѴ-� ş� �lb|-bķ� 2003; 
"_-1_-lķ�2009ĸ�);um;uķ�2016). As a terrestrial species, �ĸՑ0;;u-
shebensis� u;Ѵb;v� om� |_;� _-0b|-|ŝv� -||ub0�|;v� =ou� 7b==;u;m|� -1|b�b|��
types (e.g., foraging, thermoregulation, escaping from predators, 
burrowing, and reproduction/egg deposition) and hence for max-
imizing its fitness. Activity in non- preferred habitats can nega-
tively affect fitness by influencing, among others, locomotion, 
diet, thermoregulation, reproduction, and escape from predators 
Ő�oo7l-mķ�2007).

The model indicated that �ĸՑ0;;uv_;0;mvbv suitable habitats are 
associated with arid loess plains characterized by scattered and 
low vegetation cover, located mainly on north- facing aspects. As 
expected, the suitable habitat of this desert- adapted species is de-
fined by arid to semi- arid climatic conditions, consistent with Tamar 
et al. (2016), reporting that the Acanthodactylus is an arid- adapted 
genus. Lizard species of this genus are commonly known as fringe- 
fingered lizards due to their distinctive scalation—jagged scales along 
the fingers, which are especially noticeable on the hind legs where 
|_;� =bm];uv� -u;� Ѵom];u� Ő"_-1_-lķ�2009; Tamar et al., 2016). These 
f-]];7�v1-Ѵ;v�bm1u;-v;�|_;�v�u=-1;�-u;-�o=�|_;�Ѵb�-u7vŝ�=bm];uv�|o�bl-
ruo�;�|u-1|bom�-m7�]ubr�om� Ѵb]_|�v-m7��vobѴv� Ő"-��b7;v�;|�-Ѵĺķ�2019). 
"_-1_-l�Ő2009) suggested a correlation between soil compression 
and the relative size of the jagged scales and fingers of different 
Acanthodactylus� vr;1b;vĺ� "r;1b;v� lou;� -7-r|;7� |o� Ѵoov;mķ� lo0bѴ;�
sandy soils (e.g., shifting dunes) possess relatively more prominent 
and distinguished scales. Adapted to loess soils, which are relatively 
compact and stable, �ĸՑ0;;uv_;0;mvbv has smaller and less distin-
guished jagged scales than all other five Acanthodactylus species 
=o�m7�bm��vu-;Ѵ�Ő"_-1_-lķ�2009).

Acanthodactylus beershebensis is a habitat specialist adapted to 
loess soils. Its preferred habitat attributes align with the behavior 
of this morphologically distinct species (Moravec et al., 1999). Due 
to its habitat preferences, the morphological traits of �ĸՑ0;;uv_;0;m-
sis� -u;� Ѵbh;Ѵ��7b1|-|;7�0�� b|v� _-0b|-|� -||ub0�|;vĺ� "blbѴ-uѴ�ķ��oo7l-m�
et al. (2008) showed a shift in morphology and performance in re-
sponse to the increased use of rocky habitats of lygosomine skinks. 
The physical attributes of the habitat increased selection for mor-
r_oѴo]b1-Ѵ�-7-r|-|bomv�|_-|�bm1u;-v;�|_;�vr;1b;vŝ�=b|m;vv�bm�|_bv�]uo�r�
of lizards. Irschick and Losos (1999) showed that the sprinting per-
formance of Anolis lizard species varied across different substrate 
diameters and that lizards tended to avoid surfaces that impaired 
their maximal performance. Li et al. (2011) showed that grain size 
significantly affected the running speed of the toad- headed liz-
ard (Phrynocephalus frontalisőĺ� �77b|bom-ѴѴ�ķ� �b00b||v� ;|� -Ѵĺ� Ő2013) 
showed that terrain slope, soil type, and ground cover affected the 

microhabitat selection of two lizard species (Sceloporus arenicolus 
and Uta stansburiana).

Previous studies have identified the preferred habitat and 
v�0v|u-|;� o=� vblbѴ-u� vr;1b;vĺ� ,--7�� -m7� �o�vhbѴ-� Ő2002) showed 
that �ĸՑ0ovhb-m�v and �ĸՑor_;o7�u�v prefer to burrow on tempo-
u-u��vobѴ�1u�v|v��_bѴ;�-�ob7bm]�-ѴѴ�o|_;u�vobѴ�v�u=-1;vĺ�"_;m0uo|�-m7�
Krasnov (1997) found that the density of the desert lizard species 
�ĸՑ0ovhb-m�v and Mesalina bahaeldini (as �ĸՑ]�||�Ѳ-|-) is associated 
with soil structure and that of �ĸՑoѲb�b;ub with vegetation structure. 
�o|-0Ѵ�ķ�bm�1om|u-v|�|o�|_;�"	��-rruo-1_ķ�bm�ru;�bo�v�v|�7b;vķ�_-0b-
tat preferences of lizard species were inferred by calculating the pro-
portion of time they utilized different habitat types (e.g., Agarwal 
et al., 2015; Pérez- Mellado, 1992ĸ�"_;m0uo|�ş��u-vmo�ķ�1997) which 
requires considerable effort and time.

"r;1b;v�7bv|ub0�|bom�lo7;Ѵbm]�bv�;vv;m|b-Ѵ�=ou�bѴѴ�v|u-|bm]�Ѵb�-u7�_-0-
b|-|� u;t�bu;l;m|v�-m7� b7;m|b=�bm]� |_;�_-0b|-|vŝ� -||ub0�|;v�-vvo1b-|;7�
�b|_�|_;bu�vr-|b-Ѵ�7bv|ub0�|bomĺ�"	�v�_-�;�0;;m�v_o�m�|o�-11�u-|;Ѵ��
predict current and future species distributions (Mousikos et al., 2021) 
-m7�_-�;�0;;m��v;7�v�11;vv=�ѴѴ��|o�lo7;Ѵ�Ѵb�-u7�vr;1b;vŝ�7bv|ub0�|bomvĺ�
For instance, Petrosyan et al. (2019) modeled the distribution of three 
lizard species of the genus 	-u;�vhb-. Thonis and Lister (2019) used 
species distribution models to show that the suitable habitat for 10 
species of Anolis lizards is predicted to decrease in the future.

$_;�lo7;Ѵ�1-m�;�rѴ-bm�|_;�vr;1b;vŝ�r_�vb1-Ѵ�0o�m7-ub;vķ�Ѵblb|bm]�
its fundamental niche. To the southeast of the modeled area, the 
vr;1b;vŝ� 7bv|ub0�|bom� v;;lv� Ѵblb|;7� 0�� |_;� v|;;r� vѴor;v� o=� �-|bu-�
Ridge. In the southwest, the species is limited by changes in soil 
substrate. Finally, the species is limited to the north due to differ-
;m|�1Ѵbl-|;�1om7b|bomvĺ�)b|_bm�|_bv�m-uuo��-m7�Ѵblb|;7�];o]u-r_b1-Ѵ�
range and based on the calculated suitability threshold, an area of 
ƖƖƔĺƏƓՓhl2 experiencing a low level of anthropogenic disturbances 
seems suitable for �ĸՑ0;;uv_;0;mvbv. As presented in the results, only 
9% of the remaining suitable habitat is within protected nature re-
serves and parks. The majority of the remaining suitable habitat, 
59%, is within declared military firing zones and thus may be con-
vb7;u;7� bm7bu;1|Ѵ�� ruo|;1|;7ĺ� "�1_� -u;-v� -u;� 1Ѵov;7� |o� |_;� r�0Ѵb1ķ�
�mbm_-0b|;7ķ�-m7��m7;�;Ѵor;7ĺ��o�;�;uķ�b|�bv�;vv;m|b-Ѵ�|o�mo|;�|_-|�
some suitable areas within the military firing zones are degraded by 
military activity, such as building construction, heavy vehicle traffic, 
or live ammunition training.

This study can assist in further research and conservation of this 
endemic and critically endangered species. Ecologists should aim 
=�|�u;� v�u�;�v� |o� -u;-v� o=� v�b|-0Ѵ;� _-0b|-|� |o� ;�-lbm;� |_;� vr;1b;vŝ�
demographic rates and identify possible source and sink popula-
tions. Furthermore, the model results enable conservationists and 
decision- makers to locate areas of critical suitable habitat and show 
where future habitat degradation or destruction should be prevented. 
Increasing the number of suitable habitats that are protected by de-
claring more nature reserves can assist in conserving �ĸՑ0;;uv_;0;mvbv 
and other species occurring within its geographical distribution.

Indeed, previous studies showed that planting trees may lead 
to species replacement and even local extinction of �ĸՑ0;;uv_;0;m-
sis� Ő�-�Ѵ;m-�ş��o�vhbѴ-ķ�2006ĸ��-�Ѵ;m-�;|�-Ѵĺķ�2010). Additionally, 
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Pafilis et al. (2013) showed that grazing has a negative effect on 
the occurrence of the insular lizard (Podarcis gaigeae) by impact-
ing insect populations, thus decreasing food availability for lizards. 
Anthropogenic alterations to the habitat negatively affect biodiver-
sity and species fitness. Consequently, habitat protection increases 
reptile species richness (Attum et al., 2006). Furthermore, Attum 
et al. (2006) reported that �ĸՑѲom]br;v is more abundant in fenced 
areas protected from grazing and agriculture.

Our study provides the first attempt to map the remaining suit-
able habitat of the endemic and critically endangered �ĸՑ0;;uv_;0;m-
sis based on the results of a species distribution model. This study is 
|_;�=buv|�|o�t�-m|b=��|_;�vr;1b;vŝ�_-0b|-|�u;t�bu;l;m|v��_bѴ;�bѴѴ�v|u-|-
ing its narrow geographical range and specialized ecological niche. 
Finally, the model results can be used to design conservation strate-
gies and plans to protect the remaining suitable habitats for �ĸՑ0;;u-
shebensis and to support the establishment of large nature reserves 
to protect the lizard and other loess scrublands threatened species 
v�1_� -v��1 �;;mŝvՓ��v|-u7� ŐChlamydotis macqueeniiő� -m7����|omŝv�
�bu7�ŐMeriones sacramenti).
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";=b� �ĺ� �ĺ� �ou;v_Ĺ Conceptualization (equal); data curation (lead); 
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(equal); writing – review and editing (lead).
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