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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-
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S suitability map and identified the habitat requirements of the critically endangered
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84105, Israel. characterized by scattered, low vegetation cover, primarily on north-facing aspects,
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suggesting that these species-specific habitat requirements limit its distribution. The
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|_oud k-nv YVhEE | Amay be considered indirectly protected because it is within
military firing zones. Our study is the first attempt to map the remaining suitable
habitat of K0;; w_; 0; miwv 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.
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€ | $! & $ (Ceballos et al., 2015). These processes significantly affect the stabil-
ity of ecological systems while negatively altering ecosystem func-
Anthropogenic changes vastly accelerate climate change and bio-
diversity loss (Diaz et al., 2019; Parmesan & Yohe, 2003; Thomas

et al, 2004), with extinction rates being exceptionally high

tions and services on which humanity strongly depends (Cardinale
et al,, 2012; Ceballos et al., 2015; Diaz et al., 2019). Indeed, Diaz
et al. (2019) found that if human actions continue under “business
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as usual” scenarios, biodiversity and ecosystem services will sharply
decline to alarming levels.

VoWkVY v ;1 - inlv|_; | ovy vfnbdl- in- in o o] ; nid
driver impacting ecosystems, leading to habitat loss and habitat
"k20196 | -m-1nv _- ;
reduced global terrestrial habitat integrity, resulting in hundreds

deterioration (Diaz et al., 2019k

of thousands of species that lack sufficient habitats for their pop-

ulations to persist and are likely to go extinct within decades (Diaz

et al., 2019« "k2019). Conservationists must gain vast knowl-

;7] us-lr gwr;lhvs -0Blut bl ;njv]o-why| b donv,u b]m
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

etal., 2015; Diaz et al., 2019).

$; ;5u"_; - ami;nBni; y7 B-urk Acanthodactylus beer-
shebensis, is a ground-dwelling lizard endemic to the loess plains of
I_5 51 iV, p-n?vol_;m 7 ;v po=wvr ; Qb vhb/ s
Amitai, 2003k  0V0; i k2014k - Vm ;| -V¥&20104"; ;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-
H7-v WE-W nv-n;u70 |_; & Oo vhb/k2002; Carretero
etal, 2011k - Vm ;| -Vk2010k) ; m; 1 {tk20064) _; h:
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 (Diaz et al., 2019;

" 2019&V- 7 o _{_; |brijmu|; v Oahk2011). The latter
is often further magnified owing to their narrow geographical range,
vr; 16 \6; 7 ; 10\] H-Virid_; vk-n7 v -WF or  V|lomvb; v Onhk2011).

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 w7 ourvmin ;=1lb; lonmv;u-|bmvju|;]bv O b-ms
Thuiller, 2005; Petford et al., 2019) and prioritizing conservation
areas, thereby reducing the effort and cost associated with manag-
b ;nv-n;u7vr;1hv@ bvom; | -\k2011).

In the last two decades, advanced modeling strategies, which
V|- |y|d-W low V|; vr;1hv o moll winl; u lou’v B_;m

hom :m-V7-]- -u ut ;MV v;7 bm; 10\] H-W| 7hv O uvlo;

et al, 2019k  b-ms $_ BYK2005k ;|; woms "00;u nk2012;
Rodriguez et al., 2019« b ; u; | -k 2018). These models predict
habitat suitability and species distribution range, generally termed
;10| H-Vnid ; | 07;W ou vr;1hv 7hud [lbm | o7;W & 6
O;|; woms "00; u nk2012; Rodriguez et al., 2019). The projected
uv Yo=" I-m];mu|; -nv ;wlot ;v|nvim; 10\] kOm-
geography, evolution, conservation biology, and climate change re-
v,-ul_O lv-ms $_ BYk2005).

For example, Petford et al. (2019) investigated the distribu-
tion of five understudied, endemic, rupicolous reptiles from the
"o |r-m0;d o nj-brvbn"o |_ =M-T&vim] - njk-1 -1 bm
learning method that employs maximum entropy to calculate habitat
v H§-0Bf ruwO-0Bhvkl_; 7; ;¥r;7"  violw;nk= |_; -Om|d

-bOY vwolb|;7 B | L vvr; b §7v W@ |nv | 77hlom Wk
) bvom;| -V @011) proposed a three-phase conservation strategy
0 lomvu ljmi " v-n¥ ¥;nj=mj |_; -O|d -wOVv-wolb
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 K0;; w; © ww. Due to its small, endemic, and highly frag-
mented distribution, in addition to its habitat being degraded and
-V: w7 @ ; m; ©1 Bk2006), it is essential to increase our scien-
tific knowledge about 0;; w; © ww to help focus management
-n¥ lonv;u - |lm; =ouyvi $_; lomvju 1|;7 " | o7; V=N ;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.

FoLoos

Fie | "] 7-u-
There is limited information regarding the precise historical range
of 10;; w; 0w o ; ;Uuru W vv| 7hv7;viud; 7| _tvvr; v
distribution as endemic to the loess plains across the Negev Desert
-n7vo |_;umn 7;- vy o=wvu; VU - WK vjoud- M nd;
of this species was described as extending from Ovdat (30.794584
-n7 fAhh@aYGam_; vo |_|o ;KN -1 - GEICAwWFY-n¥ fdhvel Yf6
in the north, and from Arad (31.257105 and 35.215651) in the east
lo - vou@EiF V@€ -nv fACd vhysbm|_; ;v| o vhi/k2002;
1 4 k20094 ) ;k| ;uouk7;4m7 | v| 7 -u- -1llour-
b o |_bv _bvjowd-Vuni; 7bvjud |ni) ; -w 1 ;7] -] 7 ; |o
| urodu;7 _-0h-] 6w Oo vhb/k2002k - ¥m ;| -Vk2010;
"_ 4} k2009), 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;
Oollol V4 ddpfef @ enfvk fApv fo VAWK  |or
W_| fEIYFVFffel €€l YYk fYIGwyVGavfea &v; u -v|_;; m

tire potential distribution area.

FIF 1 " 7vrbv

"B BFfW |o -W1 ;1 O; w o=|_; Acanthodactylus]; mvk|_; ;§ u
" o-abm MU 7 B-uw7 b mOwv vl B Zn¥ - 7 lov 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:

| b- 2003k oV0; U k2014k - Vm s

Pérez-Mellado, 2009). This species quickly escapes into veg-

vor ;600 vhi/ s

etation or a burrow when spotting a potential threat. The indi-
¥ -V ol ; unl; vb; bv -rrw B -|;V vEd 210 - Vvim s
Pérez-Mellado, 2009), and it contains several escape burrows
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lomvu 1];70 |_; WB-w7 & wWu ir; womVoov; u -|omd v Iy
females dig burrows to lay their eggs, which are laid and buried
m|_; 6;wvobin? | ;mm| W bl 0-];7 O-us  -B o H1_
2011k o vhbfs | H-K2003).

As an ectothermic diurnal reptile, 0;; w; © wuwis 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
whm 7- vk _; mlonvhlonv-u m= ou OV ou|_; W-urv §1lbh k
they remain in their burrows (Tesler |. personal observations).

Acanthodactylus beershebensis is considered a conservation pri-
o) ur|b/ vr;lhvbnve; Km -0l om o=|_; owW&O07b;u
sity hotspots (Carretero et al., 20114 ) ; m; @016) 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 vOu; WE-6m i) B _bm|_bvvr;lhv @ -WEn? 2] ;nf; 7 7h-
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.

Fif 1 11wnt 7-]-

Occurrence records were collected from four different data sources:
(1) the Israeli Nature and Parks Authority (INPA; n =Gy §6|_;
Fads -1 --u]

Zoological Museum of Tel Aviv University (n

Institute (n £9K6-n¥ @Br; w Vo u=h VAov;, w|onv @ =Vav

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 (zlVlou = /& 6-nvro|; Mb\W 0bv; 7i
"B YWk h; o7V i -m V-V @ 0 ; 700v; u|lonv1Vy|; u7
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
| orobivkfvy 1l m- ;u]; m-uvimB _Ooul;v] -vr;uwod ;7
ou|_; 7HEum Wb 7 br;vO v-ms $_ BYk2005; Mathur
et al., 2023; Zurell et al., 2020). This optimization analysis showed
|_-] MN6rb |_; oOv;u -|m7-]- B_- |oVunl; u7bvo=£050
generated a random pattern (zf¥loy = &fFl &]; m u|bn Y 7hv|bri]
data points representing the 505 field observations.

FIG | nmaom :m-Vv-|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
G ;" bmill w7 1jwnd -v; 7 omBvhmo mV& D vjou |u-Hv
and reported behavior, we predicted that the following variables

-u WV o-=1]|_; wr;lhv $-08-| v §-0bg L@&6|;1 riu| uk
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
ruv,nl; O- VYm's o vhb/k2006k - Vm ;| -¥2010) leading
to habitat fragmentation. Therefore, the species is expected to pre-
fer hot and dry climatic conditions in moderate slopes with mild veg-
|-|milo ; u-n¥ \6; wvobvi) ; rov; 7|_-| |oro] ur_HkIW -|Hk

_-0B-|k-nV;7-r_H -bOVYv o VO0; -wolb|;7 B_|_; vw;1lhv §

spatial distribution (Table 1). The following data layers were used
bn|_; "
land cover, soil groups, vegetation cover, and natural area continuity.

779m Wk|_; ) oW1 FiEL7-]-v;| © oW1\ iod &r OW_; 7
by the United Nations Climate Technology Centre and Network,

-v-11; w; 7|0 70 mMé-7 €l Om1W -|d -wb0oyvOHhs Hl -nvk
2017). These variables are derived from the monthly temperature

Gable 1): elevation, slope, aspect, annual mean rainfall,

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
vl mlo=|_ vl 7 -u-- }rb;Wb; o=€8x & i1 ;W -V;v ;u
rwf,1;7 vimj W -r&l b7
data in a reduced resolution using the nearest neighbor resampling

w1 vk jooVio uruyv;n |_;

method which used the value of the closest cell to assign a value
to the output cell. The correlation among layers was investigated
0 1;mu| ;-won¥ low V]iomlo; =dhnj | -jud;v vin |_;
-n7 oW1/lnv"|-|bvHv$ooV$_; 2m\Wr; 1hv7hv|ud [ml o7;V
included the following environmental data layers, which presented
correlation coefficients below 0.85; elevation, slope, aspect, annual
I -mubeY " Vnvlo ;i $Vnvlo ;kvobJw rvk ;];| -
[mmlo ; km| wVeu- lombnlh k  FOI;-m7bum\f;l r;u| u
unj;k  fOlv p ;Tufk Yol - b1 [ 174 uo= -u-
vl Lom_k ROl r;uw] u -nm-Vuni; k-nv EF O-nm -V
rglol-|ond Wr;7v ;w ;u|_;mlom;uy;7]lo " =ou -|=ou
use in MaxEnt. After gaining preliminary model results, the follow-
ing redundant variables that contributed <1% to the model fit were
u lo;7¢ V-lonk fOw p ;luyk YOI - Ibl |; | 1w
| uo=|_; -d:vll onj_k-n¥  EFO-nm -Vfu ibB-|nd

FIY | "r;lpv D |om d7; B_ - in

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 K0;; w; 0 xiv by combining the prepared environ-
I ;m-W ;w-n? vr;1hv 611 w nl; y lourvi "r; v 7hvjud |om
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$ €0H7-|-V ;wruy7d|; 7]|o; rV¥bn|_; 7vud |mmo=Acanthodactylus beershebensis, their resolution, source, expected
correlation, and whether they were included as explanatory variables in the final species distribution model.

Ol|H -[7 - Vu 1;voV b m "o ul ;
Terrain: Ellipsoidal height aFy Fya 1l w u
Data
$; w-brl \or; m7; 1 u ;v ary Hye | vib ul
Data
Terrain: Aspect aFy Fya 1l w u
Data
Esri 2020 land cover cEx & | vib ul
Data
Vegetation cover cx & | -l -
DMT land cover FY ¥ R -l --uw
Digital elevation model (DEM) FY ¥ R -l -uw
Natural area continuity (Rezef full) FY ¥ H -l -
Annual mean rainfall FYo XoFI -l -
"obJw rv 1:50,000 n
€0 mm-M ;-m|;l r;u| u €O00® O | ) ol
FO ;-m7bumVf;! r;u| u uwni; €00® @O | ) ol
fOvol ; u-§ 6 Fn hxe@s coo® &0 | ) owlw
QO$;! r;u| yvivoy €0 9 ® TN ) o1\
6 &6
YO -b I [;lr;u] uo= €00® @O | ) ol
warmest month
vO b | |[;I r;u]| u 0=10V;yv| E00® &O | ) owrly
month
hO$; | r;u| u-mM Menj; 00O O | ) owrlw
VO ;-m;lr;u| uo= ;|;v €O0® O | ) oWl
quarter
1O ;-m|;l r;u| u o=7wV| €O00® O | ) ol
quarter
€0 ;-ml;l r;u| u o= -d ;v €00® @O | ) owrlw
quarter
€e0 ;-m|;l r;u| u 0=10V;v| €00® @O | ) owrlw
quarter
EFO mm -\f u 1 B- |m €00® @O | ) oWlW
€f0O u 1 lh-|wmo= ;||;v| | onj_ E0O0® IO | ) oWl
€GO u 1 l-|wmo=7wv| | onj_ €090® @D ) owrly
€YO u 1rh)-|bmv;- emVb 00O @O | ) owrlw
(coefficient of variation)
evO u 1 h-|mo= ;||;v|[t -U;u EOO® &SI ) oWl
€O u 1 h-|mo=7uwv|t -u;u €00® @B ) ouwrly
eVO u lbl-|mmo= -u ;v|t -U;u EO OV DO | ) oWlW
€10 ylvh-|lomo=107;v|t -y;u EDO® IO | ) oW1\

modeling was conducted following the steps and ODMAP protocol

Predicted association

V7,7 mo| beV of; Vv

" mn Negative correlation No—removed due to low contribution
" mdn Negative correlation Yes
midm Preference for south-  Yes

facing slopes
" miin Preference for bare Yes

land
1 viB |; Negative correlation Yes
] vy |; Preference for bare Yes

land
1 vi |; Negative correlation No—removed due to multicollinearity
] v |; Positive correlation Yes
] viB |; Negative correlation Yes

Preference for loess Yes

soil
Fle Quadratic correlation ~ No—removed due to multicollinearity
Fle Quadratic correlation  Yes
Fle Quadratic correlation  No—removed due to low contribution
Fle Quadratic correlation  No—removed due to multicollinearity
Fle Quadratic correlation  No—removed due to low contribution
Fle Negative correlation No—removed due to multicollinearity
Fie Quadratic correlation  Yes
Fie No correlation No—removed due to multicollinearity
Fle No correlation No—removed due to multicollinearity
Fie No correlation No—removed due to multicollinearity
Fle Negative correlation No—removed due to multicollinearity
Fie negative correlation No—removed due to low contribution
Fie Negative correlation No—removed due to multicollinearity
Fie Negative correlation No—removed due to multicollinearity
Fie Negative correlation No—removed due to multicollinearity
Fle Negative correlation No—removed due to multicollinearity
Fle Negative correlation No—removed due to multicollinearity
Fle Negative correlation No—removed due to multicollinearity
Fle Negative correlation No—removed due to multicollinearity

were employed. After the first run of the model, variables that did

suggested by Zurell et al. (2020) (Appendix " &

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

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
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HORESH and OVADIA

v =o€ .
—FLWI LE Y-Ecology and Evolution

Open Access,

MaxEnt model evaluation. The accuracy of the model predictions
was evaluated using the area under the receiver operating curve
O0& 6 779lomWk - nmjo |r |[v- -1lhhnis |;v] 0= - OV B -
portance in which each variable is excluded in turn, and a model is
created with the remaining variables.

Fiv | b @ @ -r-mVvy
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 K0;; w; 0 wiv. 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 §-0V -nv nv -0V _-OB-|vi -OB-|v ;u 7;=m70-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

aol |_; wb ul " om#n v;u;u@8) ol ! o-7vO| -fouwo- 7vk
B - Vk\01-Vo-7vk-n?¥ oW subvi 6T B u-1016r;7
apl ";mMmVFED V¥nvlo ;ulb ; v;ihvo=|_; oWl w7 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; -1 b;m -0p|v1-m0; 7 b4V rwl|;1;7 _;muvb 7]b m

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
|_; K ;u7omé 7 7aol |_; wb u " omién;v, u lu
&vim] |_; I -M V]; ol ;lulL=nlllombm W -r €aAViFk|_;
total area of suitable habitat within the historical range of «k;; @
shebensis was calculated for the continuous and binary model out-
puts. Additionally, the total area of protected suitable habitats was
calculated.

fl & s

$ ;" r;wod ;7 (W HB_-m & -V; o=aVIl o7;Vu-
sults produced two habitat suitability maps with a pixel size of
Ex & Il ;urb Mv-wim7-uV|b; -04-|v B-0Bf -V;
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 (O 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%),
-nv FO;-m7bumVuni;kliVord! ;v \Wwo=|_; -ihhnts
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.

77om \Wkr\6|v=wl |_; -lhhnts -mVvivo= & -V;vv_ o
|_-] -] vV u- ombnl & ; ;= WE-nv hGIr;u| u
annual range) presented the highest AUC values when used
separately.

Response curves produced by the model present the habitat
requirements of K0;; w; O niw (Appendix " [ As expected from
|_; vr;1bv Slvloud-Virnj; k_-0OB-| v B-0BY -v_B_;v| m-uy-v

B_-rrwo b -|;VvOFYS Il o=-nm-Vu-br=W1 -u1|; ;70
vil Blb7:;] "1wvew il d_;douk -0Ob|] vH-0¥4 -v
B ;u B bn-m-mm -Vl riu] uouni; O hSo=FYF nfphiyF |
The response curves produced by the model also illustrated that the
vr;lgv 8 §-0V _-04-| -vm]-|b;V low V];7 H_wér; ©; ]
_B_; vl bm- 8FWr; 6-nv ;1;|-[wmlo ;u®;u;njo=|_; rb Mo -
:u70 ;] |-|wnd o ; ;U _-O0B-]v H-0Bh -v_H_;ubn0-u
loess soil and north-facing aspects.

$_; 1 o7, Weo 7|~ B_bn|_; vr;lhv Shvloud-Vikni k| _;
vb; o=Hvro|;nmbW v §-0V -0Q-| v €fyalhf | fand 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-
loduni; -vllyieG | ﬁ(Figure 4). The remaining suitable habitat
remains mostly unprotected and under possible further adverse
-nj_wro];ni;=1vk B_onmv | EhF | R(~9%) within nature re-
serves and parks protected by the Israel Nature and Parks Authority.

m- 774 lom VWVHhEE | A of the suitable habitat (~59%) is within de-
clared military firing zones and thus may be considered partially and
indirectly protected.

Gl e

Endemic species are typically more susceptible to habitat changes,
manifested in accelerated population declines (Diaz et al., 2019;

" 20196-nv B _;u; |brijmu|; v Oihk20114 &vim] " lo
1;mu]; uV¥lb; _-0B-] v B-OB | -rv-nV ¥; mb= vr; 1hv Bo-
tential and current distribution provides the basic knowledge needed
[orvm;=1lb; lonv,u -|mv|ju|;]hvO b-ms $_ BYKk2005;
Petford et al., 20196-n¥ |o r uoWb; lonv; u -|om-uy-v § bBrom
etal., 2011).

This study is the first attempt to map the remaining suitable hab-
itat of the endemic and critically endangered lizard «0;; w; 0 ww
based on the results of a species distribution model. The generated
7vjud |[oml -rvv ]];v] -] |Z vr;lbv § B-0V _-04-| o=|_;
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L7151 07;V7-u-Jo|_; mou_;-vii o ; ;i ;
assume this area to be relatively small and confined due to changes
in climatic conditions and to the steep canyons and wadis that lead
ol -7";-K|_v7;1y-vin] _-Of-| v §-0BY -n¥ ro|;nibV
distribution.

$_; 1 o7;vt -nib7 |_; vr;lhv §-08-] ut gl ;njv-nv
illustrated the attributes that dictate its narrow geographical

vr;lhvl -

range and specialized ecological niche, confirming previous expert
hmo Vv7]; O-us -B o H1_ 2011k o vhb/ s | B-H2003;
"4 1 k2009k) ; m;k@016). As a terrestrial species, K ;;0
shebensis y \fv om|_; _-0§-|& -||ud |;v=ou7bsuni -1lbh
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
0O 007 I-nk2007).

The model indicated that K0;; w; © ww 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
| =d;w-u Wnj;u® -1 -1 k2009; Tamar et al., 2016). These
f-11;7vl-Vvbriy -v; | ; v =1, -u-o=|_; b-u7v @nj;wlob -
rw ; [wiom-nv Ju omV§_| v-n¥ voby &- ;v ;| -k2019).
"1+ @Q009) suggested a correlation between soil compression
and the relative size of the jagged scales and fingers of different
Acanthodactylus vr; 1hvi "r;1gv | oy -7-r|;7 |o \bov; nkl oOB/
sandy soils (e.g., shifting dunes) possess relatively more prominent
and distinguished scales. Adapted to loess soils, which are relatively
compact and stable, «0;; w; © ww has smaller and less distin-
guished jagged scales than all other five Acanthodactylus species
o n7bnve; VO _-1 -1 k2009).

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 K0;; w; © m
sis-u ;WA 7H-1;,70 Hv_-0[b| -||ub O; Vi "b IVBVK 007] -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 oV -VE7-r|-|onv|_-| by -v; |_; vr;1bv Smwbn|_lv]w 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 frontalisd 77Hlom Wk WOR|v ;| -V Q013)
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 oV 4; o=vb Bruvr: B v,i--7 -n¥ ovh¥ @002) showed
that kovlbmv md ko r;o7 uv prefer to burrow on tempo-
By - oyt -Wo| ; uvobA u=1;vi"_; nOw]| -n¥
Krasnov (1997) found that the density of the desert lizard species

wu vob/lu vjv _|
K ovilb mv ad Mesalina bahaeldini (as k |[[] ©|-) is associated
with soil structure and that of o B;l With vegetation structure.
o|-O0Vkimlomuv| |[o]|_; " -rrw-1 kmry W vv|] 7hvk -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, 1992k" _; mdw| s uvrmo k1997) which
requires considerable effort and time.
"r; 1 v7h|ud [loml o7; W lv; w; nib \eoubWv|u |} \b-u7 _-0-
B-lut b ;nv-n7 bmib=blm_; _-0[b|vS-[|b Q;v-wolb|;7
B_|_; luwvr-|bV7v|ud |toni
predict current and future species distributions (Mousikos et al., 2021)
-7 _- ;0;;mvVv;7v 11, w= W ol o7, V-7 vr; 1hv By|ud |nvi
For instance, Petrosyan et al. (2019) modeled the distribution of three
lizard species of the genus -u ; WhThonis and Lister (2019) used
species distribution models to show that the suitable habitat for 10

vV_-;0;;mvo mlo-11 u|;V

species of Anolis lizards is predicted to decrease in the future.

$_; 1 o7;VI-m; rVbm|_; vr;1hv 6_ vid-VOo nv-uy vk\§ Bhni
its fundamental niche. To the southeast of the modeled area, the
vr;lhv Fy|ud |[mv;;1 vV B;70 |_; v|;;r Wor;vo= -|
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 1 -|; lonvhlomvi) B bn| bvmuo -nv V6 B;7];0lur_H-V
range and based on the calculated suitability threshold, an area of
I'yieG | ﬁexperiencing a low level of anthropogenic disturbances
seems suitable for «0;; w; 0O ww. 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-
VI, u 7 bl 1V orwl; 171" 1 -u-v-u 1V, 7 |o|_; r OMk

nm -0f; 7k-nv n¥; ;\6r; 71 o ; ;b bv;w;nibVo 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
=l uvu; v]jo-u-vo=v -0V _-08B-| |[o; -1 bn |_; w;1hv §
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 10;; w; 0 v
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 0;; w; © m

sis O- Vm s o vhb/k2006k - Vm ;| -¥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 konj® ;v si 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 «0;; w; 0 m
sis based on the results of a species distribution model. This study is
[ = fot -mib= | vr;lbv §&0B-|ut el smv B/ BYV|w|-
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 «;;®
shebensis and to support the establishment of large nature reserves
to protect the lizard and other loess scrublands threatened species
vl -v 1

hiz eriones sacramenti).

;i v|-uw @hlamydotis macqueenii6 - nv7 |on®

&$ ! $! &$ "
" [ | ar vLConceptualization (equal); data curation (lead);
formal analysis (lead); methodology (lead); software (lead); writing
— original draft (equal); writing — review and editing (supporting).
= u -7bLConceptualization (equal); data curation (supporting);
methodology (supporting); supervision (lead); writing — original draft
(equal); writing — review and editing (lead).

) $ "
This work has been supported by Midbarium Animal Park and by
Kivunim—The Municipal Organization for Recreation and Culture
m ;§u"_; -1) ;|-mh"_-b ;hik o- " -1 -1 k-n¥ -I --u]
Institute for providing occurrence records of Acanthodactylus beer-
shebensis to be used in this study. Additionally, we also thank the
Israel Nature and Parks Authority for providing occurrence records
-n7r;d Bvjolon? 1] | wuyv;-ul ) ; -Wo | -mh |- $; Wu=ou
his great advice, profound knowledge, and infectious appreciation
for this species.

$ $! "% &3 $
The authors declare no conflict of interest.

This article has earned Open Data and Open Materials badges. Data
and materials are available at https://doi.org/10.5061/dryad.pnvx0
k6vp.

$ ( $+"% $ $
All data used to create the model is available online. Dryad Reviewer
" -un brhl  https://datadryad.org/stash/share/_DITQIC5zUg

rvi VROV I1&S 1 |1 € v ) h Observation records of

Acanthodactylus beershebensis used in the model and the study area
polygon were uploaded to Dryad: https://doi.org/10.5061/dryad.
pnvx0k6vp. All environmental layers used in the model were down-
Vb-7; 74 ;Vaol viu " nmén -|--n7aol |[_;) oW1

website: https://worldclim.org/data/worldclim21.htmli * © b V7b-
tribution model ODMAP protocol, model results and supplemen-
tal information were uploaded to Dryad: https://doi.org/10.5061/
dryad.pnvx0Okévp.

|

SefiJ. A. Horesh "= https://orcid.org/0000-0003-3587-6291

]-u -Kik o -l ks uv tk igeeyd b-urvo=|_; $_-u ;v;un
Resource partitioning and community composition. Journal of Arid
Environments, 118, 58—64.

[l 1 kI Tk-vomk i Tk o0OVk Tks -_- V k'l [gFeavd! ; vrony,
of a desert lizard community to habitat degradation: Do ideas about
habitat specialists/generalists hold? Biological Conservation, 133,
52-62.

-k ks -B o B1_k [{Feeed A field guide to reptiles and amphibians of
Israel. Pazbar Limited.

o vhtvk T o wr;ul!;rB6i m i oy s [ -0V h O7vik
1,7 Oooh o= ;4;0u kv bnw -6pp. 64-111). Israeli Nature and

-thv |_oW) -n¥ $_; "olh| =ou|_; uwl|;1lmo= -| y bn
Israel.

o vhtrk iks | Y-tk 1 Foofd - nOd bo=- | ridb m mdr|Ovo=
lsraell :|;u OW b o v;i

wvio;k | 1k Y _kik-y ; a0 | ; klik -_ on omrouk i Tk -1 - K
i"ik Bo_-mk I 1k oW;nk [ Ik u7vhk Ik ;-um k Ik

1 -_ ok ik _bwvic Tkt ]-miik! _ @ ik vhk T v ik
+;mk ks BYun uoh-k [Feeld oy 1-vim] vr;lovuni; 7 -
namics with process-explicit models: Matching methods to applica-
tions. Ecology Letters, 22, 1940-1956.

-wrmvk |k =k ik om-v k ik oor;uk I&lk ;ubvk ik
(;mbk lc -u -nk B -1k T iksbr-nic k) -urvi Tk

btk @ 0k -k T Tk ou- k Tk wLki k-- 7;uk ik
"h-v]- -k I"lks -;;1 k"l FEEFd 7b; wh \bw-n¥7 By b -
pact on humanity. Nature, 486(7401), 59-67.

~wr|;wk [ odk onv;1-k | Tk -uL-n ok Ik Wok I Tks -uwivk
| 1 @eeed 77 Acanthodactylus beershebensis to the mtDNA

phylogeny of the Acanthodactylus pardalis w ri North-Western
Journal of Zoology, 7(1), 138-142.

;0-Wvk Tk WAk i1ik -umovh k T Tk -ul-k Tk vkl ks
Palmer, T. M. (2015). Accelerated modern human-induced species
losses: Entering the sixth mass extinction. Science Advances, 1(5),
€1400253.

- KUkt vk ik wny ke Tk Jok Tsik 1-urk Tkoum |k ik
-Vemuk kv 1em Tk J1-uke Tk o Tk - uD- Wk Tk 1tk
ik bk k" oul -mbnk"lk W]V k Tk bBow H_k Ik ovh ik, ik

Obura, D., Pfaff, A., & Zayas, C. (2019). Pervasive human-driven de-
cline of life on earth points to the need for transformative change.
Science, 366(6471), eaax3100.

Wk ik v -1k I Ik n7;wonk!l Ik lv-nk Ik #l -nk!ik

- ikos-|_ dhk ksl -k Tk b Kk ol -k Tk
olv; Wk ik -monk Tk ow) k Tk -h-l wk Tk -h- - -Kk+k

;uomk Tk ;|; wonk Tks , B | ;u -mk [ oavd o ;M ;| _-
o7vib rw ; ru7d|mo="r; 1 v87lv|ud |nv =l o1l wj ni,
data. Ecography, 29, 129-151.

Hhk'i 1 & B -mkt | ¢ 8hd) owrIB/AFL ;  €hl vr-|bWu yoV-
tion climate surfaces for global land areas. International Journal of
Climatology, 37(12), 4302—-4315.

Ecology and Evolution EE=EF
=t e WILEY-222°

85U8017 SUOIWIOD BAE8.D 3(qeotjdde au Aq peusenob ae seoile O ‘@SN Jo S9N 1o} Aiq i 8UIjUO /8|1 UO (SUONIPUOD-PUB-SWLB) W00 A8 | IMAteIq Ul |UO//SANY) SUORIPUOD PUe SWe 1 8y} 89S *[202/80/72] U Akeid1aul|uo A8|iM elisnyeuelyooD Aq 80T0Z '€898/200T 0T/I0p/W00 A8 | 1M Areiq1ut|uoy/sdny woiy pepeo|umod ‘g ‘vZ0Z ‘85..SP0Z



HORESH and OVADIA

EF=c¢ J WI LEY—ECOIOgy and Evolution

oV0;dk "I 1| §eed Acanthodactylus Beershebensis &t - I-|-L
Lacertidae) from Israel. Herpetological Bulletin, 128, 20-21.

007l -nk | [ ochd Hw -04-| v 1 & |m-n¥ nd_ ;o ;uvr
among five assemblages of tropical skinks. Australian Journal of
Zoology, 55(1), 15-27.

007l -mk | Tk Brvk | iks "1 -uhork [ FoOVd b5 om|_; wihvi

-0Q-| v; 7w; vl o _oV]H-VEnV r; vod -nl; ; oV |lombn\a-
ards. Ecology, 89(12), 3462-3471.
bv-nk ks $_ bWl 1Fo0Yd u 7Hd vr; 1o v7ivud |l = uwi
more than simple habitat models. Ecology Letters, 8, 993-1009.

- VYmk lks o vht/k [¢oavd -nv 1 -m];1 ;njruid; voulol -
bating desertification cause species replacement of desert lizards.
Journal of Applied Ecology, 43, 701-7009.

- VYmk bks u N ;W7ok(i $oad _-nl; o u7h| ou7hLl
Predator-induced shifts in insectivorous lizard feeding ecology.
Oecologia, 161, 411-419.

- ¥Ymk k"-yk ik owl vh k ks o vhbvk | Feead 10 H-V
trap for desert lizards caused by anthropogenic changes in habi-
tat structure that favor predator activity. Conservation Biology, 24,
803-8009.

WoR|vk$l Tk 0;dk) T Tk 7-1 vk "1k hb\rvk 1 Tk - k Tks +o njk
M. E. (2013). Microhabitat selection by a habitat specialist and a
generalist in both fragmented and unfragmented landscapes.
Herpetological Conservation and Biology, 8(1), 104-113.

"{ §Fe€l d Global assessment report of the intergovernmental science-

policy platform on biodiversity and ecosystem servicesl wn? ok |

"Ik VK Tk - kvl Jok TSI O7VE " i 1u|-ub |k omm
cd -mi€geaar-1;v v U VN GuYerFarei

wl_Hhk [ iks ovovkl (@114 oVW-uwv- oy _-0OB-|vim _H_r;u
formance is submaximal? The relationship between sprinting capa-
bilities and structural habitat use in Caribbean anoles. The American
Naturalist, 154(3), 293-305.

whk [@eeed! -u -nv;nv; 1 Wvr;1hvi) _ -u |_; rwm |o; |brl-
tion?$ thy_. o m 6 = o|-m, 35, 411-417.

b ik brk*ik ik -mk Tk - &Sl iks bnik, [ Feeed =1|vo=
sand grain size and morphological traits on running speed of toad-
headed lizard Phrynocephalus frontalis. Journal of Arid Environments,
75(11), 1038-1042.

b kik) _t;k Tks ; ;W i@eefd" yild | uv_oWv=ou| ;ru-
diction of species occurrence with presence-only data. Journal of
Biogeography, 40(4), 778-789.

Aok Tk -l_ & ks w_ bk T @EFfd loM]H-Viid_; | o7V
ling of a critically endangered species Commiphora wightii (Arn.)

_-n¥-w vin] O1VW -|H -n¥7 nonfDm1W - |4 - us OVVi Ecological
Processes, 12(1), 1-30.

ow ;1kik - - V k" ik"; g1 -mk (k'b-nk Tks) ;umk+H&114d
" v]; | -|dv-n¥ 7lvjud |[mmo=|_; Acanthodactylus pardalis group
(Lacertidae) in Egypt and Israel. Zoology in the Middle East, 17(1),
21-50.

Mousikos, A., Manolaki, P., Knez, N., & Vogiatzakis, I. N. (2021). Can dis-
tribution modeling inform rare and endangered species monitoring
in Mediterranean Islands? Ecological Informatics, 66, 101434.

-k Tk mv|-vio k ik"-Jomvk Tks (-Vhovk | [ &eefd u
by goats on islands affects the populations of an endemic
Mediterranean lizard. Journal of Zoology, 290(4), 255-264.

-d ;v-nk Tks +o_jk 1GOSfd 1\60-W lo_; u nj =] ; ur wj 0=1V -|;
change impacts across natural systems. Nature, 421(6918), 37-42.

Pérez-Mellado, V. (1992). Ecology of lacertid lizards in a desert area of
eastern Morocco. Journal of Zoology, 226, 369-386.

;s wonk 1 $lks "00;u mk [ FeEFG "r; 1h v 7hv|ud |ml o7; & -n¥
;10 M-V ; | o7; W0 L ;|| |_; loni;r|vuj_|l Natureza &
Conservacdo, 10, 102-107.

Jlrourk T ik -m o wl;;nkliks VvV o-nv; Wk 1 T@eeEl 6 mev;nd v
of ecology and climate on the distribution of restricted, Rupicolous
reptiles in a biodiverse hotspot. African Journal of Herpetology, 68,
118-133.

Open Access,

slwv -k (ik wviro k Tk 00w k(ik ;u mo -k ik - -unhok ik

Omelchenko, A., Danielyan, F., & Arakelyan, M. (2019). Analysis

of geographical distribution of the parthenogenetic rock lizard

-u vh-b-d ; mb and its parental species (D. mixta, D. valentini)
based on ecological modelling. Salamandra, 55(3), 173-190.

to7u] ; k ik -ul-ki ik -ur ok lks -um k i¢Feeld n;]u|om
of physiological knowledge into hybrid species distribution model-
ling to improve forecast of distributional shifts of tropical corals.
Diversity and Distributions, 25, 715-728.

"oow;vk ko codlm k Tk -bek ks "sm o uhbk "l Feeld
OV W] | r; _-v-\ ;78 r-1l om|_; "rumjr;uvod -nl; o=-
Mediterranean lizard. Acta Herpetologica, 14(2), 81-87.

" -1 -1 k 1 ¢aa d The odd fringed one: National pride for the beer Sheva
lizard. Walla News, 20/04/2009, https://news.walla.co.il/item/
1471366, 17/02/2023.

" _;mow|k ks uwvmo k [@Ihd -04-| uV]nv bvo=|_; b-u7
Faunain the Ramon erosion cirque, Negev highlands (Israel). Journal
of Zoology, 241, 429-440.

"k KL Bk ko _nkiks o_vik ¢EEVd omju 1)t - _ -
brid species distribution model from standard large-scale distribu-
tion data. Ecological Modelling, 373, 39-52.

$-1 -k Tk -wrm-Kk"Tk"mv-10k! ik ou ; 1k Tk$ur;k [ iks ;hik"i
(2016). Out of Africa: Phylogeny and biogeography of the wide-
spread genus Acanthodactylus (Reptilia: Lacertidae). Molecular
Phylogenetics and Evolution, 103, 6-18.

$. ol -vk I Tk -1 ;wnmk Tk u;nk!'T Ik -hhymvk Tk ;- | omk I
fk oW _-1 k+i ik uvl vk T 1 Tk ;hrk ik ubi;k ik
-mm_k ik 1wk ik Mok Tk(-mo--w Wk Tk BV KTk

Brvk k u;1-0 ;u-k Tk ;| wonk Tk B vk Tks ) DI vk
"[ ool  |bri|muvh 2ol 1M -|; 1 -ni; [ Nature, 427(6970),
145-148.

$ ok | ks W;k | I¢geeld u7d|bd 1M -|; MY 1;7 7hv|ud -
tional shifts for Puerto Rican anoles. Copeia, 107(2), 262—-269.

) ;um i+ T §FeEvd Reptile life in the land of Israel, with comments on ad-
jacent regions. Edition Chimaira.

) ;umk+ ks bk [ ¢oovd “Acanthodactylus beershebensis.” The
IUCN Red list of threatened species.

) bvork | Tkl oO;uvk Tks !;lvk [@eeed rrvim] vr;1hv 7v|ud -
tion modelling to identify areas of high conservation value for en-
dangered species: A case study using Margaritifera Margaritifera
(L.). Biological Conservation, 144(2), 821-829.

,--7 k ks o vhtvk 1¢oeFd b-uw 0 uo v-wolb|mm H_v 11;v-
viom W|- 1 ; vo=0\6] K- WobAu v|vim-m-uy "-n¥ u ] toniJournal
of Arid Environments, 50(2), 235-246.

;UM dkounhWrk ik ok Tk oo 11k koou -mmk Tk Wk ik

-nvovk Tk ;mk*ik BFunuoh-k Tk -k Tk - on
omouk Tk ;4 ok Tk -unk Tk ;|;wonk ik!-r-11bowk ik

"1 -k k1 u7k ke wen b ki ks k) ks s w ok

C. (2020). A standard protocol for reporting species distribution

models. Ecography, 43, 1261-1277.

" & '$ ! $
Additional supporting information can be found online in the
" rroymi mou -|omv; 1m-||_; ;n¥ o=|_bv-uyhvi

o ol h1 t udvL ouv kil iks -7bk [GeFcs
Predicting habitat suitability of the critically endangered

:8u"_; - =umi; B ; u 7 \6- U7l Ecology and Evolution, 14,
€70108. https://doi.org/10.1002/ece3.70108

85U8017 SUOIWIOD BAE8.D 3(qeotjdde au Aq peusenob ae seoile O ‘@SN Jo S9N 1o} Aiq i 8UIjUO /8|1 UO (SUONIPUOD-PUB-SWLB) W00 A8 | IMAteIq Ul |UO//SANY) SUORIPUOD PUe SWe 1 8y} 89S *[202/80/72] U Akeid1aul|uo A8|iM elisnyeuelyooD Aq 80T0Z '€898/200T 0T/I0p/W00 A8 | 1M Areiq1ut|uoy/sdny woiy pepeo|umod ‘g ‘vZ0Z ‘85..SP0Z



	Predicting habitat suitability of the critically endangered Be'er Sheva fringe-­fingered lizard‌
	Abstract
	1|INTRODUCTION
	2|METHODS


