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ABSTRACT

Introduction: Biodiversity loss is a global threat to humanity. To address these
challenges, international environmental organizations have adopted specific strategic
goals and plans within the Kunming-Montreal Global Biodiversity Framework to
understand how biodiversity changes over time and to identify the factors influencing
these changes. Biodiversit?/ modeling tools, particularly habitat suitability models
(%pecies distribution models), play a critical role in this effort. Despite significant
advances in modeling techniques and the growing availability of spatial data, current
models face serious limitations in accurately predicting biodiversity status and
changes, hindering the development of an effective framework for monitoring
biodiversity over time. One of the most significant practical limitations of these
models is the inconsistency of recorded data in terms of species presence frequency
and spatial extent across different time periods. This inconsistency limits the
development of spatiotemporal models necessary for understanding species
distribution dynamics over time. The objective of this study is to propose a solution to
overcome the inconsistencies in biodiversity data over time and to develop a
computational process for spatiotemporal habitat suitability modeling. Subsequently,
spatiotemporal models were employed to quantify changes in species distribution.

Materials and Methods: In this study, a spatiotemporal biodiversity model was
developed using presence data of the Roan anteloge (Hippotragus equinus). Long-term
species presence data spanning from 1901 to 2020 were sourced from the global
biodiversity database GBIF to develop the spatiotemporal models. Additionally,
species time series data (abundance data) from the LPI and BioTime databases were
used to validate the assessment of biodiversity changes. Climatic data were extracted
from the CRU TS database, which was used to generate 19 annual environmental
layers. After data cleanin(l; and preparation, and selecting appropriate climatic
variables by testing for multicollinearity, the time series data were integrated into a
single data table or data pool. In this approach, species presence data for each year
were linked to the corresponding climatic data for that year and location. To improve
model efficiency and reduce uncertainty, 10 common machine learning algorithms
were selected to calibrate the spatiotemporal models. After model validation, spatial
distribution predictions for each year were obtained by combining predictions from
different models using weighted averaging (ensemble), resulting in a 120-year time
series of species distribution predictions. Next, the Sen’s slope estimator function was
used to calculate the trend of habitat suitability changes over 120 years for each pixel.

Results and Discussion: The results of model validation demonstrated that all
modeling aé)é)roaches performed exceptionally well, with AUC values ranging from
0.926 to 0.996, indicating high predictive accuracy. Analgsis of the biodiversity trend
maps over time revealed a gradual decline in the probability of species presence in
southern latitudes. In contrast, an increase in presence probability was observed in the
central African belt, suggesting shifts in species distribution patterns. Further
validation of the results was carried out using time series data on species distribution
and abundance from BioTime and LPI sources. This validation showed that the model
accurately matched real data in 88% and 84% of the cases where habitat suitability had
decreased. These findir&gs confirm the high accuracy of the model in gredicting both
species distribution and changes over time. This strong correlation between model
predictions and actual data underscores the effectiveness of the proposed
spatiotemporal models in capturing and reflecting real-world biodiversity trends.

Conclusion: The proposed solution in this study not only enables spatiotemporal
modeling for analyzing species distribution patterns and their changes but also
improves the accuracy of ecological niche quantification, enhancing spatial
distribution predictions and reducing uncertainty in assessments. This approach
addresses temporal data inconsistency challenges by increasing sample size and
coverage, allowing optimal use of all available records. This study emphasizes the
importance of the temporal dimension in species distribution models, particularl&/ in
regions with significant climatic changes, and can assist managers in making
conservation decisions aligned with sustainable development goals, biodiversity
conservation, and the KM-GBF global framework.

Keywords: Spatio-temporal species distribution model, Data inconsistency,
Biodiversity changes, Long-term time series of climate data, Machine learning.

* Corresponding Author: f_ahmadzade@sbu.ac.ir
DOI: https://doi.org/ 10.48308/G1SJ.2024.236293.1225

Received: 2024.04.16
Accepted: 2024.09.14

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


mailto:f_ahmadzade@sbu.ac.ir
https://doi.org/
https://creativecommons.org/licenses/by/4.0/)
https://orcid.org/0000-0001-7152-8484
https://doi.org/10.48308/gisj.2024.236293.1225

YOM-FIAD & Saig iUl UL ¥ - - A-045F 1Lls VY lians oF 0ylad 0 Jlows eyl yml GIS g 533 31 Shoriws 41y

g Ao
SL3l 1y ol j cangllae Jloj_ Sle Juo drmg
o pandd s Zwly 3O (S § £ Ol gty

"ot 5 | e ol ool 815 ot e

ouS s
dasgags ool b allie (gly 09 o wgmime pludl (gly Slar Gaae5 5 (olocssl 1808 ¢ dlilu (S ) E5T 09,5 ¢(6 550 (seziily L)
3895 Sz el B e ) ey Sl sleadiy g Slal sl S slaplele US55 olrsS | Cuao
Al 5o J3S53b Jelse lolish 5 olog Jsb )5 st Skl (SigSr 0 sslitets e SiedsT 1 Aibgy g ol o sae psle
3 (s m39) ol Camgllae sl e ohigar gy 55 il S slatecnay N3 g Ol el

097y b ls (owlal (oBE Wighioe Cpame (o) g5 Olilllas sl eadaBld lagts; R oy hue i) e 09,8 o Letils Y
» et GL‘%{“ (S fbwb & 05515‘35')‘ sy )LS » LS)‘L%{J" 6“"0"5‘) “*“‘9’ f'> d)i“:’ 6““‘5)‘““ oo pole 50King% qrimnsST
ol ok o%eosfb & alis o Wl gu 6&“%%”@ S eSS St g Senls 33> (S ol (o et e oSl
bdoae ol @o)l8 slacusgaze (it 5l (S0 Dadier e oy Jsbo )0 (st 55 Ll sly bl . e
b b K B Co s g (St j E55 09,5 wliwl .Y
Lylys pl il Oglaie Gloj slooil ;o baigs g 5 6,8 5 Jlol 8 Lloday ceadicad slaosls (5,55 Lo 5iings 51
F a . - o of = - “ e o = "4_~ i " -
Wlisyore ploj b LA Ll @ig Sl 5 by S50 0 &5 ) Gloj (e sladae dang ISl o j T i
5ol Jsb 0 (st 95 sloosls (6 85l SMSae p addé (sl oly b asllan (ol 5 Bad S| o dgamme Ol OU (it e ©

S @35 13 i ilasS e g o) Sungllae oy (S (SluJoe ol (Slealome aulS denys & 5 ‘fb” 2y botel.F
ol olRails « pwlidsCons j 05,5 ¢ i
adde (o il

PP R =P B j9am slaodls Sl gy 95 Sy (e Jan dawgi (sl caalllas nl o oy g Olge
FYY BN Gla e s 43S ol Heax Sawaily Sloj (5 sloosls .ol ooliiwl (Hippotragus equinus)
S s 855 Sloj s slaodls rizmes 5 (o) (e sl Jde drng jlateay GBIF Jlor 831 oSl
odledy b, 5 4 ) go Sk b)) o Lel gl BioTime ¢ LPI Sledlbl slaolKol o (4
ool ; BlBes;e Sledbl slaa¥ deil wlulp a5 wind gl 5l CRUTS sols o0l 51 cosddl (sloosls
Oilesl ey caslio sla e Sl 5 4058 (glaosls (gilueslel 5 (sileSTy f my A o Al 90
ool o el (6900 3 cols Sl b oasly soly Jgaz o ax LS &Sjgoas oy (g slrodls (5 5 Jasais
drnsg (Gl e B 0018 Wig G g Lo Jled o8l Sledlbl a4y Sl j2 & 3laie 565 jga> slaosly 0 Sy,
5 2ol (edle (50l pgwpe o580l 00 doJae Coabapae (LalS 5 T S5 pslateds 5 Jloy - S Joe
o s S5 b 55 s e 5 da e el 5] e N 0,5y e sl e
a5 4 IS ol 03 e o o ot (Urond) (53 6525 lon 3 aslicad b 05 sl Jae 51 Lol
a3 &l Sl eolital b gm0 0l mie SIS S m58 lasmoin Jels ALY Sl (s

D dlne JuSy 2 53 JLo Ve sb o (ol Congllae Sl Xg) o e

g 0,85 5 (295 s 0 ,Shos 3l (55l Jae slo b, (soled a5 ol LS ba Joe i Liel gl iy g g LS
E95 Olpss Wiy, sbass Lo b awslre </AYF 5 /A48 u o ol gl AUC asls oS glaigSa
P S Jos sl il el gy 45 jpax Jleirl (as slagsse o a8 o Gl ol Jsb 0 (S
G slrodls ool bl criwwions g oo 0dnlin a8 cpl jeax Jlaxx! olidl diy 8 Sl ouyeS
Camglhe alS bl JAY o TAA jo s jay a5 ol lis P g BioTime alie 5l aigS Jlgl 8 9 e Sboj
Sls5 Dliasi g @i (gt 50 ) e YL s dis plls ligien (Aly slaosls b Jow (ol

5 o 3 ol s o

259 gl dos gl (loj (I (g3l ISl aSl 953 caalllas ol 50 oaadl| el 2 g oS aeid
SlagSl (it Sgn 4 (3 Llpg (bl (ilu BT je cds (Bl L o jglse ol B 1) Ll Dl i g leaisS

lagilly daaige il 5 bgy 1L 3505, nl S (o0 S byl 53 Gl pae 2005 (S5 @y o odljorl oy gaal L]
il oo San 1) 39290 S (las 55 ) solad 3l g dolatul g S o S 1y oooly Sloj G55l Aoy o o dewgi oo ¢ pontd of o Jde
soalBl i b aolin 5o 039 0,5, (al 5 010 STh (SIa0sS 58 sl ite yo Sy aaf Cormtl y aslline Sl o Covplhe Siloj S
Oy 5 ey E95 5l Bl il dags Blaal sl 5o Wi e g Sesl Jl0y05 5 SlglE Coeal sl i il o (o e58 Slets oL
A5 S8 gblas (6,8 el Sl o e 4 KM-GBF k> 5590 5l izt 4y 5 oSl i

5ol Sonily Sle) (6 it 55 Dyt dmools o F 3l oslisF prjg oy S Jao oflgnnls  Oleai Foled VF b ol GIS
cswilo 6 pSol ¢ ol NIV ey

AARAVER (AP PN f_ahmadzade@sbu.ac.ir : L5156 jlseage odiw g *
VEY[PIYE c i mdy https://doi.org/ 10.48308/G1SJ.2024.236293.1225 :=:¥lie Jluzus awls

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


mailto:f_ahmadzade@sbu.ac.ir
https://creativecommons.org/licenses/by/4.0/)
https://orcid.org/0000-0001-7152-8484
https://doi.org/10.48308/gisj.2024.236293.1225

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Soi- e )l sl sibed e oy, kel
iy 50 S5 4 (65908 Sl () E95 Dyt
Guisan & ) "(SDMS)slasisS ajsi sl Jos

g slad,b by 4 ea s (Zimmermann, 2000
coz il (g g5 Olalhe (o o basli
S 38 S sl ) oied ;08 g5l Jos
4 C_MJL: ) LQ‘.»] Courog G».A.iuu.».’ 9 l.%:b; oli».m.:)
Ceballos et al., ) o3l o w2l )8 aowe Ol yss
ies sLa by, el Gase a5 bSDM (2017
S8 egiie Blaal (gl il oo drngl Loian
L o yo slogs pof paoas 5 cbilis 4o alox ) sl
Sk e oy olulid 0l o sy £95
«(Villero et al., 2017) x—sls> L Laa 55 (5l ,—

. o - .0

0l oLl sloaass " elaosr 9 2bos®
golsz b laaisS Coxdge 3l oaiicnd Olaalie bl
oY gou ol quiln, Jslasas (McShea, 2014)
«(Guisan et al., 2013) e bla> (635,400 5 jo gl
dile placgzla do () E98 p Ol Wy
Kissling et ) "(EBVS) _ciws; £55 swlol 5l peiiie
Glacalon 80 s i o1t b3l @l 2018
L dosed (e 50 Gloaiss @jsh 5o (S jlanme
Gl oL, 9 «Smith & Lusseau, 2022) o>
Q_" ‘S:T)l_f r 9 ‘é_l.x.‘i sadscblas d.‘aL.A O
Aragjo et ) sai] o LaassS jl cble> sly bl
LaSDM cils Lledl lgss e ol pls al.,, 2004
Gl a5 Wlgo lalinl § wies ;08 g5le Joe sla,ll
2% i) E95 die ) (2las el g Slalllas
5 '(SDGS) sl dewgs Gilaal 4 sliiws b,
MCBD) i) £95 5l cbli> o35l slaaali

1S (598 G

. Aichi

. United Nations Biodiversity Conference

. Kunming-Montreal Global Biodiversity Framework
. Species Distribution Models

. Interpolating and Extrapolating

. Essential Biodiversity Variables

. Sustainable Development Goals

. Convention on Biological Diversity

ONO U~ WN P

doddo -
S8 5 sl laaas o gl slaasugs apais
359 09359 9 ahlw g (Rl 4 o8l Sl is
Pl g (G 95 oS daptnnnsST (o 50
2 Sl aalyz st jo 5 0ul ;oe laaiss
Butchart et ) cwl ools )1, 3 g0 > slaasags Jolie
Sl Sl Lol (bl een  (al., 2010
SLel a a3 das a5l (e 95 ol b ablis
oolie ;5 S5l slma el y fagi Ly 5 oo
£5-5 (ol oig, iy 5 peuily B b ol
sbla> olludl Salen g Colan )0 (S
(nlog>ol (Tittensor et al, 2014) alaz_ils
la B Jolf censis 5l plas w3l sla )58
Wiges (6l g ol alils ans au I (b oaliplx]
o5 b by (2l Bue S jl Sozen
£ —amlS 0y, coils aiab aS | o] e
Al Gfoee (S Gdgie VeV JLu Ly s
ol La oSG ol LYs slo s, (CBD, 2020)
C8piom Gl gile g0 sla oy, 9gu 4 el oold
sloagby; chnd (pizmen g (Hbli> slaadly
Dl 9 Conndg 5280 (chogien ln 5o
oAb Gl cslie (92 )lr olml &5 (Sn; 95
J=Yo jlasS oo (Sesl |y oley Jsbo 55 (o £955
5500=l3] (CBD, 2020) el 039y baianSs ! Lol
S Uy ol glocsz )l 5 (silodos v 2
Sl by G Fanae po el glacuglsl )|
e ian a8 an o ST ) 95 5l i
Jo plajle (Fmj 985 (a8 Cannds (a0 3l
g5 Sz ooz ls ol s (COP15) o>t
A g (KM-GBF) 1 ge - KialsS s
Sy psbaiedn 5 ;dS §)5 5 2 S e LAl )
AelS 5 olej Jobo 5o (s £ Sk S
e o (CBD, 2020) sy, cgai 45 o] Slals
S5 Silwdde Glahy; had 4 g by el

§ A o S 595 Ol (Lo 9 Gile RS o

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

VY



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

ailoslarul Jl> jo liores coBl slaosls Cuwaily
Lt sl o5 obodisS mis (i 29000 &>
«(Williams et al., 2017) 5oz ales 3l i wn
ol > g (Wieringa et al,, 2021) .l sk
= sl s ol (Kimathi et al., 2020)
S 5 LopiwsST olag Lo )2 po3d
OLSal 5 00t (Kot wST 95 s
Dot laisS @ie Sy - S sladae il
etz et al., 2019) cul ool ool 3 sloaslss

s sLoosls lis il s (pusyins (izmon
GBIF s sles «yrine T sLaol Kl 5l Laasss
£5—5 sLaosls ol —anay BIEN4 4 °LPI BioTime
aile o By 517 sl SIS pisien (g
gl IS 0] )3 wiles o PlantNet 4 iNaturalist
08 e Sl |y ey - Sl &0 SDM
=l eed pin (o (9w 31 .(Brun et al., 2023)
S0l 89> )0 oimgh (Eyias s A 5

silo ygy (sl 55k 5 Jelo )0 bl
Sl 03,51 0525 ay (D gl Sl

ddjiedy ¢ yuiilo (5 S0l (Pichler & Hartig, 2023)
2P sEy—an Gho y3 iy i slacs,gld 5l (S

o)) s (5 Somizr s ale 05755 slaoj o
s and 99330 sl stz (bl byl g 03]
Reichsteinetal., ) s ls swoj g5 slo Jos 4y
o) 6y S92 g0 slrools g lacs sl ol (2019
aiS S5 LaSDM (sla il b abilie 4 ailys o
Sl s 3w oS slass, o (Liu et al., 2018)
Cozlr Sl Glwl) )0 o5mgan ) g £55
63955 72 3505 5 KM-GBF o £5-5 Sl
s Wl (6 Stz jsbody et

1. Abrahms

2. Reside

3. Andrew & Fox

4, Fernandez

5. Living Planet Index
6. Citizen Science

LaSDM (55,15 slaaals 5o, 925 L
3 adae (ol 655 )84 )3 e slacasgaoesl (o
yemaz 5leasacd glwmosls jo i dlaicysley diw)
P 3500 Sl Dglate Sloj slaol jo aaiss
3 sla Lo b asT jga slaosls daaisS
Lo ol 50 5 500,08 o G (il 5 Slgl5
Ol 05 )l8 e A das Wi b S50 sl
Lo Jos Lo )3 Laosls 5 oolisul olSel Lyl
&9 Slesi g 2lgy Sy slp ) Gl - Sl
S5 walig 555 e Jb o loisS olilyi
SDM (slo Joe yiie a5 ol LS Cpod 4y S oo
slaJos b yo (S5 5LaSDM (e ol 5
Loa 35 j5 i slaosls Lulul,y a s ol LS
(535 dnd aw M) 3l sl Sl jo saicils
E95 sloools wigm an Lo Jow ol il oo dxwgs
(a2 dw 390 >) Saedids Lo Sl b s
Hijmans et al., 2005; ) ol oo o8l sLaosls
wlox3l) S95UsS wlalllas L(Fick & Hijmans, 2017
(Bateman et al., 2012; Fernandez et al., 2017
i Sl Sl slaosls (pl a5 wilools ol
byl il e gy (S o5 glodisS 5
8 (@l ol ss aile) Sasol5sS ol
Ll Slalllae %08 (g5 5l e IS 15,5 s
(Y1) ohlSan 5wl 5 (Y+19) L, LSen
&5 sloJue Con o g cds aS ol ooly ol
ObLS 35 ( Sloj (2o iie (il L slaigs
5 3lh g (VoY) T SLs 5 g il s oo s
L oljlasivis 5o wilos,S oS (V1Y) ol e
&9 sbadams lgld (Jlwim ase Ol pois
Ao gley Job ) haore Sl o5 glaisS
5350 5 FaellS e 28 o0
&9 sladae ladsses 95 L Jlocnll
Js &l S liman o) HSe sleisS
s 5o slmools 1o saie,Lil Cosgase clél o

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

WA



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

3ol 58 (S 95 (Sloy (5w DMl 35008
sl awgi Jlo )0 slo)elS )3 ogasa (bl
Lagts) ol 3l )3 et 5 (o sl sl oa
5549y > Lo ilr L baiss 5l (g )k 59050
s3nlyd 5 Sl b aallas ) 5l Bae 05
sloosls 6,55l oMSie s ardé gl o Sl
~ S silede johiear olej Jsbo yo () E95
il (] o S ool ool GlaisT mer Ses
Lo Jos o 1y leg axd s bl Sl ons ke
Gl Joe Lxsgi b s 3 0,5 2,3 SDM (SIS
&259 5% Sl Gl S GGl Gloj - Sl
590 |, KM-GBF Glaal cbiul, o Ladiss lSe
BUREY SISO Y [ JUFRRLIOW] IR N - S PR il
5 Laasss joas Caeaids gla) 5w sloosls
e sl Ja G sl GBIF il (slaalS)
Sty E55 Sl s slrosls Sl (rizren 5 Slej
Sl slaolly )3 39290 (eisS H9a> Sll,2)
yess L)l mi Ll (sl BioTime 5 LPI
sloosls 5l ogdlea, .cul oads oolatwl s g5
oL 5L 5l owaidy gl (6w B jo ol
oyge YoV LAY cle Lo 4 slase CRUTS
s S s Jore g s o ok 438,5
B o LadassS ol i oy (i o
gy lbdln &ypoan le) (b S slhasis
2 S ) oSy 52 50 disS e Sl
i)l 5 B Bee S, @bl eslaial L (adds
Szt Gl oS g Julod G S5 b et
Sy9=ay8 OloSe 1) i ml Hs s3lidn )
Lol 3l caalllan oyl 5o w0 IS 4 laaisS el
Siolesl g axwgs sl Hippotragus equinus 45s5
So; — 5 i o 1 0 esliiul o Joe
0391 cuwlin GBIF Solo oL ,0 4igS jga> slaools

1. Zurell

2. Schliep

3. Gongalves
4. Dobson

&259 Silmds Slallhae jides &Sol 092y L

isboe plonl SedlS sla e el s 55
o=l Ol Eeghy Sz Al axg 3l gl o
loaiulyd (lidl e - GlSe sloadae 4 0j9>
(VoY) Lo 5 ' J g cdignd (5lps - onsl aily
&9 sladae 1o gley oy uilbuS 4 wisls L
J>1e 9 39098 slaosls sl eslaal b ofaga «slaseS
Sl oo sy e I Sl ol (BLST SE1S g0
[P X DR N TV P TP RVRE N 4
ool slesl gl 1) la sy, (V1A ol Kon
S S pie slaasss aoses sladse jo Sl
ole [ ga> slaosls Jolis a5 wisls dxwes (JSDM)
5" slaisS 05 oadganail Jlgls sbaosls o
490 31 o gleosls leslarul b (Y1 F) o) Ken
Csllas B sla sLisy LaSDM 4 asle;uis
23,8 o ) St mla o 2l
By (hyme Ly 5 (VYD) (LS 5 Tyl
3 Slay o plesl Sl dynamicSDM (s )38l 3
Joe ceigas gl 5 90,5 w2l, 3 1, SDM (sl Jous
I, Quelea quelea 50, 4595 2o sloj - Sl
ol () £55 5 (Hazme laosls 99053
0ls j2 SSaa |, au)si o 5 2 Yo IV-Y Y
Logy slaJae ol Hlas aslllas ol 060, min
wlo ;o (o glaosls (ululy @) (Gmin b
S sloJae b wld o (i 2115 5 s
» el bl pSeia Glacd ing 392y L)l
3ok glizmes (Sley -GS ladas dangs
e sla Sz 9 (ulidpg Gl sladix
wloais S Lo o ol o JslS jgboa
Soosily Ol j9ie (ad slaJae (il oSl
ol Sz ozl Bua &Sy s £95 @9
Ol Pt s 0100 S5 (g5l 2 S5e j5boas
Job 1o (g E9=5 sloosls (6,155Luwl a5 ool
2 Leeols yidoy oo g L ogts — oo
9 4 sl yeo Ly acnlie o (o3l by Lo

OIRIGIS g 599 3l i & plid
VEY sy £ oled 0 o

AR



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Hijmans et al., ) —od8lceus; dilos;e o piin
Sy ) oolial U aibale slaosls ulul 5 (2005
Hijmans ) o acwlxe R laoxs (o dismo )38l
e Sl e e (380 Sl (et al., 2023
ol slado o (s £95 @95 slede 5o
a5 65 iz il el ;3 45 Spdioe 03,0
2l 5 Joe LS GalS (6555l oo Jlos
ErShFasz Sl e 1B (rekasls )]
OIS ey peiie iz 90 45 dwo o0 £ (Sl
Al Sied K0S L o g k] Jae yo
Lo pite (s (538 (SSiad 055 %00 &Ly
> U (6 (g 3l oadsdsl )l Sledlbl was co oyl
Ol il ool oy iide ;0 ;e b o)l
o sl el )ly Sl slas 5l a4 wilgs oo consg
Lo pitte (orad Cootl Groladl (eSS (e
oalS g ol gl el jore 0usS Son i
oty 95 o 5l oslial s s sz o3
e VIF 355 o Ggmima 59,5 Aol T (VIF)
) Sloaiod;iredss (y9am S ) po (illy (I
Gt S 31 (36 I3 ol 035 e 5|
Naimi & Araijo, ) cowl ousS o i b e
Vo sl i Yo ane 45 YU VIF L (s mice (2016
O ygmodny e ] Sledlbl a5 ams o LS el
Ol 5 018 S92 S0s sl pite ple jo (S i
Ghyoumi et al., ) o, 5 Ba> Joo I, o) olgi oo
3 e SOl Oyt 3, S0, ol (2022
Oliebl L 09, 00,5 0 (g5lo e (slags 525 prac
L oy, 55 LMl glls (slm piio 59— ol
Ghane-Ameleh ) wigs Bd> Jow Lsle 1 S iiw
58U sl wdl o ol s 5,0l et al, 2021

R Loz ,o USAM & )0 35250 VIF 3l oolaz il

1. Spatial Thinning
2. Multicollinearity
3. Variance Inflation Factor

Sl &5 458 (Slyl 2 Sloy sy slaosls oo g o
5 )y ol Sl Sl Lol (o L]
i ipps § 4515 3925 BIOTIME 4 LPI (glaolSyL,
e asdllas ol o sadz hae sl iolejl oSl

el oo wal)3

09y 9 Slgo Y

) Eg gbosls -Y-)

95 Sloy  SLSe Joo dnngi sly casdlas ol jo
PS94 j5—am slaosls I
G § 9 —od8 Ll B 0 (Hippotragus equinus)
(e yowrd Ay Ao [ ‘6‘o)l_> wsla 3l b_:l_d‘).s}
ot o) Soeaily Slo; - SlSe wleMbl 4y cowlin
Iy 4595 jgax Sledbl  oghy cpl Gzl sl ooy
Gl oL 3o,k YoV- YA o Slej 8350 0
o1y 20,5 s,z LPI g BioTime 4 GBIF (slosls
33 Jymsie oo Jsb o 4555 ol Sl 3
Wiges Sledbl ddjiedy @S pl Sledbl oyl ol
slaosls o Gl Jos dawgs 5 Solesl sy
GBIF ;I soizlpeul soosls 5,5l Jaw 5999
Sl i (Slsld Sloy sy slmodls 5 0L (rels
LPI slaoll 5l caser Sl sy b)) (o Lie!
s 5l ooliwl U Waosls . g el BiOTIME 4
9 &, blai i > gl R s CoordinateCleaner
e L U Sl Canipis 515 Blses 5 6,55
Zizkaetal., ) ol g3lwSh g (5300 5 s o yrelasl
sloadsbs )3 pleigin (2ol sl Geizren (2019
slaals mh o' GLSe (5L s
o= plosl R Lagsee 1o SPTHIN & b (6 yeslS ) x)
.(Aiello-Lammens et al., 2015)

W juio bl g (coud8! slaosls -Y-Y
slod slo psin 1, CRUTS o il aols ol L
5 ol Cnd o o, (uiomed g di s g dineS

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

\Y-



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

(Araujo & New, 2007) s¢5 o yoie b Jow o115
e ey Glp alaswg slo oo 3l (gom r:lf IS
Obey b 0wl &5 0a @isS e mj58
commile (6 7S 0L o, sXl 00 akaie fp s s colatl
Jlws (sorlBl slo e g Jow b 5l oolaul b Dlis
A s o aisF jeim Jlozsl dai 140
5 Jomo gl 5l oolaiwl Uy s g 0l oo i
o Jlazml 88 DAY Lo sopldl (gl e
5 e md 45 3,5 JS 180T L o 455
o Sl e slaasii ady Yo v L
Jlosl i VY e caos )0 0 plnil 4665 o598

ol Gy Yo¥e BV L 5l 45 g

o jm b ypdopacands gloosls —)-F-Y
obol s Base (g3leJoe slap oS! aSCul s axg5 b
g Siloas sl (5 ub) slalezgo a5 b (sloools
Wlo 5L jgh> pas g jeh> soly 55 o 4y cnl by
Sladllas pig 04 S 4 a> pac dol 35— jo
Db oo 03 ;o Cudguzme SlaisS @je (55l Joe
4 v(ij) Y)Wroqsa.,.& sleosls 5l eslax!
3o Slojmy Cmeal (Funy £95 il Slalllas
lools ay Lais a5 ol adlge clyy Lol
Sl2ools 5 o 05> s 45T 4>
il Slblllas dilate JS 5l Ygano jeimpacdnss
SLeMbl o3 il ag azgi b ool W o0
B335 S Sy dy 3blis sl daosls
leodgazme 5l Soges 4 abiuggl g Wb oo
plaisl g pae slaosls Leluly o bl i
o3l Joo s bools cpl 0929 0 & jleds by ol
LoasisS yoiam gly a5 1, e slacslis wos oo
45 o> slmosls bl By el el

pian jgazpdcdl bl olass YM IEX TN A}

1. Data Pooling
2. Pseudo-absences
3. Background

a5 soliloen ) e o .(Naimi, 2022) o alol
b g i Ve bud s LT 51 QT VIF e
g ai Bi> pl Tl O)god (gl pais ganl 3
Lo pits dod a5 08 )1, S5 Sley L 4 o
(Naimi et al., 2014) sl Bd> oo sauasylis

Sl 15 & eF e A -Y-Y
lwools (glaisS 395 Sloy — Sl Jow sl (6l
o oL ;o 50 9 Jlw ;o a3l asT jga>
A 0ols wgn G 5 Sl Gles o8l Sledol
3 NAVE L ;0 4565 jgax s0ls azilis iged 1y
Wil ool sdalin atio L8l x> o adse
U] ) TA.JS‘ é\A—A—»StrA-QuAM—’ Lgu)...s...o ).:ol_a.o
gl Jlw plos o bso e sloa 5l condys
dgS slmosls of emay (slools Jaa ;o g gl oo
)9_.02- LgL{boéL) (SALQJ cu...:).')' O & Ju)..f‘sn )|).9
s bl bl coBl slaosls of ey 4545
SLedbl Jgaz )0 ax LSS O g0y daosls culils 5
aS oold dcgamme pl wols 4o b (gjlweslel oy
o=l 50 Sl slresls den (giluax LSS 4 axg b
509_.»‘;0 asls \oeb )M‘ a4 J_>‘9 :X_CM
Gl ysie 5 ol Ly Bas 13e) (6955 O30

2y )8 4 Gloy (G Joe s (0SS Som iy
g ol 5o eles — G Joe drwss sl
sl 253 silw o o ;550N Lo b,
Egit sLa gy 3525 an azgi L Lol ol oolatl
Loy, 5l (o clsail g 6 S pemal slras
iy 00 Hskiecnay 8, 15 a4 b by, 5l (slasgae
&9 Silbwdims Sglite Slalllas )5 4S5 pg pe
Elith et al., ) alosgs (5 i 1,5 lylo slaiss
o, ol obol p (g5le Jaw ail 8 9 bl (2006
30 Gl Jow gy iz 3l eolaiwl o el |2l
L oubady slo m i oS 5 LSl sl
=39 =S eSilae ookl L aslBas slo Jow
olidl g gilw Jaw jo coslalpac alS 4y aS Col

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

AR



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

«Dunn & Smyth, 2018) (GLMPoly) sla Le>uis
Hastie & ) (GAM) 38l d 8l oss Jon
0Ai i 985 (ygu—mw S , <40 (Tibshirani, 1990
sk g S, (Elith et al., 2008) (BRT)
<3, «Friedman, 1991) (MARS) «__5ua
Breiman et al., ) (CART) (g ,S, g (goa il
«(Breiman, 2001) (RF) gsl_ay | S> (1984
«(Phillips et al., 2006) (Maxent) 5,51 2Sla>
Hastie & ) (FDA) i dilas! 6,00 S5 Julos
VM) iy o o il (Tibshirani, 1994
soblean; s5lwJoe 9 (Valkenborg et al., 2023)
ol 053 o (Booth et al., 2014) (Bioclime)
o |2l R oy s o SAM &y 5l oolitl b Jo1 pe
sz N Jeas yo (Naimi & Araujo, 2022)

Ll o0l e ,¢301 51 S5, 8 ,90,0

LS 5 0,59, -Y-Y-F
Syl slapt )8l (o @l (o it
Sl azgs 59558 25U g SlasS @y siledse
Ssst ass 5L Lo oo 21)LS 50 o5
Ebrahimi et ) 55l s blei |y Jaol> oo Sy,
G5y Joe e a5 il olis olalas (al., 2022
12,25 5 Bblie dadisS (ales 8,90, dlwgy by
|) ..\_‘>|5 Gl..\_,o 019_':'@@3 9 .3)1..\_3 |) o)_ﬂ.‘;.c Py
Elithet ) 8,5 , 1oy o Lyl & den j0 Jow (o )iy
4o 9,215l @l., 2006; Segurado & Araujo, 2004
Jromed Ly e 55 53 Jime il ol 0 ol
5= 9 959, 45 gy (ml el o olei ity
Wlos,S a1, BT (YD) Tl s gila 5 (V- V)
S yaie slaJoo 5l 15 (60, Nles )l (gl o
oS 3l iU glacaaladpae Canl 08 g ools &)
L o0, Sgy o=l ams ol 1) 0 a0 slo Jow gl

1. Ensemble Approach
2. Araujo & New
3. Hao & Tian

sezee Sl sy (Lol 3 wilgn b el jgas bla )l
el slasy ol aes gy 1) Slllas ddlais S
JUELOPE Y- [ SR TS B IRVER VE S LIV N OV
E95 g anlllas 0,90 dihais 53lail 4 Jlade cpl 5wl
Lol il 29,5 oo3ls (o) 2 )90 (259055
b g ale gt jampacas sbaosls Gl
U P 95 @9 sl @l ) Wl
0,559, 5l cdnj s lwosls Ll (gl 05,135
sgely 3las ol eolaiwl oLl ae Solay Gl
S=d agi aipey ey Ahal Ve e g Cla s,
leo,ss, ddeas bl ol (Aradjo et al., 2020)
Gl aisS jeax slaosls ol padds ¢ gapiacalds

2o ooliiwl o Jos 48,50 S b yo3ge]

slpoold zlyzw! gl bodld (gudspumdi—Y-Y-Y
sloosls 4 (slisS 98 s Jow i Liel (gl
Joe oo S ail 8 o baools ol sl 5L wall
099, 3l e Jhius 8018 950 4 a5 L i las Sl
gl sleosls (sanpends 1y (Bolal (gl peiges
D9y s oola ol sald g bjgel &l 95 4
P 4 aS (iRla L (Bolad (5)l0 ,matges
O el ja8 5l SO el ool ans bl Sy wlg
Naimi et al., ) cosls Jow o liel gl bSass
L=l 1SS oo L epols kgl 4o wguds ol (2022
L (Bolal (g)lo maised aild ), S5 o 50 5 0l
sl Grosls acgazme Ll Tax adg & 05l
S3ledde Ghg) 1 85900 (il pliy b yomie aald 4
a0 Lles 45 el g L 3,90 Joe S5 58

Saalosl (1S5 Y e xei o1V ) Jae Ve e adgs

ilo (g S0l Loty oSl -Y-Y-¥
Lo, S L Glasss 98 sloJoe drwgs 5l
o=l o oolanwl vy o5l 0o (sm—iilo G pSoly

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

\YY



OhSen 5 conl sl plell

byl sl oy gl Sloy - S Joo days

asllas yo oolanul 5y90 cniibe (5,080l slapiy oSl caw 9 Y Jgu

Zo0 Olus el Hlass! peIgy )
O gladezais Oz 10938l L aS ol Sgaw 5, sla Jow glgil 51 SO
Dunn & G PP yoban |y L peiie oy balyy Sz (Jois gl it Poly GLM b Jae
Smyth, 2018 (Lo it oy Alal, 45 (63,1500 o5sdny e e (ol S e (5 5le e PCEINO
0,18 0,8« as 8 aninly 5 s
Hastie & ool ul L 1é 5 j5lsan dLaools Uy oomici i 5 ol UG sy 5| eal33l Joa
Tibshirani, GAM v
1990 &S o AL opans
SlooaisS i 4wl bl e 55 50 0,680 g0 S 5 L
Elithetal, st (—ialBl (ohg)) eddogii 5 (iS5l s ol slapmmds b el BRT O S 5y LSy
2008 b d bl (0, Shes S5t sl 0 e slade 5l gk oS S Yoatiysis
WS (oo Bebate | ooy
_ i T sl 85 ool (5 iy Bl s . g S5 s
PRl s b slaniie 50 oS5 el AL ol Ll e MARS S o
bl (GiS3b O jgoay 1) baosls S Cul praal S0 g s (Joe
Sl o2 OS e oedl (lbdcgezme ) 4 Sy Gl yle polie .
Breiman et al. . . ) . < . @il s o
- el T e A OF21)9
basgommey; ) 1) ($Ran a5 by je diliwl 5 0aisS (b e (e
Gl 5 aS o sl Laosls 51 1) 6 ks oo yilgs (sladiges
e 9 N Ls—c)ﬁ Lgl._dbd._ij.oj Q—.’.‘ )'| &.u,:c 6‘)—.‘ |) 6‘5[4..} Q%...J)f)
3, ) danS 5l B Sloalie oo Iy &340 .S
Breiman, 2001 © 200 & Y T I ® O S T2 S8 A0 RF R
Goudids .09, e LS 4 (aoloais Clsal jlaslel ) dgel Ajedy a5
OIS g sl S A peas e s ;a 58, 8 Las L oo desls
Sgus o Cyeetd OLS 50 Ao o yo ‘_;T) S ST glodnlie 80 com o
s a9 ) Sl I (s T 0515 e 0258 S
Phillips ot al., )'| LS‘UB-“?“ LY "\-:Sgs—" oola_wl ‘JLo.'Ial C")?" 2_1)..&4_. ch’d_u; \ _‘ 51
2006 s e . .7 , . Maxent o Sl
oSl s Wb o paie o (2 Sle ol o a5 05ls g0 By dgame
Al Sy jeam sl o oy
Hastie & le._dbob‘b L_’ 3)9_5).3 PL—i“‘” °3—.’.54—.’ 9 Cn] sS.\f.abL'L' 6‘5)5‘..5) U‘L“Jl)‘ - N )
Tibshirani, Ly, 3lesJds 5 | 6 pinylianl ol aiio YU olad L g osuzey,  FDA AR “J“
1994 . o o iy Slas]
S oo pol8 Fuly 5 0aS i Sle st oz
ol 25 ilozr sl 9 YU olul ghls Laools a5 (63,190 ,0 o5 g
il A 90 4 |y Lovools caings ' (glammio pl 8L b e yo31 (] )
Valkenborg et | . 15 1 SUM v wiuls 5 Laosls 45 | s SUM Sy yaiilo
al., 2023 sl 55 &l 5 S A LSS Leosls E)lg,y a0 (o0 Voo
Loaols dlid ol 55 08 e oslital 5V sl b slas 4 baosls .l o
Ngd oo SSE g
ooliisl lgmgl (L yoin 5 LoalsSs aaisi o Ay Jelowisan s (sl ,
Booth et al., . . . . &leJoe
ot Jelse lolis gl v bl sl sss, Jols odél b Jae o) 055 0o Bioclim

2014

W oo aisS jpi pas by jpa> 10 Jige alspg]

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

\YY



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

a als TSS a il (5,500 slals, a5 Jl> )0
(Freeman & Moisen, wilewslio “&lin] a> bl
abiwl > (s loby, Cn ppg o 5l (o 2008)
o=l o glwags a8 5l oolesl TSS o400
ol ;1858 )50 asli elulp alin] o> o e
sl sl aaiob gl pll o Sle a3
a> ol an aS coul Sla s, sliwy o,Slae
alyd 50 le ol e 05l LS ailiw]
(sladozgs Lo Jos sl asbin] o> Gl

s
Oy com iloe ol Gkl ) o)l (oote
G ol a3l wiile ¢ Ss5UsT sla asls
ly sloosls JS 4 joa> S s Gl s
ot Lo )0 (LB iy L) (S 9 (3>
dlxe |y (gt pae (aBly slaosls IS 4 j5a>
Sl lainge BT Gl oo (a3ls 99 I b g 0,8
o Sl (Soe 45705 (rni | (6L slaJulos
.(Boali etal., 2024) o5& Jow slallas gjluass
L aS o laisTay ailiw] o bl asdllas ol 4o
W el Sy 9 Somle oz Jols il Gl
30 ol (Sl TSS (giluarigy Jolas (23lg yo g
sbere g9 o LaJae o Slae (65 0jlul (ol wols
Ebrahimietal., ) cé, ,Ls 4, TSS s AUC L)l
Ghayoumi ) cewl e YV b+ 5IAUC laas (2023
=i ) 9=\ s TSS a5 90,0 «(et al,, 2019
Sy Slos saolis jlow 90 o yiian polde g conl
ay AUC ;5 +/0 5 TSS ;5 -
o Lal olas Sl ot o Jobae Joe o Shee
5 ssliasls 8, Slas sLusS by ke 5 )15

(Araujo & Naimi, 2020) <! uils

Hlate sl Jow yigs

1. Area Under Receiver Operating Characteristic Curve
2. True Skill Statistics

3. Bionomial

4. Independent on The Threshold

5. Dependent on The Threshold

6. Confusion Matrix

W)szcl QWM‘JJ—AJ—.}CJLAJU_S)J
| alis 5o Cashdane 2ol5 o] 509580 5 delosl o
9 b e 1S Copiae a9 ols ol pan s
LS o0 A SeS (G 5 | e bla>
Ebrahimi & Ahmadzadeh, 2022; Ebrahimi et al.,)
[ W.Sf 0,509y s sl jo L’x‘ﬁLl.g .(2021
ety LS aile 6,50l w,l ool colial
é’l—’ )1 ool l_: p.».:)9_i” 0 u_:‘ Lr"‘"u‘“" C"L"’
Jos ;2 AUC (50 Slae polin g (539 6 S (yeSileo

28, )5 anl s ol yo (05 A

Lo T 5 coxo olime gyl ~¥-T-0
&8 sladam 0, Shes b)) 5 (e biel sl
Joe 0 Ay mie Cale 4 a3 L (slaigS
Sl pgmiye oboas (&35 jga> pac g j5a> slaesly)
0di S Sldas dasiin dove ) Colus sla g,
g g oolizul T(TSS) _adly & les Lol 5 '(AUC)
Amiri et al., 2021; llanloo et al., 2020; Sheykhi )
&= sy £9=5 Lol (llanloo et al., 2021
e (L9 A4S ga> pac g pa> £5 l ladisS
3590, o Jos slo in iy e v(_glal‘,.?p
9> JLA..}‘ G"S polae B o ‘@Lmoob O
(_gl_ﬁoé‘o l_> )AéLa.o U_" :X_M.ALM 6‘)" 09.@6@ J.Jy
9 S0 L jgam pas [ ga) Bas e 43 0dblud
polie a5 0gd bl glasbiw] o> col oY (a0
polie 9 (S5) Hgax 50 S ot o 5l i
W5k Gho) jpam pae BaS st O3l ol
ailiw] o> mum o bl (Scherrer et al., 2018)
)l Gisy @b 5o s ss3 0 R Wl
3 e gl ol plo il ails Jow o ,Sles
, (Naimi et al., 2022) 555 oo Camzno (55l Joe
AUC s, Lo Jas 3, Skae )| sl oo
5y Shos Wi oo 5 ol Tailin] am Sl 5 s
S ol albiwl s Gl 4 5L g 1) Jow

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

\YY



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Css ay ol Jlazsl o |, Queg babsl &Ll
adaly ol s ol s gl eolialol ALols .o 5

Ca =Z1-0/2Var(S)

() aka,

n(n-1)(2n+5)— Y%, ti(ti—1)(2ti+5)
18

Var(S) =

(%) aka,

J—ol> o bl o gmies Jouz 5121 -z
b 90 j0 bl Aol walllas (] jo 090 oo
A dwloee (0= ¢ /e 0 ga=+/+)) g loliss

oy g gl Y
Slgs @585 sdue -¥-)
LT ool a0 g (ooudBl (5o puitio ol - ¥
LSS Jae 0,504, sl addllas ol (o (g 4o
Vo x o yesdl Vo) ol olon) Jae VYoo e Sl
polie b medliloc sy psite &5 (Lo VYo x 1SS
3 b U I et Gl Ve o VIF
Lo pite ol 055 6555l slasS @9 slaow
Gl ool (Bi02) ail;s, slas s5game (Sl ol
ole (g e o (o)L «(Bi09) asledaws o 5 Stz
(Bi014) oo 1y, 3525 5 L5,L (Bi013)
dmab 50,5 53 ) (BIOLS) (3l 333 slad
3 S (Bi019) Juad (s 5y 5,L «(Bi018)
e Tomo9en BIO13 ( coldl sl piie (le
_ S la Joas jo T aiel 0 aS oy Jule
Bio09 4 Bio02 <1 3l uy .oils i &5 ¢ Sls;
(V JS2) wiad ololid Loy (0 Fioges oo i
sl psie aS aao o lis asllas ol mls
gk e 53 Ak ofgd ad Sl (codliloan ;
dj—fj‘ s o 6‘43-*-'.’)-.’ 9 o S «(Biol3) ol
o= S e Wl Hippotragus equinus &3 g 595

Job 50 (a3 E 95 Okl Mgy dmslno —Y-F
ol

292 Jleizl sad oty polie cal> o cnl 5o
Sy Sy an lblonr O jgoa (Lo 2 sl 4555
s B e g gla Lzl ALY S,
LS ) s e, Soass il ) eoliul Ly
el Hloie jo Ol 0s &g, R laxe 4o drendy
02355 5 o JoiSay 52 sl ooy Jsbo 59 1y ol
P oSy o oy e L a0y, () b
S ek A oS (e (O3l e D j50
3 Sy €55 by Ol Gl b @b
Cammidy @598 Sl pail $g) 9 W plesl oy Jobo
== s sense.slope) b sl eslaiwl b sy b
Pohlert et al., ) o awlxo R oo ,o dtrendy
e bel gl asllas ol jo ioren (2016
31 obes dsb 5o (st g9 Dl W9, Sl
s LPI slaolily ;5 43S Jlgld Slej (6 sloosls
s 3581 6 el Ll s, s eslizul BioTIME
zoi Nl slaises )3 (o a3l VAPA JLo jo &,
2l dngs (1) abaly olol s ol

Xj—Xk
j-k

Q= (\)4-5.‘)

yo Leools polae ol gy X g X cadoleo ol o
Sl 50,2 0, 51> K swa kg j slagls;

n | N = 207D
. e - 2

Wil axsls 0gzg ools S ladd

Sy 85k iz L G o S1cal blej slaosly olass
n(n-1)
2
P SeeS 51 Qi IN polie .l Slaslin IS slass

ngN < Wil s 029 cdalive o>

59590 L s dilie 9 Digd co i po o0y 55,50 B
QI(N +1)/2]

Qmed = {(Q[N/21+Q[(N+2)/21)
2

(¥) ala

Slade g Caslrosls W, Cyz s Lis Qpeg Sedle

ot aS0) s (6l RO (o ol 1) Xgy cud
0ol 3 Loyl gl ao b o)l gbas ailes

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

YO



Ohlen 5 (cornl ol ple]! e ) Sl o Congllas Sl S Jore dawgs

odls Bl 0,809, b 4isS auer siloj — S (gileJoe Sl Y S

Sy e SSDM 5 coslil sl iie ool Y S5

Ol2IGIS g 99 31 i 4 i
VET s F el 08 o

\YF



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

s Laasss as b (s3bwos ;o LaJos ol
Reiss et al., jgomen sla iogin) o)l JSlg>ea
Sl y S (6,5 0 oy) (2011; Duan et al., 2014
g 0dzmy slaosls ils o RF SUlgy JJoas,
Lo e fum Ol 5 as e glaosls Cy o
Breiman, 2001; Ahmadzadeh ) ail Jaeocans
5 +/A2F L 1 AUC L 55 SVM o (et al., 2018
Syl G & (B8 Ly i o /AAA L I, TSS
olusl glyls glaoslo b IS, Jaw ol &yad Silo oS
GUO, ) Col dinge (6 S oo (5l p0 (5281 9 VL

2005; Ahmadzadeh et al., 2017; Mohammadi et
Bioclim wbe o Jow plo zls duslas .al., 2019

Lalls wazils Jol sloJow 5l yieS AUC a5 FDA
le S5 5l cmwlin Jow ol a5 aas oo ol
laaiily 5 5,0 oo il Jlo Jow L5l g laosls
Ol 3 S (e S8 e Slalllae ple
Giovanelli et al., 2010; ) oS oo 0l 1) Lo Jowo
aS b yles 5 TSS Lol as (Duan et al., 2014
5 )lgom &S Sl [N L AP el atin
bsS b cnl el ool Las 1) </ 51 i ol
e SSE 5 e oled 53l 9,Shas

Lol B35 90> pac g 90>

Cmglho (Gloj_(FlSo Jumo (S -F-1-Y

B 3
sloaidi jl Gl Ve Gloj 6w gl 00l 50
L) ela b 4y leie isS oy Jlozs|
40 odd adgi anss VY flee jo ol adey (VY

slaJlo ;0 4555 w595 Jles>! slaaidi iagh ol
oo as) F JSis e Y-¥e 5 1qA- NAF N4
Ol s By, Sloloes soles 3,5 0,L51 wyb Lol cou
g9 A Ve by ley b 50 555 @598
Jlozsl ks 5l azg (bl blie .ol ool dlos

1. Harrington
2. Grant

5 (1999) ), LSen 3 ' oot yo Slalllae Ly 4l
dsle 1y il yeitie 45 (2002) ) LSan o i S
Ul 855 ol g oSy Sl o Lol i3
525 S s Sy Sn e, gk
5 (Bi002) ail;s, slos 83gamme peSilos Liw yy i
ol 6bisS (Bi009) anlecus py 5Sis slos (1eSlo
Lo bas |5 ooslil Ll 5 5 les Sllugs a5 ol
O asS (nl mis b 9 o) )0 G St
b st Coanl py baazsl opl s o 15 5k
oml &35 5 smeelll Lo yiie B0z b
Ol am G i Oldlas jo 5 wiS oo 0 SU aisS
(Van Rooyen, 2009) cwl oo o, il a =SS
e Bi002 ¢ Bio13 4ol 4y ax g5 b ooyl ogdle
s wslallas (il 55 sads slulid sl eiie
St g Bl slaasly a5 5,5 sleriny
ailyny b arsl ansls 55 a3 b ite ol (330 il
S50 10 9 ot b 955 @ 5o STl
Ao pleil | ey slaladl ls

e o215 Gimius —F-1-¥

Cono g 21U i sl AUC 5 TSS gles
ol plas da Jow

«(AUC = 0/996, TSS = 0/97) RF

«(AUC=0/994, TSS=0/989) SVM

«(AUC=0/982, TSS=0/988) BRT

(AUC=0/962, TSS=0/971) GLMpoly

l@ﬂ 3o (V) JS) &yl 1, AUC polae o sides
(AUC=0/96, TSS=0/971) Maxent

(AUC=0/961, TSS=0/949) CART
«(AUC=0/958, TSS=0/961) MARS
«(AUC=0/951, TSS=0/97) GAM

5 (AUC=0/949,TSS=0/981) FDA

«(AUC=0/926, TSS=0/941) Bioclim

o=l ey Llas 1) AUC Jlabe oy s coud i
YLy s Baias i aS ¢y lelllas b Laazily

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

\YY



OS2 g (covalpl plel

v b, @l oy Congllas Sloj - SIS Jaw dawgs

1-Speciiciy (faise posiuve rate)

1-Speciricty (1ase posiuve rate)

P iy ez 5o Sy S e Jus (ROC-AUC) 65,8 Slhles dastin o ) colus ¥ S0

RSP I XA UV IRNSC FUTIRSNRRC PRIk s
ded 398 ()5l 0l g (Gloj - (Se (3l Joe &5
Al (S Wz o) A5 @ Slss Spe sl
Lodsss @jes a5 wwd oo (LA £9d9 4 oo ()
Dl s STy 2 5 s £ ) oo
St i L s Sy s e
SIS Sleed iy Sladllas b boatil ol 095 o
2 s s (2l g WS e 2Sh a8
Jetz et al,, ) oS oo ot aore Ol pess 4y ol
.(2019; Elith et al., 2010; Abbaspour et al., 2011
2 ST Ol 5558 St OBl oo
Slaaid 21| L 5 wiiS e ool |, boaisS i
Sl slasyy Jelos sl 5 Gloy Jsbo 5o &8s
Ghls sblie ololid 5 Jbo b ailds 5l aisS a)e
Sewd ay kel Syl il pepen (2§ Dl i
Doy 0l e 3,Sag; Cnl A 50 e o0
Lo pedly ol g S oS Ly obla> slacss! il
5 omoeldl S, 31 26 sl ille L sl e

Jolos asssS Jadll o joi Bogasme ;5 4SS j9a
Syt s 5 29 (S e sl gl
ssban (S UsS Ol (b ajy Slnis a8
2 I @59 o8 iz e el et Gugaainals
lste slagln ;o 455 Joaill (aln ) dilais
Gl 5 Al e 5 ey B
G S5 ool bl )0 ol ; Congllas
o el s 5 by Jsb ;o ) b /F
a8 e 3l Cmgllae Loa ST (B 0 0l g0
Loasss a9 Sbgy Canle 9,805, (nl 9500l ol
ez p 1y Ole Job 5o (oonldl Dl ess @ 2y 5o
Leollin ) y0 (> wad oo (i @l (ol 85 (oo
Sl osls 25 (F537 St Oloj b YL Cansllas L
Py Coglhe ol & Sy Gl 5l (S p &S
JoB ansllas (5280l 4 olass g oas) (50 5o
Sl S Sl ol Sgd o0 e (B
Ly il sl 4o ol «los Sl 5 50
AU Laais a3 50 45wl oo Jolse plo

Ol2IGIS g 99 31 i 4 i
VET s F el 08 o

VYA



OS2 g (covalpl plel

v b, @l oy Congllas Sloj - SIS Jaw dawgs

Jlazs Gaal3 31 iy 31 e 0y oS 5o Ll
odalie a5 jobylas 09 s 0000 49T jga>
R s e R
J=ill g9 ddhaie ;0 (omly LSl slags e
25 48l i VL L3 ol e 4 isS
(S P55 &F 8399 oenlll Dl i )38
A oS Caomwdy 00gdote (ol g aldly gl alS
R ON T PUCUN PR EHE R W
A4S Conl a8l sla Sl o Ol s 51 A6 Ol s
g Loo iol38l ams posi |y aisS au5e8 cowlis atiles
5 ol ay o ytws o Yol S5l slagSl o s
iz e Gy | 4isS 5 aliS 5T asgle
aads ol cenlosls Gow ogllae Lulyd 9 5YL
s s 5o 4555 355 65T Slyeeis sazmociles
43,5 000l Ygoms ]y slo Jos jo aS o]
Joesliy 48 ablin 55 IS 6550 paimas 5500
s GAbLie) Col s (i iy 55 552
Sy il (31 5o 455 Joill 5lidps oLl
Sl Sl a5 j9ax Juily rals” SIS )
5 oplel 3l elagit (agr Sl el 5o aised

aS ceab azg aol Joepll oS ablie e
o Laasss a8 Sle - S sl o sl
o=l g oyl s gs g5 Sl 5 slrools
sl dans 31 35Sl 1, o sl sl ales
o=l Curell et al., 2024) oS - SDM S5
4S5 Sl Fagpeie ez 5l (bl ;0 whiga (>
Ll o smn) £9=5 Daaaily sloools 4y g i
leb)j LS )‘ ngl ) ke s
oiils a st bl jo ool e carwgi JLs o

1‘ bjd_?bo

)9 sloosls g aidls (U (S o (a9
Ol sleais Cud 5 (5 9laes 00 ,S Do LS
(Brunetal., 2024) ¢l piy Colea ol

Job 30 () £ Ol w9, Al —Y'-)-F

ol
b 5o 855 @is Jewily ;o Slpis 99, 0 55
72 0 iy Jueiml Gl el bl ol
&9 b0gume aS (8,81 5 )18 .amo co Liuled |y JuSCy
(o Slap e ;0 webioo Jold | 48 il
o3ls i ey yeye y3 1) 435 jpa> Jletxl hals

Ve g 0AA- DAF 08 ladle s ley Sl Jue eluly 465 e L F S

Ol2IGIS g 99 31 i 4 i
VET s F el 08 o

YA



OS2 g (covalpl plel

v b, @l oy Congllas Sloj - SIS Jaw dawgs

2 gsrie § Sz glacmaz ;o i Lyl
AiS (o Sy oy (SBLi> Laodga e
g, o=l (Havemann et al., 2016; East, 1999)
Lz g Uy 3 Cgiz 50 095 @ie g SlglS p0 elS
Shliz slaosgaze ;3 o8 o 555 slocrr
sgrede adibaie (ol 45wl o s (ogas
ools cws 31y aseS 3l Bag lesl sla S5
ams e lis ailate ol e Slase Slalllas Cul
FLaSits (o F (Sl ol Jls; 5 golocaus|
otalS e oo b8l Sl 5 36 (55m T 5w
= bl ;o sss sl (plRiy Cngllae
Kimanzi & Wanyingi, ) cewl so_d ,mie Lay 8l
olas wldlas (puoxen (2014, Waltert et al., 2009
Do (2 S Al ) 455 Conex oS wad e
b > 9 (Beudels et al., 1992) el gl 3 e
Codron et al,, ) cewl 00,5 0l o, slo Lo
ol 1) ol dalllas gbaazsl lids 4S5 o) (2009
aSsS jga> Joily diy Bl )8 i j0 AT WS e
el a3l s o

Gblie ( Jlots (LS6 pal (258 25w« 292 bl
ool Ll (o 5 (B0 (e g bl 5550
i ools Lt aisF eam Jlazs Ly
Ol yi 3y, desloes 5l Lol s LTS o
g5 sloosls 3l oslisial b o Jobo )5 s 55
435S oyl 8,90,0 LPI g BioTime w5 Slgl )8 o
Jhw cad b as Sl das YV oloe lols ol
35 s Jleis zalS glaasy L alaii V¥ wilos S
4SS dasi 0059 yles 3l g Wjlo Slhgyee ¥ Al
Iy 4565 o=l Slsl,8 5 2595 BiOTime jo (Jlu FA b
Jlazsl j2alS claast b abais o0l wilos,S i, l55
SLonee plple Wl Gl ee Gllo ¥ A2d )0 @)y
el oo ol @Yl B sainsLis TAF o TAA
Slsld s S ol (V22 1) Lo ddllas
el ouds OlaeS Lk Bl gtz 50 e @598 g
ol VAFe Jlw sga o o L8 sl pass ax S
2> sl 8l o digS 1o 3 VY. e Ly )55 aS wes so
Syge Yoo sy bl Jlo s (g widls j5am
TAN 45 Qg s o ai3 5 i o iog ol 8l A ey

(258 Jloio Sal3fl =5 sloaSl 5 g8 Jlaiod Ghals=5e 5 sloasd) Gloj Jsb 50 4055 g8 i B S

1. Martin

Ol2IGIS g 99 31 i 4 i
VET s F el 08 o

\Y-



Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Wigad (gl ) OiS e o Ll Sy £45 Saidy
aslllas ol Bain g (Hosseini Tayefeh, 2021

9 ¥ Al Lo by, dawgs &5 WS (o0 dnog
59 lgi o0 YU CudS (gllo slaools 4y g s Sgupe

DS Ll (ogee il o Lagiller ool ade
4S g oo Slpiiny ol Sldllas sl e
slredls mlie sl Slo (oo coslil (clmools podle
CHbd b wigd o 5 oy oz jebd 3 (ae

Sl s 4y o Dl s ¢ aaigy 5l g e

6)')1»)!‘..» —A
oS 3l Colem> Fgais ol Colo> L I oyl
8lois b 3l ooiaid S (INSF) g8 o)l,9ld 4

ol ooy plol «(F e - OYYS)

P4
Abbaspour, M., Mahiny, A.S., Arjmandy, R. &
Naimi, B., 2011, Integrated Approach for
Land Use Suitability Analysis, International
Agrophysics, 25(4). bwmetal.element.agro-
babd4e54-f64e-4413-9f46-3df1073f8d02.
Abrahms, B., Welch, H., Brodie, S., Jacox, M.G.,
Becker, E.A., Bograd, S.J., ... & Hazen, E.L.,
2019, Dynamic Ensemble Models to
Predict Distributions and Anthropogenic
Risk Exposure for Highly Mobile Species,
Diversity and Distributions, 25(8), PP. 1182-
1193. https://doi.org/10.1111/ddi.12940.
Ahmadzadeh, F., Ebrahimi, E. & Naimi, B., 2017,
Species Distribution Potential of Striped
Hyaena (Hyaena Hyaena) in Response to
Climate Change in Iran, Environmental
Sciences, 15(4), PP. 215-232 (In Persian).
https://envs.sbu.ac.ir/article_97888.html.
Ahmadzadeh, F., Amiri, N. & Ebrahimi, E.,
2018, Spatial Modeling of Species
Distribution and Predicting Potential
Distribution of the Iranian Long-Legged
Wood Frog, Iranian Journal of Remote Sensing
& GIS, 10(2), PP. 95-108 (In Persian).

1. Species-Environment Relationship Theory

G5 aomis - ¥
Gl ome Sl 52 anlllas ol o sui e ol
54595 &g S sbagsll S0 sl Slej - S
59 e pald ) loy Jsb 5o Ll Ol L)
OlT 75885 (53lasnS Ol (g, (nl e o2
Lo o gdly o S o sbml |, laasss sLiiasy
Ygane (5ldpgy (sl 5lu S Gl pgm o
Sladl g caS U bad o slacuogase 50 o
Slalllas jo s oyls 1,3 Lgil 05 BB g baosls
Smith & Santos, ) cwl o o,Lil 1 4 (6l
o dmosls 3l 5l eslinl 5,835, 45T > 42020
ladiges 550l 5 idey mal3dl 4 Sles adlllas oyl
2455 bbb &5 35l o 3leae 50 5L 09
oy S8, i lgie e 3sS Ll 4055
O3l bl o wilgi oo gy ol ) ooleiia
5 Loasss S mis 65X (Gt 5 SSbes:
slola)l ooesolaebls se Gals il )
Ol S heban a5 olml (65550 Sgute ol
sbadas yo (Sloj am (285 ,10,0 Coeal  adlllas
oz 9 Sl Oly 5 )0 08T slaisS 95
Cadgime oa bl (b, 0,8 2Lyl ) Sy £95
o lgon, S a8l Lacsls Sloj 5,55l
o=l 38 L)l 6l o Sledbl glao s
555 Capan] sl 00,5 snlinl daaisS lisass
o SeoS Dl (2l 5o i Shey ol Sl sl
o=l sy cnl Slar SO3liul glaasl s ol
) £ Slets 2bojl S e L sl
L (Eblie )3 o3gan 0, Sug; ol alond (g0
ol iy a8l s
L aelye 50 (s 955 51 e cbilam 4 wilgi oo
Ol dawgy Bl 4 5 0S5 oS o Slgz Ol i

KM- Sl csz)lr Slal g ) g9 5l cblas
xd slacusgame 4 4z b wile 5L 55 GBF
5 )52 ,0 Sloy (LS slaosls 4y s yws o
G;l_,e) T 6l_®oé‘o Sg—>g 4o as @L’JU&A »)5.?.4).5

OIRIGIS g 590 5l ioriow 4 pld
VEY sy £ oled 0 o

AR


https://doi.org/10.1111/ddi.12940
https://envs.sbu.ac.ir/article_97888.html

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Aiello-Lammens, M.E., Boria, R.A.,
Radosavljevic, A., Vilela, B. & Anderson,
R.P.,, 2015, spThin: An R Package for
Spatial Thinning of Species Occurrence
Records for Use in Ecological Niche
Models, Ecography, 38(5), PP. 541-545.
https://doi.org/10.1111/ecog.01132.

Amiri, N., Vaissi, S., Aghamir, F., Saberi-Pirooz,
R., Rodder, D., Ebrahimi, E. & Ahmadzadeh,
F., 2021, Tracking Climate Change in the
Spatial Distribution Pattern and the
Phylogeographic Structure of Hyrcanian
Wood Frog, Rana Pseudodalmatina
(Anura: Ranidae), Journal of Zoological
Systematics and Evolutionary Research,
59(7), PP. 1604-1619.
https://doi.org/10.1111/jzs.12503.

Andrew, M.E. & Fox, E., 2020, Modelling

Species  Distributions in  Dynamic
Landscapes: The Importance of the
Temporal Dimension, Journal of
Biogeography, 47(7), 1510-1529.

https://doi.org/10.1111/jbi.13832.

Aragjo, M.B. & Naimi, B., 2020, Spread of
SARS-CoV-2 Coronavirus likely
Constrained by Climate, MedRxiv, 1-26.
https://doi.org/10.1101/2020.03.12.20034728.

Aragjo, M.B. & New, M., 2007, Ensemble
Forecasting of Species Distributions, Trends
in Ecology and Evolution, 22(1), PP. 42-47.
https://doi.org/10.1016/j.tree.2006.09.010.

Araugjo, M.B., Cabeza, M., Thuiller, W., Hannah,
L. & Williams, P.H., 2004, Would Climate
Change Drive Species out of Reserves? An
Assessment of Existing Reserve-Selection
Methods, Global Change Biology, 10(9),
1618-1626. https://doi.org/10.1111/j.1365-
2486.2004.00828..x.

Aragjo, M.B., Mestre, F. & Naimi, B., 2020,
Ecological and Epidemiological Models are
Both Useful for SARS-CoV-2, Nature
Ecology & Evolution, 4(9), PP. 1153-1154.
https://doi.org/10.1038/s41559-020-1246-y.

Bateman, B.L., VanDerWal, J. & Johnson, C.N.,
2012, Nice Weather for Bettongs: Using
Weather Events, not Climate Means, in
Species Distribution Models, Ecography,

35(4), PP. 306-314. https://doi.org/10.1111/
j.1600-0587.2011.06871.x.

Beudels, R.C., Durant, S.M. & Harwood, J.,
1992, Assessing the Risks of Extinction for
Local Populations of Roan Antelope
(Hippotragus Equinus), Biological
Conservation, 61(2), PP. 107-116.
https://doi.org/10.1016/0006-3207(92)91100-7.

Boali, A., Asgari, H.R., Mohammadian
Behbahani, A., Salmanmahiny, A. & Naimi,
B., 2024, Remotely Sensed Desertification
Modeling Using Ensemble of Machine
Learning Algorithms, Remote Sensing
Applications: Society and Environment, 34.
https://doi.org/10.1016/j.rsase.2024.101149.

Booth, T.H., Nix, H.A., Bushy, JR. &
Hutchinson, M.F., 2014, Bioclim: The First
Species Distribution Modelling Package,
Its Early Applications and Relevance to
Most Current MaxEnt Studies, Diversity
and Distributions, 20(1), PP. 1-9.
https://doi.org/10.1111/ddi.12144.

Breiman, L., 2001, Random Forests, Machine
Learning, 45(1), PP. 5-32. https://doi.org/
10.1023/A:1010933404324

Breiman, L., Friedman, J., Stone, C. & Olshen,
R., 1984, Classification and Regression
Trees, Routledge. https://doi.org/10.1201/
9781315139470.

Brun, P., Karger, D.N., Zurell, D., Descombes,
P., DeWitte, L.C., De Lutio, R., Wegner, J.D.
& Zimmermann, N.E., 2023, Rank-Based
Deep Learning from Citizen-Science Data
to Model Plant Communities, BioRxiv
2023.05.30.542843.
https://doi.org/10.1101/2023.05.30.542843.

Brun, P., Karger, D.N., Zurell, D., Descombes,
P., de Witte, L.C., de Lutio, R., Wegner, J.D.
& Zimmermann, N.E., 2024, Multispecies
Deep Learning Using Citizen Science Data
Produces More Informative Plant
Community Models, Nature Communications,
15(1), P. 4421. https://doi.org/10.1038/
$41467-024-48559-9.

Butchart, S.H., Walpole, M., Collen, B., Van
Strien, A., Scharlemann, J.P., Almond, R.E.,
... & Watson, R., 2010, Global Biodiversity:

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L

\YY


https://doi.org/10.1111/ecog.01132
https://doi.org/10.1111/jzs.12503
https://doi.org/10.1111/jbi.13832
https://doi.org/10.1101/2020.03.12.20034728
https://doi.org/10.1016/j.tree.2006.09.010
https://doi.org/10.1111/j.1365
https://doi.org/10.1038/s41559-020-1246-y
https://doi.org/10.1111/
https://doi.org/10.1016/0006-3207(92)91100-7
https://doi.org/10.1016/j.rsase.2024.101149
https://doi.org/10.1111/ddi.12144
https://doi.org/
https://doi.org/10.1201/
https://doi.org/10.1101/2023.05.30.542843
https://doi.org/10.1038/

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

CBD;

Codron,

Dobson,

Indicators of Recent Declines, Science,
328(5982), PP. 1164-1168. https://doi.org/
10.1126/science.1187512.

Secretariat of the Convention on
Biological  Diversity, 2020,  Global
Biodiversity Outlook 5, United Nations
Convention on  Biological  Diversity,
Montreal. https://www.cbd.int/gho5.

Ceballos, G., Ehrlich, P.R. & Dirzo, R., 2017,

Biological Annihilation via the Ongoing
Sixth  Mass Extinction Signaled by
Vertebrate  Population  Losses and
Declines, Proceedings of the National
Academy of Sciences of the United States of
America, 114(30), PP. E6089-E6096.
https://doi.org/10.1073/pnas.1704949114.
D., Codron, J., Lee-Thorp, JA.,
Sponheimer, M., Grant, C.C. & Brink, J.S.,
2009, Stable Isotope Evidence for
Nutritional Stress, Competition, and Loss
of Functional Habitat as Factors Limiting
Recovery of Rare Antelope in Southern
Africa, Journal of Arid Environments, 73(4—
5), PP. 449-457. https://doi.org/10.1016/
j.jaridenv.2008.12.003.

R., Challinor, A.J., Cheke, R.A.,
Jennings, S., Willis, S.G. & Dallimer, M.,
2023, Dynamic SDM: An R Package for
Species Geographical Distribution and
Abundance Modelling at High
Spatiotemporal Resolution, Methods in
Ecology and Evolution, 14(5), PP. 1190-1199.
https://doi.org/10.1111/2041-210X.14101

Duan, R.Y., Kong, X.Q., Huang, M.Y., Fan,

W.Y. & Wang, Z.G., 2014, The Predictive
Performance and Stability of Six Species
Distribution Models, PLoS ONE, 9(11), P.
e112764.

https://doi.org/10.1371/journal.pone.0112764.

Dunn, P.K. & Smyth, G.K., 2018, Generalized

Linear Models with Examples in R, New
York: Springer. https://doi.org/10.1007/978-
1-4419-0118-7. ISBN 978-1-4419-0118-7.

East, R., 1999, African Antelope Database

1998. International Union for
Conservation of Nature/Species Survival
Commission Antelope Specialist Group,
Gland, Switzerland.

Ebrahimi, E. & Ahmadzadeh, F., 2022,
Dynamics of Habitat Changes as a Result
of Climate Change in Zagros Mountains
Range (lran), a Case Study on
Amphibians, Nova Biologica Reperta, 9(1),
PP. 29-39 (In Persian). https://doi.org/
10.29252/nbr.9.1.29.

Ebrahimi, E., Sayahnia, R., Ranjbaran, Y., Vaissi,
S. & Ahmadzadeh, F., 2021, Dynamics of
Threatened Mammalian Distribution in
Iran’s Protected Areas under Climate
Change, Mammalian  Biology,  June.
https://doi.org/10.1007/s42991-021-00136-z.

Ebrahimi, E., Ranjbaran, Y., Sayahnia, R. &
Ahmadzadeh, F., 2022, Assessing the Climate
Change Effects on the Distribution Pattern
of the Azerbaijan Mountain  Newt
(Neurergus Crocatus), Ecological Complexity,
50(2), P. 100997. https://doi.org/10.1016/
j.ecocom.2022.100997.

Ebrahimi, E., Araujo, M.B. & Naimi, B., 2023,
Flood Susceptibility Mapping to Improve
Models of Species Distributions, Ecological
Indicators, 157, P. 111250. https://doi.org/
10.1016/j.ecolind.2023.111250.

Elith, J., Graham, C.H., Anderson, R.P., Dudik,
M., Ferrier, S., Guisan, A., Hijmans, R.J.,
Huettmann, F., Leathwick, J.R., Lehmann,
A, Li, J.,, Lohmann, L.G., Loiselle, B.A,
Manion, G., Moritz, C., Nakamura, M.,
Nakazawa, Y., Overton, J.McC.M., Townsend
Peterson, A., ... Zimmermann, N.E., 2006,
Novel Methods Improve Prediction of
Species’ Distributions from Occurrence
Data, Ecography, 29(2), PP. 129-151.
https://doi.org/10.1111/j.2006.0906-
7590.04596.x.

Elith, J., Leathwick, J.R. & Hastie, T., 2008, A
Working Guide to Boosted Regression
Trees, Journal of Animal Ecology, 77(4), PP.
802-813. https://doi.org/10.1111/j.1365-2656.
2008.01390.x.

Elith, J., Kearney, M. & Phillips, S., 2010, The
Art of Modelling Range-Shifting Species,
Methods in Ecology and Evolution, 1(4), PP.
330-342. https://doi.org/10.1111/j.2041-210X.
2010.00036.x.

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L

VY


https://doi.org/
https://www.cbd.int/gbo5
https://doi.org/10.1073/pnas.1704949114
https://doi.org/10.1016/
https://doi.org/10.1111/2041-210X.14101
https://doi.org/10.1371/journal.pone.0112764
https://doi.org/10.1007/978
https://doi.org/
https://doi.org/10.1007/s42991-021-00136-z
https://doi.org/10.1016/
https://doi.org/
https://doi.org/10.1111/j.2006.0906
https://doi.org/10.1111/j.1365-2656
https://doi.org/10.1111/j.2041-210X

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Fernandez, M., Yesson, C., Gannier, A., Miller,
P.l. & Azevedo, J.M., 2017, The Importance
of Temporal Resolution for Niche
Modelling in Dynamic Marine
Environments, Journal of Biogeography,
44(12), PP. 2816-2827. https://doi.org/
10.1111/jbi.13080.

Fick, S.E. & Hijmans, R.J., 2017, WorldClim 2:
New 1-km Spatial Resolution Climate
Surfaces for Global Land Areas,
International Journal of Climatology, 37(12),
PP. 4302-4315. https://doi.org/10.1002/JOC.
5086.

Freeman, E.A. & Moisen, G.G., 2008, A
Comparison of the Performance of
Threshold Criteria for Binary Classification
in Terms of Predicted Prevalence and
Kappa, Ecological Modelling, 217(1-2), PP.
48-58. https://doi.org/10.1016/j.ecolmodel.
2008.05.015.

Friedman, J., 1991, Multivariate Adaptive
Regression Splines, The Annals of Statistics,
19(1), PP. 1-67. https://doi.org/10.1214/a0s/
1176347963.

Ghane-Ameleh, S., Khosravi, M., Saberi-Pirooz,
R., Ebrahimi, E., Aghbolaghi, M.A. &
Ahmadzadeh, F., 2021, Mid-Pleistocene
Transition as a Trigger for Diversification
in the Irano-Anatolian Region: Evidence
Revealed by  Phylogeography and
Distribution Pattern of the Eastern Three-
Lined Lizard, Global Ecology and
Conservation,  31(May), P.  e01839.
https://doi.org/10.1016/j.gecco.2021.e01839.

Ghayoumi, R., Ebrahimi, E., Hosseini Tayefeh,
F. & Keshtkar, M., 2019, Predicting the
Effects Of Climate Change on the
Distribution of Mangrove Forests in Iran
Using the Maximum Entropy Model,
Journal of RS and GIS for Natural Resources,
10(2), PP. 34-47. (In Persian).
https://dorl.net/dor/http://dorl.net/dor/20.1001.
1.26767082.1398.10.2.3.2.

Ghyoumi, R., Ebrahimi, E. & Mousavi, S.M.,
2022, Dynamics of Mangrove Forest
Distribution Changes in Iran, Journal of
Water and Climate Change, 13(6), PP. 2479—

2489. https://doi.org/10.2166/wcc.2022.069.

Giovanelli, J.G., de Siqueira, M.F., Haddad, C.F.
& Alexandrino, J., 2010, Modeling a
Spatially Restricted Distribution in the
Neotropics: How the Size of Calibration
Area Affects the Performance of Five
presence-Only Methods, Ecological
Modelling, 221(2), PP. 215-224. https://doi.org/
10.1016/j.ecolmodel.2009.10.009.

Gongalves, J., Alves, P., Pbgas, I., Marcos, B.,
Sousa-Silva, R., Lomba, A. & Honrado, J.P.,
2016, Exploring the Spatiotemporal
Dynamics of Habitat Suitability to
Improve Conservation Management of a
Vulnerable Plant Species, Biodiversity and
Conservation, 25(14), PP. 2867-2888.
https://doi.org/10.1007/s10531-016-1206-7

Grant, C.C., Davidson, T., Funston, PJ. &
Pienaar, D.J., 2002, Challenges Faced in the
Conservation of Rare Antelope: A Case
Study on the Northern Basalt Plains of the
Kruger National Park, Koedoe, 45(2), PP.
45-66.
https://doi.org/10.4102/koedoe.v45i2.26.

Guisan, A. & Zimmermann, N.E., 2000,
Predictive Habitat Distribution Models in
Ecology, Ecological Modelling, 135(2-3),
PP. 147-186. https://doi.org/10.1016/S0304-
3800(00)00354-9.

Guisan, A., Tingley, R., Baumgartner, J.B.,
Naujokaitis-Lewis, 1., Sutcliffe, P.R., Tulloch,
A.LT., Regan, T.J., Brotons, L., Mcdonald-
Madden, E., Mantyka-Pringle, C., Martin,
T.G., Rhodes, J.R., Maggini, R., Setterfield,
S.A., Elith, J., Schwartz, M.W., Wintle, B.A.,
Broennimann, O., Austin, M., ... & Buckley,
Y.M., 2013, Predicting Species Distributions
for Conservation Decisions, Ecology Letters,
16(12), PP. 1424-1435. https://doi.org/10.1111/
ele.12189.

Guo, Q., 2005, Development of Geospatial
Techniques for Ecological Analysis: A
Case Study of Sudden Oak Death in
California, Doctoral Thesis, University of
California, Berkeley.

Hao, Y. & Tian, C., 2019, A Novel Two-Stage
Forecasting Model Based on Error Factor

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L


https://doi.org/
https://doi.org/10.1002/JOC
https://doi.org/10.1016/j.ecolmodel
https://doi.org/10.1214/aos/
https://doi.org/10.1016/j.gecco.2021.e01839
https://dorl.net/dor/http://dorl.net/dor/20.1001
https://doi.org/10.2166/wcc.2022.069
https://doi.org/
https://doi.org/10.1007/s10531-016-1206-7
https://doi.org/10.4102/koedoe.v45i2.26
https://doi.org/10.1016/S0304
https://doi.org/10.1111/

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

and Ensemble Method for Multi-Step
Wind Power Forecasting, Applied Energy,
238, PP. 368-383. https://doi.org/10.1016/
j.apenergy.2019.01.063.

Harrington, R., Owen-Smith, N., Viljoen, P.C,,
Biggs, H.C., Mason, D.R. & Funston, P.,
1999, Establishing the Causes of the Roan
Antelope Decline in the Kruger National
Park, South Africa, Biological Conservation,
90(1), PP. 69-78. https://doi.org/
10.1016/S0006-3207(98)00120-7.

Hastie, T. & Tibshirani, R., 1990, Generalized
Additive Models, Routledge.
https://doi.org/10.1201/9780203753781.

Hastie, T., Tibshirani, R. & Buja, A., 1994,
Flexible Discriminant Analysis by Optimal
Scoring, Journal of the American Statistical
Association, 89(428). https://doi.org/10.1080/
01621459.1994.10476866.

Havemann, C.P., Retief, T.A., Tosh, C.A. & de

Bruyn, P.J.N., 2016, Roan Antelope
(Hippotragus Equinus) in Africa: A
Review of Abundance, Threats and

Ecology, Mammal Review, 46(2), PP. 144—
158. https://doi.org/10.1111/mam.12061.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones,
P.G. & Jarvis, A., 2005, Very High
Resolution Interpolated Climate Surfaces
for Global Land Areas, International
Journal of Climatology: A Journal of the
Royal Meteorological Society, 25(15), PP.
1965-1978. https://doi.org/10.1002/joc.1276.

Hijmans, R.J., Phillips, S., Leathwick, J. & Elith,
J., 2023, Package '‘dismo’: Methods for
Species Distribution Modeling, That Is,
Predicting the Environmental Similarity of
Any Site to That of the Locations of Known
Occurrences of a Species. https://cran.r-
project.org/web/packages/ dismo/.

Hosseini Tayefeh, F., lzadian, M., Ashoori, A.,
Jolaee, L. & Ebrahimi, E., 2021, Trends of
Waterbirds Population Changes in Fars
Province Wetlands 1988-2018,
Environmental Sciences, 19(1), PP. 177-196.
(In Persian). https://doi.org/10.52547/
envs.33047.

llanloo, S.S., Ebrahimi, E., Valizadegan, N.,
Ashrafi, S., Rezaei, H.R. & Yousefi, M.,
2020, Little Owl (Athene Noctua) around
Human Settlements and Agricultural
Lands: Conservation and Management
Enlightenments, Acta Ecologica Sinica,
40(5), PP. 347-352. https://doi.org/10.1016/
j.chnaes.2020.06.001.

Jetz, W., McGeoch, M.A., Guralnick, R., Ferrier,
S., Beck, J., Costello, M.J., Fernandez, M.,
Geller, G.N., Keil, P., Merow, C., Meyer, C.,
Muller-Karger, F.E., Pereira, H.M., Regan,
E.C., Schmeller, D.S. & Turak, E., 2019,
Essential  Biodiversity  Variables for
Mapping and  Monitoring  Species
Populations, Nature Ecology and Evolution,
3(4), PP. 539-551. https://doi.org/10.1038/
s41559-019-0826-1.

Kimanzi, J.K. & Wanyingi, J.N., 2014, The
Declining Endangered Roan Antelope
Population in Kenya: What Is the Way
Forward?, Conference Papers in Science,
2014, PP. 1-6. https://doi.org/10.1155/2014/
908628.

Kimathi, E., Tonnang, H.E., Subramanian, S.,
Cressman, K., Abdel-Rahman, E.M.,
Tesfayohannes, M., ... & Kelemu, S., 2020,
Prediction of Breeding Regions for the
Desert Locust Schistocerca Gregaria in
East Africa, Scientific Reports, 10(1), P.
11937. https://doi.org/10.1038/s41598-020-
68895-2.

Kissling, W.D., Ahumada, J.A., Bowser, A.,
Fernandez, M., Fernandez, N., Garcia, E.A.,
Guralnick, R.P., Isaac, N.J.B., Kelling, S.,
Los, W., McRae, L., Mihoub, J.B., Obst, M.,
Santamaria, M., Skidmore, A.K., Williams,
K.J., Agosti, D., Amariles, D., Arvanitidis,
C., ... & Hardisty, A.R., 2018, Building
Essential Biodiversity Variables (EBVS) of
Species Distribution and Abundance at a
Global Scale, Biological Reviews, 93(1), PP.
600-625. https://doi.org/10.1111/brv.12359.

Liu, Z., Peng, C., Work, T., Candau, J.-N.,
Desrochers, A. & Kneeshaw, D., 2018,
Application of Machine-Learning Methods
in Forest Ecology, Reviews, 26(4), PP. 339—
350. https://doi.org/10.2307/90026557.

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L

YO


https://doi.org/10.1016/
https://doi.org/
https://doi.org/10.1201/9780203753781
https://doi.org/10.1080/
https://doi.org/10.1111/mam.12061
https://doi.org/10.1002/joc.1276
https://cran.r
https://doi.org/10.52547/
https://doi.org/10.1016/
https://doi.org/10.1038/
https://doi.org/10.1155/2014/
https://doi.org/10.1038/s41598-020
https://doi.org/10.1111/brv.12359
https://doi.org/10.2307/90026557

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Martin, R.B., 2003, Species Report for Roan
Hippotragus Equinus, Sable Hippotragus
Niger and Tsessebe Damaliscus Lunatus,
Ministry of Environment and Tourism,
Windhoek, Namibia.
http://www.rarespecies.org.na/library/species
reports.htm.

McShea, W.J., 2014, What Are the Roles of
Species Distribution Models in
Conservation Planning?, Environmental
Conservation, 41(2), PP. 93-96. https://doi.org/
10.1017/S0376892913000581.

Mohammadi, S., Ebrahimi, E., Shahriari
Moghadam, M. & Bosso, L., 2019,
Modelling Current and Future Potential
Distributions of Two Desert Jerboas under
Climate Change in Iran, Ecological
Informatics, 52, PP. 7-13. https://doi.org/
10.1016/j.ecoinf.2019.04.003.

Naimi, B., 2022, Package "usdm':
Uncertainty  Analysis  for Species
Distribution Models, CRAN. https://cran.r-
project.org/web/packages/usdm/.

Naimi, B. & Araajo, M.B., 2016, Sdm: A
Reproducible and Extensible R Platform

for Species Distribution  Modelling,
Ecography, 39(4), P. 368-375. https://doi.org/
10.1111/ecog.01881.

Naimi, B. & Araujo, M.B., 2022, Package
""sdm': Species Distribution Modelling,
CRAN. https://doi.org/10.1111/ecog.01881.

Naimi, B., Hamm, N.A.S., Groen, T.A,
Skidmore, A.K. & Toxopeus, A.G., 2014,
Where is Positional Uncertainty a Problem
for Species Distribution Modelling?,
Ecography, 37(2), PP. 191-203. https://doi.org/
10.1111/J.1600-0587.2013.00205.X.

Naimi, B., Capinha, C., Ribeiro, J., Rahbek, C.,
Strubbe, D., Reino, L. & Aragjo, M.B., 2022,
Potential for Invasion of Traded Birds
under Climate and Land-Cover Change,
Global Change Biology, 28(19), PP. 5654—
5666. https://doi.org/10.1111/gcb.16310.

Phillips, S.B., Aneja, V.P., Kang, D. & Arya,
S.P., 2006, Maximum Entropy Modeling of
Species Geographic Distributions,

International Journal of Global Environmental
Issues, 6(2-3), PP. 231-252. https://doi.org/
10.1016/j.ecolmodel.2005.03.026.

Pichler, M. & Hartig, F., 2023, Machine
Learning and Deep Learning—A Review
for Ecologists, In Methods in Ecology and
Evolution, 14(4), PP. 994-1016. British
Ecological Society. https://doi.org/10.1111/
2041-210X.14061

Pohlert, T., Pohlert, M.T. & Kendall, S., 2016,
Package "Trend': Non-Parametric Trend
Tests and Change-point Detection, CRAN.
https://cran.r-project.org/web/packages/trend/.

Reichstein, M., Camps-Valls, G., Stevens, B.,
Jung, M., Denzler, J., Carvalhais, N. &
Prabhat, 2019, Deep Learning and Process
Understanding for Data-Driven Earth
System Science, Nature, 566(7743), PP. 195-
204. https://doi.org/10.1038/s41586-019-0912-1.

Reiss, H., Cunze, S., Konig, K., Neumann, H. &
Kroncke, 1., 2011, Species Distribution
Modelling of Marine Benthos: A North Sea
Case Study, Marine Ecology Progress Series,
442, PP. 71-86. https://doi.org/10.3354/
meps09391.

Reside, A.E., Vanderwal, J.J., Kutt, AS. &
Perkins, G.C., 2010, Weather, Not Climate,
Defines Distributions of Vagile Bird
Species, PLoS ONE, 5(10). https://doi.org/
10.1371/journal.pone.0013569.

Scherrer, D., D’Amen, M., Fernandes, R.F.,
Mateo, R.G. & Guisan, A., 2018, How to
Best Threshold and Validate Stacked
Species Assemblages? Community
Optimisation Might Hold the Answer,
Methods in Ecology and Evolution, 9(10),
PP. 2155-2166. https://doi.org/10.1111/2041-
210X.13041.

Schliep, E.M., Gelfand, A.E., Clark, J.S. & Kays,
R., 2018, Joint Temporal Point Pattern
Models for Proximate Species Occurrence
in a Fixed Area Using Camera Trap Data,
Journal of Agricultural, Biological, and
Environmental Statistics, 23(3), PP. 334-357.
https://doi.org/10.1007/s13253-018-0327-8.

Segurado, P. & Aragjo, M.B., 2004, An
Evaluation of Methods for Modelling Species

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L

\YF#


http://www.rarespecies.org.na/library/species
https://doi.org/
https://doi.org/
https://cran.r
https://doi.org/
https://doi.org/10.1111/ecog.01881
https://doi.org/
https://doi.org/10.1111/gcb.16310
https://doi.org/
https://doi.org/10.1111/
https://cran.r-project.org/web/packages/trend/
https://doi.org/10.1038/s41586-019-0912-1
https://doi.org/10.3354/
https://doi.org/
https://doi.org/10.1111/2041
https://doi.org/10.1007/s13253-018-0327-8

Ohles 5 (onl ! pledl

byl sl oy gl Sloy - S Joo days

Distributions, Journal of Biogeography,
31(10), PP. 1555-1568. https://doi.org/
10.1111/1.1365-2699.2004.01076.x.

Sheykhi Ilanloo, S., Khani, A., Kafash, A.,
Valizadegan, N., Ashrafi, S., Loercher, F.,
Ebrahimi, E. & Yousefi, M., 2021, Applying
Opportunistic  Observations to Model
Current and Future Suitability of the Kopet
Dagh Mountains for a Near Threatened
Avian Scavenger, Avian Biology Research,
14(1), PP. 18-26. https://doi.org/10.1177/
1758155920962750.

Smith, A.B. & Santos, M.J., 2020, Testing the
Ability of Species Distribution Models to
Infer Variable Importance, Ecography,
43(12), PP. 1801-1813. https://doi.org/10.1111/
ecog.05317.

Smith, R.L. & Lusseau, D., 2022, Modelling
Habitat Suitability for a Potential Flagship
Species, the Hooded Capuchin, of the
Paraguayan Upper Parana Atlantic Forest,
Ecological Solutions and Evidence, 3(3), PP. 1-
13. https://doi.org/10.1002/2688-8319.12146.

Tittensor, D.P., Walpole, M., Hill, S.L.L., Boyce,
D.G., Britten, G.L., Burgess, N.D., Butchart,
S.HM., Leadley, P.W. Regan, E.C.,
Alkemade, R., Baumung, R., Bellard, C.,
Bouwman, L., Bowles-newark, N.J.,
Chenery, A. M. & Cheung, W.W.L., 2014, A
Mid-Term Analysis of Progress toward
International Biodiversity Targets, Science,
346(6206), PP. 241-244. https://doi.org/
10.1126/science.1257484.

Valkenborg, D., Rousseau, A.J., Geubbelmans,
M. & Burzykowski, T., 2023, Support
Vector Machines, American Journal of
Orthodontics and Dentofacial Orthopedics,
164(5), PP. 754-757. https://doi.org/10.1016/
j.aj0d0.2023.08.003.

Van Rooyen, J., 2009, Habitat and Seasonal
Effects on the Nutrient Status of Selected
Roan (Hippotragus Equinus) and Sable
Antelope (Hippotragus Niger) Populations
in South Africa, Master Thesis, University
of Pretoria, (South Africa).

Villero, D., Pla, M., Camps, D., Ruiz-Olmo, J. &
Brotons, L., 2017, Integrating Species
Distribution Modelling into Decision-

Making to Inform Conservation Actions,
Biodiversity and Conservation, 26(2), PP.
251-271. https://doi.org/10.1007/s10531-
016-1243-2.

Waltert, M., Meyer, B. & Kiffner, C., 2009,
Habitat Availability, Hunting or Poaching:
What Affects Distribution and Density of
Large Mammals in Western Tanzanian
Woodlands?, African Journal of Ecology,
47(4), PP. 737-746. https://doi.org/10.1111/
j.1365-2028.2009.01080.x.

Wieringa, J.G., Carstens, B.C. & Gibbs, H.L.,
2021, Predicting Migration Routes for
Three Species of Migratory Bats Using
Species Distribution Models, PeerJ, 9, P.
e11177. https://doi.org/10.1111/jav.01476.

Williams, H.M., Willemoes, M. & Thorup, K.,
2017, A Temporally Explicit Species
Distribution Model for a Long Distance
Avian Migrant, the Common Cuckoo,
Journal of Avian Biology, 48(12), PP. 1624—
1636.

Zizka, A., Silvestro, D., Andermann, T.,
Azevedo, J., Duarte Ritter, C., Edler, D.,
Farooq, H., Herdean, A., Ariza, M., Scharn,
R., Svantesson, S., Wengstrom, N., Zizka, V.
& Antonelli, A., 2019, CoordinateCleaner:
Standardized Cleaning of Occurrence
Records from Biological Collection
Databases, Methods in Ecology and
Evolution, 10(5), P. 744-751. https://doi.org/
10.1111/2041-210X.13152.

Zurell, D., Franklin, J., Koénig, C., Bouchet, P.J.,
Dormann, C.F., Elith, J., Fandos, G., Feng,
X., Guillera-Arroita, G., Guisan, A., Lahoz-
Monfort, J.J., Leitdo, P.J., Park, D.S., Peterson,
AT., Rapacciuolo, G. Schmatz, D.R,
Schroder, B., Serra-Diaz, J.M., Thuiller, W. &
Merow, C., 2020, A Standard Protocol for
Reporting Species Distribution Models,
Ecography, 43(9), PP. 1261-1277.
https://doi.org/10.1111/ecog.04960.

Zurell, D., Zimmermann, N.E. & Brun, P., 2024,
The Niche through Time: Considering
Phenology and Demographic Stages in Plant
Distribution Models, Journal of Ecology.
https://doi.org/10.1111/1365-2745.14361.

OIRIGIS g 599 3l i & plid
VT sy F olad 18 L


https://doi.org/
https://doi.org/10.1177/
https://doi.org/10.1111/
https://doi.org/10.1002/2688-8319.12146
https://doi.org/
https://doi.org/10.1016/
https://doi.org/10.1007/s10531
https://doi.org/10.1111/
https://doi.org/10.1111/jav.01476
https://doi.org/
https://doi.org/10.1111/ecog.04960
https://doi.org/10.1111/1365-2745.14361






