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EXTENDED ABSTRACT

Introduction

Climate change is an inevitable ecological change that can significantly impact aquatic ecosystems and
their dependent species, particularly reptiles with temperature-dependent sex determination (TSD).
Therefore, this study aimed to evaluate assisted migration and adjustments to protected area boundaries as
strategies to support the survival of the marsh crocodile (Crocodylus palustris Lesson, 1831) under the
influence of climate change.

Material and Methods

Southeast Iran was selected as the study area, which includes the northwesternmost extent of the global
distribution of the marsh crocodile. For this purpose, changes in the suitable habitat range of the marsh
crocodile under four climate scenarios (RCP2.6, RCP4.5, RCP6.0 and RCP8.5) through the year 2070 were
projected using maximum entropy modeling (MaxEnt) and bioclimatic variables from the KGClim_V1 data
bank. The MTSS threshold was used to classify the habitat suitability layer based on historical data and
future scenarios. The common suitable areas in historical and future data indicated climatic refuges for this
species.

By overlaying Boolean layers representing potential changes in habitat suitability due to climate change
with the Gando Protected Area layer- as the species’ main habitat- the feasibility of future species
conservation was assessed through the designation of restoration zones or boundary adjustments of
protected areas. The network of protected areas was also examined in supporting the survival of the species
in the future.

In addition to analyzing the population trend using previous studies and expert opinions from field
observations, critical population areas were also mapped based on changes in habitat suitability. For this
purpose, based on the Boolean layers of historical and future habitat suitability, zones were classified from
low-risk (suitable under both historical and all four future scenarios) to high-risk (suitable only under the
historical and one future scenario).

To identify potential future human/crocodile conflicts, settlements (cities and villages) and road
networks were overlaid with historically and future-predicted suitable habitat areas (areas common across
all four climate scenarios).

Based on the results and the natural boundaries of watersheds, a revised boundary for the Gando
Protected Area was proposed.

Also, permanent population monitoring plots for the species were identified in this area based on the
results of the modeling and the species' presence. Finally, priority areas for conducting local studies on
assisted migration were identified within the main watershed of the species' distribution and its neighboring
watershed.

Results and Discussion

The modeling results showed that in all climate scenarios, an increase in the area of the suitable habitat
area is expected by 2070, with the largest increase in the RCP2.6 scenario and the smallest in RCP6.0. It
was also predicted that part of the Gando Protected Area would fall outside the suitable habitat under
RCP2.6, and the entire area would become unsuitable under the other scenarios. Similarly, other protected
areas will not fall within the projected suitable habitat areas.

Consequently, depending only on the management of protected areas or establishing restoration zones
within them will not be enough to conserve this species. This phenomenon is attributed to temperature-
dependent sex determination (TSD) in the species, where fluctuations in temperature can influence the sex
ratio of hatchlings, potentially resulting in long-term changes in the population's structure and composition.
Therefore, revising protected area boundary and implementing management strategies that support the
assisted migration of this species are necessary conservation actions. In this regard, a revised boundary for
the Gando Protected Area was proposed based on the results of modeling including: climatic refuges,
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population critical areas, historical species distribution, crocodile/human conflict, and consideration of
watershed boundaries.

The permanent plots were also located for monitoring the population of the marsh crocodile.
Additionally, spatial prioritization for feasibility studies on the species’ assisted migration to new habitats
was conducted in the southern Balochestan watershed—the primary distribution area of the species—and
in the adjacent watershed (Bandar Abbas—Sedij). Projected areas of human/crocodile conflict by 2070 were
also identified.

Conclusion

The present study was conducted to investigate the possibility of protecting the marsh crocodile in the
Gando Protected Area, and showed that in addition to the Gando Protected Area, which is the main habitat
of the species, the existing network of protected areas will not be effective in supporting the survival of the
species in the future. Maintaining the current habitat configuration or defining a restoration zone within
climatically unsuitable portions of the protected area will not be feasible, as these areas are projected to
become unsuitable under future climate scenarios. Given the high probability of habitat suitability shifts,
assisted migration will be inevitable for the survival of the species.

The ability of the marsh crocodile to move according to climate change will increase the
human/crocodile conflicts, and therefore, the migration path of the species should be consciously paved
through assisted migration.

Accordingly, based on the modeling conducted, critical population areas and climatic refuges for the
species were located to show the human/crocodile conflicts, propose a revised boundary for the Gando
Protected Area, population monitoring plots for this species, and prioritize target sites for local and field-
based feasibility studies supporting the implementation of assisted migration actions.

Acknowledgements

This article is an excerpt from the project with contract number 1402/600/55755, dated February 27,
2024 (1402/12/8 SH), funded by Department of Environment. The authors wish their full appreciation and
sincere gratitude to all the respected officials and esteemed experts from the headquarters in and provinces
who participated in the advancement of this project. The authors report administrative and non-financial
support was provided by the University of Zabol, Office of Research, by grant number IR-UOZ-GR-4956.



YOI-YVY (o F+F (lineo oF o los VF ule ISSN (Print):2322-1682  ISSN (Online):2383-3076
ods a g
) = e Ol bl ¢ Lil i Qe A
S5l (ow puwd DOI: 10.22067/GEOEH.2025.94244.1592 gy Al
Syl ylgae a4 oul cblas dbln o ol g SoS & o lpeo
TSD o Fwiss sl 3l colos gz paldl b 6,5 500

S ERC LTS
9'),)»‘ 3 Sl O,

(Crocodylus Palustris 31 o))

T smplo ok Jogw las & U S e amplo

Ol sl ety oy olKiils ¢ samds galio BUSLESIS o Lo 09,5 ¥
Ol S 85 b &L 9 55,9l pole o1 (s ) bruzxo g Dl ST (s § Janmo 09,5 Y

oS Ao Sledlb!

gt ianly $laaisS 5 ol lapiurwsS| p smas Sl el @l s o Ao G
Ban b ol dsllas .cuils valesx (TSD) oo 4 ainly Cocir i b 80555
1355 sy 5l culem Cqa oad cbilis gblie e 2ol § (S8 & ymlis el o
el oulsl &l s 136 cow (Crocodylus palustris Lesson, 1831) _ls ye olues VEFIEIY s S5k &b
B a8l s logy L o isF olKi s wogllas 6 yind i jslate oyl 4y VSN 1 by b
als lad gilw Jow bt ad dm i soed8l GooBaly slulils g Y-V Lo  soulS Slols
gy s il ;5 o ples s RCP2.6 (553 )i 5o 9ul8 s clili &ibaie 5l otk oS
cbli> sble ple pioren (085 algs |8 o) Csllas bogame 7,5 )0 oSl Slets

VEF/EIVY il g )b

Co e 4 ISIL cpl plo cubls sialgss )18 ol wsllas slaosgaoms )0 piodd Lo & dlsly G (puss
o g Sleladl g, pl shasls,y S cul sl cblas 4 g cad oo cbla> 3bls (TSD)
| alps Mol § e adasl, ool o .ol 5 4365 ol & - _

Sr ¢ LQ“"’“""L? 2P .)U'»’;) (€315 ad 95u-’u>’i"5 )’LQA"‘P ol )V-*-'jﬂa-‘(_g)L‘“J‘-\""
Bblis ¢ cad8l (glaolKalsy : Jolis onel s 4y gl bl 5 guilS ouls cblex> didlais

Soje> ) b by e 4y azgi g Gl lzlaad (2,la3 b Gblie § Conezr Sl oS e
5 2o plawed Comezx (b G sodls GO yren g0 )8 Slgiiny ol o8l oRalsy
G)L"w g Mo GL‘”"&“‘:’.} a 439? JL‘L“" WQ&“‘ Slalas PL?‘-;‘ 6*"4‘.@.5“‘5‘ QL.M.S‘ /CL‘”":; ua)l.u

Email: maliheerfani@uoz.ac.ir Sl donde t ot b g


mailto:maliheerfani@uoz.ac.ir
https://orcid.org/‎0000-0001-5179-9447‎
https://doi.org/10.22067/geoeh.2025.94244.1592

2l plobuw 5 U e
e olgie 4 oud cblas 3bln o Mol g (SoS Oyl

Yoo

doddo

OBy 0 ks @ Olgon aloz )]l el 0 S £955 (59, 2 G gs")-*-'l’ 390 wzge pl Ao Wiz o Bl e
(S ) 8593 Jsb o5 )9l SladisS D pzles lo et (S s Oloj 5 (Jgad b conlite (S 45 2 0ulaiS) (5] 928
Newbold, Oppenheimer, Etard & ) o,5 o,Lil ol g DBl Slglyd 5 baiss ¢ biwras ) dalosez sl 4 ojlul
(Williams, 2020

by i 5o 5 oud Ll slaolSi; o JLail @l 1035 Jseo |, iS5 slosSl (canlil Slasis el 1 opdle
o 45 gy50 )0 oad pll oo sl el 2 090 LaisS O yzles 5l 6Tolr 5 (SHLdeg laygu,S s wyal
(ooyb gy s s mol33l . (Urban, 2024) wigds co gy e oo 43 by 5,851 034, 51,8 ol Kl ax ;0 1.0 51 Sl
5 bdnsls laaisS a5 witen gloacs Ko 5l ond cod YU sloles 5 pfw ool s BBsb ubss ayas oenlsl &l
p25) 5 BV 8 008 Bl @ jzeie Wl oo ] kS 00l 53050 2 odle aim e 8 il Lo ) lapgiien
sz ol GlaT b 50T ddg (s59d5 000 40 anly (bbb 5 ootz S5 & OV slouin]3 iy 553 LT Soggly e
Benateau, Gaudard, Stamm & ) aas 1,3 50 cov 1) Y6 slaaisS b bas e sloonsdy 5 Sww) £95 Nlgi oo ol &5
LT (sloolSins 5 yidn a5 5 duds Lo yme 5 slaaig (olal corge (sonldl &l s &l 13T Wi, skl (Altermatt, 2019
Lo Lawgs 3398 Comnizr eSSy S0 &5 (2laaish 10 aS Cuul (6958 Sl A0 (nl &z Al Ged ol dalgS
S g Sl )3 i At 50 5 ol Stz e 4yt lad i iy SY g bighasd ol it (TSD)
.(Foden etal., 2016; Bock et al., 2020) o waly> Sl sla fud Job )0 Coxax

15 153 e 5 (glailate 5 S (sla ko Sl (oTye dleis 550 4y nome il Jolse il o LoisS 5T
o seiie aloz 31 (sanlil o yeiie ol it Jlowo b (sladlato s 5l heb )5 55 Jelse ol S peats ol 2 oMl
Cool (Erfani & Salmanmahiny, 2025) & 55e laaisS iaSTy »le,eSB ple 5l L8 a5 aiws gladhie wlas o S5
&) o8y ; a5 (Crocodylus palustris Lesson, 1831) 1o pe zluwsd (192 (69 puigs (s0ulS (sladisS (sl logas b wsie oyl
Grigy & ) Col oz g 3,08 )18 (y3malsSil baaome (slos 13l o 1 folgi qmizr s 5 0392 (e 01 (VI 3olio
50 TUCN # s cncd 30 pdycaml il 10 00l ol g 0agd (om0 50 4355 SO ylgie 0 218 50 zluwed . (Kiirshner, 2015
ol 02 553 5T w0g5 olss (it 5| VB blie Lo 5 b Slyds 515 ol (53, Gt 5145 el 4755 3,90
Oy aplgs axgr BB aisS plslsy 5 a8l Ol s SIS Tl g (Chang et al., 2015; Heydari et al., 2022)

Ol ply 53 Sy 535 5 cbli o Ll Coal wiis ()00 (SBli> slos Sug, elul 5l oas cbli> 3bl
SpisST Ll g Lais (gl oud cbli> gblie aSis 5 ,2aS a5 315 Sgzg ol code glaxl 5 ol oud ools ylas
S b 2l 5 Ol Gladael 4 (ol 5 passST Sloas Sl Clem (i g5 5| CBlir w0055 Cuss (o
eMlas b cou sad cblis bl 5l gl isu jo S5lidpe Ol s a5 590 o (Dobrowski et al., 2021) el
S3bsl & SBolaxe (o poe Sla A g 485 )18 (3lash (g5 B o Bblie cal Bl ool &) (Sl s f g i
S 3l Colem> cqa (Xie, Zhu, Bai, He & Zhang, 2024) sg walgs oI colilipg sloo S5 slal cyo bl )
8 L el 300 Gl Sl Ll wongs oy ISl a2 ST ot clin hlis e Dol 5 e e ooy (sloaisS
Copae g oyl Ko las )5 o b5 ools caws 3l 095 aKis ) sl i)l slasl SMSlase fuL’ Cod sblie boes
cbla> 3blse slaj,e 0ogame ;0 s0ud camwl sl isu sl opl by 5 (Ducros et al., 2023; Bao & Yang, 2024) wigd e
el ladigS 5l cbli> Sz e 5 pd GBl 63Lil (195 SIB )3 ud



o5 VEoF b oF o loud OF o o slaummo @il pbolos 5 Ll yas 4y 2

Syl cgaz Lyl il b (6,155l raies g a0, ol 435 4w b alS 5 (5,5l sloaiss o8l Ol osi b aglge 5o
sl ig, el L e suilyd sl SIS . (XU & Prescott, 2024) (ol,asl Jas b og)bs, b g ombn sloolKin;
15th ge alsmec] Slk e baie Sueaddy Cuiel el s weaicblis gblie sbul wile wbilis i
0 baisS soee JEnl a5 Col (S8 & pales wyax 8lKiw slo,Sal, ol 5 (K ol oad ablis g sl el
Sl GBli> plrale S (S S p2les 008 oo p )0 il 1t Sl 4 a2 L) wae ol bl
ol ¢ golBl Dl s 30 Codd 098 co (g i AT g oo Jhiie iblis 4y 045 e B0guze l aieS ] o aS
Gloosguze b aldliz (b glge Lo 4 loaisS 45wl go D550 Gloj pladl 1l 05l o ool 8 o] (sl osllas
5 00uS jlgael ax ST sblas o S5, ol (Hallfors et al., 2016) auils bl (pl 4 oww ) § ord (1S, 4 0l Sl
el (sole 335 laom) p wiels &S 30 1) 055 (B (B g (Flbes la Sazmy bl sl 65952

ol ol Gl 4 gy (SLbpg g cblis pulidan; Slaiew; 50 (SDM) ladisS @595 5lu oo 4 4z g 059 5l
e g Sl Gl S Sl (G lbien glaalel ((LalSS g (Fumj Ll i sladliw 4 b aitun 50 )3 laggslo o 438
(Vasconcelos et al., wwas Zwly SaS & yalpe alox 1 Sbla> 5 (2 powe o5 S puenal (b xS 5 ASES & 595 10 o ldl
Sl Oldlas Lol b ,528 51 15 ol 5 2l ye zlasd olfiey ) Consllan (55, 2 ouds plowl Slalllas 355 ol b 2024)
ploul aalllas ;5 a0 oy WS ¢SS D yzlee xSl g ool cbilis gblie S e 2ol Ll s a5 el
e Jolge lawsi ols o rluced oKt 5 Cougllas (Mobaraki, Erfani, Abtin & Ataie, 2018) )|, g 5 )l Jawgi ous
(S SlaelSsS | Alols (Sl oo NDVI alS by asls gl Juld iyjlame sloygiSh o5z
Sl e 1 St a5 sl lid asdlas o) ol 0l g5l Joe MaxENt iy, 4 leailsog, 5 ool> ¢ slivg, slaollisSw
B ok S VIVeoluo b 2 ogllas dalaie does (idu g 039 b0 mhaw 5l glas )l g Los cailsog, 5l alold o i
(Shafiezade, Moradi, Fakheran & Pourmanafi, 2018) )|,en g ool caatls .ojlo 1,8 5uilS ool cblas ddlats jl )15 o
ol 5l oo, 10 L as aisls ylad Ll .aio S bl 500 L8 wix LS o 1) lo e zlaed oSy ;) Cngllas 3
059> ;0 Slalllas oyl FY o (Heydari et al., 2022) ) Kan 5 (5 00> s ouds cbla> bl ibg cov ulus
Lyt 5b ot s 5 00g SUlugi s Giliee slalo ;5 s ) Comax a5 wisls lis oy plowes ST,
oy zlawes (2§ Callas gblie a5 ol ools lid 50 )6 5 (5l Jawgs ouls ploxil dalllas jo 0l 1,8 JlusCas
wly s Jled g olpl il o sales saiS (Sas 0,0 bl 4 g 5asiass san] )0 codldl &l 30 Cov Gl o
(Erfani & ol lelw 5 S, (Mobaraki et al., 2023) 65,5 3,m0 oois] 1o 4365 ol (2515 (>l (o Pt olaie
sloools 5 colas o S Tas yhe, Ly ols o zlaed oSy (50 )b Congllas Condg 595 dxlllas 4o Salmanmahiny, 2025)
bl jo i) wolle Gblse as ols las Ll zls .aisls plosl KGCIM_VI Jow b Lo 5l oo zl el wdble
sbo e S (Sl 5 o obo g pe (Tl Ao (slod uSilon 35 (goeldl (slo it 5 550 5 5510 413 B o
ool alBlian s sbvosls 51 osliiul b plued boais plo 55, 2 cilises slo,9aS 1o 5 Sldllas cond Jlo 5 4o 5o
o) g sles! (ROdder, Engler, Bonke, Weinsheimer & Pertel, 2010) )8 ¢ ,05, Oldllae a5 olg5 g0 a5 sl 00l
5905 o,Lil (Abedin et al., 2025) -, Sen g cple g (Ihlow et al., 2014)



2l plobuw 5 U e
e olgie 4 oud cblas 3bln o Mol g (SoS Oyl

Yov

5 ooelBl s s 4 laais SN s il 55 TSD Coogas shlo (slowisT sl (55, 00 plondl Slalllas
OYAY s5) » 9030 cnl 3,00 ST oan] 1o Ll ogill ujg5 p Slasil slacdlad g olKiny § cu 50 Sl Ltals 4 (5,68 5L
g oazeie OYLI j0 Llo segr Cannj90 g 0ai> 43S Yo (LI, Shao, Jiang, Yan & Liao, 2024) b wlie jo oaijs aigS
Xiao ) Diploderma s ;| Jlawguw 455 05 g (Elbahietal., 2024) 251,06 10 00> 4365 V# «(Sinervo etal., 2024) ;35
el oo, LSl 4 (et al., 2025

oz 5l il cbli> 5 2y ppas o Wil o 0oyl ) @eldl Sl s ) (ol sladisS Cgllae (gloolKiny s Sl ieeis o)l
il fige daz leelin; a4 48 Brme 5 il Congllae 1alS b (ol (SiSe deolling) cunslhe Coundy oyl
gl slagsilo o b 5 baasgS 5l cblas cgar (bl (g5 s (Bl g ool cbilis 3blie ColiS (ow) p eizren
yolo Giagh aslive Slallas 0925 pac g oals &l )l Aty 45 d> g5 Lol dales IS0 a8l alies slagy jliw coni oSy
Ol peis 36 Cou oo o rlaced 465 sl 5l Culos e ouds cblis 3blie 50 oMol 5 (SeS & plos el oy B b
s plowl sl
1030 zland jeao bl g axdlian 090 Al

2l o glaed Sl ST 0 (npofdled &5 b Ol adllas 090 dilaie Glyiear Olnl (Brboge
590 839ame il Jpar B aulil joss 51 St oliuy ) Camgllas Sl oy b asdllas a5 LT 51,08 e
Slosgama epghaie ul 4 395 ol (6 gy $blie 3 o3l Sl b ks 4285 1 55 Jeb ST 058 31 5155 o 0
Sy Jobo 48300 gaz 0 PY L as 8o ¥F 54> 000 5 Jlodh 0,6 4830 VY gax 0 VY L addo 14 gax ;0 VO Slaie b
ol sl 5 s Sl gz 5 oK Eml 5 Bites @355 ol () JS) ab 485 i 0 aslllas 5,50 dilate (lyieny
oty o)ls ST 925 5 (Gliyw) SS9l slaailssg) slael )3 094 5 (5)Lids 5 Sl ke Sl 0l 09> )
N OYD Gl s se ) ol oo &Bly b 5 eS8 SloailEsg,  Jeive (M 9ol wilssg; jiul g 4o ol Lol
5215 WS gl Sl (laailiog, Juld WelKins) ot (35 1B-0F) b Y-0F+ slasb 5 ek YV &
30 (Abtin & Mobaraki, 2016) siiws Guian dus axb,0 g 60131 0bljg 08 wblaes! ( U siile (o BAS 1 g )5S oy pums
G asS pl el Slg 4 azgi baojls 138 a e 5eglS YAYD Gy b gailS cabcblas dalaie jo 4565 (pl 2aSTy, 5l
e SRl 2l Jsad o T STy (o e

o9y 9 dlge

o0 gloned g5 ol 5l Culox Sz ond blis 3blio 0 gMlol 5 (S5 & 2lee GGl (o) Baa L 5L dalllas
o aslol jo g dmtes w8l s Sl o Cames Sl gblne lal jo jshaie pl A ol plodl o8l Ol s 50 cos
e bl 5 (oS izl (Ol ogas 0 mlS (nl elel 5 B ad gileal i YoV Sl o pludl /gl ozl
S8 by e (sl itn 3l il s 31 o Cmazr s Bblis et gz 0,5 5 Bl st s cbli> 3blis
a3 oo Lai 1) ol jsul slaoje> 5 3T yeam blas STy ) IS5 .ob oolitl bagelBloany 5 43S e slaosls

B0t s See) elileny slo e (giny Jions sl it b Kinbeos g dinly oo ol & 4555 (5 bl
Mobaraki et al., 2018; ) sl cows a4y Jlaws sloaosl g mbo ;9,0 LAT-Y L ATAD o Sl oo alold )0 ((coud8l sloools
bl 5l 50 (oo sl ,eiS 56 cos a5 Gallae sblie ot el w35 ol 4 (Erfani & Salmanmahiny, 2025
05 Jolo gl (ol S (sl 51516 i Sl 450 bl Sl 5ol o b 5 L 55 AEEBIS |, 43T p5am IS



YOA VEoF ylis oF o loud OF o o slaummo @l pbolis 5 Ll yas 4y 2

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
1 1

40°0'0"N
1
40°0'0"N

35°0'0"N
fl
35°0'0"N

30°0'0"N
L
30°0'0"N

25°0'0"N
25°0'0"N

17085 0 170 Kilometers

1 1
45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E

Legend alds gloal,

' Oz g 5 s gl jye 3 adllas 390 0334 [
Sistan and Baluchestan boundary Study Area
Watershed boundary sl g oje> 50 T e gluad yp> b 0

Present points of marsh crocodile

el slaosem g anlllas 3,90 83900ms 15 IS p0 el jpam Ll (2251 Coabyn ) S0
Fig.1. Location of distribution of marsh crocodile presence points in the study area

Sloj 3 S50 liia 3 31 oo palblicany 5 slaosls oyl sl

85 wies laasls Wl g e S 4 G5liag oldl silodse 55 Lol SloaatiS i Olsie & pelilians
(Merkenschlager, Bangelesa, Paeth & Hertig, 2023) oS oo wSaie | g 5 Ol g 005y Slog>ge (s 4> LS &l

Loo aiiws golBl sboosls oy Sl Wosls (pl a5 00gs canlBlinsy slo,gSB iagh (pl o Jaiwe sl e
6,586 olaas .3 )lo 8925 Dglie (sl pie Slaad 5 SUSES 4z )0 (g b (corlBlians; slaygiSl sl il slaSiL
oSSl Lus duglie b .ol e (Fick & Hijmans, 2017) 14 b (Booth, 2022) & o baaSih Lus ol 0 ceslilos;
S 285 VL S Sjgo gy bl 5 )S QL e como 5 2Bs 5 05 5, 4 Bl 4 Wl e ekl
Lol Ly (ol (8.5 15 anlllas (sl 455 9,90 45 0092 gy shoskS Sy G0 S By b e (ool slaesls
(Karger etal., 2021) CHELSA 4 (Cui, Liang, Wang & Liu, 2021) KGClim «(Fick & Hijmans, 2017) WorldClim L.
Ao 5o 45l & 425 L 28,5 5 e 5,90 e Cotdly b Bl g Slisz @) 5 ASe Cono e 5L 5145
CRU TS v4.03 .CHELSA V1.2 WorldClim V2 ol laeSSL oo ple slassls 51 s kews 51 KGCIM_V1SL Lo

Sz e (o 0008 Pal (o)l S 5l 5 0sd (gileeliiia s slaosls I ean] (slasinie sln 5 GPCC UDEL
Lo cpl adgs o aid, (5 4 o)l moeal sla s, o oS 55 9,509, cal ouls oolawl CCAFS osls oL 51 CMIPS (. J3l
LS b g 5380 ools dcgaze ol g ool 5wl 00l lso 5 Of (goaids 85 g g okl pae jmalS 4 e UL

Sl s glodids puzen o lo |y o ngrol Ol yuss éﬁéohfa@blﬁssoay LSSL Luo ple 4 Cawd (g o



plo pladw 9 (U e

Yoa . TR T .
e olgie 4 oud cblas 3bln o Mol g (S8 Oyl

polde gy ool 2 a8 3,5 00 @l )® ouds (giluubiiie oy 2l 5 O Lulyd jl aelr gl o STl Lys cnl oad &l
29 b s e il (1S5 55 sl Shag oelol n S ngal aSil (el 5 ol Cuss 4y el la Sy Sae Y5k
Pl 8,93 03 ol 03ls acgazme b iienl ol maler Ay SOL Lus (ol ;00 lilse el Glaia S 5 alS
) SIS ol 8 cale gonnles (5L pne conlBl g3yl oz S Yo=Y Y Slonny T8 60 Loz o V1 V-1AVA L
e VY ol pizman S oo wld |y o SYsb pglie Sloj iisy 45 Cewl RCP8.5 5 RCP6.0 (RCP4.5 RCP2.6
11, sl 5 ol liom il Ll 5 (509 shad ¥l (eilee 51 e londgs S Sl a8 ) gy b oy
SOk eJlo doi e ,5 Sk ¥l (Soikcole (3350 slod wole (2 50,5 Slos iVl glos (oSilee ol aSund oo
Sk el Sy dad jo ole (g FSiS Sk e Jlo 0,5 dad ;0 ole (p FSES (S« SiS ole (Tl Jlo 95 oo
(Cuietal,, 2021) cewl Jlo 8y dod jo olo (3 58,5 (Sl g Jlo Sz dod j0 olo o Sogb o Sai)lcole oy iogb 0
2Bl il S92y (Sor Wl S (sloyuste (o 0l ; Cumgllae (g3l Jow Sz aSif a4z gi b oS ol 53 4y 05
e 5 LT i (Kot (e olol g1 ool s sloosls (o, S ,6 L lidllas s aSiyl 5 (Lambert & Virgili, 2023)
Oie S sles @le glos (1Sl pudBlonns 5 caan 51 «(Erfani & Salmanmahiny, 2025) el oo ploxl ools ;2 (g0 g4
ST 5 oo G sbeye (S el s dand 5 ole (S (Tl Sl doni s (T L Sk b
Al oolaiwl pol> ddllas 1o Jlo 8 s dews j0 ol (o yip S

VoVe Jlu 5o bl [ (910 30 Zlanod ()l (63w ST g Cnmazr (Sl y2ms Gblio (ot s,

B Ao gledae lanl o bl ol pe zloss (25 5L R5T 5 Comaz o Gble st vz
yya> sosls jleslatul b .o plol (Phillips, Dudik & Schapire, 2024) Maxent version 3.4.4 |38ls 5 S L (MaxEnt)
ek ool 53 B 8 Ll )55 0 10 b e oo Jins lyis a4 (qonlilias§ (sl puio 5 s it olyis & 4355
o KGCIM V1 Jae bl 005 tos sios sloasd (55, 2 +Jl 0l 1o 4355 (sl opllas ol 3blis o il sl ) S5
e Co8 00l gt soelBl sloosls 5l ogdlly ol 5 Congllas Dyt (i Sz Al e Gl )0 05 d LS2gn VAV
o oolizwl Y+ Ve Lo 51, RCP8.5 3 RCPB.0 (RCP4.5 RCP2.6 ouyl (couldl (553, Lew
bl pl gl bl (Erfani & Salmanmahiny, 2025) goale slake 5 SBe addllae b ilas 35 158l 5 olandas
Sl sl e gz jga> pae bla flgie 4 diey g (Bolal dlags Voo e g ol plol 1SS Ve b sle o
29,5 495 Cloglog cw 8 b Jaw sl 9,5 9 o ploxil blase bl Ghg,y (bl 3 31,55 VO L saors (6 S diges .oy ol
G /Y AUC IS job 4 .28,5 |8 ioviw 950 (AUC?) iy Cobue (05 slo,lro b ‘5;5):_31 SSlas Jow o Slae
Giovanelli, Siqueira, Haddad & ) aas oo lid 1) o jlas cmiion <18 51 sin 9 Jle </ L /A g Jow /A
.(Alexandrino, 2010

oy ags ly (MTSS) (Fhg odleds Comslr 1S Tax (35500 ailias] 5l ol § Cugllae gy sloary s 5l
Jdo 4 e slaasY adgs asbiw] lgieas MTSS Glsesl .o oolawl lin 5 wgllasl § wgllas Slids sains olis (e
El-Khalafy, El-Kenany, Al-Mokadem, Shaltout ) s¢; ¥ a8ly 83> sllas ¢ Vo> 5l Gias cwiios lbs aile, JBlos o
(& Mahmoud, 2025

1- Representative Concentration Pathway
2- Area Under the Curve

3- Commission (False Positive)

4- Omission (False Negative)



Y5 VEoF ylis oF o loud OF o o slaummo @l pbolis 5 Ll yas 4y 2

oSty Comslhae b (Cunslhe (Su,l Cundg) Sae wily porlil slaosls Lol cows 4y olfiayj Cungllae (s slaa¥
SEETY Ve Jlo b s o gloved ol ) Comghlae Sl pis 1 o dng e (ol i it (slagy L zl) ouT o laassS
A0S e sorldl laolaly lgie 4 ool g (Pl osllae S b 3ble g 05

Ol sy waz g b jolaie (pl 0l (iluatdl olfiayj Congllae Sl pts ulul 5 Cmezr Sl bl caslal o
55 2gllae) Yo Sy b (oelll i 5325l oz 5 Jb o p0 wsllan) Sy gy Blolio ol Copsllas ouiy] 5 Jl>
g 3 oo (Sanled |) (oldl glaollaly @ly 1o S ) e Bblie iad anarg (ool log s 51 (So 9 Jl> oo
gy L 4 adilgi e (SeS Syzle Bkl woar Geoliu; 4 A (Bime Sl 5 ead cbla> 3blie e Dol o
.(Sinervo et al., 2024)

Slnl Sy 525YL slls (s Csllas Bblio 5 boolr 4SS L (aliwg) 5 Lo ) Lol (IO aSul 4 az g5 L
i) eon] g Jb ey wslae sl ey LY L gblie onl sloas¥ «(Mobaraki, 2015) caul luil [plues 5,5
Collas S tie lamosgacms )3 ool g oliUgSiw (VL o515 L Bblie b 0l ()5 eo (55, (ool 552l Jloz (2 S Siiee
g bl Gblie (n 5255 Glaie 4 (ol
&1 o Tlued' Ly 51 Calos 53 oud cblis 3blio aSud Colis’ (o) b9,

Al 2 eoad cbilis bl b o8l Olss 1o oSy Canslhe Jloiol Ol der s 618w 3,
S5 3 ey sloay (6 )38 en 55, 5, ol 5l (Elbahi etal., 2024) sas o olis basss sliy 5 culos o1, oud cubla> 3bls
Dol b s3lasl 05 i by ean] )0 @isS ) cblis Sl isS ol ol lsie ay 9ails oot cblis ailate &Y
20,5 oy odi] jo g8 Sl ) Slatiy 5o 5 ool cbilas bl Sl uied il H K0T sud cbla> 3blis ;e

g;wso)qmgg.\}lfoaﬁcdéua«iﬂa;n}).otw| ng&d&%‘tﬁ))lqu‘slbdé”
Slooje> slas e s axgi g odel Caws @ bt Lulul 5 guilE oo bl dilate olpiiny SMol e dd> e (ol 4o
seax Sl g ool Jow zuli 4y ax g3 b osgasme (pl 10 50 4595 Comem (ol (a3ld sladl puoren 090 T olpainy ).o:ﬂ
51y ol el o395 9 655 (S izl e Slalllas ] g Bblis sanagll Calis 5 b lulit S

b oleld 55 1 jglme 359> g 4555

ozl 30 (910 yo Zluned (ALK 5 gllao blio Corluns Ol pudi (ot S
wolbe 3blie olulis ;o Jow YU cowion ol 5 Jle cuaS (Jow sl 5l ool cavsas AUC oLl uKile
Cawd &5 +/+ YV 00 a5 Jow )15 610 0 MTSS wilew! (.Sl wlul 5 .(Mean: 0.98, SD: 0.012) sls ylis | ol ;
oail g (Fu)b Lulys sl ead unaib e Y 5 SSE Gallasl 5 wgllae aib 90 4 olKiay) Congllae aids
Camgllae Ol s ol ¥ S ol 180T ol ) Cangllae &l i Lol (! 5ol s a5 alises slags luw s (Y+V+)
ol bl oms o yLis Y4V Jlu 5 RCP8.5 5 RCP6.0 (RCP4.5 (RCP2.6 o] (cand8l (540 )L jl> sl |, oS
e ) 85 35 ce 02y YoV Yl Bl o5 ol sl Aiae Cansg (sl 3l Lo L ol 43 (IS5
Sloceand ;3 0 wialys s Oollacl 4 45 gllas 3blie (i Gaized ol Jlod Cooms & 5 (o5 5 08 4 5, Bikos
g liw (p % 50 A5 (958 4y 09y wwles 5ayalh RCP8.5S 4y RCP2.6 (ggs ,liws 5l il el oulls a5 el 90 9 (B0
Gl 3l rizren (285 wialys 8 sl bl jo pol- Jl o 4sS jpa> bl Saes RCPES (555l (o
Ol 38 ¥ USS 0l algs adly o gllas 8oga0me 1 7,5 j0 5ail8 ouls cblas adhaie Yec RCP8.5 4y RCP4.5



2l plobw 5 Gl ye
e olgie 4 oud cblas 3bln o Mol g (SoS Oyl

Y&

el Sggiin 0oy FIVA B auo jo YA 5l Ggllasls 4y Cgllae 3blin Jsas ciol38l e o] 0 a5 aas o oylid 1) &l sy ol
0091 yidom AL 9 7 F.O Glog L ;0 s YO YAYA V.8 (g )l )0 daslllan 5,90 6,90 0 ol (Fu )b Callas 3bls colus
O .l a3 VIV g F/0Y F/+ Y BIAA o 5 a5 a8 a oo LS YIYAY £ o YPADT O IYAPYYY & s 5 4 g
AFIYOYL plp s g 4 AD 97 5.0 VP sl o b 0 Wgd s bas Vo Ve Jlo b Callas 4y aS 50,6 Gollasl bl

ol 3o 3 YVAY g VVYO AY/AY AOA L plp el o aS conl [LSa V- YOYYY o £V YAAA VYDA YA

56”0;0'[5 58"0“0'!‘: 60"0"0"E 62°00"E

£
14
2

T
32°00"N

RCP4.5

T
32°00"N

T
3000"N
T
30°00"N

T
28°0'0"'N

T
28°00"N

T
26°0'0"N
T
26°0'0"N

70 35 0 70Kilometers
O

S600E S§00E 60°00°E 62°00°E
56’0:0"5 S58°0'0"E 60°0I'0'E 62°0'0"E

32°00"N
L

3200"N
T

32°0'0'N

30°00"N
30°00"N

T
28°00"N

T
28°00"N

26°00"N
T
26%'0"N

70 35 0 70Kilometers
N

T
62°0'0"E

T T T
56°0'0"E 58°0'0"E "] 62°0'0"E

Legend 4id gloal,
Unchanged unsuitable arcas S gty opllasl 3ok Present points of marsh crocodile 2y s ypi> bl .
New suitable areas s Cgllas bl [ Gando protected area 518 ailaze
Lost suitable areas by o ogllae bl [ Sistan and Baluchestan boundary gl g s G G
Unchanged suitable arcas o a0 wgls bt [ Other province boundaries gl plojpe  ——

pﬂbl ).u.!.? LSL“}.’.)L"“"’ u,uLw‘ » am) Ca...:jl.la.n E).o.uj ""J"""ﬁ —Y JS.&
Fig.2. Changes in the extent of habitat suitability based on the climatic change scenarios
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