WA olo 318 B e 0 lod (0 § ot 0993 sz ) Lo (SIP T 9 pole
cw (Panthera pardus saxicolor) gf g &l Jis>! you & (S5 Jow
92 L Okl (o &5k 9 G (w9 g Sl ool ol w5 90
3 Pl sgu

-2 SRS
Haydarrouhi@gmail.com
" ple Olokw Jgu Jlons
Tl o) s
ABINIYY: by iy fo b AF/Y /Y el yo fu b
odS

FE &Sl alaatls g (bl sladue sieils ooy logw alide slagid L)l pails Sk 5 Lai> s g digo)
5b 4 5 S5dise ey Sloms 55 oy 05T et el a5 sl gy o3 ol ey SusasIas axil aallS g olozel
Gy e az3p Jolhao sl s S oo ogi 1) 55 e Sl gl g lar g olf) 5 (LS (Rdg (FaaSsaSs S
ol By oadlaz laass o Jles>l ja0u )5 i (sl oolainl 090

e 5L e (Panthera pardus saxicolor) i, Sab sl wollas slaolScmn s ololis adllas (pl Bos towypw (o9,
4 Se05 Loyl ol 99 (ul A nl 4 4z g b sl ol s 93 (nl (e So3997e 5 B> iy Sl olely 5 LS
&5 Ol 3 o e GME e g 555 BBl Bpas Sl e 50 5 el S5 psliie 4 bl Jlail wilasd S8 e
2,0 4isS (S5 lol 5l xS sl

3590 sosls Jldley 5 SFldps Ll (ole Jlow gy b (hmghy 9550 (ailate 10 4igS oSy Copsllas layl jo ia aidly
BLS by el ool gl Jold 4355 jea> n S5e o yate (lgie @ eoliiul )90 SNl slaaY e85 1 E )y
sy Jliml ooy iR Ootl GABIS 13 s ool 038y Lailisg, g ladait daliy, 5| alols daosl> 5l alols (NDVI)
85 8 (os 3y50 auze JBlas 5o ST g, L ol 93 (e js S

3z 9 Dln SheP iy b ooly Jled slaide o5 ol plas Jleizl o S sasli jl Jol> ol (g a5 a2 9 Sy
0595 sl 4 Coeal §l e (e opl Gl cblis el Gl gl ale gl e il g o elisS plildS e STHL
ol 438,58 o ol )0 09 Ll o8y 99 0 O Gasb 5l Wl oo Sily 45T e y90055 0t T el

Hldeg oLdl el Jolo sy jo JBlac 90,87 o Gl Sy e pos (Sloges 150l (s o031

(S35 Jggme)® ltl e85 nmbs ailie 5 (55,5liS psle olStils iyl oasli S g gal iils -)
u‘)“ aulf)f LS“""JG é.)l..uc 9 ‘_;)‘)5@'5 |a91.c oKiils S REVEN os)f )l,,..ulo -y
u‘f‘ ‘ulf)f ‘5L¢.¢JG é.gL;.A 9 ‘_;)')9&3.5 P}l.c oKiils S e os)f )Lg.oL';.wl -y


mailto:Haydarrouhi@gmail.com

J. Env. Sci. Tech., Vol 21, No.3, May, 2019

Modeling potential corridors for the Persian Leopard (Pantera
pardus saxicolor) between the two habitats of Khoshyeilagh
wildlife refuge and Golestan National Park based on the least-cost
path analysis

Haydar Rouhi *
Haydarrouhi@gmail.com

Abdolrasol Salman Mahini 2
Hamid Reza Rezaei 3

Admission Date: February 15, 2017 Date Received: December 22, 2014

Abstract

Background and Objective: The restoration and maintenance of landscape connectivity and
integration of its elements require reliable and efficient communication models and indicators. Habitat
fragmentation is a dynamic process that leads to major changes in the pattern of habitat in a landscape.
It describes, generally, the fragmentation and division of vegetation cover and habitat into smaller
remnants. Modeling based on the least-cost path analysis is a method used to identify the potential
corridors among the isolated habitat patches.

Method: This study aims to locate suitable habitats for the Persian Leopard (Panthera pardus
saxicolor) in Golestan National Park and Khoshyeilagh Wildlife refuge and the area between these
habitats. Given the close proximity of these habitats, their connectivity for the safe movement and
energy consumption minimization of the Persian Leopard has vital role in gene flow and prevention of
genetic isolation of the species.

Findings: The habitat suitability for the Persian Leopard in the study area was analyzed using the
ecological niche factor and biomapper software. The data layers used as effective variables in the
presence of the species are: elevation, slope, vegetation index (NDVI), distance from roads, distance
from villages, streams, and rivers.

Discussion and Conclusion: The possibility of corridor existence between the two habitats was
studied by the least-cost path analysis. The results of probable map corridors proved that the northern
parts of Khoshyeilagh wildlife refuge and the southern parts of Golestan National Park are the shortest
and the safest pathways for the species movement. Conservation of these regions is of high
importance, because the best route through which the leopard can move between the two habitats are
located in these sections.

Keywords: Landscape, Ecological processes, Leopards, Least-cost path, Ecological niche factor
analysis
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Figure 1. The geographical location of the study area
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Figure 2. The presence points of the Persian leopard in Golestan National Park and Khoshyeilagh wildlife
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Figure 3. Habitat suitability in the study area

29955 (P RS Sl g 4 i
o Lg)L....u Coon|  oailos dLmolfw) Sdxe JLAJ‘
(V) 3l s (BLal 5 (ot 55 20 51 655l
bles Sy a5 s las sud bl Sldlhe gbs
IRCSCRNUPSIPS St [ 1 RCR YU AR JpX P BRCI S
Sy Slogw 3 @b Gz plolid (nlple
P Sl G900 iy Sl )l cbl> cge cndlas
Jelsis w525 a4 oy e (GIS) SL3l e ledlbl sasbels
beo Jsho r s 5250UsS Logas 45 pras (50 35
= s Slilga (YY) Clo sl e Jolo siz b S5
Bl @ phws Cux 1) GraneS 5 S Yok cla
ol Sllas 1) 593 e ndy S oo b wsllas
walys Bro l) 5 55 42 51 wisd oo Sl 39290
bl 318 Les (Ve v A) el 55,Y lalllas (YY) 5,8
GG By (0 5a05005 (reejpe Sl Sla s
9 OpsS W Gl S pln 0 1) g pdides
Sl jo aiss a Woges aSL 5o (Yoo V) oo Ken
eSle @ Cd (5505 Ga R 5 Gre y5b 4 a5 aled

2 s (9 Pl eeS (il de Zasl)ls e (glogs

L S sl oiug polie WSk aLSls S92y (Kiwpd pite
g daly> iie

AVY: 18 Lass 5ae

VYS: )5 mass oliee

E N Sl e

2olae (V) 0)ls )13 S g jho (e el ol Fails jlaie
Lolyd jo ol bles 4isF &5 wiS 0 plo ho 4 Sooj
Ol O (Gl e g WS (S Sl 4ol SSls
S0 polde oo 0gzg 43S By g dsz g0 oSy
o35 sl o) S p0 Al A was e (LA S
Cumdge osimsplis gl Fandle dly 0 WS e (S
(YONY) col g lame slad o 3liipg olsl
ol o ol QIS mass Slides pled] Jsle (ego
s ) S st el o3lipg oLl Cawy saims
Losrdms & 5 @i b SLal b gpdy pess
ool ke Jole Gl R0 Ol a - ol S 555 Sl
Ol 9 S oo Joou 4igS oS (ctay aoe Ll d asels
Ban d5g5 a5 Sl cpl oao Ll jao 4 SGo3 polas 040
SN a8 s leme Lulyd 5l ey edgaze o
Sl aigS a5 weo e sl el ol (YL polae ool
Sy Bz Lulph 1 ()b esgaze j0 g Sl (paads
Sz e bl Sl 5 aS e (S

(YA JY sV’cYA) Cnl )‘0)55-).3

Sy slp s pdsdess Jole 5l eepl ply ol JSCae culys o
wS.c Lg).ad.: Lo:u J.ALC ‘55"“5" oolawl ‘5";04.4.7;; e
OMDQLM.; u] ).Q.a 4 g_{a.)).n ).’QLQA 9 | Ls.i‘)fuaﬁa:x.:
ooy g Sl Gl (o9 paass 5 4T b Gy Jess
as col ) Sl a8 ol Josw Ly e YU polis
SN lp Bl ;5 Pl g ohy sl Luld 4 &S
Sl e S U jho G pdydess ol o)l 5l

YO YY)

1- Specialization Factor



Y+l

e Sl Sy ool 909 )5 (g5l Joro

ol g b pladl ogdll bl 5 j9h bl 4 4z b Jadlls lo
gl olden plal (ile Jdoo 5l ogllas slaas
Syle oYL (Sl (g0 8 by aS ol 4 azgi b oo 20
A 3550 455 lp o] Conglhae 45 oS s 5l lal>
sl 0355 0051y sln (B Colus 6l 5 5 camslia
(O S 15 S 5 a5 iz wazis ol Kol (Sl
IS ol ol oads ools las YU copgllas glyls slaasd
a5 B e lid |y dalate JBls slaling, ) 36,8 bl
95 O 2l Az Glp el e el )0 Jole et

o olfw..’:‘)

ol &S Ll ooy, e I (S5 slakisS 99
masd saze bl sbml jslae 4 lojsua,S (> lb 5o (s
anje galold calis (YF) o)b ond lhe B cun; sl
“o Bl sl e Slos Lo e S 5 Lie
455 50 pgat & (pejye Sloww Jlail i 6l gae
Y S Ll ol el Gl o515 L sl
slast ol cbla> gdalaie g0 0 By Casslhe
Ayl adhie g0 y0 Sl sl oYL Consllas o5 Clie
A 090 G455 sl anse n S Jelod g ad olulid

RV g e
anlllas 8,90 gablaie ;0 glle laaSt 48,9l Cows @ gl

=4S s 4 pladl o8 ey 5 Congllan (gaids 4y ax g L ol

30000 350000 200000 400000 420000 440000
N
g z
S I
2 e L] 2
3 | ot % 2 [ 3
o I :—;
o
3 . B ' 2
= . .8 > =
:‘ k3 - >y ® .. s
S 85 o e S
a0 LR
— @ e $
=3 » - 8-
= . . =
=4 & =4
= o =
L . o &
SR S &=
= sme 4 e -3
3 1 LS h,l_a.m\; =
z E
? 2450 ] e » o g A A8
- H H H Kihormenms :—V
! o Ly "=
MUOC00 390000 380000 400000 420000 440000 ¥

2yl Kby glp YL BB s ) Cangllao aS ol e ) 31 o asI - F i
Figure 4. The patches of habitat that suitability for leopard is high

Fiml g eoleriog jme 3l jses e 0 WS Sl 53
4 a5 WS e ge ol gleasd 5l ol Al e
ol Capin 5 cblis wilead Gl Cgllas sloas) oloze
bi> Sy 0 eein e $85 slp sl sleasd
@ Shle S (Sems sloyl Gl sxSelx 9 &5 ol
s ALl kS (oyme 0 4T (nl e 4z oo

KLy

k> Gln el hssS e il de 5 et Sl e
ARC 8l 5 )3 anje Jolas jou S (g, oSy o>
el Corridor design s .00 5 1,51 GIS
B 30 O adlllae 3590 (g5 (b yemme Sl Iy ynne
b e (2 imlin g a5 S5O 50 a5 a8 oo Slpiiey
oS aSnl g adhie 2 glabiug, CusSse 4y azgs
By 99 m @lr alr e )0 ol 9 (i Cls

Yl sl gilwJae gl ad S lai s ailS (gl




oo 9 >9)

QA olo 818 35 AY o0,losls coun ) bmo (6590905 g pole

Y.$

40000 60000 SH0000 400000 420000  &40000
N

5| jL
= §
- b
3 e 2
g T 3
v [ 5
=4 ¢ 2
= ) 5]
= =

4100000

4100000

:-. 24 ) -E
< A slannl §“

gasa @ an »n

B i e

S ™ 1 00 o
! — e gl 5D §
340000 360000 350000 400000 420000 40000 ¥

@y 3o Jlas gy b ol 95 o s9u 5 -0 JS&
Figure 5. The corridor between the two habitats with the least cost method

ol Gileesly @S Ojp0 b laptesST s,
(g Ol eaSaags Jelge ot o Jge ele (lgie
mool> .l 03505 B yre oSy (69506 g (HodianlaBaslad
2 Pl e DlSl aslg oo Lol S5 ohg 4 g L
b pleaiss 5 ppas a bl sl 5 oy Sl o5 >
VD) sl ansls ol s cassS aile gawy S5 (g0 ,s
Seladl plowl L 0505 b s o |, ite Sl 3l ol 51 oims
ol i flag Coe o 28lS 0lr (250 S Jd
O 9 05 Ol )35 555,059, Slasl s Sl e
) sy €95 Uiz 9 Do) Slor S2LSe cd S
b ol ol a5 Lo 4y (3905 b
oSS ey o |, Sl onzmo Ll (sl il Slus] cbslis
o 1S Zews by g ools molidlead la el slo
Lis el ool 5 syl Liis |, glaSIom lazi |
Jo e 4 (FF) 235 oo Comexr (ol 5 0 0L~
slo i3l giloosls Sldas cum 4o 45 Cenl oid drogs
9 Og il (FF) Gigh a8 5 JJa5 )0 55 gl (5,90
51 i slesls (slaolS 58 o5 Wakias (Y- +8) o] Kan

5 il sati (b esols goslil Baa b Ll

G5 Al g Sy

Glogs iz glagidn o bL3)I Guils, S5k 5 Laa>
Silwdde 0,505, ol 5l andlas cpl 4o sl ael,l5 g olesel
slojyn S plulid 5 (B lan) Olbls)] ) <oz

oBaly ple Slpl Sib plocoen] 485 slp &2ke

Sl a5 Sl o S 5 Blaiiss s Sl

A oolazwl Sled ol g o (lends

@ 5l adlate )3 S lp mee BLS) (Aly bl

ol 5 eblis o9y 4z Jlas jo 5 Jlod 5l Jol> wge
5 oS o SHL 0 5 e A 0 e Sy
3 adhie o e Lol olfol.;.; Jbeis slo sy

2 990 Lrayls adlaie g o8 90 o o] 3o,k 5l Wilg o
95 Sl Slos )5 97y (S)b el w8518 iz
Slg o 4T 009 (oot WS iSu (pl 0 (liws; (g
OFse Jie glp axil coglyl jo b (g opl 5l cble>
280 plsie 4 ] Gl @il I el e Bl

o5 slbans b oS Sladllae 3g0i (s s ol SILI



Yoy

e Sl Sy Jboso| ja09 45 55w Joo

10.

11.

12.

13.

14.

spatially explicit modelling
approaches. Ecol. Model. 181, 445-
459

Vogt, P., Riitters, K.H., lwanowski,
M., Estreguil, C., Kozak, J., Soille, P.,
2007. Mapping landscape corridors.
Ecol. Indic. 7, 481-488.

Graves, T.A., Farley, S., Goldstein,
M.1., Servheen, C., 2007.
Identification of functional corridors
with movement characteristics of
brown bears on the Kenai Peninsula,
Alaska. Landscape Ecol. 22, 765-772.
Hargrove, W.W., Hoffman, F.M.,
Efroymson, R.A., 2004. A practical
map-analysis  tool for detecting
potential dispersal corridors.
Landscape Ecol. 20, 361-373.
Cushman, S.A., 2006. Effects of
habitat loss and fragmentation on
amphibians, a review and prospectus.
Biol. Conserv. 128, 231-240.

Pinto, N., Keitt, T.H., 2009. Beyond
the least-cost path, evaluating corridor
redundancy using a graph-theoretic
approach. Landscape Ecol. 24, 253-
266.

Larue M.A. and Nielsen C.K. 2008.
Modelling potential dispersal corridors
for cougars in midwestern North
America using least-cost  path
methods. Ecological Modelling 212:
372-381.

Larkin, J.L., Maehr, D.S., Hoctor,
T.S., Orlando, M.A., Whitney, K,
2004. Landscape linkages and
conservation planning for the black
bear in west-central Florida. Anim.
Cons. 7, 23-34.

Crooks, K. R. and M. Sanjayan. 2006.
Connectivity Conservation. Cambridge
University Press, Cambridge, UK.,732

Pp.

sl ails dalate cblas (g5 il jo soge LI Wilg oo

o5 s ol ol U e o (590 4555 ) 55
Oy yab 4y aslllas 350 (54355 A 0,5 (Lo CuabB L lgs
—ai0 )5 5l eolaiwl LS o jeue 0ad lpiin sl yey S5
rlo g (S5 sddes cslali sbaim e anoly slo

Godliiwl 8)50 ;0 1) Lo lpebl wilg oo aid i sla g,

ouds olpiiy leol8 )35 5l 5,9l ledaisS ple ¢ Kb

IREXURA L]

Reference

1.

Van Calster, H., Vandenberghe, R.,
Ruysen, M., Verheyen, K., Hermy, M.,
Decocq, G., 2008. Unexpectedly high
20th century floristic losses in a rural
landscape in northern France. J. Ecol.
96, 927-936.

Collinge, S.K., 2000. Effects of
grassland fragmentation on insect
species  loss,  colonization, and
movement patterns. Ecology 81, 2211
2226.

Davies, Z.G., Pullin, A.S., 2007. Are
hedgerows effective corridors between
fragments of woodland habitat? An
evidence-based approach. Landscape
Ecol. 22, 333-351.

Hepcan, S., Hepcan, C.C., Bouwma,
.M., Jongman, R.H.G., Ozkan, M.B.,
2009. Ecological networks as a new
approach for nature conservation in
Turkey: a case study of Izmir
Province. Landscape Urban Plan. 90,
143-154.

Haas, C., 1995. Dispersal and use of
corridors by birds in wooded patches
on an agricultural landscape. Conserv.
Biol. 9, 845-854.

Jepsen, J.U., Baveco, J.M., Topping,
C.J., Verboom, J., Vos, C.C., 2005.
Evaluating the effect of corridors and
landscape heterogeneity on dispersal
probability: a comparison of three




oo 9 >3,

QA olo 3155 (AT 6 Lo caumn ) Lrazmo (6590955 g pole YeA

23.

24.

25.

26.

217.

28.

Huntera, L., G. Balme, C. Walker, K.
Pretorius, And K. Rosenberg. 2003.
The landscape ecology of leopards
(Panthera  pardus) in  northern
KwaZula-natal, south Africa: A
preliminary project report. Ecological
journal.

Hirzel, A. H., Hausser, J., and perrin,
N. 2007. Biomapper 4.0, Laboratory
for Conservation Biology, Department
of Ecology and Evolution, University
of Lausanne, Switzerland. URL,
Viewed 10  November  2010.
<http://www2.unil.ch/biomapper>.

Mertzanis, G.; Korakis, G.;
Kallimanis, A.; Sgardelis, St &
Aravidis, |. 2006. Bear habitat

suitability in relation to habitat types
of European interest in NE pindos
mountain range, Greece. Pp: 321-326
Srisang, W., Jaroensutasinee, k., and
Jaroensutasinee, M. 2007. Assessing
habitat suitability models with a virtual
species aat Khao Nan national park,
Thailand.  Proceeding of  world
academy of science. engineering and
technology. 21: 1307-6884.
Galparsoro, I.; Borja, A.; Bald, J;
Liria, P. & Chust, G. 2009. Predicting
sustainable habitat for the european
lobster (Homarus gammarus), on the
basque continental shelf (Bay of
Biscay), using ecological-niche factor
analysis. Ecological Modeling. 220:
550-567.

Wang, X., Weihua, X., and Ouyang,
Zh. 2009. Integrating population size
analysis into  habitat suitability
assessment: implications for giant
panda conservation in the Minshah
mountain, China. The Ecological
Society of Japan.

15.

16.

17.

18.

19.

20.

21.

22.

Damschen El, Haddad NM, Orrock JL,
Tewksbury JJ, Levey DJ: Corridors
increase plant species richness at large
scales. Science 2006; 313:1284-1286.
Soulé, M. E., and M. E. Gilpin. 1991.
The theory of wildlife corridor
capability. In Nature Species survival
in fragmented landscapes: Where are
we now? Biodiversity and
Conservation Walker, R., and L.
Craighead. 1997. Analyzing wildlife
movement corridors in Montana
Corlatti L, Hacklander K, Frey-Rous
F: Ability of wildlife overpasses to
provide connectivity and prevent
genetic isolation. Conservation
Biology 2009; In press.

Ghoddousi, A., Khleghi Hamidi, A.m.,
Ghadirian, T., Ashayeri, D.,
Hamzepour, M., Moshiri, H., and
Julay, L.I. 2008 Territorial marking by
Persian leopard (Pantera pardus
saxicolor Pocock, 1927) in Bamu
national park. Short communication.
Zoology in meddle East. 44:101-103
Majnanian. Eh, honey B, Kkiibi B,
Farhange Dare Shori. B and Gaststats.
H, 1999, Golestan National Park
(Biosphere Reserve), Environmental
Protection Agency, Tehran, 129 p. (In

Persian).

Mirkarimi, H. 2007. Landscape
ecological planning for protected
areas. Using spatial and temporal

metrics. PhD tgesis. RMIT University
of Melbourne Victoria.

Darvish Sefat, A. 2006. Atlas of
protected areas of Iran. Department of
the Environment, Iran. 157p.

Ziaei E, 2008, Iranian Mammalian
Fields Guidance, Familiarity with
Wildlife, 350 p. (In Persian).


http://www2.unil.ch/biomapper

Ye4

e Sl Sy Jboso| ja09 45 55w Joo

33.

34.

35.

36.

and Transportation,
September 24-27.
Beier P, Majka D, Jenness J
Conceptual steps for designing wildlife
corridors. 1-86. 2009. Northern

Brost, B. 2010. Use of land facets to
design linkages for climate change.
Thesis, School of Forestry, Northern
Arizona University.

Sanderson, J., da Fonesca, G.A.B.,
Galindo-Leal, C., Alger, K., Inchausty,
V.H., Morrison, K., Rylands, A., 2006.
Escaping the minimalist trap: design

Keystone CO.

and implementation of large-scale
biodiversity corridors. In: Crooks,
K.R., Sanjayan, M. (Eds.),

Connectivity Conservation. Cambridge
University Press, Cambridge, pp. 620—
648.

Sanderson, J., da Fonesca, G.A.B.,
Galindo-Leal, C., Alger, K., Inchausty,
V.H., Morrison, K., Rylands, A., 2006.
Escaping the minimalist trap: design
and implementation of large-scale
biodiversity corridors. In: Crooks,
KR., Sanjayan, M. (Eds.),
Connectivity Conservation. Cambridge
University Press, Cambridge, pp. 620—
648.

29.

30.

31.

32.

Hirzel, A. H. 2001. When GIS come to
life. Linking  landscape-  and
population  ecology  for large
population man agement modelling:
the case of lbex (Capra ibex) in
Switzerland. PhD Thesis. Faculté des
Sciences de L’
Lausanne. 114 p.
Zaniewski, A. E., Lehmann, A., and
Overton, J. 2002. Predicting species
spatial distributions Using presence-
only data: a case study of native New
Zealand ferns. Ecological Modelling.
57: 261-280

Driezen, K.; Adriansen, F.; Rondinini,
C.; Doncaster, C.; P.; and Matthysen,
E. 2007. Evaluation least cost model
prediction with empirical dispersal
data: A case- study using radiotracking

Université  de

data of hedgehogs  (Erinaceus
europaeus). Ecological modelling.
pp:314-322

Singleton, P.H., Gaines, W., and J.F.
Lehmkuhl. 2001. Using weighted
distance and least-cost  corridor
analysis to evaluate regional-scale
large carnivore habitat connectivity in
Washington. The Proceedings of the
International Conference on Ecology




