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Table 1. Climatic variables used in modelling the species distribution of H. hyaena
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Fig. 1. Map showing the location of the distribution points of H. hyaena in Iran
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Fig. 2. Flow chart showing the species distribution model of H. hyaena in Iran
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Table 2. Details and settings of model implementation
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Specifics Reference for more

Model & settings Specifics and settings explanation

Sl yeite 5l (S 5 sbioe )8 n bt g Faly jeiie (e LS gyl @l sl eslinul L
s e Sl d j0 a5 o K 25 b a3 GLM i Lo Loyl 10 oiied dus g 98 4 )0 o ,45

s e LM o ol & [jLais] 005 olizl R ver. 213.1. McCullagh Nelder

A pess GLM - _ : . . . (1989),
Generalized Uses parametric functions to link the response variable to a linear, quadratic, and/or Austin (2002)
linear models cubic combination of explanatory variables. We used a GLM linear with logit link

function, implemented in R stats package ver. 2.13.1. For simplicity we refer to this
as 'GLM".

reost A e Hastie and Tibshirani
SL a4 e slasls y Syl e ol sty HESIOE0 Toshiran
Generalized Uses nonparametric and data-defined, smoother to fit, nonlinear functions. Austin (20'02)

additive models

DP9y S9) (cali8l Shsy g edazmy (o yef Ly, b (ysae S slaca o 02,650l 93 S 5 L
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e BRT  Fits complex nonlinear relationships by combining two algorithms of regression Elith et al. (20083
Boosted trees (relate a response to their predictors by recursive binary splits) and boosting

regression trees (an additive method to combine many single models to improve the performance).

The function models binary data using a logit link function that uses a cross-
validation to choose how many trees to add, stopping before it is too overfit.

OS5 e
oz A5l MARS S oo oolitul akad s a5l a8 Sglis ) L GAM Jae asle Friedman (1991),
Mu(ljtlv?rlate This is similar to GAM model, but MARS uses from linear function. Leathwick et al. (2005)
adaptive
regression spline
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e Cutler et al. (2007)

Selects many bootstrap samples from the data and generates and fits a large number
of regression trees to each of these subsamples. Each tree is used to predict the out-
of-bag observations (i.e. those that were not selected as bootstrap samples). The
classification given by considering each tree as a ‘vote’, and the predicted class of
an observation is determined by the majority vote among all trees.

Random forests
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Ls-\u‘uu-io CART D0 g2y S S pnd (sl o0liiad 8550 3y, Breiman et al. 1984
Classifi cation This method was introduced by Breiman et al. This model refers to both regression
and regression and classification methods. Trees which use for regression and trees which use for
trees classification have some similarities with together but also there are some
differences between them, like a method for setting total form.
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QL._._._....; SVM “‘\"‘SLS" p.........m ‘_g).i\.c...a ‘_gl.{bas)f 4 l) ools (us......;lj.._JLf) 4.';.....;‘5 9 J.n.......a &_gLQ)...r...a Vapnik 1995
Support vector Support vector machine is one machine learning models Which is used to
machine Classification of groups. In other words, after determining the input data of the
model (independent variables) Target data (dependent variable), The machine
learning models After analyzing it Between independent and dependent variables
(calibration) Divides the data into distinct groups.
SuSas LT Joe . B . ) . .
i )JUQ,U;J Byb gy oS ) Lawg (B la g, slalhas Lol aS el cosdly ol 5 FDA coidge
flexible FDA el 00 Hastie et al., 1994
denotative The FDA's success is based on this fact that the probability of errors in previous
Analysis methods was resolved by regression.
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Table 3. Performance evaluation of models based on various indicators

Metod AUC COR TSS Deviance
GLM 0.9 0.27 0.78 0.22
GAM 0.92 0.27 0.8 0.21
BRT 0.87 0.26 0.68 0.25
SVM 0.68 0.14 0.45 0.31
RF 0.09 0.24 0.73 0.22
MARS 0.87 0.23 0.71 0.24
CART 0.64 0.13 0.49 0.31
FDA 0.9 0.22 0.8 0.23

o mls ol o el 00,5 (B e ofjol, LS
RF.CART .MARS BRT .GAM GLM s Juse
FDA § SVM laJos 5 o)l 655 5o 3blie Liges
Coz 5 ol pll Jled 5o 3gume jlaws (loas
Crz g o2l ety (eizes 5 Ghasle Gl

Alesls las 1) jaiS o8

IS (G1aisS 23398 Sy (oS Al
U‘)"‘ )é ‘5").9‘ O‘)c‘)

mote olpl s Slplelyely Las oS 5 asds
O 9 s e o Jlad it oS e S
&5 Jesily hls olnl 655 e Gl 5l slodas
9O g A L;»‘).a\ o\)o\) )L'ZJS 6‘)’. Ja.wj.».n 6‘4395
Gl Syge a gl Gble e Ol
olyoly JLuS sl (@Y Hlew slaisS mjs Jemily
(F IS wsls Syl

G olyoly HLiS slios @595 il (s
sdm (g Lol i b Joo
sdm g le] as Galiee slo Jow ot
US8) ol ools @il slite gl ool LS ol
it GLM Jaw b iaghs ool 5l Jols gl (Y
Gble GAM Jus (|l (08 0552 955 0 (Lot 5
BRT Jaw olnl 0y 5l (o850 5 655 0 Sid e
Gble 5 (o 2 9 30 Jled v 2 5l e i
SVM' Jow olnl 350 Sidaesd 5 St
Jled jo 55 Glys andl> ($y0 5 (28 adl e
Bblie ;o 0uiSl, &0 4 S RF Jas ool
w5l @i MARS Jus lnl 655 0 Sis
Joe olpnl 655, i bl I plaasd 5 )¢
5 Olnl Sy St das ddlate o (SzsS aSJ CART
| 55 by dansls o sloausST, (slaas) FDA Jaa

slasS @iy WSl lp sble e olaes

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

Yy



OLen g (ozalpl plell

sp_1.m_gim.re_subs

sp_1.m_gam.re_subs

sp_1.m_brt.re_subs

sp_1.m_rf.re_subs

04 £ 018
03 bt IR A
02 b RS 012
04 N, 0.10
0.08
sp_1.m_mars.re_subs
08 06
05
98 04
0.4 03
02 ) 02
0.1
0.0

sp_1.m_fda.re_subs

3
8
8 4 ~
8 < 04
34 4 03
& 02
g 4 X 041
& \
2

sp_1.m_svm.re_subs
8 -
&1 0.08
E 0.06
o - 0.04
= 0.02
b 0.00
@
g
& -

sp_1.m_cart.re_subs
2
8
&1 08
=
9 06
84 04
8 - 02
@
&
@ 4
g

T T T T T T T T
40 45 50 55 60 65 40 45 50

Ol 5o sdm aws bz gl Jow 31 00

Ao ‘L,’

T
60

T
65

Sl olyoly JLiS slaigs o 5o At -Y Y

Fig.3. H. hyaena species distribution map in Iran using different models of sdm package

38
|

36
1

30
|

28
1

0.30
0.25
0.20
0.15
0.10
0.05

T T T
40 45 50

T
55

T T T
60 65 70

Olnl 30 (o5 5 Jow jleolaiuwl b Gl plolyoly jLas glaigh @y jei aidi —F JSC&

Fig. 4. H. hyaena species distribution map using Ensemble model in Iran

ool o eolatul 050 sla oo oaio,ly (sla yurie
Lsgio slos yuite podle oS el (T GlsS (hmgy
2 dad GapiesS kg had (L sle i @l
ol QST ) (55 Caenl bopite plo b aslis
S S Gl Jol> Joe bl cnlpl il g8
o &g sl Gl 1) bl b pste (ol jo ()38
STy cwl ools LiS b gy p S (o o2l)8 AigS
o8l glogl 4 azgi b g Jad e olyol, jlas
3 yol> s a5 (Karami et al., 2008) ¢l &glaie

Syl Sletres oaliol iegh slaaidl L

8 785 4o
S5 5E 5 ot sl iia ool ol ol
SleMbl 005,.5 550 Wilgs oo il T ol ol JLiaS” 1Sy o
Sl b gl aite 5 il 458 ol 0)ly0 (s
2 6 5wS ol g ooliinl olgis 4y a5 oS o yiaS
Loy 9l iy 9y90 Goolfins) (S slodoe
PP T R U Uy W KV F JVEL ool 5l el
a5 cul ol sasaolis gaoge (pl Sgb s ol
DS 35s0p slp ol 4 eSSl b (sl it

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

Yyy



wolyoly JLaS (gl a 505 Jemailly (S

sy Ol g o)l lo S me olpl e
65 Gl @iy oS Jonily Gl oo St
et ks el o crn Cunlaipae oS ol
o0l (oS 5 by, ) eslital D9l 4 e o
S olgear o5 5 il 5l e al 5o e
Joe & B o 60,8 o Joe bl o anly8
0l ooliwl cim i <0 D508 iuli8l gl ax LS

Jowe ¢opl @ls (Rokach, 2010; Lee etal., 2012) ..l
g Saz gl isw o g_q.’.L“"\-;éd. a8 o olad
Jeily Ol bl Jlads 5 hassle pliwl cgiz o
.Jd)b obo‘) )L.QS 6‘)" ‘S:YL )L.m.» 6‘4.:; é")ﬁ"
L Joe plgear (oS5 Jow s 2 oS L plpl
iy ;0 Cupis g Siyael p cashdsie oy iaS
3 g ol dwlem aigS pl Cbilas 4 e 00l astiee
Slpl S ollemcuiss 5l (S5 olyel, jlias s o8]
ot 465l (slaeliny j 5l cblax gl co gmo
bl Sleaw sauadlyl g)cn! 5l 0o oo 5
Lol (§y9p0 @S )5 lgmalsS nl Gl

SVM 4 FDA sl Jos mls o con b aSS
uL».w‘ s &L@é\ﬂ U‘»ﬁ"‘"’ so|)o|) )L.QS 6‘)"
ol el YU STy Jesly b glasd olgreas ol hass5ke
Jo 0 a5 a5 cpl @ asg L (Y JSK8) cnl &S
I} o|)o‘) )L'Z.éf > Q|)..\_'»)’Lo L‘)U....J ST )wl>
05l oty (lgreas 1) aSd (pl led oo el 0uis
Slagwyp 3 5 35 By Slpl olel, LS
Jelse myn @ Gam JesguS liles
sy adlaie ul (0 4598 b caiiS dgdote

oI55 s o sy il 3 ol s ol 5 il
el L Glass mje o Jow a5 cuils ol

&% ot Slr el slagty; 3l a5 Glosg

0 s 5l e oo Lel (gl dsdllas ol 5o

LCOR AUC TSS b e>ls 3 ROC  oves
@lize sl Jow g5 gy b oolaiwl Deviance
Oyl 5o olyely JliaS glaieS w595 (sl SAM (g ,Lol s
slJoe ROC mie ) mhaw a5 codl o] 6bsS
slezel cobl8 5l,ls GLM.CART BRT .GAM FDA
s 5o slazel 2l lls lls MARS Jos cogs o 4o
S Slaziel <8 gl)ls RF g SVM sla Jow 5 Jle
F 4y b oggomme 0 uizmes e Jle
GLM sla Jow Sy 0 BN (oo sl i
plo @ Cas g il 4 Ll RF g GAM
lls a5l e Jud=d g i 5o ool 090 sla Jowe
by o5 ablie doJus oo a0 4 axgi L
Luls Yl g s Jle b sbozel colls 6l
ol ool o B 1 olyoly JLaS Cans sl senldl
sosial ;o ez GlagSl i poe D j50,0 5 WS o0
ol Cands yo Ll s ) s Gl s pae
A aples Dae SYsb jo aigS Lads 4y o8 ol
e slass @iy silwdse il J o

2T izmen 5 (2L 5 6,5l> GlodisT @555 s
Sloclld slasaly 5 S b Slyeds &) S
JB eolital 890 () 95 9 Cemihaze p i
5 olgen b Jas ol LI «(Miller, 2010) »,.5 -
pos plolid Ysans 05 dgyedar oF 51 Olg e
9 L Joe deosls iams co ) ol mlaw aw jo Coalad
sl» onlple (Beale and Lennon, 2012) oo i
Joe O sl oolaiul da o ian jo Coshadpac yialS
25 5 25, ookl g oy o0 a4y (55,5 Sy
2 St Sesbdeas alS gl ol oo,
(Araujo, 2007) 55 oo guo 465 &3595 (53w oo
obo‘) )L».OS Sl oé; S L&:J.».l:u )1 J..ol} C"L"’

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

YY¥



OLen g (ozalpl plell

ey Sy s po H18 Il Cod p ) e
@ Bk )0 el @l 4 pbows Glp 9l o
Loy ST ns 5 e Gloully dize &)50
xS )50ty (S5 5058 5 (shuree ¢ ooulBl slo sl
ol imgi i b o] b ol b Wed e 3
Ol Bl (65 a0l iy Glaebl b g 5,5 anlie

Sl &l Al o 1y aseuds ;)| aieS

! Species Distribution

2 Biotic interactions

3 Dispersal limitation

4 Extinctions

5 Historical processes

6 Habitat loss

7 Gradient

8 Near Threatened

9 International Union for Conservation of Nature
10 Generalized Linear Models

11 Generalized Additive Models

12 Boosted Regression Tree

13 Support Vector Machine

14 Random forests

15 Multivariate Adaptive Regression Splines
16 Classification and Regression Trees

17 Flexible Discriminant Analysis

Akhani, H. 1998., Plant biodiversity of Golestan
National Park, Iran, No. 53. Stapfia.

Aradjo, M. B. and New, M., 2007. Ensemble
forecasting of species distributions. Trends in
ecology and evolution. 22(1), 42-47.

Beale, C.M. and Lennon, J.J., 2012. Incorporating
uncertainty in predictive species distribution
modelling. Philosophical. Transactions. R. Soc. B.
367(1586), 247-258.

Bosso, L., Russo, D., Di Febbraro, M., Cristinzio,
G. and Zoina, A., 2016. Potential distribution of
Xylella fastidiosa in Italy: A maximum entropy
model. Phytopathologia Mediterranea. 55(1), 62-
72.

ol oy Slaculll Wsd oo Csme (59l SladisS
calis b b ooysle eald | oSl cnl oibs,
ciliseo slaisS 935 ;0 5 i b o5 ol jiie
2 55k kS o Glaew,n 5 Ol )b
@l esliiwl 0y90 ploj g anie e slajiie
Iy e Jow comyian RN Flae yo g yuols |, Slados
2 Gl slagsmie Sl o Geizren Sl Sl
Jolse aials 55050 (glos s ledbl ¢ oy, oyl
ol &5 A e et 1) 48 4 bape Jae
Sl (o pae s aelp o Wl oo Sledlbl
5 by Slagew,y el Gl cle sl st
L gble sbli> shyaely 5 Copse sl seiin
bodled ol wnly lile sl e Yo Jewily
5 ) g5 5 cblis (b slapsb cuddse
ols aalgs ol jes 4y 0> LI, Jgol o i
Ghgh (nl Bas a4 g b onl p opdle
i STy 2 ool Jalse 5T s 0 ol 5l

e o 51 6 lns o8l aS el po 0y g el ol ol
&b

Breckle, S.W., 2002. Salt deserts in Iran and
Afghanistan. Barth and Boer. Sabkha Ecosystems.
109-122.

Breiman, L., 2001. Random forests. Machine
learning. 45(1), 5-32.

Breiman, L., Friedman, J., Stone, C. J., and Olshen,
R. A., 1984. Classification and regression trees.
CRC press. Brown DG, Johnson KM, Loveland
TR, Theobald DM., 2005. Rural land-use trends in
the conterminous United States, 1950-2000.
Ecological Applications. 15(6), 1851-63.

Brown, C. A,, Jackson, G. A., Holt, S. A., & Holt,
G. J., 2005. Spatial and temporal patterns in
modeled particle transport to estuarine habitat with
comparisons to larval fish settlement patterns.

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

YYo



wolyoly HLaS (laieS 598 el (Smsin

Estuarine, Coastal and Shelf Science, 64(1), 33-46.

Channell, R. and Lomolino, M.V., 2000.
Trajectories to extinction: spatial dynamics of the
contraction of geographical ranges. Journal of
Biogeography. 27, 169-179.

Clemens, R. S., Herrod, A., and Weston, M. A,
2014. Lines in the mud; revisiting the boundaries
if important shorebird areas. Journal of Nature
Conservation. 22, 59-67.

Clemens, R. S., Weston, M. A., Haslem, A,
Silcocks, A., and Ferris, J., 2010. Identification of
significant shorebird areas: Thresholds and
criteria. Diversity and Distribution. 16, 229-242.

Elith, J., Phillips, S. J., Hastie, T., Dudik, M., Chee,
Y. E. and Yates, C. J, 2011. A statistical
explanation of MaxEnt for ecologists. Diversity
and distributions. 17(1), 43-57.

Falcucci, A., Maiorano, L. and Boitani, L., 2007.
Changes in land-use/land-cover patterns in Italy
and their implications for  biodiversity
conservation. Landscape ecology. 22(4), 617-631.

Franklin, J., 2010. Mapping species distributions:
spatial inference and prediction. Cambridge
University Press.

Friedman, J. H., 2001. Greedy function
approximation: A gradient boosting machine. —
Annals of Statistics. 29, 1189-1232.

Gage GS, Brooke MD, Symonds MRE, Wege D.,
2004. Ecological correlates of the threat of
extinction in Neotropical bird species. Animal
Conservation. 7, 161-168.

Giovanelli, J. G., de Siqueira, M. F., Haddad, C. F.
and 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.
Modelling. 221(2), 215-224.

Ecological

Hampe, A., and Petit, R. J., 2005. Conserving
biodiversity under climate change: the rear edge
matters. Ecology letters. 8(5), 461-467.

Hanski, 1., 1998. Metapopulation dynamics.
Nature. 396, 41-49.

Harris G, Pimm SL., 2007. Range size and
extinction risk in forest birds. Conservation
Biology. DOI: 10.1111/j.1523-1739.2007. 00798.

Hastie, T., and Tibshirani, R. J., 1990. Generalised
additive models Chapman and Hall. London,
England.

Hastie, T., Tibshirani, R., and Buja, A., 1994.
Flexible discriminant analysis by optimal scoring.
Journal of the American statistical association.
89(428), 1255-1270.

Houghton McNab BK., 2003. Metabolism ecology
shapes bird bioenergetics. Nature. 426, 620-621.
http://www.iucnredlist.org

Wood, C., Sullivan, B., lliff, M., Fink, D. and
Kelling, S., 2011. eBird: engaging birders in
science and conservation. PLoS biology. 9(12),
101-105.

IPCC., 2013. Summary for Policymakers. In:
Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel
on Climate Change.

Stocker, T. F., Qin, D., Plattner, G. K., Tignor, M.,
Allen, S. K., Boschung, J., and Midgley, P. M.,
2013. Climate Change 2013: The Physical Science
Basis. Contribution of Working Group | to the
Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, 1535 pp.

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

YY#



OLen g (ozalpl plell

Jafari, M. K., Asghari, A. and Rahmani, 1., 1997.
Empirical correlation between shear wave velocity
(Vs) and SPT-N value for south of Tehran soils. In
Proceedings of the 4th international conference on
civil engineering, Tehran, Iran.

Jetz W, C Rahbek RK, Colwell., 2004. The
coincidence of rarity and richness and the potential
signature of history in centers of endemism.
Ecology Letters. 7, 1180-1191.

Karami, M., Ghadirian, T and Faizolahi, K., 2012.
The Atlas of Mammals of Iran. Department of
Environment of Iran. (In Persian with English
abstract).

Karami, M., Riazi, B, and Kalani, N., 2008.
Investigating the Seasonal Dispersion of Hyaena
hyaena hyaena in In Khojir National Park. Journal
of Environmental Sciences and Technology.10,
99-104.

Ko, C. Y., Murphy, S. C.,, Root, T. L. and Lee, P.
F., 2014. An assessment of the efficiency of
protection status through determinations of
biodiversity hotspots based on endemic bird
species, Taiwan. Journal for Nature Conservation,
22, 570-576.

Lambin EF, Geist HJ, Lepers E., 2003. Dynamics
of land-use and land-cover change in tropical
regions. Annual review of environment and
resources. 28(1), 205-41.

Lee, S., and Oh, H. J., 2012. Ensemble-based
landslide susceptibility maps in Jinbu area, Korea.
In Terrigenous Mass Movements (pp. 193-220).
Springer Berlin Heidelberg.

Lepers, E, Lambin, E.F., Janetos, A.C, DeFries, R.,
Achard, F., Ramankutty, N. and Scholes, R.J.,
2005. A synthesis of information on rapid land-
cover change for the period 1981-2000. AIBS
Bulletin. 55(2), 115-24.

Malekian, M. and Bagheri.,, R., 2015.
Investigating birds' diversity and richness of
Kohgiluyeh and Boyer Ahmad protected areas
and the influence of area size and shape on
diversity and richness. Natural Environment
Journal. 67(3), 343-354. (In Persian with
English abstract).

Martin, P. R., and Martin, T. E., 2001. Ecological
and fitness consequences of species coexistence: a
removal experiment with wood warblers. Ecology,
82(1), 189-206.

Matson, P.A., Parton, W.J., Power, A.G. and Swift,
M.J., 1997. Agricultural intensification and
ecosystem properties. Science. 277, 504-9.

Maurer, B.A. and Taper, M.L., 2002. Connecting
geographical  distributions  with  population
processes. Ecology Letters. 5, 223-231.

McCullagh, P. and Nelder, J. A, 1989.
Generalized linear models. Chapman and Hall.

McNab BK., 2003. Metabolism ecology shapes
bird bioenergetics. Nature. 426, 620-621.

Miller SP, Whalen MW, Cofer DD., 2010.
Software  model  checking  takes  off.
Communications of the ACM. 53(2), 58-64.

Naimi, B. and Aradjo, M. B., 2016. sdm: a
reproducible and extensible R platform for species
distribution modelling. Ecography. 39(4), 368-
375.

Parmesan, C. and Yohe, G., 2003. A globally
coherent fingerprint of climate change impacts
across natural systems. Nature. 421, 37-42.

Phillips, S.J., Anderson, R.P. and Schapire, R.E.,
2006. Maximum entropy modeling of species
geographic distributions. Ecological modelling.
190, 231-259.

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

Yyv



wolyoly HLaS (laieS 598 el (Smsin

Pimm, S.L. and Lawton, J.H., 1998. Planning for
biodiversity. ~ Science. 279,  2068-20699.
Pimm, S., Raven, P., Peterson, A., Sekercioglu,
CH. and Ehrlich, P.R., 2006. Human impacts on
the rates of recent, present, and future bird
extinctions. Proceedings of the National Academy
of Sciences of the United States of America. 103,
10941-10946.

Platts, P. J., McClean, C. J., Lovett, J. C. and
Marchant, R., 2008. Predicting tree distributions in
an East African biodiversity hotspot: model
selection, data bias and envelope uncertainty.
Ecological Modelling. 218(1), 121-134.

Pounds, J.A, Bustamante, M.R., Coloma, L.A,
Consuegra, J.A., Fogden, M.P., Foster, P.N., La
Marca, E., Masters, KL., Merino-Viteri, A.,
Puschendorf, R. and Ron, S.R., 2006.
Widespread amphibian  extinctions  from
epidemic disease driven by global warming.
Nature. 439, 161-167.

Pounds, J.A, Fogden, M.P.L. and Campbell, J.H.,
1999. Biological response to climate change on a
tropical mountain. Nature. 398, 611-615.

Pulliam, H.R., 1988. Sources, sinks and population
regulation. The American Naturalist. 132, 652—
661.

Pulliam, H.R., 2000. On the relationship between
niche and distribution. Ecology Letters. 3, 349-
361.

Renner, . W. and Warton, D.l., 2013. Equivalence
of MAXENT and Poisson point process models for
species distribution modeling in ecology.
Biometrics. 69(1), 274-281.

Ricklefs, R.E. and Schluter, D., 1993. Species
diversity in ecological communities. Historical and
geographical perspectives. University of Chicago
Press, Chicago, IL.

Root TL, Price JT, Hall KR, Schneider SH., 2003.
Fingerprints of global warming on wild animals
and plants. Nature. 421. 57-60.

Rokach, L., 2010. Ensemble-based -classifiers.
Artificial Intelligence Review, 33(1-2), 1-39.

Royle, J. A., Chandler, R. B., Yackulic, C., and
Nichols, J. D., 2012. Likelihood analysis of species
occurrence probability from presence-only data for
modelling species distributions. Methods in
Ecology and Evolution. 3(3), 545-554.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow,
E., Bloomfield, J., Dirzo, R., Huber-Sanwald,
E., Huenneke, L.F., Jackson, R.B., Kinzig, A.
and Leemans, R., 2000. Global biodiversity
scenarios for the year 2100. Science. 287, 5459.
1770-4.

Sanderson, E.W., Jaiteh, M., Levy, M.A., Redford,
K.H., Wannebo, A.V. and Woolmer, G., 2002. The
human footprint and the last of the wild.
BioScience. 52(10), 891-904.

Scharlemann, J.P., Green, R.E. and Balmford, A.,
2004. Land-use trends in Endemic Bird Areas:
global expansion of agriculture in areas of high
conservation value. Global Change Biology.
10(12), 2046-51.

Shoo, L.P, Williams, S.E. and Hero, J.M., 2005.
Climate warming and the rainforest birds of the
Australian Wet Tropics: using abundance data as
a sensitive predictor of the change in total
population size. Biological Conservation. 125,
335-343.

Smeraldo, S., Di Febbraro, M., Cirovi¢, D., Bosso,
L., Trbojevi¢, I. and Russo, D., 2017. Species
distribution models as a tool to predict range
expansion after reintroduction: A case study on
Eurasian beavers (Castor fiber). Journal for Nature
Conservation.

AP las) Fo lads cpao 3l 090 ¢ arore pole anlilad

YYA



OLen g (ozalpl plell

Sodhi, N. S., Koh, L. P., Brook, B. W., and Ng, P.
K., 2004. Southeast Asian biodiversity: an
impending disaster. Trends in ecology &
evolution, 19(12), 654-660.

Svenning, J.C. and Skov, F., 2007. Could the tree
diversity pattern in Europe be generated by
postglacial dispersal limitation? Ecology Letters.
10, 453-460.

Vapnik, V., 1995. The nature of statistical learning
theory. Springer.

Williams, S.E., Bolitho, E.E. and Fox, S., 2003.
Climate change in Australian tropical rainforests:
An impending environmental catastrophe.
Proceedings of the Royal Society of London Series
B. 270, 1887-1892.

Yackulic, C.B., Chandler, R., Zipkin, E.F., Royle,
J.A., Nichols, J.D., Campbell Grant, E. H., and
Veran, S., 2013. Presence-only modelling using
MAXENT: when can we trust the inferences?.
Methods in Ecology and Evolution. 4(3), 236-243.

asy ¢
o A
2

W

AP ls) Fo lads (ool 090 ¢ Jarore pole anlilad

Yya



Environmental Sciences VVol.15 / No.4 / Winter 2018

215-232

Species distribution potential of striped hyaena (Hyaena hyaena)
in response to climate change in Iran

Elham Ebrahimi,! Faraham Ahmadzade!* and Babak Naimi?

L Environmental Sciences Institute, Shahid Beheshti University, Tehran, Iran
2 Department of Environmental Systems Science, ETH Zurich, 8092 Zurich, Switzerland

Received: 2017.10.24 Accepted: 2018.01.14

Ebrahimi, E., Ahmadzadeh, F. and Naimi, B., 2018. Species distribution potential of striped hyaena (Hyaena hyaena)
in response to climate change in Iran. Environmental Sciences. 15(4): 215-232.

Introduction: Carnivores have always been exposed to threat-inducing processes because of their placement
at the top of the food pyramid. Nowadays, approximately 65% of carnivores are listed as Critically Endangered
(CR) or Vulnerable (V) on the IUCN Red List of threatened species. On a global scale, in the order Carnivora
the Hyaenidae family is the smallest with only four species. Hyaena hyaena is the only member of the
Hyaenidae family found in Iran, and is listed as Near Threatened (NT) in the IUCN Red List. The current study
was aimed at modelling the species distribution of the striped hyaena (Hyaena hyaena), which is wide in Iran.

Materials and methods: Using nineteen layers of so-called Bioclimatic variables, the correlations between
those variables were analyzed and then highly correlated variables were excluded from the modelling process.
Finally, eight species distribution models from the sdm package (GLM, GAM, BRT, SVM, RF, MARS, CART,
and FDA) in R software were used. Given that the output of species distribution models is, unavoidably, often
uncertain, one possible solution is to estimate the difference between projections and, to reduce the uncertainty,
the use of an ensemble prediction system instead of using a single modelling method. Therefore, after
determining the potential habitats of the Hyaena hyaena using those eight mentioned models and by using the
ensemble prediction system, the best regions for the distribution of this species in Iran were estimated.

Results and discussion: The results of this study showed that annual mean temperature, seasonal precipitation
and precipitation during the warmest season have the greatest influence on the distribution of Hyaena hyaena.
In general, the FDA, GAM, BRT, CART and GLM models are fairly reliable, the MARS model is very reliable,
and SVM and RF models are completely reliable. The results showed that the GLM, GAM, BRT, MARS,
CART, RF models demonstrated that the suitable areas for Hyaena hyaena are generally the central regions of
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Iran, while the SVM and FDA models predicted the southern margin of the Caspian sea as containing the best
regions for the distribution of this species.

Conclusion: The difference in the predictions of each model makes confirms the uncertainty between the
models which confirms the necessity of using the ensemble method. The results of the ensemble model showed
that the most suitable regions for the Hyaena hyaena species distribution are the semi-arid and central steppe
regions of Iran.

Keywords: Striped hyaena (Hyaena hyaena), Species distribution models, Sdm packges, Climate change,
Ensemble model.
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