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Figure 1. The map of the study area in Gilan province along with the location of the caves identified in Rudbar county



Sz Copae -cblix G (Byme jelieds Loy, Gl et (65)L Slatlad ol ; Congllae (53lu o AL

o ilas fawgs QBl ol ogally jsboay a5 Lo,
Sl ol Cagllae (53lu e sl wisls |,
32 9 S48 E95 cnS 5 e jslaieds 0l
3@l patised g Glase 3005l 65,Le slablas
2 598> 5l ey () Jgaz) S5 plowil ol Ve
o azg b s 38 plulid jshaneas wolo 2
5 )L 2 8130 gLl g Gas (53,9 Alas g3
J—o) Lo ilas (65,18 Sondpo (niron
39 e o 5l eslaiul bole Bl o (Gl ]
3oy ailes jo ' Sl jed ceal b e 3
«(Battersby, 2010) a—& 5S4 Sgai Lo olas>
S 5o (Faidl g eyl | 6 pSsle jslaten;
bl sly Comaz Banled laiea 58 S e
94555 @llid slp g 08 1o deo 5l b wpo
Sl osliul U La_plis ololis alds U aulie
ol lCanon EOS 700D —wlSe (g0
oddidpe Jore ;5 HlLbS e 5 0D (Sl paSe
L Lo plas olRlss 5yt bl ol b jle (59,0

A b e Vo o LGPS YolKiws 5l solaul

Jele 095

Slo st 5l gnls 5 aly jite (lyisar (j9a>
Al a8 8l s Jae jo g Lo R
odd gluld sl jle SLal s condes 51 (Y JS2)
S ks K ilwJow ¢l dilais o
@L..AL....: 6‘)—? o..\.a“;’)._.m..sd.g =9 slasas )\ 9
o sobitass nsS~ JSir Glbia gl
Razgour et al., ) o eoliiuwl Lyl 5l cbslas 4
(2016

1. Mist net
2. Garmin 60 X

o293 sl bguid
CJSL“ LSL“’ui’Lb @L"L’W‘ 9 L"’)Lé )‘ L5)|°ﬁ°“39*°“3
L g S e cblas> lojle 595 cow oyl o
S0l g (S lwl consy Las JS7 8 ,l01 ( Sinlon

8,8 plosil Jlasg) Gl el Sy Lo

g i Lel VWAV ols 3 5l Sleaie (5,10 paiges
Sds) sy Cdled g9 ,0 b lejes (Cedgns))
Bhlis 55 oS olsos L aolas §| oyl o
5,0l ;o sg>g0 slmosls Loy, licw s IS
9 olaaiio 5l sdsliwwsts sloosls § Coans; Jaa

s e7—ils loaslibly o (¥ L
;o a8 Splxl (Sadeghipour Halimehjani, 2015)
S92 ,bogy Hliw e Bogazme jo 5le A eyl l5S
ol s (Sadeghipour Halimehjani, 2015) sl
G35 ro 5la0gy iy 50 (s 4 Gl pd SIS
S oLe YY alSsh g sblows, isu jo ol VF
eV les s o5 e VY 6lS 5 Sy
4.-&..:‘ a4 4._'>94 l._: (\ Jss.\-‘>) Sl 00 @LM:L.M:
Cadgn b5 3l g as)lo lee SO b jle 5l ol
Wlad I 5 S0Ss Oyglme jo ldlez g olad
ovlwl 0l S g olelid Jle 00 ggezo 4o
ol (S0 B )Ll e (el slagiegh
9 63—% 630 )_ilo ‘_chb)Lf: I Lmu.al.v ) g—a>
3,555 o= yayd JLE o L e mexd () iien
odd oaalie ) g Sl wScws gloax e
o=l e (Sadeghipour Halimehjani, 2015) ¢!
5 @l Coesdee prila Jdoa JlENY (tags
Bogae 550 5l @B jo Al 13 e e ke
50 A B> OM&J[?LU‘ w).e‘ﬁ )| ey S

Ol joeds 8390 o JLe Al 51050 T goazme



ay

VO LAY fmiao DY iy ) 8,led ool Jlo ool SIS ezl o)l Ui alors

o gz byl poll =Y Jgor
Table 1. Names of studied caves

olass ol QMGM))J sleelsly> Ol e A iz glaidn )0 9290 sl )l Sl g,y LS
No. oA g, No Rudbar
Roosts ?:;Z:?ﬁd in this Caves in districts of Rudbar county ' district
Fog )4y ,> ¥ o) Sk @l ol i
41.)—?‘*5\;;31-0‘?“5[-! .».7 &Y‘(‘_;)';.,ooo)&l;émb%lf@\;‘;gf
S Y ) Yo ) S oyl S oS00 e Sy S35 7o ks,
6 Cheshme bad, Jahani 1 Cheshme bad, Arba chale, Jahani 1 and 16 Central
and 2, Chorpe 1 and 2, 2, Chorpe 1 and 2, kockar, Keran, Gav Rudbar
Fatalak kool, Fatalak (Dah metri), Laneh palang,
Ghar Tarik, Kulsim, Shaban darreh,
Kabte 1 and 2
WJoSinlz (Y 5 ) pir 920 oz )9) GBy500
(§y0dn T ¥ g ) A das ails gl
Xy ) ams Y g ) s ‘uls‘)ﬂ,f‘w)éqﬂ‘\’g\)dfgw‘&,.;:
) pens,S s usop oS X g ¥ ) oS S o9l o5 i JsS 5 bl
° (! Divrash (N )Wr)fﬁ h)wg' heshm 1 2 e
- ivrash (Noor cheshme, Divcheshm
Divrash 1 and 2, Darband ; Rahmatabad
1and 2, Porddiar bijar and 2), Chastkool, Baaboo, Khane and Blukat
kordmir ’ khoda, Darband 1 and 2, Abdar, Haft
dari, Gonbak, Siah kamar 1 and 2, Laneh
Khers, Kouil ghalle, Kul, Garm aveh,
Magas kamar 1 and 2 and 3, Kordmir
(Dar ahani), Porddiar bijar
F o) Gldle ol Y 5 Y g ) (g 00
JLdls wblewis slaas e o Saw
Y g ) olals ugye g gos w5
S (e el Ol 0l gs (S S
Lo B ol 2y SBY 5 sk iz
ol Cnis glaaz & (S eSS el S8y (Fu )l (25
. - s . [ “ . olew = .
2 chtrd Tttt 1?00, e B e
Gharche Heshmat abad ' ' orgam
Espahbodan Malhan 1 and 2, Sang babr, Gharche
Heshmat abad, Salsal, Hezar vaaz, Sorb,
Amo vajih, Aroos damad 1 and 2,
Sangsarak, Div chah, Espahbodan,
Sheykh hasan,Ghar cheraghi, Yavar 1
and 2, Tak veji, Kafer dil (ghaaree or
Veji), Ghar yakhi dorfak, Asb karani,
Lar karani,Siah karani,Eshtenif
(Kharbere) and Kabotar karani
gl il o oSl W > g Cin (Sul) 58 555
o35l (sliws, slogl 4> W S 5 i o 09, S
6 AR} C““‘“91> ‘(‘));) g_sJﬁ ‘)LéL" “ﬂ‘;’ 11 5J)L“'°
Zargar dokkan (Eskabon), Haft lokan, Amarlu
KhC; Tgfﬂakntegoﬁha;fden Jen khane, Khoshk roodkhan,
hohse 12 39 Mahsim,Garm lokai, Gomgah, Chapalak,
' Maghar, Vali (Govard), Khalosht
20 80 &=

Total




Kz copan—cblis G By jslaeds Jbog, sliw s 65l sbo olas oSy ) Congllas (o5l Jowe ay

23 (B) ol gl dD) @65 50 (C) S5z «B) o8l «A) g Jolis sy Lo Jituce sl piie Y JSCi
(h aihis bl jpa> bla g (H) 55,08 2o, (G) Sk oF) (K s

Figure 2. Independent environmental variables including aspect (A), climate (B), forest (C), range (D), water resources
(E), NDVI index (F), precipitation (G), agricultural lands (H) and presence points of caves in the region (1)
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Figure 3. Diagram of integrating the presence points of cave dweller bats with environmental layer in the
determination of the forest management and conservation unit
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Figure 4. Lesser mouse-eared bat (Myotis blythii) bat in Divrash cave (left picture) and lesser horseshoe bat
(Rhinolophus hipposideros) in Pardiyar cave of Bijar city of Gilan (right picture)
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Table 3. The accuracy of each models

Models TSS COR AUC Deviance
Brt 0.70 0.45 0.87 0.31
Mars 0.63 0.50 0.83 0.42
Mda 0.52 0.22 0.78 0.37
Rf 0.71 0.65 0.87 0.23
Rpart 0.40 0.14 0.67 0.42
Svm 0.58 0.33 0.84 0.37
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Figure 5. A view of the output of the models and area under the curve (AUC)
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Abstract

Forest management involves resource management, natural disturbance, and wildlife habitat. To
achieve a sustainable equilibrium, managers require explicit ecological information about the
distribution of biodiversity hotspots in the matrix of the mountain-forest landscape. Cave-roosting bats
are a keystone species in caves and an ecological indicator of forest quality that are sensitive to
ecosystem changes caused by human activities. Spatial explicit models are appropriate tools to identify
biologically sensitive areas in achieving key habitats of the forest. In this study, we used the
geographical locations of caves in the study area for habitat suitability modeling of cave-dwelling bats.
We used spatial explicit models with variables of agriculture, aspect, climate, forest, NDVI,
precipitation, range, and water resources (a combination of rivers and streams) and six algorithms:
Boosted Regression Tree, Multivariate Adaptive Regression Splines, Mixture Discriminant Analysis,
Random Forest, Recursive Partitioning and Regression Trees, and Support Vector Machines in the
sdm package. According to the AUC criterion, the best models were RF and BRT with a value of 0.87,
and the RPART model with a value of 0.67 had the lowest value of this measure. In explaining the
models, water resources and forest variables had the highest scores. We determined the suitable
habitats predicted by the ensemble model as a unit of forest ecosystem management at the landscape
level. An area of the management unit that has been disrupted by roads and other activities such as
sand extraction and tourism development has been determined as a conservation unit.
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