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ABSTRACT

Introduction: Extracting honey from beehives is one of the economic activities for local communities,
which is effective in the direct and indirect employment of villagers and as a result, the sustainable
development of these areas. Among the pollinating insects, bees play a much more prominent role, and
usually the location of the hives can determine the extent of benefit from this ecosystem service. Among
bees of Iran, Carnica hybrid (Apis mellifera meda) has a special place in honey production. Despite
various studies conducted on this hybrid, so far none has investigated the suitable conditions for the
placement of beehives of this species, so this study seeks to identify suitable areas for the establishment
of beehives. Awareness of the areas that are prone to beehive placement can be one of the priorities of
the planners in the field of agriculture and animal husbandry in Markazi Province.

Material and methods: In this study, in order to model the areas that are susceptible to pollination,
variables such as spring density, height, topographic humidity, light shade, average spot size, land
use/cover, landscape diversity edge density, distance from agricultural land, average wind speed up
to a height of 10 meters, roughness of vegetation and vegetation density were used. Since itis difficult
to access all the areas that are not suitable for the establishment of hives in the modeling process,
alternative methods such as pseudo-absence methods were used. However, identifying suitable areas
for recording pseudo-absence points can also result in errors. Therefore, first, using the output of
presence-only models, pollination desirability was calculated. Then, by subtracting the desirable areas
from the entire surface of the land, pseudo-absence points were randomly created in the remaining areas.
After preparation of this group of points, the presence/pseudo-absence models were ready to be
implemented. In order to evaluate distribution models, TPR variables and the Kappa index were used.
TPR, which is also referred to as sensitivity, is a numerical value that identifies the percentage of
presence points that are detected again after applying the presence point threshold. Also, a random forest
model was used to calculate the impact of this data set on environmental changes.

Results and discussion: The presence-only models in this study were implemented with
adequate power. The value of AUC was calculated as 0.89, 0.90 and 0.76, respectively, for
Bioclim, Domian and single-class support vector machine models. The results of the evaluation
of the used models showed that all models have well predicted the presence of beehives in the
areas of pseudo-absence of beehives. The Kappa index for this category of models was at least
equal to 0.83. On the other hand, based on the TPR criterion, many of the hive points have been
detected again after applying the hive threshold, which can indicate a good level of prediction
of the used models. Also, the findings showed that the diversity of the landscape had a greater
impact on the quality of pollination than the proximity to agricultural lands. The height of up
to 1813 meters above sea level, as well as the wind speed of 3.47 meters per second, were the
best conditions for the presence of beehives. Among the different cities, Arak, Farahan,
Khandab, Shazand and Khomein had the highest value for pollination.

Conclusion: Planning for the protection of natural areas as well as areas prone to the establishment
of beehives can be done with emphasize on the location of Arak, Farahan, Khandab, Shazand and
Khomein cities. The findings of this study show that the use of species distribution models can be
effective in identifying suitable areas for beehive establishment and pollination activity. On the other
hand, combining the findings of this group of studies with other spatial data that determine the
patterns of the landscape can provide a clear view of the influence of the landscape.

Keywords: Honey bee, Species distribution, Ecosystem services, Agricultural lands

* Corresponding Author Email Address: mymorovati@ardakan.ac.ir

DOI: 10.48308/envs.2023.1334

S O

Copyright: © 2023 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/).


https://www.doi.org/10.48308/envs.2023.1334
http://orcid.org/0000-0003-1748-9036

YOM-PAVY (Ll

5,549y $Lidlos T 5l (635 ye b (b slodo e (5 iy il oS dnlllae
238 Sibudae p e b

VECY XY (F)  VWY-VAA  aone pole

siengs Alia

VEYIOITE el b
VEYIFIVE i pdy Gl

st s3ee oS lam T Gay0 a0 ! (Ket 2y
od S

295 e gae (e gl (sly (golatl slacllad S Jue 9555 SlagasS Sl e Jlaziid 180 g 4l
R ey pladles 5 ol e Sl S5e 3blie al oty dngi ams 3 g Glalins r"""""‘““f“ 9 paiinne Jli2!
o 9 A5 ST Cans (5l g 0 SIS s 15 g e Sgm 5 5 55 o
S 3y 2 4685 ol Gl Sl o ple e o i 3 sl 3 58 505 30 0l 0l
ol 5 5 4 4ol 10 il 5 55 ) slognS el (sl mbin Tl (g sl (555 o oo
AT Lol | 0 o 0ol Conss oyl 5145 glayibignl 6 ) Craimad g g i (gl conslio Blolio 4
3k 635 e b 9060 5 (59158 059> (el Slacadlyl (o Wi e 9T Sleile dine oS bl 4
2855 4 o uonn (sl it s i S datcn 8 oo (sl Joe e & allas () dn s 5 o
Casloy i ot o515 asle o it i, (5 wind lulid a5 5o Slidon F CunS 5 ok (53
309k slagme 5 kol antle 015 cme) o (Slonms £95 (ASepl 6 25 ST ol (e lee (309 0l o S S 095
5 oS Ll (s sl S oy o oslisnd (LS by o515 5 (LS il 5 e Vo EI U ok s (S
@l oS giblio ploi oo (gl Je anl B 4 o glosl i odbol (gl & 39,5 (sl O] (G20 e
bl gluliss Lol ol oolitul jgam poe anl by yig, able 3l glo by, 3 W s pdy Sl lagaiS™ ) il
L glaae (g 3l ool b b W WS azrge W b 1) Lo Wl oo 58 j9a poe 4l BE o (sl canlie
5 il B 3l 5 anj o slos S ] gl 3blis 1S b s 355 e LB 5 Copglan 9
1 oolal jgammpae s [yga sl Joe bl jf aius ol s oolal 5l s s olowl  Bolal 90 &) jou i
3 Sl gze 4 ] 5 a8 TPR .o ealitdd LIS a3l s TPR sl e | 95 (glo e (o)) jobaie 4 o
y wloass glulids jpa alagi aibiwl Jlagl 5 am losors a5 (550> bla as s a5 Cul (g00e Jade 998 0 03 ,b
A oolitl Bolas iz Jow 5§l e &l s ool acgecms oyl 6}‘*";‘-‘1’ Ao (gly pizred WS o ololils
Bioclim glo Jow gly cus 3 4 AUC oo o [l oo Dpa8 b adllae oyl o j9ie Laid (gl oo :don g s
990 s Jae b)) il Jols zulis us F aculow +/VF g <[+ o/A o 3 ) a5 ST Lty Jop yeiile g Domian
Slp LS (atls g aibs S s i galS jpampac auh bl 1) oS jea bla o9 4 by Joe plos ol ol col
3o base guis” Ll 3l (goby iow TPR Lo (el 5 (B 5l ooy ailone +/AY plyy JBlis o Joe 5l aiwss oyl
Cizma Al ool 5550 (glo e (s o5 prlans oaied i Wils o Jade yl aS Wloads  lulids gauS wliw] Jloe!
92 (55 1 oo T Lk 5 55,5 (005 4 (S0 g & (0 (Slas 10 55 5 5> (s lncdly
~b e e el lagaisS 98> (sl Ly (e 45l e YIFY 0k S i 5L o o ] 2 YVAYYG 6l )|
s Glades 5 ol 1) cangllae Jado 5L yed g Wil whais ol 3 (ST el glo

2955 b ol o lagniS i (gl e Blolio (rrizad 5 resbs (slatoe S| lin ol (532,a0k » s S
a5 ae oo i dlllas pl glaaidl asl yeed 5 WlE Sl el (ST gla b gl 0 Cglhas 3blie Cuadge
ol f5e oladlos T clled 5 05 ] S cenlin 3blie olulils (gl Sl g0 €355 22355 sla e 3l oolid
A0 Wlgs g0 WS g0 yateiie |y (o) e (Slowes (STl 48T Hlad glaosls plus b lalllas diws oyl gloaidly 5.al 8L
3 8 i 55 ey (lows 6)"3-’)“‘[‘ Py 5 Slp b,

155,95 (2Bl ipinmsST Slosd aisS @558 s 5955 59lS slaolly

* Corresponding Author Email Address: mymorovati@ardakan.ac.ir
DOI: 10.48308/envs.2023.1334

(OO

Loze pwdigo 5 psle og5
é—.’b—o 5 ‘5))}[.13)/ oSCiily o 5

U, G0, oKl .u.n.....b
ole!

Lo 5 55 w0l ouingy T
S Ol 5 oL e
oliiils T 5 .é.._au 9 u"“"‘é
el oo o

é./L‘.A oSCiily Gt 5 Lo cj)fr

:‘_,,.{u > allio 03/45' ol
wt o5 oS o T e
il o5 addlls IFeT
S 5 Sl (anl slodoye
»ote b0y, Sladhos
pole wolilad mjr (il e

JAA=NYY (PIF ) aems

Copyright: © 2023 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/).


https://www.doi.org/10.48308/envs.2023.1334
http://orcid.org/0000-0003-1748-9036

OhlSes 5 (X >

eyasa OLS 659k 9 gl ey (Sl gl el a5
@l mlo Rl S ali o 9 95500 (550 LS
(Gorzinet wyles o Lyl ddgle sasSoolannl glaphs 5L s 50
e 6l2 )93 (6lp g5 Codli b ol S 0425 al., 2015)
Codl Glidlos T 355 &l 1o lagiagessS] culls Sy
abuly b Ysaxe  Jlidles S (Jahantab et al., 2021)
03,8 gy Sl Ly ogee o wilg oo Dl wioil
ann S oy 4 il ladlos 5 wiliwbie ams ol
ol glaBls 5l SLadles Ty e g D9 so B "olews
o5 & 3900 ol iy 9I5| e a5 0 oo 5, (998
Slidlos S o3l slaan] B gl o ol (glapilSe
(Robinson et al., 2023) sizs sgee Wy 4

55 18,518 SlapiunnsS s3lwosls 5 03,88 (55 psliS
b by olas all 5 65)5leS oo ()
U cleas 5 ¥game Slidles T aile wpiss]
(Albrecht et al., 2021) s3lul co Jlas @ |, b bl
IS lopladlos 37 als iz o Glulis )5 )l 5.l
e (S G5TUS 5 55 L (sl ol v
i JolS (605l Oyae o Wl slazel o Kiagss
Aalss s D 4 (65l (slees gl B oy Lidles S
lidles 5 ol i a4 lals SKiwly e 5l 2T 0,8
Oz g abl asl Cuenl Wiy o o] Spoe o
Al g F5e Sl SRl WIgi oo Dlyia a8 cnl Cu e
Loyl 6818l stals3l g 4ol ladisS Lai (gl LIS golazdl
.(Shahbazi et al., 2015) s.sb

&9 058 SileseS lp Ol &5 oS, 5 (S
-00,5 5l eolaiul 3l asiiss sbas,e Slulil yizres g
68 iy sl ae I eolatsl cés Gl o gludl
LL3) oS sy 4 B 5l ams cpl 2ol \(SDMs)
Wilop o0 (e Ll b degormo g 4isS jga Bblie (e
S5 4 s e B s O Gk ) 5 s

doddo
b (AL lapiacwgST 10 45 ppe g GoulS anl 8 S
u,....a.u J.u‘JS U"‘ w‘ ‘S,Lmsloo)f 0)‘\) \59}5 Ls))BL.MS 9
@ dladly a5 ladl Cuiume g 138 0y 0 e Sl
Ll el (65,0liS ol gi bypinaw 9 (b slapinswsS]
sbgladlos 3y Spee  (Ghanavati, 2016) wlei o

Lng Klogled ao o Ve g0 g diiws Ol i Cauls

(Mokhber and  wigd s glidlos )T Closzge ol
590 5 b Se daSiogu daaily ,, o 5.5 5 Ghaffari, 2018)
PSS K ¥ R PP PN I SN STy K [
S ol ol gladles ) (Darvishi et al., 2021)
Sloos sl 5 Conl Ol 5l Culos (sl Sl Bg5le
(Vanbergen et ses oo LSis 1) Siws £455 9 pipsS|
5 oliieg Caas Ky Jledls,F &l Lo al., 2013)
odsi b 5l el S LB e ool 3l sl
(IPBES, 2016)

Sloy95 (£ 9 63,9laS S game lapladlos 5 Fee
a1y byl & Wb ol bFile 5 ae Jus
aly ol a5 ol 03,5 o bap,Lidlos 5 oy iaal S
5 Jos dnS ( Sloo Slakad ( SR> 0 sloge o cloix]
L) dacSaLs ouisS jued jbsle 00,5 dww s 4l
SYgame 4 )55 la S JE ol g 5955 4 595
95 (Madahi, 2017) il oo Sladlos 3 4 aiejls
—0 52 )..5|~.\> FLy AR 0 43‘) ‘) LS'LMB‘OJ; 6)3)0 Sleas
Sleds Sl grin (e DVgazme 300 V7 I (55
2l 8o JalS e )s AV 90> )0 degerne g WS o
@18 g ol pomnSy (@Bly 0 A e gy e
Sloas ol il poiiane i b poiione jobo 0 (e il 50
Jbo 59 955 3)lebea 10+ 51 & W 00 0582 (soinnnssS]
(Torresani etal., 2023) o ls o3, oz paol s yo

Sl ails 929 8 o youden oliia dgo> e g3
a3 o plool ) SLzdles 5 Les b S elsil b SN yad

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

\va



w3l 655y il rse (slotiose (503055 oS anllae

] SSP5B5. 5 TSSP245 slng s (8l (i 5 ik
Sl el gice Slallle ol 5 ol ol laadly, 23,8
3,8 ool 0] (84S Camdg i 9 S sleelKing;
5 G095 s Gblis g9 » (Slalllao (55T ASx]j]
W el 228,55 ol o] S (59, 2 e (e Jule
SlogasS il 59 » 5o Jelse olalids Sua b aslllas ()
Lol 655 )8 wntns blie lolid (eizmen 5 S 5035
8 Salol (635 o il s 0 (2SI (5900 Hskaieds

g, 9 2190

dalllasd y90 0593500

3 &y gk S VAT (o0 )8 Coluna b (655 50 ol
Y0 gax,0YO L asdo Y. gaz 0 ¥V L3l s> Cosdse
OV b agdo OV g a0 YV o g Jled e aads
& sl ol oyl 8 e Sl s (358 Jolbo a5
S92 S5 )8 ired 9 S35 0 S 4 Dpslne s
e 2ls2 5 2l Gl 815 5 5l (S5 0er
WA s Gk s ale sles uSile canl ogiie
Sl oals (6 S ol e e YV g ol Ol ax o
(obaw ) b olewl pl (Karami and Shayesteh, 2020)
Sesdge ) S el aplaes (05 9 (2938 0B loen

A oo swled |y sl (6,513

vy 0N
e e .
— e sl J

Shaws ool 5l oS gileasds Jasre layll acgoome
ol astes 3blie oLl Glp Olge bJae
slasd ol (Karami and  Tavakoli, 2022)
(Roholaminingad et al., lagl ;| cbla> 5 ol
(Karamietal,, Jaowe Olyess Sooin 9 il 2022)

55 ooliul olKiuy > 2023)
Ygame liadlos S sboaisS 2395 Polce et al. (2013)
s &9 oo sledlital b ;oS bl » o, (555leS
g (MaxEnt) arcin o9yl Jow 5l anllas oyl o is)S
b oolatul ool 6l (ol (B Tes (gl
g _co o lidlos 5 a8 5 (6 bo e ololits danaidly Lo
Sde Cbilix (gl a9 st bl plulid st 5o
oolazwl L Marshall et al. (2015) Ko (saalllas o &S Jos
33 VY @i 08 (MaXEND sty (99551 Joo
L aisS VWY ol moig il e oS oolaul aila o 4l
Bioclim) o8l ey 5 22l 6,5 sl piio 5l ooliisl
oo 3l oolitul ols jlis aslllas ol glaadl 28 5 ploxil
2l Ced ) Sonl (aass 4l b laaisS ol ; SDMs
Mukundamago et al. (2023) .S o globils g oo,
4o Ceratina moerenhouti 465 59, » |, wuldl Sl peis 3G
245 e W08 wyp ezl e 3l eslanal b Iy LS
(S (el Sy (lajeiie (oo S Wdg 5o 455 s,

Sl G2 by ) g e o slos (S5

- boomm  Prose e o t

aallao 3,90 039ds L.’.‘s‘L:;!‘P k:ﬁs‘s" -\ JS.:A

Fig. 1- Geographical location of the study area

\FeY QLM) f o)l.o..'la AR 0,99 ~‘_Ja._¢;e.a f9l.c asllad



OhlSes 5 (X >

sl sl o baw ol IS ax @ sy maw 4
1 canl asly &yl as s 4 lasles 3 ol s
Byre Oyl a0 gl Wled o e ol 51 eslanl
3385 ek 4 a5 (Bl F e Cusb) wll a9
L opuxie ol 0,10 o,lal oyls 89>y aanlpl 5l
oS el angs BB el )| esd, o 5l eslil
L s <2005 gl 0l 05515 gle g b JSx
S 031031 Sl atile gl ,lixo 4 ! 51 ooliul
03,5 05915 ey Slerw £55 9 abl> o515
Lo 50 V¥ & pslne ks L ons 578 sloyLone alos
o515 paie .06a eolel 5 angs TerrSET 1581 o
el s NDVI asls 5l ool L alS s
&yl USsS wloles e ,o Vo) B VEe e WloS,
Gy 0 oslel (Gorelick et al., 2017) (y.zl
APl 65y 2 sleyikd ol 1B L elS by
slp by glueslel 51 G .030,5 awl=e NDVI
delos 5l sy le S Kwwnsys als
G oad oolatwl ArcGIS lidle s jo  (SKuwon
BUIR RS COWON-SN Wy VA RS B SURP L Sy E UL 9%
gy ,LS el

&9 sloJoe

Sl oKivs) gilwJowo gl SDMs 51 oolasnl
Conl 0d I35 e 6,50 wlalllae o olidles S
ol adlas ol o (Marshall et al., 2015)
ails 6 pdy il Sledlos,S 5l asily o a5 iblie
28,5 pll L slagasS Lla i eolizl b aisly
— iy 3 ool a5 wilails ledl puiizs 5| gl
21y pam pae g jeax Sl g &S gilede sl
85 shls Hgax Laid gla ) Soms 4 055 (oSS
LI «Karami and Tavakoli., 2022) ccsl YU
plod 4y gy iludae wnld o a5 L)l

logass )il sblie s 9laezr

logasS jpa> bl g5loJas slosis, sln alxil;l
sl 4 axxle L1 see adgl ools Ay a
ol plxl izeen 5 655 0 Ol (55laS
Soa ey aiod olell byaus el bla slaw
Yo, ey agusS pl e sladiss 4 el
Je 0dgs Lo 4 a5 cnl (Apis mellifera carnica)
“ Ol 95 50 A5 eal Byme (5,5 915 plgie 4y oL
(Dadgostar et al., 2020) 5% o0 onyo olpl o
Claadse dilolu 1 ooliiuwl b bl ol Comdgo s
abis o 3l g0 Vv alols jpas bl Lo SIG
Wogr o3 alols lls as bl g ol aid )5 Glas o
IRERWE-RC W g

SLadlos)S 59 2 3o Sla piie

il Slisdles )5 axine a5 cablis g5lw Jow sl
9 CehS S9y 2 G 4 &S e sl e 3L
ool o wigd olelid s She Slasdles )§ oS
a8 S plnil Glafghy (o) p g anlllas b lal Ll
5o b ysie Galizes cpadizne Jawgs Slidlos S (59, »
oiiz o515 aile o psie 51 g, 0l 08,3 13
o3I) (e Sls (D5, rl (Bl S5 Cash, gl
w15 i Sl g95 (Al )5 S
e 5elee 065,5LaST Lo 5l alols il
o515 g @S be pp e Ve el Bl
Hennessy et al., 2021; ) o oolazwl ol g
Moradi and Kandemir,2005; Parichehreh et al.,
oylenle 3l e Yo Cdo b oglay)l o9, Juw .(2022
33,5 a4 (https://dwtkns.com) sl ,b & STRM
el ArcGIS  Jzls Ll molgs 5l oolaiwl b Joe

Al yen ol Hlade a5 aes o lis e ol 8 )S

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

AN



w3l 655y il rse (slotiose (503055 oS anllae

(s 4z Koo 00,54 (g3lw Jaw anlE o as
Olsiedy 3,1 gy 123590 0day old 25 g 0l o
SpS oo A SBiae GodS 5 o o Shs 5l
asllas ! ;5 .(Ruholamininejad et al., 2022)
Ade lagalS jgazpas 4l 5 jpa> b asgens
syl 4 Ghee Glapiie polie e i3S 18
dwle sl 9 W5zl diges bl ol
5 e Ol 5l ools asgaza cnl 03y 3G
Slp Jowe ol 5l eolasl Bolay K> Juse
—0313 s gezme (55) 3 shtre sl aie 23 L)
Piri oldlas jo g3lwJow anlyd jo sabs,ly sla
Morovati et ,=.a 4 Sahragard et al. (2021)
55 Jow g luesky .coul oaseslanl al. (2020)

23,5 almil R 1sle 5 51 sslizl

LG s GO0 asdlhe cl o oo somins el
6l lin e Lyl 5 cay5s8 sla o 5 oolizl
e plelid cwlidps sloanld 5l aws o)l
olie @08 b aslllas ol jo 9> L sla Jow
sldas slp coiy 4 AUC jlaae wols |2l
AN SO plesiy oy ile g Domian (Bioclim
JURRVIS PO By "7 R L D7 X S [ I W
sJae @il & mlisl | Jols gl bl
o Jas sl PAUC Jlaie ols lis guiS s> Lais
Sopimile Jaw o Ll oy cawbie jga> ladd
Gl polie ;00 Jae 99 S 4 4TSS sy
@ A sba ulply sl 0og Joml S
slodoe plos oS> cel Joud LG b Jus sl
el dolas glaJos o> 5l 5YLAUC o 55 ke
— Ot AR g ol plesl 6 ul Jae Vol cules o
ad oolel jpampae ad bl ags ¢l 2l S

D20 oo sioled |y anas (VS

poe 4t sl g, wile (230l sl by, 5l I ol
ol gblie Slulis Ll ssd oo oolaiul jgax>
L deloss Silgs o 503 ypa pas a4l blas e 6l
e sz, sl eolanul L lanl 1A wuS asge Uas L
W3,5 Al Jlusdles )5 cousllas ¢ jgas haid slo
Ori Sleaw U5 51 osllae bl 1S L G
ygeods Hgasx pde dd bla caile SbL 3bls o
5hatws cpl o solel 51 e o slol oolas
Ll oolel 5 ygua pas ads [ ga> slo Jow blis
sl Joe 5l gilw Jow jolaioay axllas ol jo 050l
c3,8 BP-ANN) ;o5 o L geae oSS
Jixl zSlas (CART) How,5, 5 gondil
90 oleiiy Ll ile 9 Rough set (MaxLike)
ModEco ,l3éls 5 ,o (Two class SVM) awds
oo lal

s o yraie Coonl 5 2L

TTPR sl yeics 5l emjsr sladoe i)l jshe &
Sleie 4 o] 51 aS TPR .o eolazw! 2L ezl o
Ruholamininejad et ) s oo 09 pols 33 Sl
bl as,o a5 cawl goae Jlais TPR (al., 2022
yas b Slin] Jlee!l 5l an Toame a5 (550>
4> 2 uJ‘).’L».) ‘J.MSGA @Lul.».w ‘) KPR G>L~JL».~4
Byle Jow & yad 5l las asl YL el cpl lode
e yas pde and bla 5l Jow onl o as bl
‘5,4>L~J L» \.\.5‘9469 LS’b))l ua‘).aLu GO PR o]
5 ypax bla S o0 Jow @88 a5 o .5 sl
5 Jol5 mles 5l las o1 oYL polie a5 cowl LIS
Hle s 0 bazls pl sl Jao oYL o )08
e Sl iz 51 SO s awle )18 ModECo
7 e Jolge 1 (50,5 ene cje8 sla el

e syl 51 G e aSl gs“’Lﬂ ke

\FeY QL.M) f O)Le.:a AR 0,99 ~‘5!af;u P;l.c asllad

VAY



Fig. 2- Hive points and possible points without hive (pseudo-hive)
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Table 1. Evaluation of the models used in the modeling process
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Fig. 3- The desirability of pollination and beehive establishment in Central Province
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