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Extended Abstract

Background: Climate change is currently considered a serious threat to many species and is
recognized as one of the most important factors in the global biodiversity loss. Therefore,
understanding how the spatial distribution and species composition are affected by climate change
is very important in protecting natural ecosystems and achieving sustainable development.
Species distribution models are the most widely used methods to predict the effect of climate
change on plant species distribution changes. Considering the ecological, economic, and
commercial values of the chestnut-leaved oak (Quercus castaneifolia C. A. Mey) in the Hyrcanian
forests, this study aims to use different modeling algorithms to simulate suitable climatic ranges
to determine the habitat suitability of Q. castaneifolia in the current climatic conditions and its
potential changes in 2070 and 2100.

Methods: After determining the species presence using the statistical data of forestry projects in
the north of Iran and the detailed plans of Golestan, Mazandaran and Gilan provinces, the
bioclimatic variables of 1979-2013 were extracted from the CHELSA global database. The
bioclimatic variables related to 2014-2019 were also produced in the Idrisi TerrSet software using
raster images of monthly precipitation and monthly maximum and minimum temperatures
available in the same database. Then, the weighted average of these two series of bioclimatic
variables (1979-2019) was included in the modeling process. In addition, the elevation, slope, and
solar-radiation aspect index (TRASP) as physiographic variables extracted from the Digital
Elevation Model (DEM) were also used as inputs to the modeling process. After selecting the
environmental variables with the Variance Inflation Factor (VIF), the relationship between the
species occurrence data and the map of environmental variables was mathematically defined
using the R statistical-programming software. Regression, machine learning, and classification
modeling algorithms, including Artificial Neural Network (ANN), Classification Tree Analysis
(CTA), Generalized Linear Model (GLM), Multiple Adaptive Regression Spline (MARS),
Maximum Entropy (MaxEnt), and Random Forest (RF), were evaluated using the Biomod2
package. A unified framework, including six species distribution models, was used to reduce
uncertainty. The Area under the Curve (AUC) index, True Skill Statistic (TSS), Sensitivity, and
Specificity were used to evaluate the performance of the models. After determining the
importance of the participating variables in the modeling with the Varlmp function, the species
response curves to the most important variables were drawn based on the outperformed individual
model. The effect of climate change on species distribution was predicted using the MRI-ESM2-
0 model of the sixth phase of climate change models (CMIP6) under two optimistic (SSP1-2.6)
and pessimistic (SSP5-8.5) climate change scenarios over the near future (2041-2070) and distant
future (2071-2100).

Results: Based on the evaluation criteria, the individual models had good performance and were
considered to create an ensemble model. Among models, the ensemble model with TSS and AUC
equal to 0.904 and 0.988, respectively, and then the RF model had the highest efficiency. Based
on the contribution percentage values, precipitation of the driest month (Bio14), the slope, and
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precipitation seasonality (Biol5) had the largest contribution to the distribution of Q.
castaneifolia and determining its habitat suitability, respectively. According to the ensemble
model, the suitable habitat areas of the species in the current climatic conditions cover 60% of the
Hyrcanian area. The produced maps show the high suitability of Q. castaneifolia in the western
and central parts of the Hyrcanian region. According to the species response curves to the most
important environmental variables, the precipitation of the driest month is at least 10 mm, the
precipitation seasonality is less than 50 mm, and the average slope is 2-22% in suitable habitats.
In both periods and under both climate change scenarios, there will be changes in the spatial
distribution of Q. castaneifolia, and the most severe one would be a 5.29% loss in the species’
suitable climate range in 2100 under the pessimistic scenario (RCP8.5). By comparing the
ensemble map of current habitat suitability and habitat suitability under the effect of climate
change, it was predicted that the greatest change in habitat suitability will occur in the eastern and
southern parts of the Hyrcanian region. Probably, the habitat of species will shift from lower
latitudes or altitudes to higher latitudes with the increase in temperature.

Conclusion: Despite the difference in the nature of different modeling algorithms, the resulting
predictions were almost similar for Q. castaneifolia. Meanwhile, the RF and GLM had the highest
and the lowest accuracies, respectively, among the individual models. Only the RF model could
have a performance equivalent to the average output of several modeling methods. The suitable
habitat of Q. castaneifolia will decrease under the pessimistic scenario in both the future time
frame and under the optimistic scenario until 2070. Examining the potential effects of climate
change on the spatial distribution of this valuable plant species, as an important species of
Hyrcanian forests, seems to be an essential tool for its planning, conservation, and management.
Habitat suitability maps can be proposed as a basis for reforestation plans in threatened areas.
Therefore, it seems necessary to prepare comprehensive conservation plans aiming to reduce the
effects of climate change on this valuable species.

Keywords: Ensemble approach, Ecological niche, Global warming, Habitat suitability,
Habitat shift
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Table 1. Descriptive statistic of the environmental variables used in the study

e Bl . Sike A1 Sl Unit 4l s Variable ysie
Mean+S.D. Maximum Minimum Code
12.98+5.14 19.82 -6.99 °C Biol Annual mean temperature 4Ylo slod 1 Sile
9.2942.05 12.12 3.86 °C Bio2 Mean diurnal temperature range 4lj9, slod aield ke
29.0613.29 33.51 18.02 Bio3 Isothermality _llo,ig3)]
801.1158.54 910.007 682.44 - Bio4 Temperature seasonality bd _Juad )yt
29.645.31 37.98 10.56 °C Bio3 olo o yip)S los yShs
Max temperature of the warmest month
-2.85+5.34 6.98 2231 oC Bio6 slo (253 po (Slod Jilas
Min temperature of the coldest month
32.0743.62 37.85 22.71 °C Bio7 Annual temperature range Lo &Ylo &l yoss aioly
9.97+6.54 22.49 -12.95 oC Bio8 Jad (p Fogb e glod (15ke
Mean temperature of the wettest quarter
22.745.08 30.61 2.95 °oC Bio9 Juabd oSS slod i Sike
Mean temperature of the driest quarter
17.06+5.15 37.05 6.61 °C Biol0 Jad o 55 Sl (il
Mean temperature of the warmest quarter
2424530 1132 17.41 °C Bioll b 00 slod (KL
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625.271284.35 1516.54 162.34 mm Biol2 Annual precipitation &Yls (S5,L
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99.3+63.38 344.63 10.83 mm Biol8 Precipitation of the warmest quarter a8 -y 5p,5 S,
170.37158.43 388.90 53.27 mm Biol9 Precipitation of the coldest quarter Juad (y 5 o (S5,L
10.65+10.54 82.73 0 % Slope Slope uwd
0.421+0.35 1 475x10"7  Degree  TRASP Sy Gl Cua pad L

Solar-radiation Aspect Index

* The bold variables are used in the modeling after VIF computation.
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0.904 0.878 0.865 0.86 0.837 0.861 0.854 TSS (8ly & )lges o)lol
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Table 3. Percentage contribution of environmental variables in habitat suitability modeling by using individual models

and the ensemble model

el oo

Ensemble ~ RF  MaxEnt MARS GLM CTA  ANN

model

Environmental variables _leowocunj (b paio

2.02 3.54 1.98 0.81 1.51 - 5.76

39.07 37.27 28.72 48.22 40.3 41.77  40.67

b cn e slod (pSSbe
Mean temperature of the warmest quarter (Bio10)
Precipitation of the driest month (Biol4) ols -y 5 Sis (S,

12.4 13.64 10 13.71 3048 0.85 16.32 Precipitation seasonality (Biol5) Laé Sl

11.54 5.81 11.66 - 4.2 22.59 3.35 Temperature seasonality (Bio4) lo>  Lad lyoss

10.3 11.81 12.94 8.76 10.83 7.88 13.34 Min temperature of the coldest month (Bio6) olo 353y (sle> il
1.95 311 137 039 228 033 630 o sy o> (e

Mean temperature of the wettest quarter) (Bio8

21.93 223 3036 2811 1039 2659 13.69 (Slope) cawd ljee
0.78 251 298 - 0.01 - 0.58 (TRASP) (555 y55 il sl

5 kool Juio o (Taleshi et al., 2020) ,Kea o
Sy (Moghbel Esfahani et al., 2023) -,\Kon

5o gjlesik (iS1y p el BB LWl Bk I )b
ol ylyd 3 4568 alad ) Jleas] .l gadgo opl oaSanls

(OAS plwsl) @y g (oo Glwl) 3550 55 (Jad olon
Ol 0y 9 QllS Glsl) (558 4 Caps SIS 2 ailaie

S35 coglas olStyg, (oloa) Jo b sl i (Lo
dibio jl Moy Fe a8 Cowl S WVFeerr 5 b o

o o polaisl dgs 4 1y S

a) ANN

AP0

IPDON 300N

300N

360N

Legend

[ tsreunian wrea

Habitwt Suitability
Lansuitable

IEN0N

050100 200 300 400
- Kil

300N

APVOTE SOO0UE SMUE SNO0UE SIO0UE SPOWE SS00'E SE00CE ST0N°
X

A o i |y Jae (gl o purite 8 )lie pas(=) 04 b3 ®

2 Bl S 43S Bl gy Sy
el 855 sl sibose SlapysS gt
Canpllan iy ulul (Y JS5) il ol Loy gl
398 ot (Flal g @il s jl Jol
Gl bulyd S ddaie 65 )0 9 (2)6 i
B w5 ol wolEiysy Ly el |y (6 yaslio
5 b ol Ll o gjlasily 45 STy (sildse
Sy S 5 el 455 Collas olKiys, &S and e
b Lo 0ads 5 STy 039z by g9dge (ol 48 051

AWOUE  SO0WUE SIOTE SPOWE SYOUE SMOO'E SSWOUE SEOWTE  STO0UE

00N

b) CTA

300N

-
5

00N
30N

300N
360N

2 #| Legend £
2 2| [ Hrcanian arca 2
= 7 Llabitat Suitability &
Unsibg 0 50 100 200 300 400
B Tow suilahility - — — Kilometers

A00UE  SPWOTE  SIVOE  SNO00UE SIWOUE SO0UE SSWOTE  SEONTE  STO0UE

0NN

©) GLM

IEDOTN 30NN

w0

0N

Legend
[ tyrcanian ares

Habirat Suital

IS0

0 S0 100 200 300 400
- — — Kilometers

N

490°E SPOOE SI00'E SEO0CE S900'E SO0UE SS00UE S6eO0UE SPOCE

SOOOTE SIVOTE SZOTE SSUOTE SEDOE SST0TL S600TE  STON

SINOUE SP0UE SMO0'E SEGO'E SSOOVE  SE00E  STOO'E

APVOTESPGOTE SIWOTE  S2PO0TE SEOUE SWOUE SS00TE 56T STO0CL

00N

d) MARS

Legend
O tyreemium anea

‘Hubitat Suitwbility

50 100 200 300 400
-

Kil

v
=

AFNOE S0G0E SI00E SEC0'E | SPO0UE SPO0E SS00UFE | S600°F ST00°F


http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-24 ]

[ DOI: 10.61882/if€].2025.563 |

T R R Iy N g WS WP WSV SR WP N SR TN

vy (Quercus castaneifolia C. A. Mey) g3losid olSiing) Cangllae 3 waldl s @l 31 sloat (g5l Je

ST SO S SIOE SSO0E | SGOE SWOL SCRVE SO wes | SPNCKSh Senh SN0 SEon: SR Seriek | seoue
g N £ N
£l 9 MuxEnt Z| onwrr L\
wisS wiSE
% N E 7 \ 2
g s £ g s H
Z 7 z z
i i
£ iz <
£ £ g ;
7 7
H E L I
: .
’ .
= £ T I
” o s 21MH ) gy I
2| - — — il el = 7 7
3 L 3
LSl sTewn s SRl seden sk s

- HNTE SINTE FENUL SHL AL AL FFGL Eana ST

§ g Hnsemble

£ z

B 2

H 5

z z

¢ v

£ Z

¢ v

H H

: ¢

H 3

Lk

- o s 1 0 3w an P

om I i £

£ u ility -

W iy sultabiliiy

BNNE SO SURL ST

SERET, L ST SN ST

(ool Jio 5 (53 sla Jo b SIS pn sla i )3 (Job Ll 3 &8 oSty Cagllas slaatis - JS
Figure 2. The species habitat suitability maps in Hyrcanian forests by individual models and the ensemble model

b et Glyoss 4 Cond gilodiy 4353 aitud 1l 1) 4565
oS Sloj )by Lials ks, (BiolS) (Sw)b clyuss co s
sgn Jlinl gdie il 00l Sk Sl oyl
G5 Vel i 3 g Moo (R (5 pSpia sebar 4gS
V=YY o 465 (sly ddlaio s bawgio )l jauis Mas
oS 465y 5] 51 18 )0 bl g oo sy L0y
9 SB (s Casb) 1l e cerd Rl 1) 258 o0
5 iy @l b o8 90 (S5 (oyme > ol 553

Syl lsswen (Vannini et al., 2009) |,Sen

OS5 53 P50 S piie () pikee 4 AigS Ewly
Sloysle (pyiage 4 gilodil wgS Gl (sla oo
gl s (olad K Jho (ol 2 egw)p 390
ool s B Y USS 0 LSl eiie o celie
Slodgazs 10 4igS jauan Jlaisl a5 Ko o LS by soxie
B Jelye ple axley e Jole S 0l
Oyl Cpgo a4 gd (25 Cb 355 Lawgie
o oo Kt S,k gl 5o & ibls ool
298> Gl ogllas bulyd sl yio oo Ve Jilu> (Bio14)

© ] o ]

= = o

= . = |

: =] -
= I | | I I = ' . =] I I 1 ) I I

0 10 20 30 40 50 a0 40

(yia ko) olo (2 SCis S5l
Precipitation of the driest month (mm)

(30,3) (Tl b Sl s

Precipitation seasonality (%)

60 80 100 0 5 10 15 20 25

(-’*’)5) o
Slope (%)

(RE) 2l oyt b Joo bl 2 (g3l e )3 ool 550 (oo (sl yuiite (12 fpotes &2 4355 9> Gy (sl oo =Y IS
Figure 3. The response curves of species presence to the most important environmental variables used in modeling
based on the most efficient model (RF)
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Figure 4. Maps of predicted habitat suitability of species affected by climate change in Hyrcanian forests under
optimistic (SSP1-2.6) and pessimistic (SSP5-8.5) scenarios of the MRI-ESM2-0 model in the studied periods
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Table 4. The area and percentage changes of suitable and unsuitable habitats of species under optimistic (SSP1-2.6)
and pessimistic (SSP5-8.5) scenarios of the MRI-ESM2-0 climate model in the studied periods
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Figure 5. Suitable, unsuitable, and stable habitats of species under optimistic (SSP1-2.6) and pessimistic (SSP5-8.5)
scenarios of the MRI-ESM2-0 climate model in the studied periods


http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-24 ]

[ DOI: 10.61882/if€].2025.563 |

vy

TS AT TPy 2 g WES WIS CESIVAC S SEWRIIE N S| K W

Vo /Y o)l [amdsee Jlo olpl oS uliips:

4 Cond Alinly ol cov gilaly Golle oy,
oaals VeVe Jlo 4 cans YVee Jlo g by bes
ool oalll s Jlas &S pl 4 dogi b il dalgd gyt
G g WS (o0 e ) g oS> wiad)l 48
b dnlg dilale fapj g8 g ol Cumex JlalS
Sl g (b @lio Glojlu alox 5l layy6d sl lojles
395 ) sged 3 1) ol et 2Lyl g )las oy y9uiS
Olgeds WG oo ol8ing) Cungllas sloaiss um> )8
woe p gble » b slol sz by ol
sblis zol> slag)lo s gyl jlLad Sleidsy (539

S (6 5 4ol
6l o oo b awslio o cloal Jio @l 3ubo
by )l 668 o gy Canllas s 3 1) 5 Shas oy i
bt e g sl S sl 3yg0 sla e ol
Obe 1) Como (pieS 5 (pyde i Sa Ablaes
(Bio14) ole 1y 5 Sid  Su)L 039 Ly (o3],85] sla o
s (Biol5) Sub lad clley g cud e
Casgllas o g g5leaily STy )0 o puste u,),wmlb
65 2y, wollas bl wus sl of oKy,
a1y Gy dilate pow Sl i ($955 (sanldl Ll

4 578 Gl 855 ol weldl e T Gl Ban b g it (5550 5 () sl 9 Wlesls (oliaii] g3
ey B NS eaib 65l YU caslas b cbaolKiys,

References

Adhikari, B., Subedi, S. C., Bhandari, S., Baral, K., Lamichhane, S., & Maraseni, T. (2023). Climate-driven
decline in the habitat of the endemic spiny babbler (Turdoides nipalensis). Ecosphere, 14(6), e4584.
https://doi.org/https://doi.org/10.1002/ecs2.4584

Aertsen, W., Kint, V., van Orshoven, J., Ozkan, K., & Muys, B. (2010). Comparison and ranking of
different modelling techniques for prediction of site index in Mediterranean mountain forests.
Ecological Modelling, 221(8), 1119-1130. https://doi.org/10.1016/j.ecolmodel.2010.01.007

Akbary, M., & Sayad, V. (2021). Analysis of climate change studies in Iran. Physical Geography Research,
53(1), 37-74. https://doi.org/10.22059/JPHGR.2021.301111.1007528 [In Persian]

Akyol, A., Oriicii, O. K., & Arslan, E. S. (2020). Habitat suitability mapping of stone pine (Pinus pinea L.)
under the effects of climate change. Biologia, 75, 2175-2187.
https://doi.org/https://doi.org/10.2478/s11756-020-00594-9

Alavi, S. J., Ahmadi, K., Hosseini, S. M., Tabari Kouchaksaraei, M., & Nouri, Z. (2019). Modeling the
potential habitat of English yew (Taxus baccata L.) in the Hyrcanian forests of Iran. Forest Research
and Development, 5(4), 513-525. https://doi.org/10.30466/JFRD.2019.120791 [In Persian]

Allouche, O., Tsoar, A., & Kadmon, R. (2006). Assessing the accuracy of species distribution models:
prevalence, kappa and the true skill statistic (TSS). Journal of Applied Ecology, 43(6), 1223-1232.
https://doi.org/10.1111/j.1365-2664.2006.01214.x.

Amiri, M., Dargahi, D., Habashi, H., & Mohammadi, J. (2008). Effect of geographic situation on natural
regeneration of oak (Quercus castaneifoila CA Mey) in Loveh Forest. Journal of Pajouhesh-va-
Sazandegi, 116-123. [In Persian]

Amiri, M., Tarkesh, M., Jafari, R., & Jetschke, G. (2020). Bioclimatic variables from precipitation and
temperature records vs. remote sensing-based bioclimatic variables: Which side can perform better in
species distribution modeling? Ecological Informatics, 57, 101060.
https://doi.org/10.1016/j.ecoinf.2020.101060

Ardestani, E. G., Tarkesh, M., Bassiri, M., & Vahabi, M. R. (2015). Potential habitat modeling for
reintroduction of three native plant species in central Iran. Journal of Arid Land, 7, 381-390.
https://doi.org/10.1007/s40333-014-0050-4

Babalik, A. A., Sarikaya, O., & Orucu, O. K. (2021). The Current and future compliance areas of Kermes
Oak (Quercus coccifera L.) under climate change in Turkey. Fresenius Environmental Bulletin, 30(01),
406-413.

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., & Courchamp, F. (2012). Impacts of climate change
on the future of biodiversity. Ecology Letters, 15(4), 365-377. https://doi.org/10.1111/j.1461-
0248.2011.01736.x

Bladon, A. J., Donald, P. F., Collar, N. J., Denge, J., Dadacha, G., Wondafrash, M., & Green, R. E. (2021).
Climatic change and extinction risk of two globally threatened Ethiopian endemic bird species. PloS
one, 16(5), €0249633. https://doi.org/10.1371/journal.pone.0249633

Bogoni, J. A., Percequillo, A. R., Ferraz, K. M., & Peres, C. A. (2023). The empty forest three decades
later: Lessons and prospects. Biotropica, 55(1), 13-18. https://doi.org/https://do1.org/10.1111/btp.13188

Breiman , L. (2001). Random forests. Machine Learning, 5-32. https://doi.org/10.1023/A:1010950718922

Breiman, L., Friedman, F., Olshen, F., & Stone, C. (1984). Classification and Regression Trees. Wadsworth,
Pacific Grove. New York. https://doi.org/https://doi.org/10.1201/9781315139470

Dalmaris, E., Ramalho, C. E., Poot, P., Veneklaas, E. J., & Byrne, M. (2015). A climate change context for
the decline of a foundation tree species in south-western Australia: insights from phylogeography and
species distribution modelling. Annals of Botany, 116(6), 941-952. https://doi.org/10.1093/aob/mcv044

Desta, F., Colbert, J. J., Rentch, J. S., & Gottschalk, K. W. (2004). Aspect induced di%ferences in vegetation,
soil, and microclimatic characteristics of an Appalachian watershed. Castanea, 69(2), 92-108.
https://doi.org/10.2179/0008-7475(2004)069<0092:AIDIVS>2.0.CO;2

Di Cola, V., Broennimann, O., Petitpierre, B., Breiner, F. T., d'Amen, M., Randin, C., Engler, R., Pottier,
J., Pio, D., & Dubuis, A. (2017). ecospat: an R package to support spatial analyses and modeling of
species niches and distributions. Ecography, 40(6), 774-787. https://doi.org/10.1111/ecog.02671


https://doi.org/https:/doi.org/10.1002/ecs2.4584
https://doi.org/https:/doi.org/10.2478/s11756-020-00594-9
https://doi.org/https:/doi.org/10.1007/s40333-014-0050-4
https://doi.org/https:/doi.org/10.1111/btp.13188
https://doi.org/https:/doi.org/10.1201/9781315139470
https://doi.org/10.1093/aob/mcv044
http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-24 ]

[ DOI: 10.61882/if€].2025.563 |

TS AT TPy 2 I WES VRIS ESIVAC S SEWRIPIE N S| K W
Yo (Quercus castaneifolia C. A. Mey) g3lodils ol%ing) Casgllan ys paldl yos @l 3 elos! (g5l o

Estoque, R. C., Ooba, M., Togawa, T., & Hijioka, Y. (2020). Projected land-use changes in the Shared
Socioeconomic  Pathways: Insights and  implications.  Ambio, 49, 1972-1981.
https://doi.org/10.1007/s13280-020-01338-4

Friedman, J. H. (1991). Multivariate adaptive regression splines. The annals of statistics, 19(1), 1-67.
https://doi.org/10.1214/a0s/1176347963

Gorji Bahri, Y., Kiadaliri, S., & Faraji Poul, R. A. (2013). Study on growth and silvicultural analysis of
young stand of Quercus castaneifolia CAM in Neyrang forest, Nowshahr. Iranian Journal of Forest
and Poplar Research, 21(3), 387-395. https://doi.org/10.22092/1JFPR.2014.4720 [In Persian]

Haidarian Aghakhani, M., Tamartash, R., Jafarian, Z., Tarkesh Esfahani, M., & Tatian, M. (2017).
Predicting the impacts of climate change on Persian oak (Quercus brantii) using Species Distribution
Modelling in Central Zagros for conservation planning. Journal of Environmental Studies, 43(3), 497-
511. https://doi.org/10.22059/JES.2017.233756.1007441 [In Persian]

Hajjarian, M., Hosseinzadeh, O., & Khalledi, F. (2016). Using combined MADM approach for Hyrcanian
forests management. Environmental Sciences, 14(3), 1-12
https://doi.org/10.22059/JES.2017.233756.1007441 [In Persian]

IPCC. (2007). Summary for policymakers. In: Solomon, S., Qin, D., Manning, M., Chen, Z., & others (eds)
Climate change. 2007: the physical science basis. Contribution of Working Group I to the Fourth
Assegsn;lent Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge.

IPCC. (2021). Summary for policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S. L., Péan, C., Berger, S., Caud,
N., Chen, Y., Goldfarb, L., Gomis, M.1., Huang, M., Leitzell, K., Lonnoy, E., Matthews, J. B. R.,
Maycock, T. K., Waterfield, T., Yelekei, O., Yu, R. & Zhou, B. (eds.)]. Cambridge University Press,
Cambridge.

IPCC. (2023). sixth assessment report (AR6) “Climate Change 2023” Synthesis Report. Switzerland.

Iverson, L.R., Prasad, A.M., Matthews, S.N. & Peters, M. (2008). Estimating potential habitat for eastern
US tree species under six climate scenarios. Forest Ecology and Management, (254), 390-406.
https://doi.org/10.1016/j.foreco.2007.07.023

Karger, D. N., Conrad, O., Bohner, J., Kawohl, T., Kreft, H., Soria-Auza, R. W., Zimmermann, N. E.,
Linder, H. P., & Kessler, M. (2017). Climatologies at high resolution for the earth’s land surface areas.
Scientific Data, 4(1), 1-20. https://doi.org/10.1038/sdata.2017.122

Khalatbari Limaki, M., Es-hagh Nimvari, M., Alavi, S. J., Mataji, A., & Kazemnezhad, F. (2021). Potential
elevation shift of oriental beech (Fagus orientalis L.) in Hyrcanian mixed forest ecoregion under future
global warming. Ecological Modelling, 455, 109637. https://doi.org/10.1016/j.ecolmodel.2021.109637

Khodagholi, M., Motamedi, J., & Saboohi, R. (2023). Effects of climate change on the distribution of
Bromus tomentellus. Iran Nature, 7(6), 17-25. https:// 10.22092/IRN.2023.128386 [In Persian]

Khwarahm, N. R. (2020). Mapping current and potential future distributions of the oak tree (Quercus
aegilops) in the Kurdistan Region, Iraq. Ecological  Processes, 9(1), 1-16.
https://doi.org/10.1186/s13717-020-00259-0

Lek, S., & Guégan, J.-F. (1999). Artificial neural networks as a tool in ecological modelling, an
introduction. Ecological Modelling, 120(2-3), 65-73. https://doi.org/10.1016/S0304-3800(99)00092-7

Liao, Z., Nobis, M. P., Xiong, Q., Tian, X., Wu, X., Pan, K., Zhang, A., Wang, Y., & Zhang, L. (2021).
Potential distributions of seven sympatric sclerophyllous oak species in Southwest China depend on
climatic, non-climatic, and independent spatial drivers. Annals of Forest Science, 78, 1-22.
https://doi.org/10.1007/s13595-020-01012-

Lopez-Tirado, J., & Hidalgo, P. J. (2016). Predictive modelling of climax oak trees in southern Spain:
insights in a scenario of global change. Plant Ecology, 217, 451-463. https://doi.org/10.1007/s11258-
016-0589-6

Lopez-Tirado, J. H. (2016). Predictive modelling of climax oak trees in southern Spain: insights in a
scenario of global change. Plant Ecology, (217), 451-463. https://doi.org/10.1007/s11258-016-0589-6

Madsen, C. L., Kjer, E. D., & Rabild, A. (2021). Climatic criteria for successful introduction of Quercus
species identified by use of Arboretum data. Forestry: An International Journal of Forest Research,
94(4), 526-537. https://doi.org/10.1093/forestry/cpab006

Malekian, M., & Sadeghi, M. (2020). Predicting impacts of climate change on the potential distribution of
two interacting species in the forests of western Iran. Meteorological Applications, 27(1), e1800.
https://doi.org/10.1002/met.1800

Mehrnia, M., Assadi, M., & Moradi, A. (2022). The conservation status of Quercus castaneifolia CA Mey
in Iran. /ran Nature, 7(5), 137-146. https://doi.org/10.22092/IRN.2022.356479.1414 [In Persian]

Mirhashemi, H., Heydari, M., Ahmadi, K., Karami, O., Kavgaci, A., Matsui, T., & Heung, B. (2023).
Species distribution models of Brant's oak (Quercus brantii Lindl.): The impact of spatial database on
ﬁredicting the impacts of climate change. Ecological Engineering, 194, 107038.

ttps://doi.org/10.1016/j.ecoleng.2023.107038

Moghbel Esfahani, F., Alavi, S. J., Hosseini, S. M., & Tabari Kochaksarai, M. (2023). Determining the
habitat suitability of Quercus castaneifolia CA Mey In order to plan restoration using species
distribution modeling. Forest Research and Development, 9(3), 419-436.
https://doi.org/10.30466/JFRD.2023.54577.1654 [In Persian]

Mohammed, A., & Kora, R. (2023). A comprehensive review on ensemble deep learning: Opportunities
and challenges. Journal of King Saud University-Computer and Information Sciences, 35(2), 757-774.
https://doi.org/10.1016/j.jksuci.2023.01.014


https://doi.org/https:/doi.org/10.1214/aos/1176347963
https://doi.org/10.22092/IJFPR.2014.4720
https://doi.org/10.1016/S0304-3800\(99\)00092-7
https://doi.org/https:/doi.org/10.1007/s11258-016-0589-6
http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-24 ]

[ DOI: 10.61882/if€].2025.563 |

TS R VA Ty IV g NS WIS N WP NSRS

vs Vo /Y o)l [amdsee Jlo olpl oS uliips:

Naimi, B., Hamm, N. A., Groen, T. A., Skidmore, A. K., & Toxo%aeus, A. G. (2014). Where is positional
uncertainty a problem for species distribution modelling? Ecography, 37(2), 191-203.
https://doi.org/10.1111/j.1600-0587.2013.00205.x

Nelder, J. A., & Wedderburn, R. W. M. (1972). Generalized Linear Models. Journal of the Royal Statistical
Society. Series A (General), 135(3), 370-384. https://doi.org/https://doi.org/10.2307/2344614

Nicotra, A. B., Atkin, O. K., Bonser, S. P., Davidson, A. M., Finnegan, E. J., Mathesius, U., Poot, P.,
Purugganan, M. D., Richards, C. L., & Valladares, F. (2010). Plant phenotypic plasticity in a changing

. climate. Trends in Plant Science, 15(12), 684-692.

Ozcan, A. U, Giilgin, D., Tuttu, G., Velazquez, J., Ayan, S., Stephan, J., Tuttu, U., Varli, A., & Cicek, K.
(2024). The Future Possible Distribution of Kasnak Oak (Quercus vulcanica Boiss. & Heldr. ex
Kotschy) in  Anatolia under Climate Change Scenarios. Forests, 15(9), 1551.
https://doi.org/10.3390/f15091551

Phillips, S. J., Anderson, R. P., & Schapire, R. E. (2006). Maximum entropy modeling of species geographic
distributions. Ecological Modelling, 190(3-4), 231-259.
https://doi.org/10.1016/j.ecolmodel.2005.03.026

Radmehr, A., Soosani, J., Ghalebahmani, S. M., Balapour, S., & Sepahvand, A. (2015). Effects of climate
variables (temperature and precipitation) on the width of rings-growth in Persian coppice oak in the
central Zagros (case study: Khoramabad). Wood and Forest Science and Technology, 22(1), 93-110. [In
Persian]

Ribeiro, B., & Shapira, P. (2019). Anticipating governance challenges in synthetic biology: Insights from
biosynthetic ~menthol. Technological ~Forecasting and Social Change, 139, 311-320.
https://doi.org/10.1016/j.techfore.2018.11.020

Sabeti, H. (1976). Forests, trees and shrubs of Iran. Yazd University Press [In Persian]

Safaei, M., Rezayan, H., & Zeaiean Firouzabadi, P. (2022). Modelling potential impacts of climate change
on the oak spatial distribution (Case study: Ilam and Lorestan provinces). Applied researches in
Geographical Sciences, 22(65), 247-264. https://doi.org/10.52547/jgs.22.65.247

Sagheb Talebi, K., Sajedi, T., & Pourhashemi, M. (2014). Forests of Iran: A Treasure from the Past, a
Hope for the Future. Springer.

Shahnaseri, G., Malekian, M., & Pourmoghadam, K. (2023). Habitat loss of the chestnut-leaved oak
(Quercus castaneifolia) in the Hyrcanian forests of Iran: impacts of anthropogenic factors on forest
thinning and  degradation. Global  Ecology  and  Conservation, 46,  ¢02600.
https://doi.org/10.1016/j.gecco.2023.e02600

Shiravand, H., & Hosseini, S. A. (2020). A new evaluation of the influence of climate change on Zagros
oak forest dieback in Iran. Theoretical and Applied Climatology, 141, 685-697.
https://doi.org/10.1111/ele.12889

Sicard, P., Agathokleous, E., De Marco, A., & Paoletti, E. (2022). Ozone-reducing urban plants: Choose
carefully. Science, 377(6606), 585-585. https://doi.org/10.1126/science.add9734

Sierra-Morales, P., Rojas-Soto, O., Rios-Muiioz, C. A., Ochoa-Ochoa, L. M., Flores-Rodriguez, P., &
Almazan-Nuiiez, R. C. (2021). Climate change projections suggest severe decreases in the geographic
ranges of bird species restricted to Mexican humid mountain forests. Global Ecology and Conservation,

. 30,¢e01794. https://daj.org/10.1016/j.gecco.2021.e01794 .

Simkova, M., Vacek, S., Simunek, V., Vacek, Z., Cukor, J., Hajek, V., Bilek, L., Proklipkova, A., Stefancik,
L., & Sitkova, Z. (2023). Turkey oak (Quercus cerris L.) resilience to climate change: Insights from
coppice  forests in  Southern and  Central  Europe.  Forests, 14(12), 2403.
https://doi.org/10.3390/f14122403

Stevens-Rumann, C. S., Kemp, K. B., Higuera, P. E., Harvey, B. J., Rother, M. T., Donato, D. C., Morgan,
P., & Veblen, T. T. (2018). Evidence for declining forest resilience to wildfires under climate change.
Ecology letters, 21(2), 243-252. https://doi.org/10.3390/£14122403

Sun, S., Zhang, Y., Huang, D., Wang, H., Cao, Q., Fan, P., Yang, N., Zheng, P., & Wang, R. (2020). The
effect of climate change on the richness distribution pattern of oaks (Quercus L.) in China. Science of
the Total Environment, 744, 140786. https://doi.org/10.1016/j.scitotenv.2020.140786

Swets, J. A. (1988). Measuring the accuracy of diagnostic systems. Science, 240(4857), 1285-1293.
https://doi.org/10.1126/science.3287615

Taleshi, H., Jalali, S. G., Alavi, S. J., Hosseini, S. M., & Naimi, B. (2020). Projection of climate change
impacts on potential distribution of chestnut-leaved oak (Quercus castaneifolia CAM) using ensemble
modeling 1n the Hyrcanian forests of Iran. Ecology of Iranian Forest, 8(15), 10-21.
https://doi.org/10.52547/ifej.8.15.10 [In Persian]

Thuiller, W., Georges, D., Engler, R., & Breiner, F. (2016). biomod2: Ensemble Platform for Species
Distribution Modeling.

Thuiller, W., Georges, D., Gueguen, M., Engler, R., & Breiner, F. (2021). Package ‘biomod?2’.

Thuiller, W., Lavergne, S., Roquet, C., Boulangeat, 1., Lafourcade, B., & Araujo, M. B. (2011).
Consequences of climate change on the tree of life in Europe. Nature, 470(7335), 531-534.
https://doi.org/10.1038/nature09705

Valavi, R., Shafizadeh-Moghadam, H., Matkan, A., Shakiba, A., Mirbagheri, B., & Kia, S. H. (2019).
Modelling climate chan%e effects on Zagros forests in Iran using individual and ensemble forecasting
approaches. Theoretical and Applied Climatology, 137, 1015-1025. https://doi.org/10.1007/s00704-
018-2625-z

Vannini, A., Lucero, G., Anselmi, N., & Vettraino, A. M. (2009). Response of endophytic Biscogniauxia
mediterranea to variation in leaf water potential of Quercus cerris. Forest Pathology, 39(1), 8-14.
https://doi.org/10.1111/j.1439-0329.2008.00554.x


https://doi.org/https:/doi.org/10.1111/j.1600-0587.2013.00205.x
https://doi.org/https:/doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/https:/doi.org/10.1016/j.gecco.2021.e01794
https://doi.org/https:/doi.org/10.3390/f14122403
https://doi.org/https:/doi.org/10.1126/science.3287615
https://doi.org/https:/doi.org/10.1007/s00704-018-2625-z
https://doi.org/https:/doi.org/10.1007/s00704-018-2625-z
http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-24 ]

[ DOI: 10.61882/if€].2025.563 |

TS R VAT Iy I g NS WIS NESIE K WP N SR
Yy (Quercus castaneifolia C. A. Mey) g3lodils ol%ing) Casgllan ys paldl yos @l 3 elos! (g5l o

Yang, X.-Q., Kushwaha, S. P. S., Saran, S., Xu, J., & Roy, P. S. (2013). Maxent modeling for predicting
the potential distribution of medicinal plant, Justicia adhatoda L. in Lesser Himalayan foothills.
Ecological Engineering, 51, 83-87. https://doi.org/10.1016/j.ecoleng.2012. 12.004

Zamani, S. M., Emam, M., Mohammadi Goltappe, E., Safaie, N., Ghamarizare, A., & Farsi, M. J. (2013).
In vitro propagation of Quercus castaneifolia. Iranian Journal of Rangelands and Forests Plant
Breedin]g and Genetic Research, 20(2), 240-252 https://doi.org/10.22092/IJRFPBGR.2013.3485 [In
Persian

Zwicke, M., Picon-Cochard, C., Morvan-Bertrand, A., Prud’homme, M.-P., & Volaire, F. (2015). What
functional strategies drive drought survival and recovery of perennial species from upland grassland?
Annals of Botany, 116(6), 1001-1015. https://doi.org/10.1093/aob/mcv037


http://dx.doi.org/10.61882/ifej.2025.563
https://ifej.sanru.ac.ir/article-1-563-en.html
http://www.tcpdf.org

