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Table 2. Selected environmental variables used in creating the model

L adlaio a0l Jlows Caugllas U dilaio 5l VoV

R e B2 9>l R g R
Percent Contribution (%) Unit Variable Description Variable
20.9 % Slope SLOPE
17.1 mm Annual Precipitation BIO12
17 mm Precipitation Seasonality BIO15
10.7 mm Precipitation of Wettest Quarter BIO16
8.8 °C Mean Temperature of Driest Quarter BIO9
6.8 mm Precipitation of Warmest Quarter BI1O18
6.5 °C Max Temperature of Warmest Month BIO5

6 mm Precipitation of Driest Month Bl1014
2.8 °C Temperature Annual Range BI1O7
1.9 mm Precipitation of Driest Quarter BIO17
0.6 °C Mean Diurnal Range BIO2
0.3 °C Temperature Seasonality BIO4
0.3 - Radiation Index TRASP
0.2 - Aspect ASPECT
0.2 % Isothermality (BIO2/BIO7) (* 100) BI10O3

Variable contribution

SLOPE
BIO12
BIO15
BIO16
BIOY
BIO18
BIOS
BIO14
BIO7
BIO17
BIO2
BIO4
TRASP

ASPECT o
BIO3 o

Figure 2. Relative contributions of the environmental variables in the model
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Jackknife of regularized training gain for species
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o
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Figure 3. Jackknife test results of the variables in the model
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Table 3. The results of spatial analysis of the current and future potential geographical distribution of Quercus

brantii in 2050 and 2070

"“"lh‘“ r2= RCP2.6 2050 RCP2.6 2070 RCP8.5 2050 RCP8.5 2070
Suitability Current
Class (Km?) % (Km?) % (Km?2) % (Km?) % (Km?) %
0 115489.6  92.2 1168705  93.3 1086614 867 1149493 918 1125357  89.8
1 3644.9 2.9 5806.7 4.6 9477.4 7.6 7069.7 5.6 8209.1 6.6
2 2216.1 1.8 1432.6 1.1 3681.5 2.9 2057.6 1.6 3140.8 25
3 1844.6 15 766.9 0.6 1958.9 1.6 798 0.6 1087.1 0.9
4 2088.9 1.7 407.4 0.3 1505 1.2 409.7 0.3 311.4 0.2
125284.1 100 125284.1 100 1252841 100 1252841 100 1252841 100

B ;> BRCP2.6 2050 m RCP2.6 2070 = RCP8.5 2050 = RCP8.5 2070

100
90
80
70
I

3:\ S 60
50
40
30
20
10

0 - I . - . = — — -

0 1 2 3 4

Suitability class

Syl bl sosT g pol> gl LSl x> 2iST, -F JSo
Figure 4. Current and future potential geographical distribution of Quercus brantii
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Figure 5. Current (a) and future potential suitability of Quercus brantii in 2050 (left) and 2070 (right) based on

RCP2.6 (b,c) and RCP8.5 (d,e) climate scenarios. The range of suitability classes: 0 means Not suitable, 1 means
low suitability, 2 means moderate suitability, 3 means high suitability, and 4 means very high suitability
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Table 5. Shifting the current geographical distribution of Quercus brantii to the predicted distribution in 2050
and 2070 based on the RCP2.6 and RCP8.5 climate scenarios

RCP2.6 2050

(&0 sk S) Yoy Coygllas dilo
Suitability class in 2050 (Km?)

(2o,0) YO+ 0 Caggllae dals
Suitability class in 2050 (%)

é‘:l; 0 1 2 3 4 é“;l; 0o 1 2 3 4
0 109580.3 4260 988.7 467.1 193.5 0 94,9 3.7 0.9 0.4 0.2
1 2898 509 122 79.1 37 1 79.5 14 3.3 2.2
2 1705.8 355.1 83.5 39.9 31.7 2 e 16 3.8 1.8 1.4
3 1363.7 277.3 90 70.1 435 3 73.9 15 4.9 3.8 2.4
4 1322.8 405.3 148.4 110.7 101.8 4 63.3 194 7.1 5.3 4.9
RCP2.6 2070
(e FoskS) Yo Ve o Zupgllae dib (32, Vo ¥e 5o ol dal
Suitability class in 2070 (Km?) Suitability class in 2070 (%)
> 0 1 2 3 s P 1 2 3 4
Curr. Curr.
0 103815.3 6590 2567.2 1456.1 1060.3 0 89.9 5.7 2.2 1.3 0.9
1 1847.4 1084 389.1 177.8 146.5 1 50.7 29.7 10.7 4.9
2 1061.9 720.3 260.7 105.9 67.3 2 479 325 11.8 4.8
3 907.1 568.9 195.3 92.9 80.4 3 49.2 30.8 10.6 4.4
4 1029.6 513.5 269.1 126.2 150.5 4 49.3 24.6 12.9 6 7.2

Emyo oS EYE I 4 Y Ve o jo 5 Conl o ye
LRGN | Y W E K-V SN SRV pg A |
Sl 0l Hlws Cangllae b ddlaie & lawgie dalaio
Sk S YAV L ply Vebe 0 gbbals go oplas
Jolow oo oo S0 4 YV jo g cnl poye
oo oS @ ye yoglsS <Y

L alaie i plral e (i
Yol Jho joaS canl Cgllasli ddlaie 4y o5 Coosllas
REARIER SRR A INIY
Cgllae U dalate 5l V0 JLM)QGE:.;.Q@[?@L?
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Table 6. Shifting the current geographical distribution of Quercus brantii to the predicted distribution in 2050
and 2070 based on the RCP8.5 climate scenario

RCP8.5 2050

(g0 FosS) Vo0 jo Coyglhs dil
Suitability class in 2050 (Km?)

(2o, ) Yobe 0 Cusgllas dals
Suitability class in 2050 (%)

2 0 1 2 3 4 o 0 1 2 3 4
Curr. Curr.
0 109104.1 4653.5 1134.4 437.4 160.2 0 94.5 4 1 0.4 0.1
1 22775 921.3 283.5 107.2 55.4 1 625 25.3 7.8 2.9 15
2 1305.1 603.3 210.1 58.4 39.2 2 589 27.2 9.5 2.6 1.8
3 1071.8 459.5 190 70.9 52.4 3 58.1 249 10.3 3.8 2.8
4 1190.9 431.8 239.6 124.1 102.5 4 57 20.7 11.5 5.9 49
RCP8.5 2070
(@re FoghS) Yo Ve o Cungllas 48l (0,9 Vo ¥e 55 ol dilo
Suitability class in 2070 (Km?) Suitability class in 2070 (%)
2 0 1 2 3 4 o 0 1 2 3 4
Curr. Curr.
0 105479.4 6260.6 2451.8 990.8 307 0 91.3 5.4 2.1 0.9 0.3
1 2575.1 820.1 2135 34.8 15 1 706 225 5.9 1 0
2 1416.7 551.2 219.3 28.1 0.7 2 63.9 249 9.9 1.3 0
3 1286.7 356.4 178.5 21.5 15 3 69.8 19.3 9.7 1.2 0.1
4 1777.9 220.7 77.8 11.8 0.7 4 85.1 10.6 3.7 0.6 0
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Abstract

Introduction: Climate change has the potential to alter the natural distribution of species and reduce
biodiversity in forest ecosystems. This study aimed to investigate the effects of climate change on the
geographical diversity of Brant's oak (Quercus brantii L.) to identify the suitable area for this species'
occurrence and manage its conservation.

Material and Methods: The distribution of Quercus brantii was studied under current and future
climate conditions (2050, 2070) using two climate change scenarios, RCP2.6 and RCP8.5, HadGEM2-
ES General Circulation Model, the Maxent model, and topography data of Fars province.

Findings: The results showed that the current potentially suitable areas for Q. brantii constitute 7.8%
(9794.5 Km?) of the total area of the province. Under the RCP2.6 scenario, this will decrease to 6.6%
in 2050 and increase to 13.3% in 2070. Also, under the RCP8.5 scenario, the suitable area will
increase to 8.1% in 2050 and 10.2% in 2070. Areas with moderate, high, and very high suitability,
currently at 1.8%, 1.5%, and 1.7% respectively, will decrease to 1.1%, 0.6%, and 0.3% in 2050
according to the RCP2.6 scenario, and then increase to 2.9%, 1.6%, and 1.2% in 2070. According to
the RCP8.5 scenario, these values will decrease to 1.6%, 0.6%, and 0.3% in 2050, and finally change
to 2.5%, 0.9%, and 0.2% in 2070.

Conclusion: The study demonstrated that the distribution of Quercus brantii is affected by climate
change based on both scenarios. Also, the Maximum Entropy model has proven highly effective in
predicting the distribution of this species.

Keywords: Climate change, Distribution, Fars province, Maxent, Quercus brantii.
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