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Abstract: The species Citrus cavaleriei Levl. ex Cavaler. is an unique wild Citrus germplasm resource with strong
cold-resistance in China. The purpose of this paper is to understand the suitable areas of growth of C. cavaleriei in
China and the influence of different climate change scenarios on its geographical distribution, and to provide reference
for the development and protection of C. cavaleriei resources. Combined with the environmental data of different
periods, this paper uses MaxEnt model to predict the suitable growing areas of C. cavaleriei in different periods in
China, and uses ArcGIS software and SDMtools to analyze the changing characteristics of suitable growing areas and
centroid migration routes of C. cavaleriei in different periods. The average AUC values are all larger than 0.95. The
modeling results meet excellent standards. At present, C. cavaleriei is mainly distributed in Yunnan, Sichuan,
Chongging, Hubei, Guizhou, Hunan, Guangxi, Gansu, and Shanxi provinces in China. Under the benchmark climatic
conditions, the total suitable area of C. cavaleriei in China is 144.82x10*km? among which the most suitable areas
are mainly located in Guizhou, Chongging, Sichuan and Hunan provinces. In 2050, under RCP4.5 and RCP8.5
scenarios, the suitable area of C. cavaleriei in China will increase by 22.20<10* km” and 29.80>10* km?; respectively
compared with that under the reference climate. With climate change, under RCP4.5 and RCP8.5 scenarios in 2070,
the suitable area of C. cavaleriei in China has shrunk compared with that in 2050. Compared with the same scenario in
2050, the shrinking area is 81.76x10* km? (RCP4.5) and 12.17x10* km? (RCP8.5), respectively. RCP8.5 scenario is
more beneficial to C. cavaleriei from the baseline climate to the next 2050 and 2070, the centroid of C. cavaleriei
suitable area first moved eastward and then moved southwest, and the migration distance in RCP8.5 scenario was
greater than that in RCP4.5 scenario.
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Table 1 Environmental data used in this research

& Variable #3R Description
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A5 Variable #3& Description
Temperature seasonality
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Annual precipitation
: wTAMGWE (mm)
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Precipitation of warmest quarter
Biol9 AR E (mm)
Precipitation of coldest quarter
R (m)
Alt Altitude
H AR EA X7 4155 0<P<0.1 IO AIEA X,
2.2.3 MaxEnt BAERIRE AR LS

HFIH MaxEnt B B B A [ 1)5d AR X s,
Himk i 168 2k A 11 MBI EFA
MaxEnt K, F 75%I BE AL 73 A s B B O IR 5
(training data) FHTHEERAY, Hox 25%0 7 Ah fifE
MR £E (testing data) SRIGUERE A, I F I D%
(jackknife) ThaEEMIE &AL S H 1 1) H B, S EAA
L subsample #2417 10 Ik, B RHELE 10 171
{EAFE i FE45 R [38, 39].

ROC Hi£k (Receiver Operating Characteristic) /& <
Bt MaxEnt A& A 15 R BURR I FIRE e 1t ) 25 A FR b, B
S5 AUC {f (Area under Curve) 1 A A RS
FERIFERR. —BEAA 0.5<AUC<0.6 i EAR T e,
0.6<AUC<0.7 WA R, 0.7<AUC<0.8 1
RZE R — %, T 0.8<AUC<0.9 I A 48 5L [ 4,
0.9<AUC<1.0 Iy HEHY 45 AR 47 [40, 41].

2.2.4 BEXFFZAEEXZRA

i3t MaxEnt A= 2SRRI B B A AL SE R,
I SE RARTF ) ASCI Hfls F A\ ArcGIS B, Jf
it Conversion T EAFHAA M St , #AIH]
Reclassify TS B & 46 1) i A2 X 55 Jdh A7 PR 4i Rl 7
[42]. WRHERTIIBTIR A E RO S, 1R IOE A TR 4 P DR

http://www.resenvsci.org

0.1<P<0.2 B AMKEEX, 0.2<P<0.5 B NFEEAX,
0.5<P<I1 I Ayfid X .

RERSE B SDMtool T HL i+ 5 FI s 5 8
H A B AR BUL M A ALK [43], FIF ArcGIS Bt
Jn#k SDMtoolbox T HAL, m#EmIh/E R A ArcGIS
-1 SDMtools T 560,75 7K B 5 0 AN 7] I 39 %) 000 5
T oy gk ) (P A S A, PR “SDMTools™
Wi rf«“Universal Tools” ¥ H 3% T “Distribution Changes
Between Binary SDMs” T &, 73 HiliH AN F R G 5 T
BEFSEAE X ik Xk, A e XIS 46 X k2
5 J5i A FH“Centroid Changes (Line) T B i+ A [F] i #A
TR 43 A LA A RS I L, DA B RS AR
X AR AT

3 ZREN

3.1 HEERKRLIE 51

HATHIAR AL SR G 45 R W], BB EAEPE T
oA T WL ER b S,
Fa~ PR HOR L BRIGSEEX (B 1) o WAFRTLUE H
M EE ARG TR R RRRE X, o
oA SR FEOKE . IREERERE VIR,



34°N

30°N B

26°N

22°N

3.2 MaxEnt BRI TR B

FIRGIREERL Y 2024, 2(4): 61-72

100°E 104°E 108°E 112°E 116°E

Elevation

- High : 7136
. Low :-155

4 Citrus cavalerie

100°E 104°E 108°E 112°E

K1 E AR A7
Figure 1 Geographical distribution of Citrus cavaleriei

34°N

30°N

26°N

65

B (testing data) ) AUC E JEHE7E 0.942-0.957 J&

Hl, PRy 0.951. K5 AUC (EIPFMLbriE, BLEA

T MaxEnt BRI g4I 525247 10 WA H A TR AT B AR R M =, TIN5 SR mT S .
AUC 7riirgs 3 (B 2>, Hri)llZe%dE (training data)
() AUC {5 FI7E 0.955-0.961, “F¥{fJy 0.959; fij il

UK AE (1-GR K %)

Sensitivity(1-omission rate)

1.01

oar

0s8f

07r

06

05

04r

03r

o.2r

0ar

oof

B 90 (AUC=0.951)
| Rl e
[ TR

00 01 02 03 04 05 06 07 08 09 1.0
1-FF et (T i A L #2)
1-specificity (Fractional predicted area)
K2 m B MaxEnt B2 ROC #5336
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Figure 3 The analysis of importance of each environmental variable based on Jackknife test

R 2 B IREARREAh TR AR B 4 R

Table 2 Contribution rate and permutation importance value of each environmental variable

L . . TERE L
P IEAEE Environmental variable Percent contribution B # EE(H Permutation importance
Biol4 41.2 9.2
Biol2 22.2 0.3
Alt. 8.3 2.9
Bio2 7.1 1.9
Bio6 4.8 23.6
Bio7 4.6 12.9
Bio9 4 2.8
Biol9 3.9 14.2
Bio4 2.8 5
Biol7 1 27
Biol8 0.2 0.3
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Figure 4 Distribution of suitable area of Citrus cavaleriei
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3> » RCP8.5 15t MUk L RCP4A.5 1 5t T IS
fi %A A R T H %B@Eﬁo HAp kK 2050 FEAE
RCP4.5 1 RCP8.5 15t T, B &8 [E By A X T

FR bl JEE A0 T (38 2 X T AR 20 59038 0 22.2010° km?
1 29.8010* km?, {HEEE S MEIIASAL, #EA K 2070 4F
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Table 3 Statistics of suitable areas of Citrus cavaleriei

EEEX g X fREEKX FEFEX
Ef?od High suitable areas Moderate suitable areas Low suitable areas Non-suitable areas

HH% | ERx10* km? HH% | EA>10* km? HHo% | mRx0*km® | FH% | EHx10" km?
Current 4.58 43.98 4.85 46.57 5.65 54.27 84.74 813.51
2050-RCP4.5 | 5.32 51.07 5.61 53.87 6.29 60.42 82.60 792.97
2050-RCP8.5 | 5.57 53.45 6.46 62.03 5.91 56.71 81.89 786.14
2070-RCP4.5 | 5.08 48.73 5.22 50.12 6.09 58.49 83.44 800.98
2070-RCP8.5 | 5.16 4953 5.62 53.91 5.97 57.27 83.08 797.61
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Figure 5 Potential distribution of Citrus cavaleriei under different climate change scenarios
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Figure 6 Changes in high suitable region distribution of Citrus cavaleriei under different climate change scenarios
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Figure 7 Gravity center moving trajectory of suitable region of Citrus cavaleriei under different climate change scenarios
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