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Abstract

Euodia rutaecarpa is a traditional medicinal herb in China. The wild resources of E. rutaecarpa are
scrace, and they are primarily sourced from cultivation. Predicting the potential suitable areas of E.
rutaecarpa holds guiding significance for its cultivation and plant conservation. Using the MaxEnt
(Maximum Entropy) and ArcGIS software, we predicted potential suitable habitat of E. rutaecarpa
in China in the future (2041~2060, 2080~2100) through 318 occurrence records along with 14 en-
vironmental factors. The results indicated the following: (1) The model exhibited outstanding accu-
racy with AUC = 0.945 (>0.9), indicating that the model is constructed accurately and reliably. (2)
The primary environmental factors influencing the distribution of E. rutaecarpa were average tem-
perature of coldestquarter (Bio1l1), precipitation in the warmest quarter (Bio18), seasonal varia-
tion of temperature (Bio4), and aspect. Among these, average temperature of coldestquarter (Bio11)
was the most influential environmental factor on E. rutaecarpa distribution. (3) Currently, E. ru-
taecarpa is widely distributed in China, with suitability areas located in provinces such as Jiangxi,
Guangxi, Guizhou, and Hunan, covering 131.69 x 104 km? (13.72% of China’s total land area). (4)
Future climate change is projected to favor the distribution of E. rutaecarpa in China, with notable
expansion in its potential total suitable areas and high suitability areas under different climate sce-
narios. These accurate predictions serve as a scientific references for the identification of suitable
areas of E. rutaecarpa, and provide insights into both the conservation and sustainable utilization
of its germplasm resources.
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RERARARA BRI RN B, WAERS RGN TIRe, BT, KK,
TN () b B 23 A7 A% R I8 s [ 1] (2] RPN 5 1 22 6 5 PR SR A AR A 2 B e E g ), ) i AR
X IR AT AR B 5O (3], R B R AEARY P 0 T BE B S AR R AT Rt e A S ) e, 1E— B R
S A R SR [4]. BHE TN SE YR A X SOE B AER, EREE X MR A BRI X, &2
TRIPED BT, S 24 R mT R 88 B %807 2[5

YA oy AR PR AR AR A R o A S i 1A ) TR 22— (6], Hrh & K §(Maximum Entropy,
MaxEnt) B8 B (AR SEV) P44 i S P S5 000 158 R iyl SE ST M I R I AR X, Ia SR (R ke, HL
TERFEAS B 26 A R BLRIRG FE R S A [ 7] IR 4R, MaxEnt 1558 PRI 7E TR0 A5 AR A0 A6 47 7 AT 5 1l (R F 9
ORI T OCF TN GE A AR 2] 7 R (8] [9].

R Euodia rutaecarpa (Juss.) Benth. N 2= B R & /NI ARBEAR, @ NPEGR, BRI A W H R
O3, T2 AT 2RI LA 2 [ 10]0 52K B 1) TR A S 2 (rhfe NRILANE 25 L) AR 24 5%
P F BRI —, RAECE LM, BliibaX, BIBHIEE DR, T BRI RIE . NG FEm <SS
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BOABEE, PN RSB IE A X, XN SR B N TR R 1 X A ik A A O A
A AR HERL 2 1) 712 5 BRI SRR
2. MRS RHE
2.1. FHBIEBHIRMELE

M B A bR AR E (http://www.cvh.ac.cn/) Rl NSII-HE [E 5 AR A 8351 & (http://www.nsii.org.cn/)
IR R Euodia rutaecarpa WA 3 A0 A5 8., 4 VG Bl A SRR B 395 fridxk. LBREZHEE
FIBORIE E5, S0 TR B A B XA 4 2B BNFEAS, MH ARG EE NI RER, &
ZRAF R ATRE s BEAN, il R 22 S B 5, FIHT ArcGIS 10.4 2481877 Hr
KUE LA 10 km AEARIIZEM X, £E 10 km G A BEALOR BE i — AN 9040 10, 0 HAh 73 A s AT i ik
MR, BAARE) 318 MR R (E 1),
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Figure 1. Sample distribution of E. rutaecarpa
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(http://www.fao.org/soils-portal/data-hub/en/) FtH FL S A& F R ZE 3RS 11 A HIEE M 3 AHIERT, &
SCHEREL T 33 AL IS R HEAT S SR LR 1),

A B AR R VKA LGM) AT At rR H(MH)IE B TPCC 5 TR A A8 EL 5300 H (CMITPS)
[7]: 4TT AR K (2041~2060 4 2080~2100 4F )5 £ 1 T 56 75 I [ b il A A X EL B RI(CMITP6) [ 18]
KRR B H G e L 7 3L 4k 2 B BF R AT (SSP) Hh P F il = S HE O 5%, BRIV B2 e == AR 80 3¢
(SSP126) FHl i1 ¥4 B il % AR HE ik 3 5% (SSP585) ' I DU AN B, 43l o4 2041~2060 (SSP126-20508S)
2041~2060 (SSP585-2050S). 2080~2100 (SSP126-20908)#1 2080~2100 (SSP585-2090S) [19].

Table 1. Description of environmental data

F 1. FREEEL

Variable Description Variable Description
Bio01 Annual average temperature Biol8 Precipitation in the warmest quarter
Bio02 Monthly mean temperature Biol9 Coldest seasonal precipitation
Bio03 Isothermality awc_class Soil available water content
Bio04 Seasonal variation of temperature s_caco3 Carbonate or lime content of subsoil
Bio05 Maximum temperature in warmest month s clay Clay content in the subsoil
Bio06 Minimum temperature in coldestmonth s oc Subsoil organic carbon content
Bio07 Annual temperature range s ph h2o Subsoil pH
Bio08 Average wettest season temperature s_sand Sediment content in the subsoil
Bio09 Driest quarterly mean temperature t caco3 Topsoil carbonate or lime content
Biol0 Average temperature of the warmest quarter t_clay Clay content in the upper soil
Bioll Average temperature of coldest quarter t oc Topsoil organic carbon content
Biol2 Average annual precipitation t ph_h2o Topsoil pH
Biol3 Wettest monthly precipitation t sand Upper soil sand content
Biol4 The driest monthly precipitation aspect Aspect
Biol5 Seasonal variation of precipitation elev Elevation
Biol6 Wettest quarterly precipitation slope Slope
Biol7 Driest quarterly precipitation

FERAFH) 19 ANEE T 11 AL 3 U R 2 58 0 AR RV 00 N AreGIS
4, SFREASFE SRIASE R AT P L, @it SPSS26.0 #fFiE4T Spearman ZE 6] HAHSHE S HT, SR T4
KMERBORT AT 0.8 LLATTIRZ /N T 0.5 I 1, &Mkt 14 NS 2 5044,
FE 5 AR F(Bio02. Bio04. Bioll. Biol5. Biol8), 6 13K F(awc_class. s_oc- t_caco3. t_clay.
t oc. t sand)Fl 3 HLJZE T (aspect. elev. slope).

2.3. MaxEnt B ZIT iR E

KHA MaxEnt (V3.4.3) AR 0% tH 1) 14 ADNIREEE 75 318 AMFE S S r iy, LT
RS H bootstrap J7IEBHT AL, M # 2N Logistic, BENLERE 25% 1) 2 2 86 404 s AE IR EE, 75%
A TN, STTEMIGS X, 2t 109 KiEAR, HAMEL 10 K[20]. PARZIRE TAERHE il
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£R(ROC) R I AUC THI R 4 Ui B 780 S0 &35 SR FRDRS ME S, AUC (B AE 0.9~1.0 2 WA REAY (1) 5000 BE 1A% 4217
[FJEF, SR Jackknife 7520 MR TRl 70 SR 2K B8 (1 70 A R DTBRAR RS o b, SR B R IR BURRAE
¥ 5 (Maximum training sensitivity plus specificity Logistic threshold, MTSPS)*i 52 25 B4 [ 7 76 38 A X 34T
Ko [22]. Hodr, RZEHI) MTSPS BI{E 4 0.1880, HUKs Hid A= X Kl 73 W BA R 4 ANE5EZR - A& A X (0~0.1880)
fRIEAE X (0.1880~0.3)  HHIEAE [X(0.3~0.5) R SidE A [X (0.5~1),  J& Ge vt AN [AE AR X A T #H

3. ERESH
3.1. MaxEnt #2BIFNE B 5 47

JEIE MaxEnt #2890 A X BT TN, 20t 10 g, A B E 85 R ROC i
2. AUC BUETEHETE 0.5~1 2 (A, BT 1, AR i &5 Sk uenf, 4 AUC > 0.9 i, %Y
TR [23]. B 2 BI%0, ASBFFE R ROC #ZRM-F- 30N ZRE S 0.945, 3 B AR R (A4 g BA A3 s 1
e, PR I AR B I RS A X
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Figure 2. ROC curve of the MaxEnt model for E. rutaecarpa
2. RZEE MaxEnt fREVE) ROC %k

3.2. ERFERTIH

DA AL DR %) FROMIAR Y A e 4 SR ) 2 md, JRAT TR A MaxEnt A58 73 75156 i 16 H 1Y 14 DR
FIITTRRZ AT 0T 32 2 v AN, A 2P 1IR FE(Biol ) AR IR 2R FE FF /K B (Bio18) T R Z i =1, 49
BN 40.3%F0 38.3%, HUGESIRZEF AR (Bio04). A (aspect). H TSR (Bio02). #/Z AL
RErE(t oc), BNTHITTERE D HIN 5.1% 5% 2.6%- 2.4%, HEAAEERFHITTIREL RIET] 2%, LLLE
&8 LR U iR 2 5 T 1)U PR R e 9 2 A /K A R O SR 2 B A3 A 1 B R B I A SR R
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Table 2. Importance of dominant environmental factors in the MaxEnt model

% 2. MaxEnt {REVE FIMGEFHEEM

Variable Percent contribution Permutation importance
Bioll 403 58.3
Biol8 383 12.5
Bio04 5.1 9.3
aspect 5 3.5
Bio02 2.6 2.3

t_oc 2.4 0.9
elev 1.9 6.2
slope 1.3 0.8
Biol5 0.9 0.7
s_oc 0.6 0.8

t_caco3 0.6 1.7

t_sand 0.4 0.8
awc_class 0.3 1.3
t_sand 0.2 0.9

33. HEISETREEBEEEX ST

R ChEREZE) 8, RACHE N 3B A0 X AL DU T DU RS AT &4, FETLIR.
tEE. B TR WM. X WA DR, HEFERRA R, S oldERE, WAEKA
Ro AT PR 1500 K ILHEEEAREGEAR A, 2 WT M B3, 13X -5 o E R0 bs A T8 i Uscse i)
AL RBUH A AR R IR B G AT U IS BN A B 3 fos, RO X AR R A E L
X, FERBMLEEX, BERRPEEX, aBREREEEX, FESMGEAILLE 22°~35", K&
100°~125°, SIEA XA 131.69 x 104 km? (AL AEE A X), 3R E R AR 13.72%, midsd
X 7 S E AR X THIAR I 24.63% (% 3). RS vEEAE X AR, T8 TREES, ERX, X
5 (HEREYE) ILRMREEE R X EAR . Hd, m@E A X EBESAEILI 7. S
VU, FHEIRTHANE S A0 PIRHIE . A AR XU mod A X R GRS d 0 A, FEAEILAR . HR.
WIEE VOIS TR WL, HEESA D (&4 XIFE SIEEX BUSe0f, AT RERHERLIX, H]
JEAN 25 B B 4 b X VG 5k e 0

Table 3. Potential suitable habitat area of E. rutaecarpa in different periods (x10* km?)

7 3. PERIFMEARFKIEAEEE XEF(x10* km?)

SSP126 SSP585
Period LGM MH Current
20508 20908 20508 2090S
Low suitable zone 7.45 14.65 43.72 33.14 65.24 30.62 55.36
Medium suitable zone 159.69 206.32 88.53 83.55 76.58 67.74 66.42
High suitable zone 1.45 1.09 43.16 83.47 85.51 116.02 144.43
Total suitable zone 161.15 207.42 131.69 167.03 162.09 183.77 210.85
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Figure 3. Distribution of suitable habitat for E. rutaecarpa under current scenario
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3.4. TERARRRFEFERAIEE XEY

B 4 FI5E 3 WTLAE H, LGM A1 MH I A 52 26 88 503 AR XTI AR O, (HEE AR RS /D, 00 R
7 AH RIS A RGE AR XK 0.9%F0 0.5%, M LGM F] MH I 52 28 88 i ip i A= X B 275K (N 159.69 = 10*
km? £ 206.32 x 10*km?), TI7E GBI E R, A MH B HHZ 50T, 25 04 Hod AR X g T
AR RS AR XA SRS AR X, SEEE A XK 3K (A 1.09 x 10* km? 3 43.16 x 10* km?), {H/& &
A X 45N 207.42 x 10* km? F] 131.69 x 10* km?).

FE AR JA P R iR = S AARHE O §H(SSP126 A1 SSP585) T, HH [E 24 Rij A 52 20 i i 3 A XA vy 3d A= [X 40
BRI 4(c)~(D). AT R E RS IE A A 131.69 x 10* km?, 7E SSP126 F1 SSP585 &1
20508 120908 PUAER T, EodEA X IR /Y 23.08%~60.11% (% 4). {£ SSP126 1515 T, 20508 fHid
A XA 83.47 x 10* km?, B FT R EEIE N 93.39%; 20908 fid A= X A 85.51x104km?, #34
BIAR IS IN 98.12%; £ SSP585 1E1% K, 20508 1 20908 fayidi 2k XTI AR A 24 BT A A% 15458 43 Tl 43
168.81%F1 234.64% (5 4), TERRIEER T, BEESEMIARE, SohEEXETNEEEX, mEEX

Table 4. Percentage change in the total suitable zone of E. rutaecarpa under future climate scenarios compared to current

T4 ARSFEBRTREESEEXSHFSFEBELETERES L

SSP126 SSP585
Climate scenario
Area (x10* km?) Percent (%) Area (x10* km?) Percent (%)
20508 167.03 26.84 183.77 39.55
2090S 162.09 23.08 210.85 60.11
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Figure 4. Predicted potential suitable habitat area for E. rutaecarpa in different periods
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4. g
4.1. MaxEnt {ZBUEHE R R4

MaxEnt 15284 B 5 AR BT BB T A0 6 23 AT AT T0000 R0 20, ) V2 N T AR 25 2 v R 0 B PR TP
WA [24]. JEH KU, VRO SRR, BT R HERA [25], AN AR AT RE 2 IRERE SR 2
REEFRAAZ ., By IR PRIRE AR (] BB SR A T 22 . [RIINE, A FAARSRARE S R I T8 O 25, A 2 PP o v e
£ 10 kmo BAk, AT IEBRL L BEA A, B AERHE KT 0.8 FIAE IS R B, 673 L4045 S BE S HERff
AR T I 2845 R 40k ROC HIZRAS AR, MaxEnt £ AUC ik 0.945, R WZ AT 1) SR 2 9 4
AIE B A X 0TS R

4.2. ¥MREHESHHESHER T

AWFFUARYE MaxEnt 80U 2538 2 E . TR 23R4 75 R MR 5% 2 B8 431 1) IR R 1 N iR FE T
YR Bioll). IEFIZRE/KEBIol8). KiRFETIEA SN (Bio04). I [H(aspect). AFH<i(Bio02).
JZ LA VRS E(t_oc). EMEYAEKMSES, REFKG I RRIET EEZWEHHER, Bl1Z35E5
55 B B B A B A BRI T AR AR [26]« SR 2 B G A= X 4 A B2 IR P (W2 e o i, LR B K & .
R B AL AR, B PG R S JRRE I S, PRI CRECR B3 DRI T R g AR K,
DAL G355 171 (aspect) AT B il I 7K 23 A B R0 S 2K B (1 0 A o AR RSB RIMAE 0K S, B AKX &
HEELROAN S, DABAA IR HEK RAF IR L3y, LIRMAC )R 2 B MUK & i (t_oc)TE— B
LR B 2 1 A

4.3. SERTLIRFBEE KRR B TR R IP

WU RARAAE 5 N YA AR A B A 0L, T TR AR T MR K2, AT 1 5E PR 3 157 »
BB IR ZIF IR [27]. BT FCEE KRR, AEARKAT 4 DY, SRR BEATEE A& A XA i 2
DX 2 BT EAS [F) U 358 1 20 W R o, 3R Y A BB AR IR 20 SRR B A P A A R BE R, A il
A DX G RIERIE RIRBE, PR RIR BRI AR, 395 A RSN P 2R e, 33— 2D O e RAG B 25 HTAN
BHE, AT RIR TR AT RS .

5. &ig

AW HE T MaxEnt B S0 S 28 8 48 25 LGM A1 MH I 351, 24 51 DL 9 AR = SR HE o = R R
K 4 ANEHH BB EIE A X LT TR, AR T RREARE S EEEX, [ T4k

(1) BAFEEIFYIRE®Bol). HEFEMF/KEBI0l8). EEFEI AL (Biod). Hlal(aspect).
A5 (Bi002) 2 LI MUK & T (t_oc) /&R M A /A (1) = SR 7, Hh s ZEE 1Y
IRFEBioll). FIEZEFERIFE/KEBiol8)EE | e ElEM .

(2) BT, REFERSEAEX FEATREES, LRDLAERMIX, SIEE XN 131.69 x 104
km?, HmiE Al X EEA AT 0. S WA

(3) M ZBIBTE, RV ENEAEXIEQRY K, TERRAERRMIESR T, &id AR DOR & & A X A
SR 5K

R, MR ERE, B SeH PR A DR ) B R SR B f R R SRR, AR AT
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