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Abstract

Uncaria rhynchophylla (Miq.) Miq. ex Havil is an important Chinese medicinal herb with significant
FRESEE#.

HERER

WEFIH: EREE, A, SRR, FRER, B, $HIEATE. 3T MaxEnt BERLTN AR 2 M AR R IE AR X ). Rk
#}%, 2025, 15(5): 695-704. DOI: 10.12677/hjas.2025.155086



https://www.hanspub.org/journal/hjas
https://doi.org/10.12677/hjas.2025.155086
https://doi.org/10.12677/hjas.2025.155086
https://www.hanspub.org/

EEE, BT A

pharmacological and economic value. Its production and quality face challenges in meeting market
demands for high-quality materials due to the severe depletion of wild resources and global climate
change. To support its conservation and sustainable utilization, this study employed the maximum en-
tropy (MaxEnt) model integrated with ArcGIS to predict its potential suitable habitats across China un-
der varying climatic conditions. The results showed that key environmental variables influencing its
distribution were identified as bio_17 (Driest quarterly precipitation), bio_12 (Precipitation of wettest
month), and elev (elevation). Under current climatic scenarios, U. rhynchophylla is mainly distributed
in 20°N~35°N and 105°E~120°E, with a total suitable habitat area (including moderately and highly
suitable zones) 0f 1.109 x 10° km?. In the future, the suitable habitat of U. rhynchophylla will migrate
to higher latitudes, with a gradual increase in the suitable habitats under both SSP126 and SSP585
scenarios. These findings provide a reference for cultivation planning, land resource management, and
climate change adaptation strategies for U. rhynchophylla.

Keywords

Maximum Entropy (MaxEnt) Model, Environmental Variable, Suitable Habitats, Species
Distribution, Uncaria rhynchophylla

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1 =

- Rl

][l

F 2L i D 6 ELRUE Y ¥ B Uncaria rhynchophylla (Miq.) Miq. ex Havil K837 Uncaria macrophylia
Wall.. B8 Uncaria hirsuta Havil. . 280§ Uncaria sinensis (Oliv.) Havil. UG R #E Uncaria sessilifructus
Roxb. TR 925k [1]. EZAT TR T8 53¢, WIEg . Wik YOPE. DU)I. BRPE. 228, WL,
FEER SR, HbAh, BBRE A An T H ARG, KT I BRI s AREGE N, B REE R IR BRI, T 5
M€, HEE[1].

PH R — P 2, 2SRRI, BT S T R A A 2] B S PE R BB X AE 2021
FERER 31 MIXERr bt 2 —, A2 EAEH[3], HRr a5 A R A AR YIRS B
PHTRER) [4]-[6], PHBRDRAERE R . TRIPPIE . BEHER . PUMIR . HURIT IR IEE G EAEM[7]-[9], HX %
PR, AFR O ILE A B S BT EERITAE [ 10]-[12]. 7Eid 25 10 248, HREEY
FERE R Z N, BRESZAHWHZERS, B2 RARKAEZEZLGH, SEANKEEEIR, AL
X ) i A BB AERAZ, RIRIAIG G . BT Em, —BEEANK, BA A . i
I B A s E R 2RI A G, IR EEL 90~100 ST AT, B BHIRATEE L 700 F5
o B IERK, BARECA R R T KPR ER R T RK[13]. BIRH iR FE ARG
P, 2 AR R R oM £ Z B 24 2 ABCR IR o DRI, 0 P TR i G S b A
Fe PR X Re 08 (2 3k BE U 004G 25OR] FH AN D7 1 SR TR 9%

AR, BRI (Maximum entropy models, MaxEnt) 88 R BEOUME . FERE S BRAE I JL iR
JIRESE A N R T ARG A X A TN 14] [15]; % MaxEnt B84H1 ArcGIS #ME45 G, 7
PAFS o RAEP A AR SS, EAT NIRRT AR S S T [16]. BRI, ARHF Fiid i i K (Max Ent) B 284
H ArcGIS  FRAF PN A5 A% A, 46 ok 75 v 161 3 ] P (0098 AES@ AR X 43 A, 308 306 X G 8 3 R S DR
X, ARG FIRESFI 2 i TR T AL B R Al
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2. RIS
2.1. SRS YR

AW ICHT I ) A ARG LR 2 ASRIE: [ B F AR A BT & (http:/www.nsii.org.cn/) . H1EH
AR A TE (https://www.cvh.ac.cn/) . A HVREUES BETE 1 B 19 73 A1 s A AR RS B[ 17]-[21], S
133 356 M AT AL T2 AN AT ) TLPEO1 N ) SENGST DA s WE 45 AN ) T
RQ8 M Ain). HEEQ26 M), HRBMIAE TR, Nk RER S TSR AE S, FIH
ArcGIS 10.4.1 ¥ PS5 DL 10 k B Z X, ZHRESELIR([22], HAMEE 200 M AR Ho
RN CSVAE, H T a8 23],

2.2. HEEERYIERE

AT B SR IR RO GRS A . A I T B, SRUE e 1) AR ERAS A A
WordClim (https://www.worldclim.org/) I £k 4k Zm F1 A5, 43 AERCS AT #1(1970~2000 4F)< %
KR A AR B AP HE U FH(RCP2.6 1T RCP8.5 ' 2050 4E A1 2070 4F) NI Kl BNH 19 AN RAr
o 2) LIEEER ORI T ¢ E R 0 A F B 07 (http:/datatpde.ac.en/), FEAPALERE 11 AN LIEEHE .
3) MR 28T ArcGIS 10.4.1 75 (8] 40 A AR g 4R b S IO e AN m) o LI 1 33 AMSZI B 2R3E
BiAR & (2 DHHTHEF

Table 1. Thirty-three environmental variables
F1LBANETE

AR Eitipu AR Eitipu

bio_1 Annual mean temperature bio 18 Precipitation of warmest quarter
bio 2 Mean diurnal range (mean of monthly (max temp-min temp)) bio_19 Precipitation of coldest quarter
bio 3 Isothermality ((Bio02/Bio07) * 100) awc_class Soil available water content
bio 4 Temperature seasonality (standard deviation * 100) s_caco3 Topsoil calcium Carbonate
bio 5 Max temperature of warmest month s clay Substrate-soil clay content
bio 6 Min temperature of coldest month s oc Substrate-soil organic carbon
bio 7 Temperature annual range (Bi05-Bi06) s ph h2o Substrate-soil pH

bio 8 Mean temperature of driest quarter s sand Sediment content in the subsoil
bio 9 Mean temperature of warmest quarter t caco3  Topsoil carbonate or lime content
bio_10 Mean temperature of coldest quarter t clay Clay content in the upper soil
bio 11 Annual precipitation t_oc Topsoil organic carbon
bio 12 Precipitation of wettest month t ph_h2o Topsoil pH
bio 13 Precipitation of driest month t sand Sand content
bio 14 Precipitation seasonality (coefficient of variation) aspect Aspect
bio 15 Precipitation of wettest quarter elev Elevation
bio 16 Precipitation of driest quarter slope Slope
bio 17 Driest quarterly precipitation
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2.3. BURAE

R 33 AN EHARIME A BRI AE € AOAR S, JS238E S BEUL 65 o 5 SRR B 808 N\ AreGIS 10.4.1
o, ARFRGE— O WGS-1984. MK & 2 TR, PATHEREFRFEar&, X3 RIEIEAR S — 7 HE .
WL TR, ¥ 33 DMEARREAR RS “ASC” KX, TN IRk 5 Bk 0 2 A0 BRSO\
MaxEnt 3.4.1 PAFHATEBEE, BENLEH 75% 008 (v ZRde TR T, Heay 25% 8l 150
IERERREE, B T IEAT 10 K, RS2 ERMERE TR, I HIB 7)Yt B AR5 28 8 i 34T
HhS, HARSHEN . R ArcGIS 10.4.1 BAEX AR B KR AT 2 EILL DM, Ki0 - A2 B 18] 1
R 4555 BRI BT B TTER AR AR S, e 1 EM A&

2.4. MaxEnt #E89E 5744

AT MaxEnt 3.4.1 #5884 S0 66 B 7E b [ (9B e 0 A o THELSZ RS TAERHIE B ZE(ROC) R THIAR
(AUCYft 1L MaxEnt BB FUIIHERTE, AUC IBUESE B [0~1], AUC fEASHEE 1, M50 90000 45 SLMUHRS v
EREEES . —MOTTE, 25 AUC<0.6 I, ARERITIIMSE R 25 0.6 < AUC < 0.7 I, ASEA T4 SR
B2 207 <AUC<0.8 I, BARHIILEIR—B: 2908 <AUC<0.9 I, BABMARRL; 2909 <
AUC < 1.0 i, HERSTIIN S5 AR F5(24] [25] -

2.5. HEREEFRXIS

MaxEnt A58 %qy 4 #4776 o [ T B A ) MTSPS, ] ArcGIS 10.4.1 2 ArcToolbox [ 5 73 2(Re-
classify) 4, R AN GRBUBM: Ik 7 M (Maximum Test Sensitivity Plus Specificity Logistic Threshold,
MTSPS)R 24 Jik (1) A= 52 3 B A 70 A7 X Kl 73 A DY AN T AR X EE R (R 2).

Table 2. Classification of suitable habitats
#z2. BERXS

HorRE R HorRE PPN S 2
0~MTSPS AEEAE X MTSPS~0.3 fREAE X
0.3~0.5 FRIE A X 0.5~1 G X

3. ERESH
3.1. EEWNLER

Average Sensitivity vs. 1 - Specificity for Uncaria_rhynchophylla
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Figure 1. Receiver Operating Characteristic (ROC) curve of the MaxEnt model
% 1. MaxEnt #22#) ROC HiZk
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AHE T ROC MR IAESS R s : HARIAEL N AUC {H4 0.950. B IZAR Y (e s LA Bl v )
#ERPE, AT W S R ARG A X (] 1)

3.2. SFEBRTFHHT

HHE 3 ml R, e TR K (bio 17) Tk s, 183 69.7%, H 5 H /K E(bio 12), 71
MR N 8.7%, WEHh % (elevation). 3% /& (slope). FHEJEH (bio 7). KELHEANZEFTE( o) X FEZ+
1% pH (s_ph_h20)ITTHRZ 2 BN 4.4%- 3% 1.9%- 1.9%-. 1.8%, HLAREIR T HTTERF AR IE T 1.5%,
DL 25 R A B i R E R /K (Biol 7). Bl E A /K i (bio 12) R4 73 (elevation) A& S M 44 i VB 75 18
A X FE BRI, HR 2R K (bio17) 4 Y aE B4 T 40 A7 R e SRR IR 7 o

Table 3. Importance of dominant environmental variables in the MaxEnt model

% 3. MaxEnt #R B E FIMGEFHEEM

AR TUHR T 73 (%) HEZ HZAE(%)
bio_17 69.7 40.8
bio_12 8.7 5.8

elev 4.4 12.8

slope 3 2.2
bio_7 1.9 2.5

t oc 1.9 1.4

s ph_h2o 1.8 4
bio_10 1.3 11.7

aspect 1.2 1.6

bio_6 1.1 2.2
s_ph_h2o 1.1 1.7

s clay 1 1.3
bio_3 0.7 2

s _oc 0.6 3.6
bio_15 0.6 0.5
t_ph_h2o 0.5 34
s caco3 1.2 1.6
awc_class 0.3 0.3
bio_18 0.2 1.1

s_sand 0.2 1

DNRAE S S5 R 7 R e A (S, AR A 47 V1R 8 32 5 AR R 5% B R A v [ A X
A RS R R (18] 2)0 S5 L], Hm =R /K (bio 17). BRI H MK & (bio_12)F1HEK = JE (elevation)
SRR R AR AR, B BA 1 3 AN IR A A oA DR 4 B 2 1 RS R

LRERE, SR AN I IR R T e B 2R K (bio_17). i H /K & (bio_12) Rl
P E E (elevation) s MIIAFH,  Ba/K . JBE RIEH v A 52 TR B e 2 AT 1 Dtk o
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Figure 2. Jackknife test results of environmental factors for U. rhynchophylla

Without variable =

With only variable =
1 With all variables =

2. SREMEE T TER R

3.3. YETSETHS TN

W ChEEYE) 08, BWEEEMG T AR T 5N, WiE. Wb, 0P, POl BRPE. %
B, WL, FEEEEH26]. HHE AR I N 20°N~35°N il 105°E~120°E, A& & fm s X, M
EA XA 11.09 x 10° km?, (53R E R A 11.55%; @=ndEE X AN 40.36 x 10* km?, (5 FR[H
Rl b R T FR I 4.2%; RIEA X THA N 56.8 x 104 km?, 5 FE Fi bR AR 5.91% (4 4). DIBL HE
BIEAEX A ES, FEATREER. B, ERIX, 5 (PER-YE) LR KHEEE RO X
FAR -, He, miEEXFEEOAAE T BN IR WAV, HiEE XIS EEAE X RS
fi, FERGES R TLP. Wi, WD, DARERARE. mFEEE. LR X

Table 4. Statistics of suitable habitat area for U. riiynchophylla across different periods
= 4. TEFEASFREE X ERG T

AEAX fRIEERX g X NS A X

Sk mE Ak mR Eak mR Eak R Ak

(x10* km?) (%) (x10* km?) (%) (x10* km?) (%) (x10*km?) (%)

Current 792.29 82.53 56.81 5.92 70.55 7.35 40.36 4.20

SSP126  753.77 78.52 40.94 4.26 44.91 4.68 120.40 12.54

2030 SSP585  739.42 77.02 40.24 4.19 43.17 4.50 137.17 14.29

SSP126  751.05 78.23 44.39 4.62 52.77 5.50 111.79 11.65

20908 SSP585  700.24 72.94 33.50 3.49 35.10 3.66 191.16 19.91

e TR E 43 L3805 AR X o 3 i b R TR (960 < 10* km?) ) ELAE
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3.4. RRSETHI DB

AMFFEILIEE 4 AN HA TN B4 R AE RS CE /04T, ARYE MaxEnt B TIINSE 5, 133 2050s F1
2090s PiFfE 5 T (SSP126. SSP585) 4k i 71 A 15445 /& .

R SR Tk ()3 AV S 7 A R Bt v ] B, R LG RSB A SR (SSP126 5 SSPS8S)TE
2050 4FF 2090 AF TG B, HE s I XA A A R (AR AR R E R (LR 25° LLRS) i A Y Hr
EIEE X, HERE. | ARITEE SRR CZOWOE M > 0.5); 1MfE SSP58s fh 5, 40X
BEI R 2R, 2 2090 FE OB R LA, IR LR B SR o . X “rgtadbt”
s A, BIE AU B A& A X AT RS RSN E R, AR A TR 5 X Rl A E AR A

3 BoR T AR R IE ' AR B TR S AR KA L : 76 SSP126 175 5 1, 44 i 1% B A= B2 I T4 i . SSP126-
2050s F1 SSP126-2090s 438 A4 X THIFR 43 B4 1 54.39 x 10* km? F1 53.66 x 10* km?. L, SSP126-2050s
e A DX TR AR S AT 5% N 38010 80.03 x 104 km?,  Hi& AR X AR ikl 25.64 > 10* km?, G AR X HIAR Jak /D>
15.87 x 10* km?. SSP126-2090s k. Hi& 4 X AR 7 5D 12.42 x 10* km?. 17.78 x 10* km?, fmi&sEX
THIARIE N 71.44 x 10*km?. SSP585 15t F, IS B AR HIE N, SSP585-2050s J&id B AL HE T A 3 0
69.44 x 10* km?, SSP585-2090s =& A& X HIARME N 115.4 x 10* km?. 7EARRKH 60 FFH, WHEMEEXEH
KRB, XEWE AR S H R, JCH KRR .

= Low-suitable habitats
2500000.00 = Medium-suitable habitats
= High-suitable habitats

2000000.00 Total suitable habitats

1500000.00

1000000.00
500000.00 II
0.00
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Various Periods

Figure 3. Percentage change in suitable habitat area for U. rhynchophylla under future climate scenarios compared to
current conditions

B 3. RRSBETHESERERS SFSEALERTLES
4. Wit
4.1. MaxEnt RS & RO TR

FEMRZ DRI AR R, MaxEnt BRUE I 50832, #ER R m H N RCREF[27] [28]. W74
HnhZ , W TR B[ 201 AT TR W] BERA R AR BEAR A B AT, 7k PR A I sy ok
RITE R 22 . [, FEARVEFRES ik 10 km, ROWTREFFACRAE I R 22 . BLAh, DB bR )i B2
MG, KAXMERT 0.8 BRI RNE RBUN B, EASBLNGE IR O MER . AW TR 1 6 38 B A DX g
XHORIER R & SR SR A B o AT AR MM B3, RS T, RIHE
RS . B R AT B B B A REE R B NONERIZR N, TINER S bl & f
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seir R, KMAEE SR, At MaxEnt A8 SE050E 45 & HA SR &, 45 0 45 5 3 R
. . B2, RRHFREREAERLET ROC B ER, MaxEnt #7% AUC &k 0.952, WHAHAR
FERIRURAT . KIS S, N ZE R SR IR T — S H N E.

4.2. INEEXSHHNESHERTF

TEMER T, YA S0 TR A S i sz ma K, JH i 7K 43 R B2 vl e o B 22 )
SO K2R [30], MM a2t AR K, AR S| IR m}ﬁiFDj:iﬁHEijf}E%TU\E?”ﬁ*E
WA . S5 AN ThRESEE 2 0 T, TS E A B AR AS  IE RS R AR [3 1] AHFFi 4G
TR, WEREEEK(bio 17). HEIE A BE/KEbio 12)$ﬂfﬁ?ﬁmﬁ(elev)m%’]ﬁ%/ﬁfﬁ*ﬁﬁ’]ﬂi'—?ﬂ“.
o BHULTTIL, BRI IE A X A0 AT 2 B /K s JU o B i, ORI EE A s . DL AR T R IS 4
FREIRIE . SR R AE SR AR [26] [32] [33].

4.3. SEELHRNEE XL SRR

AR 22 51 RS 2] FTAE A IR A A 2 ) R0 3 A Y TR PR A8 A [34]-[36] o RSKSABRAE 52 T 5 Angelica dahurica
HAS S BB, EEM S Y 5K [37]. RRAEBIR S T Gentiana rigescens W7 5%
& E A AL, &4 X P SR L X R [38]. RKRSUEE SR, Lonicerajaponica Flos FIEA X

FERR 33 X B R EY 5K (39]. BHAT, Wk EE - mERE LR Frh, ERMIXEE, XL KR R
8, MREFTEZEREOR, WS, RN AR AR A A, £ SSP126 Al SSP585 [
R, ARRARAL T AN E R G I s e ) AR KR B, A HE E ARSI AR R, AR, AR ARARE
HaclR, WERAEKMSMER T —ERRRE. BRET, AT RS A T i Fe e, A A
P R R I R AP B R . PRI, R R E A X B AT DR T R G i R oS L. O,
B 0 A T SR B 8 Dy i A X X, BRI A I B A 3 T A6 S A KR, KRR R i AR B
5B SRR, DI B ORG, R A NSRRI o IR, iR N TS S D X
BOATIEORT, JFRRAHNE I FARES . BESE TR, FNESZAHEAHALT R, 6@ R 2 Rk
JR, 7RI KR R 25 . [ AR A AR S A .

5. &g

25 AR B S 2R IX (T AIE T IRIE . A AR MaxEnt BERFUIAN [F) 5 5% H 4 k72
HERBAEEEX, /S U S5R: 1) s P 3R K (bio_17). el FEK & (bio_12) A4k i (elev)
RSB II AT I) E PI T E 1 o Hor, BR/ROR B R FRIE AR IX XA S I W S, H VORI FE AR R L
2) Hil, WSS EX Mg, EEATREER. Frh, 5K, SEEXEHRN 11.09 < 10°
km?, Hr SR X E AT TP S IR AR 3) ARCRAEBRAURAR IR PR A X A
—E MBI . B, WKIERERE, RIS 0557 R ORGP T AR U5 3 A S 7 U [X 3
TFRESIM RS BEE T, o ERASME T A

SE 3K
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