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MaxEnt model-based prediction of potential distribution of

Liriodendron chinense in China
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Abstract: [Objective ]The aim is to scientifically and rationally develop protective measures for Liriodendron
chinense. [Method ]Maximum Entropy Model (MaxEnt) and Geographic Information System (ArcGIS)were
adopted to predict the potential distribution areas of L. chinense, and to explore the dominant environmental
factors of L. chinense under various climate change scenarios. [ Result [The mean AUC of the training data was
0.973, and the AUC of the test data reached 0.953, indicating that MaxEnt model had a good predicting ability.
The annual precipitation, precipitation of wettest quarter, min temperature of coldest month, precipitation of
seasonality and monthly mean temperature difference were predicted to be five main factors affecting the distri-
bution of L. chinense, with a total contribution rate of over 80%. The intensity of human activities was 2.3%.
Then MaxEnt model was imported into GIS to classify the suitable areas, and the results showed that the highly

suitable distribution areas of L. chinense ranged from south of Daba Mountain to the north-central part of
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Guizhou in Southwest China; its southernmost part extended to the hilly area in the southern part of Zhejiang
Province and the northern part of Fujian Province while its northernmost part reached the Tianmu Mountain in
East China, which was similar with the investigation before. Meanwhile, the distribution of L. chinense in China
under different RCP scenarios of the 2050s and 2070s was simulated. The study showed that the potential dis-
tribution area would move to higher latitudes, and the area would remain stable and then decline with the
growth of the year. In 2070s under the climate scenario of RCP 8.5, the distribution area of L. chinense would
decrease by 5.3% compared with the current period. These were consistent with the results of previous studies
on the reduction of biogenic suitable area in the context of global warming. [ Conclusion ]The predictions indi-
cated that climate change would affect the distribution of L. chinense populations, and would provide a refer-
ence for the future cultivation and ex-situ conservation of L. chinense too. [Ch, 2 fig. 3 tab. 31 ref.]

Key words: forest ecology; MaxEnt maximum entropy model; Liriodendron chinense; potential distribution;

suitability evaluation; climate change

L SERE MK Liriodendron tulipifera TS Mk Liriodendron chinense J&#8 %Wk J& Liriodendron " 5% 17 1)
2R, 52 NI S5 R R AR BT RS D R A 2, R AR B AR o0 A Y B AR A D
1 BRECBORR R B AR TE . TR, JEEMAB I F X —REmE Y, E2HRK ., 762 I
D PUER ST DX AL AR A R L L 22 500G | WG | A FTES AL rb Ll (B LU R R4 L) 1] 7Y R A e ) 2 5 g Jit
ARER TP Il (R ), R I 2 e TR ) P e oA ZR L DU 2R LU A R AR S, AR AL AR AR
PRI XA AR AL AR | WAL Al i) O By, I L SRR AR A SRR R LR,
Wim ., BOb s A A R CRGRIE T R | BER A A R R AE 4 DR X |
B, REEMAOEE EE D R A B AR AL . B R AW B A SE S T, A0 B A5 IR AN () Ao S ARk ) 40 9
PEREMEAT T AT ; X PHEE 102 HEEHLY 1S 2 50 DNA(RAPD) 7 Fhric F B n 1 RS Mk 0y i 15 Z b
FVAE S A s TR IGET- 25 TIE ST T 2K B8 X T VLA PR RO G R IR RO SE R, ] B 7 O BRS [E K O S
SRS R3S 53 A B S 32 DU A AR 32 X A3 A DX S e BT 1) G
IR WARIE T R BRI 5 A BTN 52 B B AR A A 0 F2 IR R R A B A AR R A
NG, i H ISR — DR R B TN G I Y AR | R R R AR R SR TR A IR R 3 RS 2 AR A
PR R0 A 2B DY PRI A B3R R OA 2 A R A A I R S R AR ) A B D E P R S A2
Py T 968 5 A T R A DX 2 () 228 AR A A 3 8 BB E S B 0, MaxEnt i AR A Y (maximum
entropy model, MaxEnt) /2 DA fe KM BRIS hy SER (%) 2% BEAL TR Ap o A i s ) | B s\ e i, i
S TR) A A5 T, BT N T A AR A PR A T MO R DR R A A X
G RO R AR B IZAR B U 1 OROR AR BT B BRAR Quercus acutissima BB O) Ay 2R A
BT MaxEnt B850 BT 1 52 0 54 AL 48 Pavo muticus HEA M F BG4l bS5 UOE B OB AL 430 B7 1
WA VY 9K Locusta migratoria tibetensis V& 7E 53 Afi (4 PR 58 28 1 FIEE B A0 A0 X, 76 HUBUE )5 T 49 B 84
B o 53 8b, ZAERITE S T M AR A A S U AL B R R A RIOCR o B DA BT b [ A AR A
O ATAE 55 LA AR B 23 Al DX B0 AR W) e B NS T Bl o B A R D A, LD B A S AR B
TRV S A X, 434 R A3 A 0 3 PR DR RS R PR R 21 22 50 ARACRT 21 Al
70 SRR TR AE 5, J3 AT A R M B B8 08 38 B0 2 [) 20 A B9S2, Sl A R ARk B R s DR i it
2%,

1 BodE kIR Av 8 58 07 ik

1.1 BRAHIRERIE

DI [ [ R bR AR 9 U5 OF /5 (NS, hitp://www.nsii.org.cn/) . HE B P bR A 4E (CVH,  http://www.
evh.ac.cn/) FIZCE R AR BT IR AL ZF 5 (httpe//mnh.scu.edu.cn) PR AAE B . F 515 B R SCEE: R 5 8 8K
Wi, SIBRALE AT B RRT 00 2B 0 AR A B A0 e S B . AR SRS, TR 2.5'%2.5 P AR AL EH 1 A4
or AR, AR EFRGERAR A B 154 5%, %I MaxEnt FAOFZR SFATHRAAF L .
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1.2 INEHERIE

M H S A B P2 (http://www.worldelim.org/) T 2k 1970-2000 4 4 45 5 i WGS84 . M 4% K/ 25
km? (19 19 Fp A BEE (R 1), B2 50 $E4 5 2.5 min, H o S mEds g I h ES 4 )R ﬁf’i
HUL Y BCC-CSM1-1 KA A AL; Rk i 2 U AR B (GHG ) & I HK & [ B 1] e 28 A & 1122 Dt
(IPCC)% 5 AR & v B9 i 2= S AR HE i & (representative concentration pathways, RCP), ¥E#t RCP 2.6 7Fl]
RCP 8.5 55 2 Rl A A 5, 20 il AR UL % ARS8 v oA oA A< 4 e AR A e sy 52 0 14 v [0 47 X e
P ofe Y [ 5 5 il b R B rb o0 B 3 (hittp://www.ngee.en/) o AreGIS 3R RRAS A 10.2, MaxEnt A4 i A<
4 3.3.3k,

UNESTEIPOECE 16 E NS ﬂiﬁﬁﬂﬁf\%?ﬁiﬂﬁfﬁ%ﬁﬁ(hf—v2geo)4’EﬁjF?jE”‘rE'szfﬁfﬁﬁto 173
ok B T E PR BR B 25 B M 25 Fu0s (Center for Earth Science Information Network, CIESIN), fE 41 #1 %
WA TE Bl i RE B S 25 ) A 0 o R OB R AT 5 5 A AR 4, T ALEI GIS AR rh BT 5 3 vh
] b, DX 1 NS0 Bl i

x1 EMBEMEERNATETERETHKE

Table 1 Environmental factors used for simulating suitable area of L. chinense and percent contribution

75 75 g R BT HR R/ % Jrs A5 e R TR H/%
Biol2 AEHIREK B 50.3 Bio5 I H I e i 1.7
Biol6 5T 2 WK 14.7 Bio4 I 8 2 P AR A o 2 1.7
Bio6 et 1 S AIG i 5.8 Bio9 I5e T 28 B T 2 UL 1.7
Biol5 WK AR 5 R A 5.4 Bio8 J5e V0 2 T 2 UL 1.1
Bio2 e O 25 1 ¥ME 42 Biol9 Ve R K i 0.4
Bio3 ERTES 38 Biol7 e T R R K 0.3
hf_v2geo NZE S5 2.3 Biol4 T A oK 0.2
Bioll ey 2 R YR 2.3 Biol3 i A Bk 0.1
Biol0 5 W 2 2 1 AU 2.1 Biol AR 33 0
Bio7 SIRAE 2 1.9 Biol8 B W 2 I R K i 0

1.3 HWEMITESEE

B 19 A8 LN RIS 3058 BEEUHE S A MaxEnt 844, 35820708 B0HE B9 25% 15 2 R 2E (test data), )
R T5%1E R 2R 4 (trainning data) , RWARIESS R MERTE, WERAERZIZH 10 K, Wi AomE N2
A E (logistic) , KR HEZR (RIFR N0 i {H ), 2% Do Jackknife to measure variable importance 1
Creat response Curves 2 T, HAR IO KBNS . DAE HATELIX R N EIE, DL MaxEnt 10 iz
B YE RIS, 22 HIRS S TE AR . 21 22 50 4R 21 4D 70 ARAREE 3 AN IO [ AR 1 1
SN S A A

2 HER 5

21 HEEVERERE

15 52 3 PR R34 28 (receiver operating characteristic curve, ROC) 23 M7 2 75 9 Fb 18 75 43 A 151 0 A5 754
VM AR 2] Tz M, SR B AT AT B A B2 W B PR HE AR, ROC 1l 2k 5 8 Ak A 61l 1) DX 35
[fii #1 (the area under the ROC curve, AUC), HBUEEHH 0~1, {EBEIT T 1, 2B BRI A0 A 1 3
Fo 10 HYIZRAE AUC ¥ME R 0973, MR AR 0.953, FRom FAF RIBARCR I8 2 1 4% i i 7K F 20,
SEI B AT AR B . ARWESY 10 Wiz BAT R hAUE R R 1 L5 AUC E 0 0971, KR E A
0.968, nlff R oA 4 (181 1)
22 NEREFHREKE

MaxEnt #8158 15 ] Y% (Jackknife ) £5 H 5 3035 R 1 %o 450 400 368 3 #6k 29 #5 B9 5T 8k 3R (contribution rate) ,
HIZE 1 Al Biol2 (ARIFEK &) | Biol6 (ficifk 7= HE /K i) | Bio6 (% H e flilid) . Biol5 (P /K i 728 5
FE0) . A Bio2 (e il 25 H YA ) 2 X RE AW AR 0 A S B Ry 5 IR EE AR &, R IF oTik Rk
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Figure 1 ROC curve analysis of MaxEnt simulation

80.4%; HIGIRIET, A S5 Bl o BE X R FK 43 A 9 TR R A 2.3%, AT L AZEIE S (AN H R, R
F . SERBBE R | A8 Ia 5 A5 ) X RS BT A KA A — R s Y
2.3 MEWMS X HNSIZSE

M2 1 B v . Bk B RS SR o AR e i d K, BEBUAE S BROK & | R EROKE . R
JT S AT RN B 7K Bt AR S R AR 4 S S A e R AR S R AT LR A B, S8 3 MaxEnt [ 2l 45 28 fE R
N2 (B 2), sl SRS E MR R A AR B . — B, YRR KT 0.50 B, Xt
o7 B B4 72 B B[ A R T RS A AR K2 BB 2A AT AR RROKEZNT 1 000 mm B, RS KA A7
FEMERARMK (<<0.05) 5 BEAFEBIBEK IR, FAEREBR RIS . YRR KT 0.50 B AT IA R i% 48 it kb
Tl B, RS MGE B AR K AR K BYEEA 1 200~1 800 mm, 1 350 mm R H A& {E . & 2B &
Ny OB REK /N T 450 mm BF, R EMAEAERERRAL; MERKENI K, FAEMELH LI,
IEAE 500~900 mm B} K # I K F 0.50, FHH 500~900 mm 2 K 5 WG ‘B 1) 5 18 2 E R K 5, 600~850 mm
R TG RAE K BGE H R R K R R H IR < -4.0 CH, IS MAF RN Bl T 1
FhiE, REEMAFAENE RIS K, 7E-2.0~-3.0 CHIAFEE R T 0.50; el il & A h-1.0 C, 2/ X
PO WV, 5 A BRAGE S 5.0 CIRAEMPREE T 08 2C), FEKEAR R R <45 1), #EEMAALE
WERARMR, 16 FIE R 45~65; MFEKEAE S RZECh 55 i, REEMGARE ALK, ZEAK TR (E2D),
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Figure 2 Response curve of the existence probability of L.

chinense to major climatic environmental factors
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24 HRABEHTHEMEPENSERSSH

FIF ArcGIS ¥4 MaxEnt 5240125 52 55 v [ 4 94T 0K R P8, X6 36 5 RkVE 7 40 A X R A7 36 A 25 7
o RN T3 G0y 1 6 1 S s 78 o0 A X A7 38 B S ) oy, 3B AR H 0~0.1 S ANl B 4 A X
0.1~0.3 JIGE H A X, 0.3~0.5 FHUEE X, 0.5~1.0 K@i B X, ot 8455 90 5% %1
IR ERNE(E 2), YINED AR T, $EEM M EE Y 22°~32°N, 103°~123°E, #H %
THE 194 (&, WHIBKX), BEEWMALY 129.8 77 km®, I8 . S H A0 A& B X ok, 20 )ik
20.0 Jikm?, 15.9 Jikm® Fl 15.6 Jikm?, 538 B0 4, AE BLAME X ETFLZ) 20.7 Tkm?, FE N H[E
PUREAAEZR M I, AHLETIT =, PO R XA AR, A A vy i DXl ke R T 1L e ) o PR AR I LR
WA R, 22 skl KZE ek I, AR E AR | B . KR R, R S
TR M DX, I VU e A B 0 SCAE SR M A X, RS . RUBLID R AR, RS, EAR
S v N E N TR 1= T v ST 71 e o e s o a7 (N S = VA T B R O A W w74
B, WK . AR T S, IS RS A X A2 51.9 Jrkm?, DA B 4 A X fi) b E i B K
JLLAAG . ZRUS LIRS, BEVEZEHEE, DU)IEE MR B A A A, e AR Iy, LR Rt Ll B Y )]
WYL, ARVL ., R AE BH 2 B/ B rp o A o A B A DX S R i — 2B R, IR 57.2
km?, DG TSN EEE, IR, VOVE WAk, BAEJRI T AR AU R, B E I Bk
(] e T b . RS Ll AR B AL pE S e 0 Ll K ) P G EOR)T AR G A s B R RS X, )
Gb, FEAEIE | BFATAE T E S R LR X, JRON | O R e 3 AR VL e S DXORT S A3 DX A A R
I3 .

R2 HABEMETESEE(T)NBESHRER

Table 2 Potential distribution area of L. chinense in various provinces of China in current

PN [N Y IS F A A X AR 3 HL 4 A1 X/ P o 3 LA AT X/ FhO L AT X IR 143 A7 X/
Jikm? Jikm? Jikm? Jikm? Jikm? Jikm?
LR 1.71 2.94 2.36 1) 3.13 12.07 4.85
L 0 0.02 0.37 b 0 0.37 2.11
A 4t 0.36 1.75 4.59 bANi| 0.92 7.26 7.48
7R 0.02 0.60 2.09 (5] 0.12 0.38 0.14
JUPE 0.79 2.25 5.87 utpl]| 0.27 5.31 6.76
Gyl 4.00 6.45 5.40 RS 0.02 0.15 0.33
[liF 0 0.01 0.85 Py ] 0 0.29 3.79
T 0.05 0.11 1.21 EIPN 2.98 3.81 1.18
1k 391 4.63 4.52 WL 242 3.50 3.27

25 MEWMKRRMEENHEX

BEHCR SR 21 22 50 AR 21 28 70 4R AR B AR [ PR B 16 5, A MaxEnt A5 75 X0 68 22 4 1 v
7 Hi R A HEAT AL, A5 B RN R AU S T R ARG o A X AR TR (R 3) . A5 ALERM . BEE AR
FRMHER , G SR 1 00 38 B o0 A B Re R e a2, OS2 301 3 45 Bt IXORI /R S T 1 X AR ™ e
Y, IR AR HE A B MR H AR (RCP 8.5)F, % E i w , M 2410, RCP 8.5 15t
21 28 50 4E AR B4 A0 X R0 0.5 Jikm?, 21 g 70 0K D 6.9 Jikm?, FREIRELRE] T 5.3%,
RCP2.6 15 T, BV fLEIERE R Seiee 5 P, (HAiE B/ BACRE, 240, 21 tit4l 50 4F
FRAN 21 {20 70 4EAC B B IE B0 A X AR 5008 129.8 . 131.3 A1 126.9 Jikm?; AR IE B4 A3 X 1 A2 A
TE LA DX ARV B FAAL, RS I s s s B A X AR AR s, 2R R T RO
FrfasE . W X Ok E , 5 2440004 XA B, A RARE B oA XA S AT A B B dedp ka s, 795
G AN 7Y R R AR s th B — Y 0 A A, S TS AU A AR A X R B T B R R
TR T8 B AR XA S AR VPG 0 A X R R T R B ELA A X B AR AL, I R AR R AT R A
], DUISE R | PR VTR EL B A K B L B AT 0 A X SR 2 i 25 4 5 3. B Ay, FEM ST s dess, &6
LA R AU LA BTN | B A AL AR A R AR X R, e AR Y v RS O A AR
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3 b

31 ESKEEFXBEMN S MR

AWFSEE 20 AERELIN T, KA S IR 50

\ S %3 WMERAFSERESTHEESHRHER
RSO Rk, B TR R A ) 71.4%

Table 3 Areas of potential distribution under different climate

/ﬁ\:qj ’ Ei@ﬁ%7k%ﬁﬁk$%j{ o MaxEnt *ﬁﬂ%ﬁ (DIIJ scenarios of L. chinense

1.200~1 800 mm k3 2 Ak A= 1< A9 de i 47 /K B g W REES REES @SS A
Fl, 2855 T8 og PR I8 E Moo TR KTk X Jikm? A KT km? Jkm?
FoUl L WK FEW ARG BRI A M 572 51.9 20.7 129.8
X, AFEHIREKE N 800~2 300 mm ZSEHISF. #2114 rRep2e 623 44.6 24 1313
b, NHEAS G R A R A S SE 50 4FfL RCP8S 619 45.1 243 1293
s, S S ANk 3

s on, CAFAEN154 B WA AT RIREK ) e repas 606 44.1 23 1269
RARERX U, R RS E AT (BN L Y g0 4 repss s6.l 46.1 207 1229

N5 ) B A 24 B K B 42 3 Al B K & (1350
mm) 5?8 T S AR IS A o A A — R B, (KT —4.0 CHIE T 5.0 CLL L #AS I B RS 3 A
Ko IEREGIL, 78448, AR AR K P R N4 5 AR ) 3 AR Y R PR R T B —UET LA s I
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Ui IR (Bio6 . BiolO., Bioll)FIF& 7K (Biol6)t X He A K AEE 50
32 SERERTATHBEMMESESHHEL

HRT, 238 KA R 2R A 1 10 38 0 43 A3 1 FRURE A s 2D ELA 1) i 446 32 R e 06 B b IX 3 8 11
244 MCKENNEY 458502 B, fE AR A IE 130 Rl A 23 A7 v R HH B0 — 52 2 3 0 g ok, 5 s [] 120
XFE N 7 TR BOBREIE R B, AR AR AL T X S TR AR RN o A B AN 25 40, ELAT T e AR DX 3 Y
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R IZEE . 00 85 TR R I RAR (038 B A3 A AR . SR AR R X B R AR KA R VR, 72K
RS T RAR A AR X T AR SR F Ry, AR RO T 21 22 50 AE4CR 21 42 70 AR
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e S 0K R B 5.3%
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LTI SE T, RSEMR B T X AN AR, YR AR, RS TR AR A L
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P, B IR ALRKELAR, 8 22 B oA TG S B R X A AR e 11 4 G il AR T 200 5 — T, R RO A 3 1 el
AR FR T] A G XIRAE S AR AL R AT 4, i R R AR B R AR S A RO
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