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Predicting Suitable Distribution Areas of Phoebe sheareri in China under
Climate Change
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Horticulture and Plant Protection, Yangzhou University, Yangzhou 225009, Jiangsu, China)

Abstract: Predicting the potential geographic distribution of a species and its response to climate change is of
great significance for the conservation of biodiversity and the sustainable development of ecosystems. Phoebe
sheareri is widely used in building furniture because of its heavy weight, hardness, and uniform structure.
However, because it has a weak natural ability to regenerate and because unprecedented damage has occurred in
its natural habitat, wild germplasm resources are getting exhausted. In order to understand the effect of climate on
distribution of P. sheareri, its suitable distribution region was simulated by using Maxent and Genetic Algorithm
for Rule-set Prediction (GARP), the main environmental factors were analyzed, and the changes in distribution
area under four climate change scenarios were predicted. The results showed that P. sheareri was suitable for
distribution in the middle and lower reaches of the Yangtze River and south provinces. Annual precipitation, mean
temperature of the driest quarter, precipitation seasonality, relative humidity and sunshine duration from June to
August were the main factors affecting the distribution of P. sheareri, and these factors contributed 84.3% of the
variation. Under climate change scenarios, by both Maxent and GARP models, the suitable area in Guangdong,
Yunnan, Guangxi, and Hainan would decrease significantly for this species, while that in central Shaanxi,
southern Henan, eastern Anhui, and northern Jiangsu would increase. Therefore, under climate change scenarios,
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the suitable habitat would expand geographically to the north. These should provide a useful reference for the

conservation and cultivation of Phoebe sheareri.

Key words: Phoebe sheareri; Maxent; GARP; Potential suitable distribution; Climate
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WURF 18] SARARAY L 1725 512 (IPCC) & LRl R
feh, BEERESAHRE MG, HERE
WREERREE FAE, S RASL IS OB RS s AFd
I3 BEIEA SR U RAES RGNS S
DIRERT M 2 Rt 72 A2 T P S BB 24 (Rt 7
AR SN, PRI )9 A o3 A X R H)
AAFEARAL B e RLX AEZS RG] RS R R K EY)
Z R ORY B E I B,

Wik oAk (species distribution models, SDMs)
T T AT RN ) S AT B S AR SR B R, %)
Ty A S A A T SR AT A — Ak, DL
1Y) SDMs 5 kit I £ 15 4% By A:A51 7 (genetic algorithm for
rule-set prediction, GARP). #x KA (Maxent)
A SR T- 2 BTk 2 (ecological niche factor analysis,
ENFA). |~ SUniEAR 7 (generalized additive model,
GAM)FI N T 25 [ 25 4578 (artificial neural network,
ANN)ZEBE1], Hih, Maxent f1 GARP B4 51
TEe s, HZFEARmZENIFREAL . Bl
B Z B TR A NZAEYE SRR L
AW B A AR A A A A 0181,

2 f# (Phoebe sheareri) X % 4 22 i, & FE R}
(Lauraceae)fifiJ& W 2R e AR, B A T KTtk LA
M, 24T 1000 m DLR I E SREE T pRne, g8
TR IR, S E. S, REARFEN
AR, [RIR, HRTEEM, DUwat, 2R
() e FREGEAARFNES, T I8 HARTHTRE /155,
I BT AN RS A, B A S T A
HT kel SR, H e St 7t 3 24 1
bl AR BRI, M ARAR SR 8, G A B
R ZE A i 1 1 oy VS T 1T, SRR I 3 L A AT X
KM R R B . KRR 5
T, HAEOAR R RAEARY, H A
o ARG S RERAE BMAERT, FIH
Maxent F1 GARP 5 5 F5 Il 48 i Fr) I B 73 AT X,
JE S A oA B B BB R, IR TN N AR
AR I N, DU R 58 A B AR U ) OR A R AE
T E AT X HEAT N TR R AL A 4

1 MBI

1.1 ERS R

T A ERAE ) 2 R IEAS B N 25 (http://www.gbif.
org/)~  EECFHEPIFRAE (http://www.cvh.ac.cn/)
Tropicos (http://www.tropicos.org/) F1 3 ik 35 #5345 frd
A AT RE R 304 A~ R P e R e, 25BR
HE MM EATERER, A2 135 4
FE S B TR (B 1).

12 FRREHIRE

MEHL T 28 ANFTRERZ I S 70 AT A B AL &, )
F5 19 MM WorldClim (http://www.worldclim.org)
By HEE Dy 30" AR AU R s SR B
AVEEAR 3 AN U B 38 v R 27 e B 2 2 e
(http://www.gscloud.cn) T 2 [ 43 #8254 30 m %
Fra e BRIV EIRIG IR . AR S
AR 3 A el T A R
(http://webarchive.iiasa.ac.at/Research/LUC/External-
World-soil-database/HTML/HWSD_ Data.html?sb=4),
A ZE iR R AR 6-8 H I H IR
HN A [ B} 2 [ B B 2 2 40 ik 951 & (http://data
mirror.csdb.cn/)3kHL. ARk fEKH BCC-CSM 1.1
f5 7 1 f) RCP 2.6 Al RCP 8.5 Hiflf 5t N i 2 ANH
1#1(2050s A1 2070s)2%0, i f [l |5 38 5 46y GCS-WGS-
1984 ARFR Z o Dyt G P05 AR B 1Y e L AR 5% 1T 2
(3t FE UL G i) 24, SR FH Pearson AH G4 HT Al
FRAT AT, FHRRECRT 0.9 (IR ERH 1 N &E
KRB, mATHEMSE T 16 MHBEE T (R 1).

1.3 MR

K H Desktop GARP 1.1.3MIF1 Maxent 3.3.32%
HATHALIZH . GARP 2 —Fhist & 5%, @A b
AT U AL (I B  PRA L B0AIE L L & B 25100,
B, TEARFMER G —Fo7%, NHT
GEPREE, Mahth—ANEN], AR JE AR SR UE H A
FWT I AL U B8 75 B T RS R T, Gn SRS A
Perm, MIBEIREE, SRR LA . 7670 A HdE R BEAL
L 25% F TR R RS IS, TR 75%1E AIIZREL
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e /17 5 Distribution site .

A
1 000 km

1 BRI A A a0 H 2 AT IBCX R P SRl 1 (] SR ki Hh B 45 U2, X33l (http:/ingce. Sbsm.gov.en/)
Fig. 1 Distribution records of Phoebe sheareri used for modeling. Base map of China’s provincial administrative divisions were obtained from the National

Fundamental Geographic Information System website (http://ngcc.Shsm.gov.cn/).

1 BRRIEAE A X T A AR A T

Table 1 Environment factors used for predicting potential distribution of Phoebe sheareri

Fe R EEH T AL
No. Code Environment factor Unit
1 Bio2 BRI 2 H¥H Mean monthly temperature difference between day and night %10 C
2 Bio3 BRIEZSFIRZEWE Isothermality x100
3 Bio8 HiE 2 Mean temperature of the wettest quarter x10 C
4 Bio9 T2 Mean temperature of the driest quarter x10 C
5 Biol2 SERERE Annual percipitation mm
6 Biol5 FERYZET 1% Precipitation seasonality %
7 Biol8 B AZEREH R Precipitation of the warmest quarter mm
8 Aspect Y\ Aspect °
9 Ele 4k Elevation m
10 RH XSRS Relative humidity %
11 NDVI 9—1k 2 FAE M FE 20 Normalized difference vegetation index
12 Slope e Slope degree <
13 Soilcla + 327 Soil type
14 Soilorc A B S R Soil organic carbon content a/kg
15 Soilph T HRERE Soil pH x10
16 SD 6-8 A HI&I % Sunshine duration from June to August h

PEEEF TR @R, B AR MNEESoEm.  PAELEREIR, fiHBRIASET b2 S 80mi
BEALIEAT 20 IR, B RIEARIRECH 1000 IR, URSME S5 RAATERL, M@l HEARSH, KIRILS
J90.01. HASHAEHERINE. BEA K/ AICe . %5 GARP —E il %k

Maxent 2T 5 R ELS, YONTAmEET BRI L . R E R 1000,
KA RN EE RRER, HT Maxent 5% SR S A3E Y 10 000, WSUE N 1x1070, HAh
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SHAFHENE . K H JTIT)7% (jackknife test)il] & A
[F) PR S5 A0 B (1) B M o AR K A b 3 2 A 1) D iR
R, JRdE s AT R B R . I 2
SRR TR B AR, 2 AR SRR A R
2 [R]FA I I B 2% (response curve) .

FIH ArcGIS 10.2 1) Jenks’ natural breaks X
EHAT X7 52K, Hrp, 0<P<0.07 A “JEid
A2[X7, 0.07<P < 0.025 yiKi&EX ", 0.25<P < 0.53
NeHIEAEX”, 053<P< 1 N“mEiEAEX”. KRAR
SEHRE STt (true skill statistic, TSS), Kappa &5l
AR TAERFAE i 26 T AR (AUC) X A5 AL i AT G 1
FEVPAl . 1 t A e, XML AUC, TSS Al
Kappa {HE47 HL . AUC S DAt 4l 43 A b 70 2 21
B RTE. BR8N, 25 AUC 55 0.5~0.6 I,
BRI R 24 AUC {EM 0.6~0.7 I, BERISE

# 2 FT Maxent Fll GARP #84¥) AUC. Kappa 1 TSS {8 b4t
Table 2 Comparison of AUC, TSS and Kappa of GARP and Maxent models

Bledg 27, 24 AUC 15N 0.7~0.8 i, FERIEH<—
s 24 AUC {EN 0.8~0.9 I, HERIFRIL4F; 24
AUC 154 0.9~1 i}, FEAYRIL“HE. Kappa f4
A TSS 62 Rt 22 FNAS R 2, & HO T
T A -1 B+1, RE R +1, RREAIRI
s, TRIIEAR T 0 T ARLRE 0 B30 2

2 SRR

2.1 HRERIEN 5 LB

MF 2 AT UL, Maxent f1 GARP ff] AUC. TSS
Al Kappa {E¥KT 0.9, R 2 AR 0 2R
HBLLAL T o 1 2 MR LR, Maxent (1) 3 MEARIY
BFET GARP, £H] Maxent k. GARP B A E &
(T A5 B

% Model AUC Kappa TSS
GARP 0.9020.018b 0.9390.007b 0.94120.069b
Maxent 0.986+0.021a 0.97240.036a 0.986+0.023a

(R Bt 5 A R 3R n 2 57 82 25 (P < 0.05)

Data followed different letters within column indicate significant difference at 0.05 level.

22 HERMHRTE

K BT ik 2 A0 T V)35 (B 2) VP Ak A 85 BR - 4%
gt B> AT RN . S5 R, RO SR AR 40 A
) 3 B R T SR P& WY & (Biol12, 38.5%). fx -2
¥R (Bi09, 22.1%). &M 2= 75 P (Biol5, 16.5%)-
AN HEE (RH, 4.2%)F1 6-8 H H RIS #(SD, 3.0%),
X 5 MR SRR TTER R Sk 84.3%. A Tk
— P SR 3 B O A XU, #4 5 AR
R 7 AT B A TS Pt 3 ITLLEH, M4FERFK
H/NT 500 mm i, AR AR LN E, Bl
FHELBERKERIG M, SR mMEEEZL T
HAEAELIBE KBy 1 760 mm Nk FIEME, FE)E X
TRE(E 3 A)e TR M2 B, X
BTN T OCRE, S 38aT 0, I
W6 5 U B A T ARG G, E 10°C B IA 3 T,
B85 T FE(E] 3: B)o Bk 2= 1y SR S Al 45,
£ 50%HT 2 B AE (&) 3: C). 4 XHEE A/ T 70%
W, AR LA, IR A B3 iR g
hm, 78 77% AR R (K 3: D). 24 6-8 A HER

HhT 200 h i, EAE ARG T 0.5, HHIK
I HCKT 200 h i, S A0 0 (K 3: E).

2.3 BB AEEX

TEYATAEL SN, SRR IR 1 B A TE
R, Maxent A1 GARP 2 VT A R i S ARG
(15548 X A0S B AT AE K (B 4: A, B). 211, GARP
TIP3 A0 A X RO S, 78 w5 I AHOK; Maxent T
DR AR IE A X A AT B o B, HOIR AR /N o [RII,
GARP T 38 7538 A= X K8 e mn@ AL X, 1
Maxent F 78 7538 AE X R 43 oA ik 3dE A= [X Al
“HEA X,

2.4 SAFAALITE RIS TEE A X B M
FEAFEAEATS R, Maxent Il GARP X 4 i
& H G X T 45 RAFAE R, HA2 2 MR
T AR 1038 3 A X Tl b sk i34 . 7E RCP
2.6 15T, Maxent THINSE A 11 B 4345 X T AR 3
i, £ 2050 EA1 2070 4E43- 75 34 1 53.8%7F1 42.9%,
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Environment varables
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Fig. 2 Relative importance of environmental variables for Phoebe sheareri distribution in China by Jackknife test
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Fig. 3 Response curves of important environmental factors in Phoebe sheareri distribution model
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[ KA X Not suitable
0 IGEAE X Low suitable

[ i A [X. Medium suitable s,
B 57 E X High suitable \ g

[ HEifiA: X Not suitable
0 fILEA X Low suitable

[ A4 X Medium suitable A
M 555X High suitable \ 77 €

[ 4 Maxent (A)F1 GARP (B) Tl {1 i fE A Aii X . 10 DU 20 =i 30 5l 4 EEJK; 5 Bkvh; 6: Jifrg; 7: WAdk; 8: 91md; 9: )1, 10: 4R, 110 VT

7, 12: 228l 130 Y95, 140 WiiL; 15 4a%; 16: iR, 17: /75, 18: Lifg.

Fig. 4 Potential suitable distribution of Phoebe sheareri predicted by Maxent (A) and GARP (B). 1: Sichuan; 2: Yunnan; 3: Guizhou; 4: Chongging; 5: Shanxi;

6: Henan; 7: Hubei; 8: Hunan; 9: Guangxi; 10: Guangdong; 11: Jiangxi; 12: Anhui; 13: Jiangsu; 14: Zhejiang; 15: Fujian; 16: Hainan; 17: Taiwan; 18: Shanghai.

MR /D 8.5%F1 8.8%, MK/ X 3 B 1
FERS M PUINZRER e DL A e 5 p A8 5
Aibs Pl/INF AT X R AR TR (M B R X))
AT PR T REMEE)(E 5:A, C, & 3).
7E RCP 8.5 155t~ , Maxent Tl £ 6 f)3& B 73 A [X.
A 238, {H5 RCP 2.6 Ak, #in
AR, IR ITHAR 2 (35 3). GARP TN 4 A1
& B A X B A B 4k (R 3), 7E RCP 2.6 1 5%
N, 2050 AR 4 A DX T AR 3G oA gE > R B [R],
MAE 2070 4, /N2 AT X T ARE W g oK, F %
SEHRLEPERT RO Al SRYIFARSE),
B0 Ay T AR 32 B R AR B T S RBH AT X)L ]
T T IR TR 1) 22 8Tl 0 (i R 2 ) RV L 55
JEEBOE =W AR M AITEIE) - 7E RCP 8.5 15 5t 1, 2050
SRS AR X ARSI, AR 2070 4, A3 ARIX I
FREE/NE 5: F H, % 3).

H AT, [ Pr B8 B Al o A i A Sl i 40

% 3 Maxent A1l GARP TGl F) 28 AT 76 23 A T AR (%) B Bl A5 424k

P24, AN[E AR B T AN ], SRR AT
18 B K 22 525270 [R] b, 78 T Fds 2 X, SR
FAAS R B AT O, 9% Hh B AR Y ] DA vy
ToI 45 5 1] SE 25 A 5T R ] Maxent £ GARP
PR AN Tl 43 A7 R 2R S0 B8 A PR E 40 A DX kAT P,
L5, Maxent 1 GARP [l LI, 5
GARP L, Maxent ] AUC. TSS 1 Kappa {5
1 (P<0.05), Ui B Maxent 45 51 B A = aEE .

MM B AR, GARP [HITRINSE5 s )y ik 25
H A AT AR R, 7E— Lo L in Sk A H X (Wi
IR BT, R ) A TN A& AR X, T Maxent
TR £ 3% A X AR B METE AN Z R S 4 .
1E GARP Fl Maxent B L e, WASE] T
AL 45 FL25-261, GARP 1 Maxent Tl 25 S 1) %=
SRS BT T A ALEEAS [ B § 280%°), GARP &
— RIS AR R, W R S0 AR R A
&, BRI SR T 73 A X . E AR
R IR bR R B S /M s 22, Bt 9 45 SR A
) T EE A AR A A8, BUFE A T AR,
VIR AT e b 8 1) B KA A ), Maxent 25T 5ok

Table 3 Dynamic changes in distribution area (%) of Phoebe sheareri using Maxent and GARP

Maxent GARP
HHN Increase J%/> Decrease BN Increase J%/b Decrease
RCP 2.6-2050 53.8 8.5 9.5 94
RCP 2.6-2070 429 8.8 9.0 14.0
RCP 8.5-2050 34.1 20.3 18.9 11.8
RCP 8.5-2070 22.8 218 9.9 10.2




ERE Rz A4 ARARATS 5T SAE Hh [ A3 B 3 A XA AL 441

/> Decreased (¢

] A7 Unchanged ~ .,
—
€

1000 km

Py

B4 Increased N ¥7 & . vt

K& 5 Maxent (A.C-E.G)H GARP (B.D.F.H) Tl ¥4 Ak k(2050 A1 2070 4F) A4 (L& A, B: RCP 2.6-2050; C, D: RCP 2.6-2070; E, F: RCP 8.5-2050;
G, H: RCP8.5-2070, 1: PU)I; 2: =i; 3: SR/, 4: HEJK; 5: Bkvh; 6: fiRg; 7: dk; 8: md; 9: )74, 10: J77K; 110 VL4, 120 2280, 13: VL35, 140 Wil
15: g 16: M, 17: B%; 18: Lif,

Fig. 5 Predicted area change map of Phoebe sheareri using Maxent (A, C, E, G) and GARP (B, D, F, H) in 2050 and 2070. A, B: RCP 2.6-2050; C, D: RCP 2.6-
2070; E, F: RCP 8.5-2050; G, F: RCP 8.5-2070. 1: Sichuan; 2: Yunnan; 3: Guizhou; 4: Chongqing; 5: Shanxi; 6: Henan; 7: Hubei; 8: Hunan; 9: Guangxi; 10:

Guangdong; 11: Jiangxi; 12: Anhui; 13: Jiangsu; 14: Zhejiang; 15: Fujian; 16: Hainan; 17: Taiwan; 18: Shanghai.
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TR, B, B 500 R OSBRI IR AR
BRI, RGN, 5 GARP #HEL, Maxent
I 2 F-HEBRBIL R AR R 22, W5 &5 e 1) T80
SCAEASAIRN, EIEILSLRAE R, R AT

FEGATSAR AN, M E S MIX EE
ERIL T LU RS X, oM. )i,
AFE AL DUIZRES Wil AR AN ZR 56, T
MIX IS EYEICEIEAY) G S5 Y
B A3 A 1) d 2R L (1) (R 129300 M T 0943 BT AN 3 A 85
Rl F oIk 2K, A7 B TN & A P Y B 2= X i A~
IEL R 71 AN DTk Feak 55.0%, 1t IR 2
SN SR TE AT I RN 7 S & A X
F B I ZE R g, AR ERIEEY . K
BENZER AT e S EUEY) 8 R AR, B
i B R ) AR B B AR, A 2 BT 2 e
Ja, HotEdE, SN Z&BERES T
F% 66%. 76%FH 75%I321, i % Ry & AT Beid i 520
LA WP DL R 78 i i 2R A AR I A R
Hid Rtk

PREERI AL, T2 TTEREIE 22.1%,
T RS A 0 AT 1) B AR R o d i e Bl £
BT ZEBRACT 4ACHAER RN SE LR 5
i, X EHT BRI e 25 R — 3. EhE SRR PR
5, HM&E M RIERE A 25°C, R0 X Jbs
IR T 2 BRI E, MEN S SERM
MG R ARSI, IR A AT L SR
WIBEREE . B E T DL R B R
B s, B4k, Pearson MG MR, %
TEHR S RAFERIKEZWREENIEMEX, E
PSR B AL R R, ARG AR
TR SR, (H R SR T 238 R ) BB mT e
WA T A E R LR B S ERMEN AL, K
I, IR P RE A SR S 23 A B BRI R, 5
AT 5 FpkRs, 7 EERIR K &7 B
JE SRR A 7R SR B398, A XU FEE AN 6-8 H H HE B
B BB I TTER S, R R S 43 A Y
RIER . BAREE = BRI, SR AN PR X6t
BhE KK B A Rt — BT .

SAERARA T YA ) o A g R B, — S Fh el
TFo&E MR, 38 I 3R A AT R A DL B AR
b, o HOE A X AR 238, 1 53— e
BT ANREIE N, 2 437 DX i 3 B v v 26 B
MR HL X T RS 23381, ARH SR A 2 P A A0t 5t

RCP 2.6 il RCP 8.5 i 4t (19 7E 73 A X BT AU
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