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Abstract

Objective: Picea asperata Mast. is the main constructive tree species in the western Qinling Mountains,
Hengduan Mountains, Sichuan Basin and its marginal areas in China. It plays an important role in
maintaining regional ecological balance, soil and water conservation, forest resources supply and so
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on. Method: Based on the natural distribution of 40 P. asperata samples, the maximum entropy model
(MaxEnt) was used to explore the potential suitable distribution area of P. asperata under the influ-
ence of main climatic factors. Result: The results showed that the potential distribution simulation of
MaxEnt model had extremely high accuracy, and the AUC values of all models were greater than 0.99.
The response curve of climatic factors showed that temperature (seasonal variation of temperature)
was the dominant factor limiting the distribution of P. asperata. The potential distribution area of P.
asperata obtained by simulation was about 467,900 km?, the high suitable area was 30,500 km?, the
medium suitable area was 89,300 km?, and the low suitable area was 348,100 km2. Conclusion: The
accurate prediction of P. asperata at high suitable area can provide targeted protection and planting
strategies for forest management. It is suggested that P. asperata planting should be the main tree
species for ecological restoration and afforestation projects at high suitable area.

Keywords

Maximum Entropy (MaxEnt) Model, Picea asperata Mast., Potential Distribution,
Dominant Environmental Factors

Copyright © 2024 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. 518

=12 (Picea asperata Mast.) 55 J& T-#a £l (Pinaceae) = 12 & (Picea), & —FiihEHEFH R HSRITIA. FE 5
fAFREGZRE . B0 PR LR A HIX, AT 1800 & 4000 Kz [al[1]. A2 K Hah:
MLEYDE AR RS R, RS RGRS . MO BRI R R . AE 2 REEAR Y. B R &7 A
A EEME2], & E R IETS A S X E B TS AR [3] [4]. H ATx A2 7T R BEE P E G
MRIS]. R FEFIA6]. ARSI B IEE R [7155 . R AR ATEEh. A Bl &5
8], FEAALEK KRG, IR TR, ERM R X A& RGN R A L FEE[9]. BF
T, DO 7 LR 1| 76 v SR A L [X AE 2000~2015 4EFE/KIB/D AR I, A5 38 Ak 0 il ol 78 = S A
A= A B A 4 F PR X B SURF 9 X TR £ 12.22% [10], 5 B4 G1E )1 PG & JER L Hh X 3 . =A24E
N R X T B ARRR, R BR AL A I B SRR T, FEB AL A I oy A, AR T
TASLEMON A 25 TREAN I DX A A R 2 v o 1 & BRI R

YIFh 73 A 15 (Species Distribution Model, SDM)J& 9 F4 43 A T (1) 25 2 v [11], 1% B LA A 247 31
WORFER, B RS YR I B ARSI i, SR BRI G A TN R b s ] B 4y
AT AR, WTI TR o 5 70 2 A5 X33 P A 25 S R R [1.2] o Wb 23 AT RS0 (6 B ST e M (R A 45 4
H AT 2 KRB (MaxEnt) . AP0 S4% 2 T R G5 (BIOCLIM) AESALA T MR BL(ENFA) . 733
[ A6 A 7 (CART) &5 [13] 0 L5 LB Wb o0 A BE R LE , MaxEnt A5 70 R 5 v, AP A2k 1k O R I Bk o,
EHARAIREO T, TS REM[14]. O 2N TASHEBE . NSl sisE
RSO 93 HhUTE 3 A X AT 955 o

AT TR BF AR AL 0 A1 s, BT AUEAR A R B, R B KR, el i A2 R K
TR T B2, BRI PR AL A I AR T, LS AT S N AL I E S A T
0, DU A2 B A B R A AR 18 AR BERL 21T .
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2. BERIES S
2.1. THZRAMESHERENNE

SREL A2 B R A O B8 EEA LR U : 1) B E 3 MY bR A< 18 (https://www.cvh.ac.cn/),
WA T 23T B R; 2) J B E Kb A BIRIL S & (http://www.nsii.org.cn/); 3) BUEERRA TR
FL 2574 (http://mnh.scu.edu.cn/list/locality), 3 2 EH ICFARARE S, REBONHFFE SN
ARFR, BRARAE AR T DA 25 T A S XA, b T ASSEshindiol . folb 255 lir) T3,
FATBONATRE S LA T ALRR, K5 40 N A SRS NEE A2 A X, W 1 R,
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Figure 1. Distribution of P. asperata Mast sampling points

1. ZERERDH

2.2. SEBEERFREL

SAEMEEEE RIE T WorldClim (https:/worldclim.org/) BB 1 i B . %M T 2020 4 1 5 85
T 5 WANEE(1970~2000 ) A KM 19 NMEYSEA E (R 1). H UL E 19 MBS A SR E
By ASCH ¥ S0HF, BT MaxEnt #44.

Table 1. Climate variable data
#= 1 SBRTEHE

Hdls B 2 9 5 H i WA HdfE i A
bio01 IR (C) bio10 BIEZELR(C)
bio02 H ¥R AR E(C) bio11l B ZEIR(C)
bio08 R (C) bio12 £E [ T (mm)
bio03 IR (%) bio13 5 B /T (mm)
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HER &
bio04 T ZE T AR bio14 T H B (mm)
bio05 % H s if E(C) biol5 S Y 0
bio06 RV HIRAIKIREE(C) bio16 R =R (mm)
bio07 It BEAEAR MR (C) biol7 fi 2= F /i (mm)
bio08 RORESR(C) bio18 B2 FE T (mm)
bio09 RFZEHIE(C) bio19 IR ¥% ZE B /I (mm)

2.3 BESHEXEY

AT FEAE B R JR AL MaxEnt F1F, Kl 1) 40 Ab =AZKE 75%I1 4345 A AR50, 25%1E
NIRRT IRAG S, AR5 2 H) 52 TAERFE il £k (receiver operating characteristic, ROC)iEAT P4 -
K ROC ik T~ J51HifA (area under the ROC curve, AUC) i H AR 25 B FRE Bl B E AT VFA% , AUC BUEE
i 9[0~1.0], AUC fEK, A AIEEME . (HT 0.5~0.7 KRB R FMFE ZE %, T 0.7-0.9 &R
— %, AEAT 0.9 I EH MRS B . R MaxEnt i dh i 1 4)3% (Jackknife),  H Bh4E A S AR B 5T
TR 2 SR 560 A [1) A 15 A PR ) 2 A M B 23 A ) B PR KN . RIS S mi ke SRR TE R BRI FE v, X
BN AL B ZE AL, DT v 2 W A58 PR 7 B 1) R LU 2= A2 b 38 4 A7 ) B PR O

BT MaxEnt FAFAE R BIME, FIF ArcGIS B AFH B SR R2oRE 242 2 i i RS B A Rl 4 4
AN ANIEX (<0.10), fikiE X (0.10~0.30)« H1i& X (0.30~0.60) fHiE[X (>0.60). ¥ H AAZHHE R TN
tH FpR A ], BB TR 2 4238 B 43T X5 IS A XA — S50k, e FORE A0l 45 v T 5 FE . SR ArcGIS
e TR EHE A2 E H AR X T

3. GRS 5Hh
3.1. WU

BT a2 nmiaE N3t 40 ANFEA, DLBENLERUE 10 N UIZREEA S BITE MaxEnt #1558 . FR 4
g IR, HAIZREE AUC AN 0.998, MIHKEE AUC {E M 0.999, IIZREEFIMIRAE KT 0.9, FHHIEK
TRENLTI 23 A ALK AUC fH, HRHE AUC BIPPALARTE, A 78 PO AR AL 1 v fff P52 508 380 880 v PRI P 1B
& 2 s il e AUC UINZREHE 2 e K —k, 3R B MaxEnt B BUBLLL BT 3 B A EE A R IX B A
AR o PR TR 1
32. A HHESEF

16 MaxEnt #UBLE T it A2 i 1 B AL R 4% I F SRR 32 20 192 2 WA, STHRERHE 4 /N 10 15
723 e il BEZE T AR A (bio04) Ay 27.9%, JHLotER A fm, LR EFE NI (biol2) 15.4%. HRiITZE
¥ (bio08) g 12.6%. 4 il M (bio03) Ay 8.9%. I T H [E /M (biold) Ny 7.7%. ¥ Z=F% R’ (biol9) )y 7.1%,
PA_ESAS AR 5 R TTRRFR A B 79.6%, X 2 A2 IV TE 43 A B B B 520 o H Hh L A8 £ (bio04 . bio08
bio03) R TTHRFE N 49.4%, [%/K48 & (biol2. biold. biol9) EFRTTIERE AN 30.2%, Wl iw /& /& i =
I F S EF T .
3.3. ZEAH XSRS

38 6 NEEAURF T ZAZE L LRI R 2L, 7T PRI A A AERE AR T 0.60 I, X
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Figure 2. (ROC) curve for predicting the potential distribution of P. asperata based on MaxEnt model

2. BT MaxEnt {REFUN A2 B ES B HIZ IR & TIEFHERLZ(ROC)#hZk

Table 2. Current environmental variables and their contribution rates
2. HAMETE REREE

BN ik TTHRZE% B ik TR %
bio04 TRBEZET AL 27.9 biol5 B R 2T PR AR 1L 2.3
bio12 L& R (mm) 15.4 bio06 w4 A RARIERE(C) 1.8
bio08 BIBZELIE(C) 12.6 bio02 H R EARIR(CC) 0.4
bio03 2515 1 (%) 8.9 bio01 IR (C) 0.2
biol4 T A B&E R (mm) 7.7 bio05 g A s &I (C) 0.1
bio19 R V% ZE B T (mm) 7.1 bio09 BTZERIE(C) 0
bio1l BAZEHR(C) 6.1 bio13 I H BRI (mm) 0
bio10 WREZEHIE(C) 3.8 biol7 T2 (mm) 0
bio07 REFARIR(C) 32 bio18 R ZE P (mm) 0
bio16 HRIBZEFE R (mm) 2.6
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Figure 3. The probability response curve of the main climatic factors affecting the distribution of P. asperata
3. EMEoHNEESIER FHEER R thik

34. ERENBESHXEEREEMN

4SBT MaxEnt FE RS FIE (¥) Z AZ 98 8 A DX T AR 2o v frd A2 X 32 AL T 3R E DY 1K HR 23 X
LLRH AT e B AN PO el AT /NS 0 A1, TR0 3.05 75 km? (5 3).

G X ZAL T DY) ER S PEAR A ARER S PHCAR AR HIR R il S PUrg A Bpi oA, A
2974 8.93 J3 km? (4 3); @A X FZLALT DU NI R 8 S va s H R AR o e DX T AR S L Bk
P AR (ZRIS) D B X e, AR Pk & 0 XA TG A X0 A, THIARZ) 0 34.81 77 km? (35 3).
BrUAEMLX LSRN, BT FETEH A A O A AR IRE AL X, AdE A 2K,
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Figure 4. Potential distribution of P. asperata in China predicted by MaxEnt model
[E 4. £TF MaxEnt iIRE TN =2 B E DR EE

Table 3. Area of potential distribution area of P. asperata
3. aEMBESHEEXER

2 B X HE A X fGE X

AL TR AR /km? 3.05 x 10* 8.93 x 10* 34.81 x 104

4. g

MaxEnt 08 ELu 32 L TAE RS2 AR B . (a4 SR, 33 MaxEnt A 2 iy ey &
BEREEAS BT AT, AT SR 100 A 25 75 SR RSBl (K TE 49 A [15] SAIAT 75, REAUBCRE DL R %
[ 537 5 2 S RS R T ) 5 5L — R w0 5 DL L B B I L« {E 5 B 9056 99 MaxEnt B 76 /)8
FEAS BB T b BEOEE BE L 28, FETIN 45 AL A SR P [16], 12 DR AR 1 804 A5 52
ZFUIRBER . R, REAC STE 22 ] D 140 A 22 S A 2 B B 45 5 . ASHE S0 ) MaxEnt B0
LT EAAERE LXK, 2RFEY], AUC EONZERMIRESAR) KT 0.9, FWIHLTINILE i
B, B U T B AT 90 25 A% 43 A 0 A 25 SR FEE 7

PR 53 A2 2 R R AL RIS, 2RO IR TR, SR BB AR A A 1 3 S T [17]
R 7 2 SR T PR R 5t LA 1A 1 DGR (18], S H R e A 90 B P PR 4 1
W52 RE )7, G5 R W A5 A0 1 B R R TR TR A . BRI, SR PR
BT AR . AR, Ho R A R E T RIEE. ZB2AR TR X A
Wb, AR R ER[19], HA K R S IR R (B B B UM 26 [20] . IR FEIE I AR AL & TR L BRI
TS A TR, IR . RS SR T IR R [21], e SR e & 1 A 2 I [22)
AT R [23]. KA [24]%5, TSSO A KA s ARIBX A NI FIALL . B3ET LA S A
R A K SRR T R )25 T A0 R BB IA[25), IR K, SRR R T . Wk EE
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H, GRS S BRI A N 17K 73 450K, 38 2 B B A R R 4T M S2 453 [26], AT 51 & 4 SR FEFIAE i BT
T DARFEMRIRIAEE T, LIRS R o Rk A U@ 2 TRER27], BRI S IR RRICE 7= 16
M AEKOR E o P FE U A IR e H o AT Y L — AN E 22K 1 [28] . RIUG IR E TR AR R =
2 WA 3T AR 25 A1 B G5 A MO BT 1, ek 200 B P 7K 23 (R0 o 5 B 5 S L S B [29] o Xt
FERE MU 242 BE M 1R FE 5 R 43 LU M X D AR A7 FIEAT[30] o SR il 2o A2 5% v FE b X LA i I 7 1%
B LR A

AWFFRM, UETRERE T, AR 23R DX AT DY 1| R0 78 3 S A6 P AR i /b & 40 A7
HOR AR R PG AR S e B R (R ) D B A o AR AR S A XK T 242 5 bR
AT, JREPRE R ST, W5 2 R E AT, SRR S — R R & B AR AR
Bio nHURTER AR, FARTE . RIEEEE, $Rm T HE R RE R, FECRE FEMR I RE[31], MR
BRAEKS AN . ARG BRI AR SR BRI DG R, MR IR B, S B 2 ] ]
F[32]. WP ILSE oA 2 B 2 IR ZK A, A0k I BRI DG R [33] P AR IR 2% AF[34]. AN J&iE 3 [35] 5546
AR 223 P TIUI (  7E 43 A0 DX SR T 52 b A K X 4 3 . R an ks, AR4E MaxEnt A AL H 1) = AZIB TE
&AM X B BA SRR R, R EFR&EMIKERT], T8 BRI X PR RY . #Fh
Fohr SRR KR -
5. &g

AT e KRR 45 S ArcGIS 55 T B X = AZ PSR 4y X HEATIEAL, 2R =42 23 A1 11 ZE AR A
TREEREN, EEaZAERKNIRESETERL, RIS FERW. & T H BN 0BR{ES AN
623.2~701.5. 9.2°C~12.7°C 698~773mm. 6.4~9.6 mm. zAZEid A X 3= BAE fp T3 [F Y )1 KB o 3t X,
Hil s L A B, EINE S EEE X W@ HAR X, N R R &
TR AREE X, il 7E3 A AR HN AR X . AR S . BRPa RS, DA
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ARk o

E&WH
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