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Abstract: Hippophae rhamnoides subsp. sinensis is mainly distributed in the forest-grass transition zone and is an important
afforestation tree species for the conversion of farmland to forests and ecological restoration projects in North, Northwest,
and Southwest China, which plays an important role in maintaining the stability of the ecological environment. This paper
tries to explore the dominant climatic factors that limit the distribution of H. rhamnoides subsp. sinensis in China, and to
simulate its suitable distribution area. In order to provide a theoretical basis for the overall arrangement and promotion of
H. rhamnoides subsp. sinensis in forestry ecological engineering and ecological economic forest construction. Based on 328
geographical distribution samples within the distribution range of H. rhamnoides subsp. sinensis, the maximum entropy
(MaxEnt) model is used to predict the potential distribution range of H. rhamnoides subsp. sinensis in China. The receiver

operating characteristic curve, Jackknife test and the precent contribution of the climatic factors are carried out to analyze to
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the climatic factors limiting the modern potential geographical distribution of H. rhamnoides subsp. sinensis, and the
response curve is used to determine the suitable range of climatic factors. The results showed that the average values of the
area under the receiver operating characteristic curve (AUC) of training and test data were 0.962+0.001 and 0.949+0.001
respectively, higher than 0.9, indicated the accuracy of the MaxEnt model was pretty high for modeling potential
distribution regions of H. rhamnoides subsp. sinensis. The combined results from Jackknife test and the precent contribution
of the climatic factors revealed that annual precipitation, temperature and precipitation of growth season, precipitation of
driest quarter and min temperature of coldest month were the key climate factors that resctrited the distribution of
H. rhamnoides subsp. sinensis in China. The total suitable area of the modern potentially geographical distribution of
H. rhamnoides subsp. sinensis based on the climatic factors was 165.1x10* km>. And the total area of the potential most
suitable region and suitable region of H. rhamnoides subsp. sinensis in China was 93.3x10* km®, mainly located in western
and northern Hebei, Shanxi, northern Shaanxi and Qinling Mountains, southern Ningxia, eastern and southern Gansu,
Qilian Mountains, eastern Qinghai, western Sichuan, eastern and central Tibet, moreover, there were few suitable region
were located in northeastern Jilin, the central and southern Inner Mongolia, as well as northwestern Henan. These regions

can be used as the dominant areas for the cultivation and prometon of H. rhamnoides subsp. sinensis.

Key Words: maximum entropy (MaxEnt) model; Hippophae rhamnoides subsp. sinensis; the potential distribution
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Fig.1 The occurrence sites of Hippophae rhamnoides subsp. sinensis in China

1.2 REAE AR

AR R KU T WorldClim 93 (http -/ www.worldelim. org/ ) F5 B A4 (9 A B 181 22 . % 0 3 T
2020 4F 1 H B 1 SR AR (1970—2000 4F) 47 XA 19 AR & K2 (Version 2.1) o X 19 M AfEAR
TP AE IR (Bio01 ) , J ¥R FE 28 1 (Bio02 ) , S5 i M ( Bio03) , ifit J& 2= 19 P28 1k ( Bio04 ) , Bz J e = il
(Bio05) , #i& H e fiKili (Bio06) , il BEAF AL 1 (Bio07 ) , Fif 22441l ( Bio08) , fir 1 F= 1l ( Bio09) , Hielk F= 1
(Biol0) , H 1% = (Bioll) , - %R (Biol2) , 5 H K& ( Biol3) , fx T H P F ( Biol4) , BT Z= 15 25 fk.
(Biol5) , B ZE[%N (Biol6) , i T-ZEFER (Biol7) , fe B ZERF TR ( Biol8) , fed® ZEFF M ( Biol9) , LA+
P2 HRH 307 (29 1km) (923 18] 598K
1.3 AR A XA

Py v e A DCH) TN S T KR (MaxEnt) R 5e i, K LA _E WO 68 v [ v S A 2o A 580 A
ArcGIS 10.2.2 #4442 ASCIT #% =X 93 )2 5 A MaxEnt 3.4.1 3K {4 ( http : //biodiversityinformatics. amnh.
org/open_source/maxent/ ) T2 E . B R B E NGB IEE R 75% , 50 UEE G 45 N 25% , 5K
$k 10000, F A UIZRA 10, A TEHRAEIL . FIFH MaxEnt3.4.1 F4 T Jackknife FEH T4 SR AE R 5T
R RV e A, A 00 4% A A AR B X ol R e T A ) BR AR R0 R 2 R TR R AR i £k
( Receiver operating characteristic curve, ROC ) PEAG R FUL 25 S RS 86 B2, AUC {5 (£ F 1AL, Area under the
curve, AUC) /T 0—1.0, AUC BB MRS RORE B 36t o, w5 BE A2, HUE 0.5—0.7 IR R AL
WS BE 5572 ,0.7—0.9 Bf S — 8 (B T 0.9 B B T0MIRS BE A by, RS SR BEHE Cloglog it 773X, L. asc 4%
KA, HASHUI ] MaxEnt 3.4.1 BRI E

FIH ArcGIS 10.2.2 B, X0l 28 SR A 7 o] Ak A BHERN A 352 38 A P 4l 43 - FR e A 40075 380 110 v [ b s
FER/IN, 256 WOAE B9 HO A1 B , AL 1 AR TE) 7 13 43 93 ( Jenks  natural breaks ) ¥ HA 734 4 A~559¢ . R
EIX (< 0.09) IR 4 X (0.09—0.33) | il 2R X (0.33—0.62) Ml 2R X (>0.62) > F A H

http ; //www.ecologica.cn



4 SRIEES A AT MaxEnt A28 r [ Y008 (38 B0 A1 X 34 1423

ArcGIS 10.2.2841 Reclassfy T HGETH R4 S 06 0434 X THIFH

2 #R

1.0 - —

21 HORTIRS o % 0s 7

VDL 328 AR FEAR SRR R b 2 06l e
BPLAHL IO SR Ay 246 1 IEREA O 82 4 450 B E 7
o, BT I AUC {50 0.9620.001, 3% "2 | 7 RRAUC - 0563
£ AUC {34 0.949£0.011, Y1k T 0.9, HLII i3k T Bkl z02hy A0
T 53 AT AR AUC {8, & 2 JE/R i AUC fH 2ol
%kﬂg#ﬁ\ﬂllgﬁo iﬁ(‘_%‘:{% MaxEnt *ﬁﬂ}ﬁi)ﬂ“ﬁ%@“ﬂ@tﬁ[ﬂ (I) O.Il 0.I2 0;3 0;4 0.I5 0.I6 0.I7 0;8 0.I9 1I.0
VPRI AE o A X HL A AR A7 PO ORS B, FL A 25 5K nl 58 & 1-Specificity (frzﬁfm% predicated ares)
i ’ ARATHELIE B2 ETF MaxEnt #EE TN EDHELES HHZINE TES
22 HIATHE DB E S URE T i rOC) s

%% 1 y‘j @ﬁi@ﬁi MaxEnt *ﬁiﬂﬁ%’ai’]% %1&?9"]5{7 Fig.2 The receiver operating characteristic curve (ROC) curve
HkR , o1 BRFRHELZ HT 5 SRR F 4 5 S~ 4E & T predicting the current potential distribution of Hippophae
( Biolz, ( 19.40+3.35 ) %> \%$§F%ﬂi( Biol7 , ( 15.42 rhamnoides subsp. sinensis based on MaxEnt
£1.07)%) SR ZEHIE(Bio0S, (10.80+2.38) %) i SRS /‘\UC i%ﬁ%iﬁ%l?ﬁ%ﬁﬂﬂéﬁ?ﬁﬁ Area under the receiver
HE K (Bio06, (9.90+3.08)%) Fl i W 2= 1 i sperating charceitic e
(Biol0, (8.40+3.18)%) , ZFITTHRHR N 63.92%, #E—

WEET ITIURE AT AR A i R 2 (11 3) o Z2RRWT IR 22 190 HE24 B 5 A9 UREN R
B H BT (Biol3) (% H Al ( Bio06) (i & Z2[% [ ( Biol8) (i MEZ=FE I ( Biol6) FIAEFERN (Biol2)

F1 BRAEEPESKEAFHHEDRS HaEE

Table 1 Contribution rate of each climatic factors for the distribution of Hippophae rhamnoides subsp. sinensis in MaxEnt model

245 Code BTHK R Percent contribution/% {45 Code BIHKR Percent contribution/ %
Biol2 19.40+3.35 Biol3 2.30+2.10
Biol7 15.42+1.07 Bio01 2.10+2.14
Bio08 10.80+2.38 Bio07 1.07£0.47
Bio06 9.90+3.08 Bio03 0.56+0.61
Biol0 8.40+3.18 Bio02 0.41£0.19
Bioll 7.66+1.82 Biol4 0.36+0.09
Biol8 6.96+3.28 Bio09 0.34+0.28
Biol5 5.770.62 Bio03 0.200.04
Bio04 5.74%1.85 Biol6 0.13+0.20
Biol9 2.49+0.28
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Biol0: HWEZ=IE Mean temperature of warmest quarter; Bioll: 122544 Mean temperature of coldest quarter; Biol2: 4R Annual precipitation ;
Biol3: i A [ Precipitation of wettest month; Biol4: #i T F F# i Precipitation of driest month; BiolS; FERMZET7 P41k Precipitation seasonality;
Biol6: i ZEFE W Precipitation of wettest quarter; Biol7: fiz T-ZEFEFN Precipitation of driest quarter; Biol8: #zhEZEFEFN Precipitation of warmest

quarter; Biol9; B ZE TR Precipitation of coldest quarter

P 4 Szl i L ads 8 AN A DA 36 vl ] 0t A 8 o 7 ph 2k, by T Rl A, 2% 0 PR 6 o b A
AR (e 7 2 3 2 B, B A T (EL A3, A7 A AR 0 T v — DR 8 v — DR e —Z 1 AR 0

http ; //www.ecologica.cn



i

2
He
=il

1424 H

[ ] wmswms [ tswmansy 7] iitiswsats

Bio01 [ |
Bio02 [ |
Bio03 [ |
Bio04 [ |
Bio05 |
Bio06 [ |
Bio07 |

|

|

Bio08 [

Bio09 [

Biol0 [ |
Bioll [ |
Biol2 I |
Biol3 [ |
Biol4 [ |
Biol5 I |
Biol6 [ |
Biol7 [ |
Biol8 I |
Biol9 [ |
AERIRTEAS B Z

1 1 1 1 1 1 | | 1 1
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Y ZEp A5 4 Regularized training gain

B FF Climatic factors

B3 BESEEFXHEDREESHEEE Jackknife 1S5
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Fig.5 Potential distribution of Hippophae rhamnoides subsp. sinensis in China based on MaxEnt
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BEAR , ARBIFSE 322 LA BV T A 43 A A a5 R SRR AT (R ASEAEL , IR 9 B L v v o R G 5 i o S
Bl IR B HET A SRR 040 . AR B VB A 2 DL m ™ Ao KRR S R RO B, s
A A B B — O A O R AR R AR 45815 B — gl Ak R B VR ST R — R O B IRAE R
FERRE AR T MR R AR A E R T IR ST SRR b s e YD A P A T ) A
XA it — 29T,

4 iR

1) AT 538 5 e IR S AT e W K 43 45 2 5 i b VD 43 A 1) 3 S S BB, LR O AR R R i A
AR R AR BIRA T o VS A X A B A R L, o TS AR XA AR R 441—782
mm , A ZERE R I AR Y 50% 2547, e T 2R R i 8—18mm , S i 2= 9.1—17.4°C | Fel@ 211l
10.1—18.0°C , % H Fe kit -14.0—-6.3°C ,

2) TR T o v A R I VA A AR X AR 165.1 5 km? RO AR X AR A 93.3 7 km?®, HorP i id
Az X FEAL T IR E AR A PG ACER | 1L PG B PEACHR H A A BB A R AR T VAR LS DU S DL B 7 AR
ARG X, A2 R 47.1 7 km?,
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