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ABSTRACT

Aims: Under the influence of Quaternary climate fluctuation, xerophytes may have experienced large-scale migration
and expansion. It is highly important to study the historical and geographical distribution pattern of xerophytes to
understand the evolution of xerophyte flora under the background of climate fluctuation. The purpose of this study is to
reveal the distribution pattern and driving mechanisms of Haloxylon in China since the last interglacial period (LIG)
and the last glacial maximum period (LGM).

Methods: Based on 85 natural distribution sites and 2 sets of environmental factors, the geographic distribution pattern
change, and driving mechanisms of Haloxylon since the LIG were analyzed by integrating GIS spatial analysis and 9
species distribution models. Based on the chloroplast gene data of 62 Haloxylon populations, we used the least cost path
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method to simulate the possible diffusion paths of Haloxylon since the LIG. Principal component analysis (PCA) of
environmental variables affecting the distribution of Haloxylon was carried out by using the prcomp function in R 4.1.1.
The contribution of environmental variables to the suitable distribution of Haloxylon was evaluated, and the correlation
between key variables and the degree of suitability was analyzed.

Results: We found that the precision of the integrated model was significantly improved compared with that of the
single model. Since the LIG, the distribution of Haloxylon has undergone a significant decrease and post-glacial
expansion. From the LIG to the LGM, Haloxylon ammodendron retreated westward from Junggar Basin and western
Tarim Basin to the northwest and eastern margin of Junggar Basin and northwest margin of Tarim Basin. Haloxylon
persicum retreated from the western end of Junggar Basin and Tarim Basin to the south of Junggar Basin. Since the
LGM, H. ammodendron has expanded eastward, through northern Gansu and eastern region of the Qaidam basin to
Alxa Desert in western Inner Mongolia. Haloxylon persicum has expanded northeast on a small scale, occupying the
central and western part of Junggar Basin. The change of key climatic factors in the suitable distribution area of
Haloxylon is relatively low. PCA results showed that the score coefficient of the precipitation factor in the first principal
component is higher. The analysis of the relationship between the environmental factors affecting the distribution of
Haloxylon and the suitability of the distribution area demonstrated that there is a significant correlation between
temperature factors and the suitability of the distribution of Haloxylon.

Conclusion: The climate change in Quaternary caused the geographical distribution of Haloxylon to narrow and then
subsequently expand. The main migration paths of Haloxylon are through the Junggar Basin and Hexi Corridor.
Precipitation factors mainly affect the change of suitable distribution area of Haloxylon, while temperature factors
mainly affect the degree of distribution suitability of Haloxylon.

Key words: Haloxylon; historical distribution pattern; post glacial diffusion path; last glacial maximum period; last
interglacial period
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Table 1 Principal component (PC) eigenvalues of climate variables affecting the distribution of Haloxylon ammodendron and H.
persicum
SAEEF #H Haloxylon ammodendron HAR# Haloxylon persicum

Climatic factor
PCl PC2 PC3 PC4

PC5 PCo PC1 PC2 PC3 PC4 PC5 PCé6

IR

Mean diurnal range (Bio2)

Tt B2

Temperature seasonality (Bio4)
B H B iR Max temperature of
warmest month (Bio5)

& A 5% Min temperature of
coldest month (Bio6)

AR

Annual temperature range (Bio7)
BITZEFYJUR Mean temperature of
wettest quarter (Bio8)

& TZ PR Mean temperature of
driest quarter (Bio9)

A Z YR Mean temperature of
coldest quarter (Biol1)

TR E

Annual precipitation (Bio12)

—0.4010 -0.023 —0.4471 0.3015 0.7218 —0.0155 0.0800 0.0560 0.6657 0.0289

0.3137 0.5855

0.3534 0.3672 0.3143 0.3992 0.1067 -0.2803

—0.4205 —0.3078 —0.2280 —0.2558 0.3226 0.0864
—0.3240 0.0336 —0.5535 0.0760 0.1049 0.4440

—0.2233 —0.4475 0.2756 —0.4223 0.3220 —0.3503

—0.0631 0.6370 0.4028 —0.0623 0.3398 0.4079

—0.3546 0.2862 0.0772 0.6046 0.5461 —0.2837

—0.3831 0.2188 0.0367 —0.7455 0.0309 -0.1367

0.4753 —0.1496 —0.2554 —0.0359 0.4549 0.3195

W 7K & Precipitation of wettest 0.0528 —0.5800 0.6229 —0.1540 0.4640 —0.1687 0.4583 0.2152 -0.2196 —0.2281 0.4103 -0.2874

month (Biol3)

R H KR

Precipitation of driest month (Bio14)
B K ZET AR fL

Precipitation seasonality (Biol5)

0.4469 —0.0836 —0.1889 —0.2130 0.1093 0.3556

—0.4064 —0.2396 0.2714 0.2735 -0.2429 0.6464 —0.0183 0.5997 —0.0048 —-0.3225 0.0936 -0.1350

A% /K& Precipitation of coldest 0.4426 —0.1004 —0.2010 —0.2152 0.2551 0.4042 0.3162 —0.4364 —0.0558 0.4762 0.0238 —0.2155

season (Bio19)
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S S IF 7 DX S AR AL, R 2 B A5 A X e,
e 5 2 W AUk 22 2 UK (Jiang et al, 2019), FJH]
ArcGISEL 7328 T BN 45 SR 3t AT v #iAL

2.1 ARMREMNEER=Z BRI

AHFETE A, PP (SRS BE AR AR UK 2 57,
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Fig. 1 Evaluation of prediction results of different models. ANN, Artificial neural networks; CTA, Classification tree analysis; FDA,
Flexible discriminant analysis; GAM, Generalized additive models; GBM, Generalized boosted models; GLM, Generalized linear
models; MaxEnt, Maximum entropy; RF, Random forests; SRE, One rectilinear envelope similar to bioclim; AUC, Area under the
curve; TSS, True skill statistics.
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Fig. 2 Suitable distributions of Haloxylon plants in China simulated by different models in the base period (1970-2000). ANN,
Artificial neural networks; CTA, Classification tree analysis; FDA, Flexible discriminant analysis; GAM, Generalized additive
models; GBM, Generalized boosted models; GLM, Generalized linear models; MaxEnt, Maximum entropy; RF, Random forests;
SRE, One rectilinear envelope similar to bioclim.
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Fig. 3 Suitable distribution of Haloxylon in different periods in China. LGM, Last glacial maximum period; LIG, Last interglacial

period.
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Fig. 4 Possible migration and diffusion paths of Haloxylon in different periods in China. LGM, Last glacial maximum period; LIG,
Last interglacial period.
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Fig. 5 Principal component analysis (PCA) of climatic factors affecting the distribution of Haloxylon under baseline climate
(1970-2000). The names of climate variables in the figure are shown in Table 1.

¥ H. ammodendron

N N
sool N R AR - R UK &
e LIG-LGM e
45°F  mae »
o - - __.i
o |_as 3 5 I*ﬁ”( R
40 g 4 af éﬁ%’tghﬂﬂge
T e p ok Lage
EL : ' Srosgo T
{} o o o E
IR RS
N y Ny
so°l N YUK }'
A ... LGM-Present
oL
» Il
40° —ﬁi L g
i Fi Climate change
R, 4 L m K Large
35 A ull L /N Small
- 0 250500 km
o o o o o (] ] E
O FPFSESE S

Elo ARIFERFZMBRRIMERRSBHOSUREFRHELEE

H&R H. persicum

NN KUK U7
TN, LGLGM
45°r :

-

SRt
Climate change
W K Large
i /N Small

0 250500 km

40° -

35°

R BEVKI- 25
LGM-Present

50°

45°

40°

35°

Fig. 6 Changes of climatic factors affecting the distribution of Haloxylon ammodendron and H. persicumin different periods. LGM,

Last glacial maximum period; LIG, Last interglacial period.

20224F | 304 | 1 121192 BT



FRPTEE: i AR AR S A 3 S o3 A i Jmy S L AR B L

IS0 DX R0 22 5 Sl s 17 AN [ I BT <0 IR
AR (Kl6). 7TLLE Y, MHRJBHEAIIE L X
S AT T AR PSR AR AT DR, B e R G
i B HER Z b AR G FS M) B R UG A, R B
DICHI DA R (1 A6k 35 3l 0] M TR AL 1) 2 A A7 AE B
KR BARRUL, AR UCTR UK AR R, HE
WES /R F M T I L LR T b G b ) A A 8 s
RIS MR 110 A TR E DAl S8 AT 44 2 ¥4 s
HA R ES, MR KE VN RS, BT AL T 5
HOIX B S BEN D, indEE R B, HORARES .
SEIEAR I LA L A 58 P AT AR BTz 36 T %, AR
JEREI I3 AT B IR L S REANY DR KIL 2 7K

AT R L], T AR R AR BLAURE 2 A w4
AR T L — MR S5 i (L1, E12), 1E
ANZ(Panax ginseng) (BX7E77%%, 2016). & PRk
(Cerasus xueluoensis) (4%, 2020) 1L 1
BB 7 A4S 3] AR ZE R, X2 By L —
RURRARMEAE A T 00 T #RRES 15 B IR A5 R, 4R
B Y AT DL FAAG 5 — A (R AN s M, 2R 3
SRR AT TR A R Y . ARSI R BA, AR
YA . SRR A SR 2 5 AR R AL P VR
P (Marmion et al, 2009), A SCH RIS R IR A5
NG RE B2 = TR, XML I 7 A1 35 Bl 4L
EIRRMR T, £ 504 B R B bt SRR, A
AR R RO B 5 2%

KA T, DY DR E AR AR SR AR () )T s
ARG T e ldn a3 ik (E13). FIH R 5
TiEx BAE R FU R B, B AR IE UK LUK R
¥ J& (Ephedra). M #J&(Nitraria)fi ¥t 4 7 1 248
B 73 S 43 A AR IE (XIIZ 2R 4%, 2009; Yin et al, 2020).
X ] B A2 BT 56 DY Z8 oK B B SR S R R AR SR,
T A2 AN s 38 T4 RUBE BRI S ) S e 3, A UK [
UK IR il e 5 (R, 2008), Bod 2K
R IR B A, AR A e %)
AT REEICHX . TR VKIE, R
() T e 2 IR 52 1) 2 075 b [X 74 58 S0 1) T
B, KRG T AR B2, K 2 HORE A VKO

@ LIRS (2015) P o A 45 200 (0 R85 1k PPy B I8 1 . it
LA, 2RI AERE, JEH.

(oA Y R IR R /DS, EETE e, Wille K4, MR
R A 42 0 AT B 82 S AR B RS 2 ) T RV L 1 4 A
e .

WAk, AL RER M, R ORI R H
LRI ZE A G BOE R RS (B 4). 8
PR FARRAR N [RS8 A A R A, R AR 18] ) AR 25 07
AT (PNIT 752, 2019), AT REFEAE 4L
AR R AL g s o TEVK G 11, B S A R BE,
TREABES R T ZHYPERE, X RE
FEEAED R I YT VDIEE | KBE R AR AR R TR LS,
BRI T T A E B ATT ), #2105 Ik
TR A R BT, @ SIRENIE. 5. P
AP R AT IE RS (T AE, 2014). (R, 7
e X )2 A At . YOV AR IR R T R
ok, HAEE a4 R TR, AFEE Y
B9 DX (R 21 L VDV X3 o B A /NI S 22
TS EARMR A AR TR (F6). R, MARIT
B AR AN TR SR, T A7 AE B . 1) [l W =X o AR, 3
AIRESE F T 28 DU L vk A AR, 3 98 AR 350 K 7 0
SR, BoamEaiEl. FIRE % ik,
B TRRBHE Y i, SEP B Es . &K
WL Rk R, B ARRMKIILOR, AR EHEY)
PR AENE R Zh . 3 R S A7 A /N AR 1=
FEIE A o AT BE R, HENAR vT e R B £
A3 B R UK S S S BT o 2 TR Sl AT ST th e B,
B = 200 U ) o S R G e B EOK S A AR AR AR S
TR B, 2008) 0 HEMES IR 0 Hh IR AR 8 8 B R
AR AL Z FEME(Suo et al, 2012). 25 M%
(MR G AR ST, 0 AE A TE 18 K 1) R VK UK IR 45
RS B X, FETE SRR AR IE B R A R
WS, 3K 3 B[ DX RN RO T AF R AR UK
TEXEFTT o

SAFARA T DD o A H AR T R EE
S, PR s oAk R AR IR IE R A e R
ST SR R BN RFE . AHFFE R B, AHSHUK S 1
(S AGEARRE, UK A R FEE PR X AR AR A 42 - A
B SR IFEM R, T Lo A T A SO AR (1E3)
B T UK B R K T B, s S MG = 40 R
I ) S T w5, BEAS Tk B BB 1V i X,
SECP E PG BT RS, AT SrE b X
SIS R 1A%, BEE TR N S

20224 |30%: |14 21192 87



FRPTEE: i AR AR S A 3 S o3 A i Jmy S L AR B L

PR, R A EOE I, AR A R A )
ABHAR" . R, FXUK S BRE 8T mIE, AR
R UK 1SR DR B2 T B R AR Je AL ) 1) 23 AT
RSB K o ANHIFFT 45 RAE R, AR FE 3L ]
i LG RAR B 1) 70 A, b BEK 338 AT H
FARIAR A, T il 52 ) 5 HGd S e fIK B 35 A R (R L
Kl5). KAET R XS YA AR T
BRAIA 7o LR TR, BRI A 4R
2 RE88 43 ol 38 3k AN [R] 1 7K 23 ) F 55 W - 22 34 0 FH
TRXARKFE LR B S EKEE, (Bl
THEFRZFEHAR LTI B sh Rz, SRR
FEI0E, gk E LK BR, 1S HRRIEY)
KRBT, BEMSCI BRI B MR A . &
G, #2)TRR B A R thAh, A
TE AR VO AL XA JE A I TR, 4R
2 J T Vi 1) ol 2 RN A2 ) 55 A K 2 T ) s A R
IR (A, 2006). KIE, PEALHS DX 2 25
[7E, JCHRIE L4k, FIFAREUR AR, X
FRERZUARBRIE N T VRS RA M ARE, e
B AE W K AR (Zhao et al, 2021).

B3 3k

Chan LM, Brown JL, Yoder AD (2011) Integrating statistical
genetic and geospatial methods brings new power to
phylogeography. Molecular Phylogenetics and Evolution,
59, 523-537.

Chang H, Liu T, Liu HF, Du HY (2018) The impacts of climate
change on the potential habitat of Haloxylon anmodendron
and uncertainty analysis. Journal of Shihezi University
(Natural Science), 36, 351-357. (in Chinese with English
abstract) [#41, XIf¥, x4k, FHrER (2018) S fEAF ik
Xof 3R AR AR W LE 73 A1 RS2 W8 B AN € PR #r. il 5K
AR (B ABHERR), 36, 351-357.]

Chang J, Pan CD, Shi RF (2006) Analysis on dominant species
distribution patterns and relation of Ass. Haloxylon
persicum + H. ammodendron. Journal of Xinjiang
Agricultural University, 29(2), 26-29. (in Chinese with
English abstract) [ #, WEAF4E, ik (2006) KA -
EARAR BEVE A M 20 A i R S HE A B) 22 &R .
B R R, 29(2), 26-29.]

Fu GQ, Xu XY, Ma JP, Xu MS, Liu J, Ding AQ (2016)
Responses of Haloxylon ammodendron  potential
geographical distribution to the hydrothermal conditions
under MaxEnt model. Pratacultural Science, 33, 2173-2179.
(in Chinese with English abstract) [ 5t 4, R, 5ol

@ RIZL (2016) SE3%A Bl AR AL G o Ao it DUk 0% S5 4 22 R
WAE R BE . B2 iR S0, 2R AE, 2.

F, IRARVS, XINL, TP (2016) FET-MaxEnt R R AR
A5 BRI A 0 KGR A S BV AL, 33, 2173—
2179.]

Gao B, Hu N, Guo YL, Gu W, Zou JY (2017) Comparison of
the potential geographical distribution of foxtail millet
(Setaria italica) predicted by different models. Chinese
Journal of Applied Ecology, 28, 3331-3340. (in Chinese
with English abstract) [fmif%, #t, #0Z W, BUR, 484k
Ak (2017) A E A T AR B O3 A () 2 BB L. B
AR, 28, 3331-3340.]

Guo QS, Guo ZH, Yan H, Wang CL, Tan DY, Ma C, He HY
(2005a) Study on potential distribution of Haloxylon plants
dominated desert vegetation in China. Acta Ecologica
Sinica, 25, 848-853, 946. (in Chinese with English abstract)
[FBRK, FERE, @, EF®, BT, S, MO
(20052) 3 [E LABAR Ja8 K420 D9 D0 35 1 TS A e W AR 0 20 A
AR, 25, 848-853, 946.]

Guo QS, Wang CL, Guo ZH, Tan DY, Shi ZM (2005b)
Geographic distribution of existing Haloxylon desert
vegetation and its patch character in China. Scientia Silvae
Sinicae, 41(5), 2-7, 219. (in Chinese with English abstract)
[IRK, EHE, SEE, BEE, LIER (2005b) &
| EDAF AR M e VB A S B A S FEPEHURRAIE. MOl 22,
41(5),2-7,219.]

Jia SW, Zhang ML (2021) Introgression of phylogeography
lineages of Convolvulus gortschakovii (Convolvulaceae) in
the northwest China. Plant Systematics and Evolution, 307,
doi: 10.1007/s00606-020-01734-z.

Jiang XL, An M, Zheng SS, Deng M, Su ZH (2019)
Geographical isolation and environmental heterogeneity
contribute to the spatial genetic patterns of Quercus kerrii
(Fagaceae). Heredity, 120, 219-233.

Kozhoridze G, Orlovsky N, Orlovsky L, Blumberg DG,
Golan-Goldhirsh A (2015) Geographic distribution and
migration pathways of Pistacia—Present, past and future.
Ecography, 38, 1141-1154.

Liu Y (2008) Simulations of Climate Changes over China in
LGM and Mid-Holocene. PhD dissertation, Nanjing
University of Information Science & Technology, Nanjing.
(in Chinese with English abstract) [XI4% (2008) KKK
VKBS AN b 4 o [ 0 X S AR A B E R .
AR, BREE TR, Fa

Liu YD, Qi YT, Qiu YJ, Zhang H, Wang SM (2009) The
geographical distribution, origin and evolution of Ephedra.
Journal of Arid Land Resources and Environment, 23,
120-126. (in Chinese with English abstract) [XI[i& %, F+WF
i, iy, dkiE, ELHE (2009) JBREEJE K HLEL A S
L. TR EES I, 23, 120-126.]

Lu HY, Guo ZT (2015) Impact of climatic change and human
activity on desert and sand field in northern china since the
last glacial maximum. China Basic Science, 17(2), 3-8. (in
Chinese with English abstract) [fE1b1E, FEIEHE (2015) &K
UCHRUK I DA A5 AR A AN S5 215008 3 [ P B A b i 2
Biffsem. hEZEREE, 17(2), 3-8.]

Manel S, Schwartz MK, Luikart G, Taberlet P (2003) Lands-
cape genetics: Combining landscape ecology and population

20224 |30%: |14 21192 597



FRPTEE: i AR AR S A 3 S o3 A i Jmy S L AR B L

genetics. Trends in Ecology & Evolution, 18, 189-197.

Manel S, Segelbacher G (2009) Perspectives and challenges in
landscape genetics. Molecular Ecology, 18, 1821-1822.

Marmion M, Luoto M, Heikkinen RK, Thuiller W (2009) The
performance of state-of-the-art modelling techniques
depends on geographical distribution of species. Ecological
Modelling, 220, 3512-3520.

Meng LH, Yang R, Abbott RJ, Miehe G, Hu TH, Liu JQ (2007)
Mitochondrial and chloroplast phylogeography of Picea
crassifolia Kom. (Pinaceae) in the Qinghai-Tibetan Plateau
and adjacent highlands. Molecular Ecology, 16, 4128-4137.

Parolo G, Rossi G, Ferrarini A (2008) Toward improved
species niche modelling: Arnica montana in the Alps as a
case study. Journal of Applied Ecology, 45, 1410-1418.

Richards CL, Carstens BC, Lacey Knowles L (2007)
Distribution modelling and statistical phylogeography: An
integrative framework for generating and testing alternative
biogeographical hypotheses. Journal of Biogeography, 34,
1833-1845.

Schorr G, Holstein N, Pearman PB, Guisan A, Kadereit JW
(2012) Integrating species distribution models (SDMs) and
phylogeography for two species of alpine Primula. Ecology
and Evolution, 2, 1260-1277.

Soltis DE, Morris AB, McLachlan JS., Manos PS, Soltis PS.
(2006) Comparative phylogeography of unglaciated eastern
North America. Molecular Ecology, 15, 4261-4293.

Song ZC, Wang WM, Mao FY (2008) Palynological
implications for relationship between aridification and
monsoon climate in the tertiary of NW China. Acta Palaeon-
tologica Sinica, 47, 265-272. (in Chinese with English
abstract) [JRZ IR, TA#4, B (2008) K4 HLA Bk
PR 7 Al X 3 = AL S A K 5 R R 06
. MR, 47, 265-272.]

Street GM (2020) Habitat suitability and distribution models
with applications in R. The Journal of Wildlife Manage-
ment, 84, 1212-1213.

Sun FF, Nie YB, Ma SM, Wei B, Ji WQ (2019) Species
differentiation of Haloxylon ammodendron and Haloxylon
persicum based on ITS and cpDNA sequences. Scientia
Silvae Sinicae, 55(3), 43-53. (in Chinese with English
abstract) [#h7577, SABM, Diatg, BLRE, F14 (2019)
HETITS A epDNA 7 51 (R A T B AR P A o AL, Aol
Bl 55(3), 43-53.]

Suo ZL, Jia ZQ, Lu Q, Pan BR, Jin XB, Xu G, Peng XQ, Sun
HB, Tao YH (2012) Distinguishing Haloxylon persicum and
H. ammodendron (Haloxylon Bunge, Amaranthaceae) using
DNA marker. AASRI Procedia, 1, 305-310.

Svenning JC, Normand S, Kageyama M (2008) Glacial refugia
of temperate trees in Europe: Insights from species distribu-
tion modelling. Journal of Ecology, 96, 1117-1127.

Wang HC, Zhu H, Li YF, Yi XG, Li M, Nan CH, Wang XR
(2020) Potential distribution and ecological characteristic of
Chinese endemic species Cerasus xueluoensis. Journal of
Tropical and Subtropical Botany, 28, 136—144. (in Chinese
with English abstract) [E4EJR, KiA, ZEiHAE, F5H,
ZR5E, MREE, TR (2020) HEEEG YIS ISR

TR AT S AR SRR AE . B G A A, 28,
136-144.]

Wang L, Xu XG, Li Y (2018) Prediction of potential geograp-
hical distribution pattern change for Melliodendron xylocar-
pum Handel-Mazzetti since the Last Glacial Maximum.
Chinese Journal of Ecology, 37, 278-286. (in Chinese with
English abstract) [E5§, ¥Rk, 253 (2018) R
JIDLARE B SR A S B A i SR AT . AR 2R E,
37,278-286.]

Wei B, Ma SM, Song J, He LY, Li XC (2019) Prediction of the
potential distribution and ecological suitability of Fritillaria
walujewii. Acta Ecologica Sinica, 39, 228-234. (in Chinese
with English abstract) [#818, Hiate, Rk, Wz, &
WeJ= (2019) Hr5m UURFE 7L 73 A X 380 B AR 25 3 B F30.
SR, 39, 228-234.]

Wei Y, Yin LK, Yan C (2005) Study on the flowering and
wind-borne pollination characteristics of Haloxylon
persicum. Arid Zone Research, 22, 85-89. (in Chinese with
English abstract) [Z87, FMTE, M (2005) EMARIT
16 BRI R . T RIXFAE, 22, 85-89.]

Yin HX, Wang LR, Shi Y, Qian CJ, Zhou HK, Wang WY, Ma
XF, Tran LP, Zhang BY (2020) The East Asian winter
monsoon scts as a major selective factor in the intraspecific
differentiation of drought-tolerant Nitraria tangutorum in
Northwest China. Plants (Basel), 9, 1100.

Yu HB, Zhang YL, Li SC, Qi W, Hu ZJ (2014) Predicting the
dispersal routes of alpine plant Pedicularis longiflora
(Orobanchaceae) based on GIS and species distribution
models. Chinese Journal of Applied Ecology, 25, 1669—
1673. (in Chinese with English abstract) [T-##, k4840,
AR, AR, R (2014) JE T GISFIAFR o Aii LAY
e A KA S o T R B A . B A AR,
25, 1669-1673.]

Zhao L, Li WJ, Yang G, Yan K, He XL, Li FD, Gao YL, Tian
LJ (2021) Moisture, temperature, and salinity of a typical
desert plant (Haloxylon ammodendron) in an arid oasis of
Northwest China. In: Sustainability, 13, 1908.

Zhao TB (2006) Studies on Spatial Distribution Pattern,
Habitats Selection and Dynamic of Rhombomys opimus
Population. PhD dissertation, Inner Mongolia University,
Hohhot. (in Chinese with English abstract) [#X KA (2006)
RYD BRI 2 (8] 0 AT b R o G S5 e 438 R R e s 285 O
Fo. WA, NEETE RS, AR

Zhao ZF, Wei HY, Guo YL, Gu W (2016) Potential distribu-
tion of Panax ginseng and its predicted responses to climate
change. Chinese Journal of Applied Ecology, 27, 3607—
3615. (in Chinese with English abstract) [{X% 7, 1LifFaHE,
FWET, BUF (2016) NS TE# I )01 DA R R AR AL
S HRMR TR, S AR A 2R, 27, 3607-3615.]

Zhu N (2019) Modelling the suitable habitat distribution of
Magnolia officinalis using ensemble model. Journal of
Sichuan Agricultural University, 37, 481-489. (in Chinese
with English abstract) [4#E (2019) JEF2H &1 o Aite
% (ensemble model) 1] JEAME B AT AL, DR
K2R, 37, 481-489.]

(PUEHZ: BREE  TUEH: HAED)

20224F |30 | 13 21192 #1071





