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Abstract; Ephedra equisetina as a national secondary protected plant has great medicinal and economic value. It also plays
an important role in preventing water and soil erosion, keeping ecological balance, desertification governance and other
aspects. However, the deterioration of the global climate as well as human activities seriously threatens the conservation and
utilization of E. equisetina resources. Therefore, it is of great significance to predict the changes in the potential suitable
areas of E. equisetina. Based on MaxEnt model and ArcGIS software, we combined 201 effective distribution records of E.
equisetina in China and 21 environmental variables selected, this study predicted the changes of potential suitable areas of

Chinese herbal medicines E. equisetina under two scenarios of natural environmental disturbance and human activity
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disturbance in the future. In addition, the predicted highly suitable areas of E. equisetina and land use types were
superimposed by analysis. The results showed that: (1) After adding the human activity factor to the MaxEnt model, the
area under curve ( AUC) increased from 0.919 to 0.948 , and the accuracy of the prediction results was improved. However,
we noticed that the area of the totally suitable areas of E. equisetina under the disturbance of human activities was seriously
reduced , and some of the suitable levels had degraded, with the distribution of suitable areas became more sparse, scattered
and fragmented. (2) The suitable areas of E. equisetina were mostly distributed in Gansu, Ningxia, Shaanxi, Shanxi, and
Xinjiang. Both scenarios for the future period showed different degrees of expansion in the suitable areas of E. equisetina.
Compared with the current period, the representative concentration pathways of 2.6 for the period of 2050 ( RCP2.6-2050) ,
which has the largest increase in the highly suitable areas of E. equisetina. (3) Acidity and basicity (pH), altitude
(Altitude) and annual mean temperature ( Biol ), which were the higher contributors among the 21 environmental factors
involved in the modeling, and these three factors had a significant influence on the geographical distribution of E. equisetina.
(4) The geometric centroid of the highly suitable areas was projected to move eastward, distributed mostly in Gansu
Province. (5) Some parts of the land in the potentially highly suitable areas of E. equisetina had already been developed and
utilized, and the remaining little unused land was distributed in Xinjiang, Gansu, Inner Mongolia and Ningxia, where could
be suitable for the development of E. equisetina cultivation industry according to local conditions. All of these provide the
theoretical basis for in-situ conservation, ex-situ conservation, priority protection areas and site selection for artificial
cultivation of E. equisetina, which is of great practical significance for the protection and sustainable utilization of E.

equisetina resources.

Key Words: MaxEnt model; Ephedra equisetina; human activities; environmental variables; potential suitable areas
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HATYUR TR DI H, X0 P b 4 DX A K A | A 281 R e 154k Bl R AT — 5 i+ 2 B0 4 70 A 253
25T AR 2R 20 ARy TR LR 28 S T BOR IBURR B B 75 £ | R T S X RREE SR I 2K
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1.1 RIS oA B s

ASBIFFE BT P AR BURR B 14 23 A B A LATR 3 AR U (1) i i 2 B b [ B AR AS B2 7 65 (http 2/ www.
nsii.org.cn/ ) Y E A P BR AN (http ://www. evh.org. en ) (R ERAEY) ZFEME(E BB (http://www. gbif.
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Fig.1 Distribution data of E. equisetina in China

1.2 FHARAEEIRE

ARSI Y B AR 0 58 B A 55 A O | - 3 HCE A R BE , ORI . (1) A BRI B IR
WordClim ( https : //www.worldclim. org ) " 2% 1k 4k B Ha A AEEHE | 43591 38 B 7 A48T ( 1970—2000 4F ) S A %L
0 AR K PR HERC S 5 (RCP2.6 #1 RCP8.5) K 2050 4F 2070 4 B9 Mk, BN mf 19 M SE2s /. (2)
B R T 5 s JER A B s PG (hitp o/ data.tpde.ac.en ), Hi A0S 12 A HEEEE . (3) B
BT AreGIS 10.4.1 235 [8] 73 AR I TRE 4K i B B Fdg [, SR BT 35 a7 1y A AR PR A8 o (3R
1) #FATIEE
1.3 Hlib

VEREIY 35 A~ A SRS AR 5 [ A7 AE— 8 ARG PE , Ikt e il BE LA . o AR IR B EUIE 3 A AreGIS 10.4.1
ARG — R WGS—1984, FIIEREHE T B PuATb  FHoRAE A 2 X &R IR R 5 — 7 e, i@
TR T K 35 A HARIREEAR 8 2 F0 5L 0 < ase ™ M5 20, WS NG 1 J5 A WRR #4519 b B 43 A1 4005 5 A MaxEnt
3.4 VR T LIS 3 REAILEIR 75 % OB V8 S VI 282 FH TSR T, 04 259% 5504 FH T 0 IR BORS J
PR 4T 5 K, A58 A AR AS B DTk . AL ArcGIS 10.4.1 BEXT AR B E 2 b7 2 I Mo,
R0 25 A8t Z M AH DG . 2564 B SRR AR 5 1) DR R A OCHE | it R A A i
1.4  MaxEnt BAUREE 5 IFAG

A FE A FH MaxEnt 3.4.1 A58 TN A WRR 3 7 i ] AR VER e 0 A o e 07 355 J 18 A DIR853 500 A 1 4%
P AR B BOE S A MaxEnt P, 2045 B o BEHLIGE B 75% B9 R0 AE N G 8E | T4 259% A 5508 1 R ik
SRR T > 35 B IEARECA 10000, B E AT 10 YR, i T 0 AR I AR R BOE AT A 56,
SERIN

T2 TAERREITZE (ROC) T AL ( AUC) H AL MaxEnt A58 T v A 4 , AUC A BUELYE F R [ 0—
1], AUC {EBRHEIT 1, A5 F000 285 SR AR o, WA A . — T 55, 24 AUC <0.6 IR R A58 8 0 2% SR 2
;0.6<AUC<0.7 I, AU TR 45 545 22 0. 7<AUC < 0.8 I, A5 fity 00 245 S — /% 0.8 <AUC < 0.9 I, #5155
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W25 T AT 0.9<AUC < 1.0 B, IR0 25 Ak 75 12520

®1 I[SNERRETE

Table 1 35Natural environment variables

E ik s EIS S (157 LI
Variables  Description Unit Variables  Description Unit
T I T==anr
Biol C Biol9 . mm
Annual Mean Temperature Precipitation of Coldest Quarter
. Rl 28 H YE o
Bio2 Mean Diurnal Range C ™ Total Nitrogen me/ke
BRI 22 5 AR 22 LU g
Bio3 TP k
10 Isothermality % Total Phosphorus mg/kg
vH [ Z =
Biog  mELFTE _ < kO , me/kg
Temperature Seasonality Total Potassium
IR TR i T
Bio5 C BD y
10 Max Temperature of Warmest Month Soil Bulk Density g/cm
el A it ks
Bio6 C SA = i
1 Min Temperature of Coldest Month Sand Grains EERADL
AR AL HkL
Bio7 C SI Y
0 Temperature Annual Range Powder Grains e LR
R R ik A
Bio8 C CL H_ ;
10 Mean Temperature of Wettest Quarter Sticky Particles EREITIE
TP 2 vl
Bio9 C GRAV wHY
0 Mean Temperature of Driest Quarter Gravel BRI
EL s S bA1yE S
Biolo IR < pi RS . —
Mean Temperature of Warmest Quarter Acidity and Basicity
2 UA TR 3 A
Bl RE 43l € oM ﬁ*ﬂ&ag %
Mean Temperature of Coldest Quarter Organic Matter Content
> §N Hr ( iy
Bty MR mm pop  JLBUE %
Annual Precipitation Porosity
e H R FHES 75 bt
Biol3 CEC L/k
© Precipitation of Wettest Month i Amount of Cation Exchange fmovke
oy RTAER . o HUE B
Precipitation of Driest Month Land Cover
RN [V
Biol5 F 17. lﬂ: FEF/J( . mm Altitude (’fi?fi m
Precipitation Seasonality Altitude
. i3 R i)
Biol6 L . mm Aspect °
Precipitation of Wettest Quarter Aspect
. T bt s it .
Biol7 . . mm Slope
Precipitation of Driest Quarter Slope
. IR Z P R
Biol8 mm

Precipitation of Warmest Quarter

1.5 ARIURR E08E A= S g 4y
MaxEnt #5278y H3 A W RR 2 7E 0 S BBl B9 3 A AR (P) L AreGIS 10.4.1 #4 ArcToolbox FYEE 432
(Reclassify ) iy 2>, M43 HER P {ELAE A IHORR B 4 A 35305 B 20 A X Rl 43S0 DU A X AR (2 2)

F2 EERXS

Table 2 Division of potential distribution

P ) Wi SRR (P) )
Probability distribution Evaluation level Probability distribution Evaluation level
P<0.1 AEiE X 0.1<P<0.3 AR5 A= X
0.3<P<0.6 R X 0.6<P<l s A X
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1.6 AZEIEBN T AR 3 AR B o B

NS SR TR T [ PR ER Bl 2215 B 4% 7.0 (hitps : //sedac. ciesin. columbia. edu ) B9 AZS 375 ( HF ) %%
/)= RN 1 05 €)= ot £ NGl w1 D25 I S 111 05 0 N B o - /N 1 S 3 1 I 2 & 7 ) e AL A PNE S -2
Mo 8 5038 2ok U5 — A0S B Y, e 20U 5 A TR0 S N 2T Bl s 55 B 25 (] A RS, X HF 59 s ah Bdie i 47 Ak
PR SR S A HE S KRB S ) HF R UM 220 A1 B00E 0 22 [ SRR B 8005 3 A MaxEnt 8 iz 17
10 ARG S TH0 T AR BE FAE B, 5 A SRIREE (TC A ZEIE3h ) 52me I il AR B AR A
1.7 AR AE IS A= X5 1 MR FH 28 185 B A

A B 75 W 25 -5 (http 2/ www. dsac.en ) " 2% 2020 4+ 30 R F 32 BB | MR 3R — 20 00 2% + b k45
K153, — 2ol M) o S B PR R K T AR R R R R BORR B S S A X
- A FH 2 SR R A T S AT

2 HREHSH

2.1 HARIEE A BRI e

AR AR IR AR L M A SRS 5 22 (B A — ARG, — e R b B Al
I EERLE A HERR LS . R ArcGIS 10.4.1 FAFHEE 35 A FARIRBE AR & (A G (1 2) |, FRp A it
A MaxEnt 3.4.1 #fF  BALET 5 kA58 ARSI TTEOR . 255 75 JEAH S MEBATRN DT MR AR XT38 =
() SRIRBE AR i e 2 21 D> AR AR i 5 SRR R (R 3)
2.2 IR 2,

ABFFER) ROC MIZIIEZE R WoR . AR IR T YIZR4E AUC {25 0.919, X4 AUC ik 0.854; A
FKiG BT T YIS AUC {H2h 0.948, MASE AUC B4 0.925, Hi, AZEIE S T4 T AUC HI KT AR
GRS 1Y AUC (B, %8I HF X5 A TURR B b B934 BAT — 8 I 52

®3 SHEEEN2ANERREESE

Table 3 21 natural environmental variables involved in modeling

G ik At ik
Variables Percent contribution/ % Variables Percent contribution/%
pH 22.7 Biol0 1.6
Altitude 14.2 Biol3 1.5
Biol 12.7 Aspect 1.3
Biol7 7.8 SI 1.1
Biol5 7.7 Slope 0.8
GRAV 7.3 POR 0.6
LC 5.0 Bio5 0.6
Bio2 4.4 SOM 0.6
Bio3 4.3 TP 0.5
CEC 2.8 SA 0.5
Biol4 2.0

2.3 WA EE Ay A RE AR KPR

1 MaxEnt SERIFNEE R IRINZE ArcGIS 10.4.1 H SR 77 A5 RUFE R MRS S50 | X A Bt b 15 8 40 2%,
P IBAT A HE R P B DA S B A TRR B A A 350805 B X Rl 43 A Aol A X AR A X HP i A DX g 3 A X P A
GG, oy B LS B SR IREE R M A 2 TP F AR B3 AE X i AR AL

HARIREE M T (18 3) , 78 RCP2.6 & 55,2050 47 AH Xt 24 wif i 19158 A= DR T AL 29 38 20. 5% 10% km?,
2070 AEAHXT Y R I IE A2 XS R0 54.6x 10 km? ; 75 RCP8.5 1% 5 71, 2050 45 AH X 24 1 i 3548 2 X R
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Fig.2 Correlation analysis of natural environmental variables affecting the geographical distribution of E.equisetina
Biol AR 3R ; Bio2 . B AR 22 H ¥ ; Bio3 : B AR 2% 5 4F IR 22 HUAHL ; Biod : IR BE 194 ; BioS : S A H 4555 1 5 Bio6 - frev% H IR (IR ; Bio7 4
IRAS LI s Bio8 : Ji 24 ; Bio9 : i T 341 ; Bio10: FeE 2103 s Biol 1 i ZEd i ; Bio 12 AR B P ik s Bio13 - it ] T &2k 5 Bio 14 ; fix
T H BT &L s Biol5: AT HEIEIK s Biol6 . il T &k ; Biol 7 die T R M RT & s Biol 8. il = T MW &k s Biol9: S B T XM 4k TN . 2
TP : 2Bl TK : 24 BD : 3845 T ; SA 075 SL KR ; L KVKRL; GRAV A 5 pH: FRIAUE ; SOM AR A AL % &t s POR - FLIREE ; CEC. FHES F3¢
Hedd s LC. T BT 75 ; Altitude - 4K ; Aspect : 311 ; Slope : 3 &

T AR 293G I 105.9% 10  km?, 2070 45 AH X 24 /i BF 3938 28 KR T ALY 3 162.4x 10 km*, ARG T
(&l 4) 7€ RCP2.6 15,2050 4FAHXS i iy 113 Az DX R T AR 2938 fin 173.5% 10 km? , 2070 4FAH X >4 1if i) 1
T A R T R 238 1 40.8x 10 km” ; 78 RCP8.5 15 5% 11, 2050 4= AH X 24 i B A3 A X B T B 2 18 i 39.5%x 10°
km? , 2070 AP AH X 24 i B J 38 AR DR AR 2938 0 2.2%10%km?,

Horbr ) S8 A X RS2 RCP8.5-2070 4F ( ARSI SZ I R ) |, AR 2 530.7x 10 km? ; 38 A X TR AR B
INER R R (NS S TR T ) |, A2 207.3x 10 km? 5 5538 AF X AR KA 2 RCP2.6-2050 4F ([ 4R 3
BRI R ) I ARZY 196.9%10% km” ; 16 A= XA /NI A2 S BB ) (RIS S 40 ), A 12.0x10%km?,
FARIREE R 1 RGE A X T AU 2 1 AP0 i B AR A, A AR RS 1 v 3 A DX AR ) i 22
TAETH T A A AR
231 CYHTEHIAR R B AE 53 A

FEASRIREE R T (] 5)  ARTURR B 5 A= X A T H R e (22 R I s sk A
TR T EIGICER(h T A1 RIS BRvE R (R AR e A I R P PSS s e
Z%) HERPGALES (BT L BEPT AL  FNAR E S IHAR T L B T R AR A B AL R S e A

http ; //www.ecologica.cn



20 14 L A TR R R v 245 B AR IBURR 28 18 A 15 A X 8637

RCP2.6—20704¢ 537.04638 ] 181.17972 | 16019015 | 8158376
RCP2.6—20504 571.12532 6536382 12656709 | 19694378 |

% 591.67237 | 191.0347 | 13879162 sin
RCP8.5—2050%F | 485.77335 | 210.69524 | 16225118 | 101.28024
RCPS.5—20704: | 429.26047 | 188.39536 | 17871058 | 16363359 |

EAERKGE | deEax [ eEAx [ duEkx B A X

3 BARERMTAWKERESERERSH/(x10*%km?)

Fig.3 Area distribution of potential suitable habitats of E. equisetina under disturbance by natural environment

RCP2.6—20704 711.85492 ‘ 16720124 6406144 16.8824
RCP2.6—20504F 579.16305 183.51169 \ 145.84675 \51.478#2
i 752.69389 ‘ 149.92832 ‘45.34147\ ‘2.03633
RCP8.5—20504F 713.15542 ‘ 161.69871 ‘ 65.78202‘ 1?.36385
RCPS8.5—20704F 750.48961 ‘ 127.09341 ‘62.43813‘ 1#.97885
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Fig.4 Area distribution of potential suitable habitats of E. equisetina under disturbance by human activities

#B) L PP AT T B oA R A R A, =l A X ORI AR Y 38.5% 10 km?, o5 [ £ 1 FRIY4.01%
I AR DX R D 3 AR KON AL O I A R BT, B A T HON AR BEPU ik  ILve e b Pk NS
TR B (R L Ll BB BT OR R L KR T P S ) (T IR R A DU R A LR R A i AR
X BT AR ZY 138.8x10 km? , (5 [ H AR 14.46% , IGTE AL X DL pad A KOAZ O I AR B, B2 A T H
NPEZ NS BMER B B AR IS, T ARER L T IS G MRPE S BrEE e b 2, AIKGE AR X R
FU25191.0x10 km? , 5 [ E 1AL 19.90% , BT _EiRHuIX A0, B2 DX 38 i Hofth b X 347 54 4658 A X, 303500 b
DX A AR e S VUL VSRS R D RER A D B EE PR Y RS TLP )R RS R A
WIT ZEB VTR SR AR AEAR SRR IT T AR HIX A T S X, A X AR 591.7%10%km?
f7 [ AR 61.63%

FENES T (L S) | AR EIE AR XA A SR PRS0 T A 38 2 X T AR A s B a2 | o0 A
MR HL, R R  THON 72 BV ILvE HrE SR, b Sl AR KRR Y 12,0410 km?, i [E
H Y 1.25% , %8 A SRIREERZ A T 3 A X B2 2.76% 5 Hr s Az X TR 24 45.3%x 10 km?, 5 [ 4 1 AL AY
4.72% B F AR rhid A DI AR 9.74% o AR A= IX AR 2 149.9x 10 km? , 7 [E + AR 15.62% ,
A H RIS T AR A X T AR D 4.28% 5 ol Az X4 [ AR IRBE RE A 3 A X T AUk /> 16.78% .,

2.3.2  ARRBHIARIGURR & 0¥ 78 3 1
PEHX RCP2.6 \RCP8.5 {5t T 2050 4FF1 2070 4F [ f5 A8 it , 5 A MaxEnt A58 if X A WRR 85 1) 73 A7 264 7
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Fig.5 Potential geographic distribution of E. equisetina in the current period
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40.51% , B AT I EGE A2 XA A T RGN T 2.14% , Horb i A DCITRROR I B2 350, Ao A X ARG A= X T
ae N A S 7 e s N = AN i Sl A A R TR o SUA > QRN (s V7 E QN e (N R SUA > QST e
T RN A A T I A b X o A DT Ay v T AR DX e A R b RS AR T A s AR X I
JEER NS PR S AR A DX Ay A X DU R P R R PO i 2% = AL iR 2 kAL
A E AP A X B A RS AR X
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Fig.6 Prediction of the potential geographical distribution of E. equisetina in 2050 and 2070 under the RCP2.6 scenario
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FIEEh TR RIS A AU N T 18.08% . HAE 2050 4F [ ARIABEFZ M T i AL X i AR L /D 145.5% 10 km?
HIE A X0 19.3x 10 km? , AIREE A XS AR X T AR 293 0 11.8x 10 km? , S A X 232 8.0x10%km”

2070 4 [ SR FREE 5200 T AT RE 25 5008 A X AR 24 422.9%10%km?, 5 [ - T ALY 44.06% , 88 24 1 IS 48 43
ATTAARIE N T 5.70% ., Horb g i A= DX TR MR I, v il A DX TAD BRI H m ARG 3 A= DT AR/ 5 Y i A0
AL, R AT A XX T MR 1
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Appendix table 1 Distribution data of 58 E. equisetina
= G 5753 K SRAF b
Numbers Longitude/ (°) Latitude/ (°) Altitude/m Sampling sites
1 90.2859 43.8345 1281 e AR 25
2 90.3482 43.8464 1275 e A 2 8
3 86.2142 44.3043 468 B T N A L
4 89.1807 43.9996 726 B M AR R
5 87.1546 43.9916 612 S N B T oS LB G30 B
6 89.6085 44.5284 685 PN A A 2
7 89.5736 46.5662 831 S 0 A 2 X 2 B
8 89.5749 46.5936 824 S B ) 2% b X 2 B G216 B
9 87.4868 47.1119 498 S 0 ) ) 2% XA L
10 88.1413 47.8455 858 S S ) 2% b X o] A 2% T
11 82.0515 44.8549 533 B AR TS LR G219 B
12 81.0247 44.9688 1350 [ ALY T U YL M e R
13 83.5924 46.2198 834 BT Ikl X LB
14 83.5997 45.9551 1062 S A S DX L L
15 82.9825 45.8642 1106 BT Il DX L EL
16 84.7137 44.4178 485 ST HR A i X 5 Tl
17 82.2317 43.4825 776 PR AL B R R ML B
18 80.8789 44,0562 638 B AL I
19 87.3874 44.0141 558 B AT Sk R X
20 87.6732 43.8974 711 T RS T AR 18 X
21 87.6379 43.9988 439 B AR TERIRIX
22 93.0104 43.5999 1638 SR S 2 T L B e
23 77.4137 37.883 1355 BSR4 DX L
24 75.2589 39.7191 2162 R A S R A B VAR N S B
25 86.8773 42.2818 1104 [ N SR T R TR
26 79.9221 37.1142 1382 TSR AN X AT G315 BT
27 82.9896 41.7068 1071 S T 75 b X R T
28 103.8269 36.0594 1541 HOR TR IX
29 104.1136 35.8431 1999 F 7 =2 M T g o B
30 103.9184 36.3388 1680 HoR TR A
31 99.6098 38.8486 2290 H R SRR A R [ B R B
32 98.5473 39.2267 3495 HOR kAR A R AR [ R B A B
33 103.5074 34.5892 2543 Hir Hrg i ni e B
34 102.9234 37.5622 1883 HoR R R B
35 102.5391 38.2589 1518 Hlr g EmkE R
36 104.7735 34.4388 2354 H e v TR B
37 98.4942 39.7324 1481 HOR AR TN X G312 B ik
38 106.3592 38.5544 1111 TR
39 106.2597 38.4712 1112 TEBNT 4 KX
40 105.7972 37.5754 1181 THEHP IR TR
41 105.6856 37.4915 1183 TEB DR
42 105.6535 37.4669 1192 THP IR TR
43 106.5110 38.8936 1110 TEAWE LTS
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i 7 a4 %7 SR Hhy
Numbers Longitude/ ( °) Latitude/(°) Altitude/m Sampling sites
44 107.4279 37.7934 1346 TR BT R
45 109.3294 36.8638 1062 VY SiE 27 i 42 FE IX.
46 109.4327 35.7622 1144 I G 3 22 17 3 1) L
47 108.1763 36.9269 1307 B VY SiE 27 i 5
48 109.4188 35.8346 1165 B P4 42 T 9 1| B
49 108.2241 34.3822 569 B V4 B FH i 4 L
50 108.5812 34.7986 892 B PR BH T A B G211 Bt
51 108.2536 34.2603 438 V4 B FH T iR B
52 110.1216 37.0895 882 B P4 A BRI R B G521 BT
53 109.9813 37.1533 954 BEVE IR T
54 110.8873 38.9063 1081 (UMY iy N T TR A
55 109.6813 38.2768 1074 I8 P A A T A BH X
56 108.0671 37.4281 1427 BV 45 R AR T S i B
57 107.7249 34.2841 518 [SEESENINER=S
58 110.0763 34.5661 373 B VU R T AR B T
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