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Abstract: Ammopiptanthus plants, including Ammopiptanthus mgolicus and Ammopiptanthus nanus , are tertiary endangered
species of paleo-Mediterranean origin that are primarily distributed in arid and semi-arid regions in northwestern China. A.
mgolicus and A. nanus not only play an important role in the ecological environment of northwestern China but are also

important species for scientific research. Global climate change and anthropogenic activities have caused the distribution of
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Ammopiptanthus plants to shrink, and currently they are on the verge of extinction. In this study, ecological niche models
(MaxEnt model, Bioclim model, and Domain model) were used to predict the past ( Last Interglacial and Last Glacial
Maximum ) , current, and future (RCP4.5 and RCP8.5 scenarios in 2050) potential distributions of Ammopiptanthus plants
in China. The accuracy of the MaxEnt model for modeling the potential distribution of Ammopiptanthus plants was high, and
average values of the area under the receiver operator characteristic curve ( AUC test value) were higher than 0.80 for all
models. The best suitable and high suitable areas for the current potential distribution of A. mgolicus accounted for 2.78% of
the total area of China and primarily occupied central Inner Mongolia, Ningxia, and Gansu. The best suitable and high
suitable areas of the future potential distribution of A. mgolicus revealed expansion into central Inner Mongolia, northern
Gansu, and northern Ningxia by 2050, with much of the distribution concentrated in Etuoke Banner, Ordos, and Alxa
Zuoqi of Inner Mongolia; Wuzhong City of Ningxia; and Minle City of Gansu. The best suitable and high suitable areas of
the current potential distribution of A nanus accounted for 2.23% of the total area of China and primarily occupied southern
Xinjiang. The best suitable and high suitable areas of the future potential distribution of A. nanus revealed expansion into
southern Wugia County and north of Urumqi in Xinjiang by 2050, with much of the distribution concentrated in Wugqia
County, Wusu City, Turpan City, and Urumgqi City in Xinjiang. The potential distributions of A. mgolicus and A. nanus by
2050 in two climate scenarios ( RCP4.5 and RCP8.5) were predicted to change little relative to the current potential
distribution, but the level of suitability of many areas within the potential distribution was predicted to change substantially.
However, suitable areas of habitat for A. mgolicus and A. nanus were predicted to decrease under the higher CO, emissions
scenario (RCP8.5). Annual average temperature ( Biol), precipitation of wettest month ( Biol3), and variation in
temperature seasonality ( Biod) were the most important factors contributing to changes in the potential distributions of
Ammopiptanthus plants. In the future, Ammopiptanthus plants will make important economic contributions and perform vital

ecological service functions in arid and semi-arid regions of northwest China.
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Fig.1 The distribution points of Ammopiptanthus
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Table 1 Environmental data used in the research

{5 Code ik Description AL Unit
Biol AEH4IR Annual mean temperature C
Bio2 S H 3 2% Mean diurnal range C
Bio3 SR Isothermality —
Bio4 TR EEZ P84k Variation of temperature seasonality —
Bio5 A =R The maximum temperature of the warmest month C
Bio6 5% A £ IE The minimum temperature of the coldest month C
Bio7 R 445 % Temperature annual range C
Bio8 IR 2R Mean temperature of the wettest quarter C
Bio9 TR Mean temperature of the driest quarter C
Biol0 FAZE TR Mean temperature of the warmest quarter C
Bioll AR Mean temperature of the coldest quarter C
Biol2 AE KR Annual precipitation mm
Biol3 el H KR Precipitation of the wettest month mm
Biol4 T H K E Precipitation of driest month mm
Biol5 [ oK B 2245 784k Variation of precipitation seasonality —
Biol6 IR 2 1 %7K & Precipitation of wettest quarter mm
Biol7 TR KR Precipitation of driest quarter mm
Biol8 Fr R 2= (-2 7K B Precipitation of warmest quarter mm
Biol9 B ZE R I Pk Precipitation of coldest quarter mm

1.3 AR AP

MaxEnt BRI FE MaxEnt 3.3.3k B IEAT, 20 51 5 A VDT 585 V0475 1 B 40 A B 06 A 19 AN FRBEAR
i, PR T VI (Jackknife ) 715508 o () TTHR RN 40 T B0 | B MILISE I 25 % (1) 20 A B A R AR AR, 75% 1
FUNGRREA B 10 IREE , A SHBIA . A& HH ArcGIS 10.0 FAFHEFT/ER . Bioclim Al Domain
RITE DIVA-GIS ity ¥ 10 AR ST A DIVA-GIS 1, ¥+ CLASS_REP F Bty 4
T Kb K as [AE L PRI A R AUC (B KA« grd” SCHE, 7R« Lase” MM SCHERE X, B A ArcGIS
10.0 P AT AT A . 3£ T MaxEnt . Domain 1 Bioclim #5715 51| V)4 75 J& 76 78 [ 43 A5 X B A% S, K
F AR s A AT E A0 2000 43, ASBIF S T SR R Al B (AR 8 0 W vk 2 b Y 321038 T AR RRAIE (receiver operating
characteristic, ROC ) HZ& S PPN ISR . ROC PEM #T £ T B A AUC B, AUC {6 1T FH T 40 s 73 )
SR B MERPE  BUE S 0—1, AUC fE/N T 0.6 B ARSI TN 25 S 2 W ,0.6—0.7 B SR FIN 25 SR 45 2%
0.7—0.8 Hsf, B fY F 0 5 SR — %, 0.8—0.9 B, FLFRmI 45 5 R4, 2450 0.9—1.0 i BT R 75, AUC
(ELRRAZEIT 1 B AR T00 23 SR A v 5 | SRy 0l 0 TR A 40 AT i D R RA Y AR T R4 S A S A X i
AR X AR AR X S A Xl A R Rl AR X 6 AR,

2 HREHS

2.1 B HERR PP B LI v A T AR oA X
2.1.1 MaxEnt Bioclim 1 Domain #%Y 5 #ERf 1 BEH

FTWRh 2 A BE FIFR S 2R B 7E MaxEnt  Bioclim F1 Domain A5 78 0 % ¥ & 35 FIE VD 475 2440 B T 70 b 2
A TG R AT T AL 10 YR SER) AUC fHI KT 0.80( - 2) , 7P A F5 43514 0.991 ,0.925 Fi1 0.967 , FE7b 4
B 514 0.991,0.829 F10.957, £545 & I MaxEnt A8 T7E TN VD44 75 J@ WS FE b IR 0 A X rh R B A . bAh K
YR VK BRI AR ] 0K S AR A SR AE AT (2050s) AR AUC {E 3475 F 0.80, R B TN 25 R K 471k .
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Fig.2 The AUC value of MaxEnt, Bioclim and Domain models for the prediction results of potential suitable area of A. mgolicus and
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2.1.2 MaxEnt Bioclim F1 Domain #&71 F0 28 75 Jg 2448 B P AE 4377 X

| MaxEnt Bioclim Fll Domain #& Y X 70275 Ja 78 3 [ P8 A 40 A X HEA T #0000 , % B MaxEnt 1 Bioclim £5
RUTIIN 45 5 5 V0 475 T A QHE TR [ A% 52 B 43 A B8 B #2300, T Domain A5 78 ff 254 K (18] 3) , 2B Domain 5
RIFFAEH TUA S EARE B ES G, 2T 10 KER B AUC H, A5 1 5 55 Domain B | HEH
BRI B MaxEnt 2 Bioclim A5RS04 5 R VD& 75 76 T B T A0 A 20 A X E A5 100
22 VAHBIEIRE B TEE A X

MaxEnt #8500 25 5 6 B | VD435 7 AW A VK3 20 A DX AR o 4 BB T R 5.51% , E B4 A TE NS oy
FRIR 22 W i Rzt 2 | H A Rk T AR BT AR AR BT S T R S R SR AR X, A X R AE
AR X B A N S SRR 20T 7 AR TR H i s A DX, o 4 R TR 1.15% 5 IR A XA A
X FEEATEN S SR 2T BThss 0 e HOR AR B OB S R S5 DL S Atk 5 1, o 4 EL B AR
(4 1.81% ; 31 5% 38 A2 X 32250 A 2E B P AR AR H 7R 2 L 1L P8 D L 9 58ty SR /R 2 I AT b A R 55 Xk, oK
UK 5 AR R B KA AR LE , V0475 38 AR 0 A IX TR N 0.96% , 1 4 [ B TR AR Y 6.47% , B4 I o E 24 h
TET G038 A 3 A X H B AR A X 0 3 AE X TR 2 0.02% , BB p ik, 10 & 7E TR [ 24 4 1]
BRIV AE 20 A7 DXL TR 5 AR UK B A EL 2L 2.46% , H H: f 238 AR DXOR Ry 3 A X 407 T AR i 1.65% , T2
R FEN SR 2 PR T A LA X i ZE A XA TR 2.46% , AGE A IXORT R E A= X
AR D A 1.11% , b7 4 [ B ARG 0.68% (K] 4)

7 R A P A 5 7R TR I 38 A A3 A XA L, HER DR (20508 ) 78 [ 78 70 38 A= 40+ A X T AR XA /NI 8 1Y)
N, RCP4.5 SRIE SN, VAT BB 7R A 0 A XTI AR o 42 B T FR Y 4.03% , 55 A0 A 20 A1 AR
0.02% 5 Horp B AR A X R e A XA AR o 4 R T AR Y 2.90% , I A X R H 3 A DX i AR oy 4 ) T AR A
0.56% , 111438 A= IX T AR (5 4 B AR AY 0.57% ., RCPS.5 Sl SR, V0 &5 BB AE 38 A 20 A1 X1l AR
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Fig.3 Distribution points of A.mgolicus and A. nunas and the predict potential distribution area by MaxEnt, Bioclim and Domain

S BRI 4.15% , 38 AR A 0BT 70 38 A8 20 A T BRI AN 0.14% , F5eHE B v A 4o A DX T AR o 4 ) T A
[ 2.88% , I3 A X K rrad A T AR 4 S T AR 0.67% , 11 438 A= IX T AR 4 [ S TR 0.60% 79 b /< A5
i 5 VAT E TR W AR IS A A A DX DL BB 24 10 A v T P S S DX R AR S L X
(Kl4),

LT MaxEnt 2R F0MN W V0 4 75 76 3R I AT RIS AR 23 A1 ORI, BE R R AE AL G sk ks (181 5) , HAER
YR ] K AE A 53 A DX o 4 L EVTET AR A 0.78% , iy i M e AR 1 A X FE B4R v A0 A A6 B e PU 3 S 1 B S A
X, R E SRR 0.30% i SIS A oA XA o 3R ELEVET AR Y 0.18% , 153 A 6. 3% B VU A IR X
A MGG A TIRE R H A BEPEE LT . 5 AW E VKA L, AR KB 55 A 1 R n 17
0.39% , EZEHG NGB BRI IR VU AT L K 7 v RN B A (I A A A X A [ 3R E AR AR RS R B Nk v 4y
PG4 b S I S A X, RV AT AR TR IV R 3 A A X A [ ST AR Y 2.91% , BRI
DKIEIHNN 1.79% , T2 il Mo S AR XA rdr ok, i BRI AR 2.23% , EE R e 8 0
PRI T IAR IR —4f7 o 4347 XS Bl Z4E P E 36°—44°N,75°—101°E,

KRH (20508 ) AN A SMpENEFET BRI AT WIS RIS A= 73 A XA AN [F] . RCP 4.5 155t TR & B IBTE
T AR DX 4 FELEV TR 3.01% , 5 24 4RE A 20 A IXOR BE A3 A X TR I 0.05% , e A X 32 248 Hh 7
s B BT L T R AE LMK, HAE RCP 8.5 1/ 5t PRV A 1E A 4 A IX o 4 [ i ALY
2.86% , 5 AR LE 43 A XA FE o A X AR 2D 0.10% (81 5) o AR (20508 ) PR M1 5 T BT A5 1% 10
AR A XA AR R

Bioclim A58 T 1 A 75 AR UK (B UK 9178 TR [ RS 78 20 A1 DX 5 4 LA TR Y 4.48% (181 6) o il M smeftid
A= X TR 2 4 LR T AR 0.58% , 5 AR K B VKIH A b, V46 35 76 8 1 () v 708 A X AR in 4.75% , 22
SARAETR E AL X, 7 2 SRR 9.23% , YDA ARAETR E VAR AR X B AE AN ST H O
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Fig.5 Potential suitable area of A. nunas in China predicted by MaxEnt model in different period
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TR BRI, b4 R AR 8.30% . K3k RCP4A.5 55T | Vb AT 7530 [ PR AR 8 A 40 A X B i AR
. E LS THAAY 8.08% , 5 4ACAHH HLI /D 0.22% , KK RCP8.5 5t N, Vb A& 5 78 3 [ VB A6 8 A= A X 1 AR
TR ALY 7.63% , 5 U0 AT MACHE TR T 6 AR TR L s> 0.67% , PIRIRTRNG & T, YA IR
TRAERE AR 430 DX TR A s /b ok RCP8.S I 5t T VDA 75 76 3K BV 7618 2B 2 A X 4 bl FREE R (1 6)

3k (2050s) RCP4.5

AH (2050s) RCP8.5 9—20‘00 km
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Fig.6 Potential suitable area of A. mgolicus in China predicted by Bioclim model in different period

Y5 MaxEnt #5578 F0 6 V4 75 75 38 [V AE 437 X AR B, Bioclim A5 T B2 V) 4 75 AWK ] vk 0 76 & IV A
T8 AR A DX TR o A SRR Y 2.19% , 1 3 B e TS AR XTI AR 4 B S T AR 9 0.04% 5 oR IR B vk I AH
Fb B VDA AR R UK B UAAE A 43 A X TE R I 0.65% , % 4= [ R T R 2.84% , 2245 A0 78 3% [ B s b X, &
P53 X ) 3 EACERIERS . BBV AT AR TR IV AR A 40 X 4 S TR 4.39% , 253 A 78 3% = 3
S L AROK RCP4.5S T 50 RV A AE TR ERE AR A8 X oA T AR G 2 ELA AR Y 3.42% , 5 5 E
T AR A DT RRM B BBV 4 5 T TR RV TR I A X A0 A AR 0.97% . RSk RCP8.5 1 & K BV &K 1T
PRIV AR 38 A DX A1 T AR o 4 (RS i AR 4.29% (K1 T7)
2.3 UMD AE BT S A B R AR

FIH Jackknife JIYI 53 M7 45 BREE AR BNV 475 @ 4 A 35 FLRE (81 8) | 45 5 45 PR B A8 f X Vb 475 J@ 43 A
S ) DTRRR (3% 2) KB R R EFR A R R, BRI E , F3E (Biol ) B TTHAR 14.4% |
TR EAERT 2% (Bio7) TTHAER 10.5% i H B R AKIE ( Bio6) TTHAER 9.7% il 2 ¥ ¥R ( Bio8) TTHA R 9.1% &
IKEEZATEARAE (BiolS) TTHk R 8.7% LA M e ¥4 2 FE (4 F- 4 [ /K B (Biol9) BTk R 8.5% , H RFTT IR R 1k
61.5%, VLW IR 6 DIREEAR 25 M Vb & 75 H A AR R Y R IR AR i

SN RV A7 18 L4 A1 AR BE 0 G PR B AR 1A I B 20 PR AR Ak (Biod ) IR (Bio3) (ERIR ZEFET-1Y
[k B (Biol9) (i A MK it (Biol3) SF34 H 42 22 (Bio2 ) MR E AR5 2 (Bio7) , STl R 518 17.9% |
16.8% .9.8% .6.3% .5.2% 11 5.2% , BFITTHRFIE 61.2% , BT T8 B A/ A B 8 i Bk 6 S35

AR
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Fig.7 Potential suitable area of A. nunas in China predicted by Bioclim model in different period

%2 ET MaxEnt EEBNHZMD ZFNEDLEESTHNRETENTHRE
Table 2 Contribution rate of environmental variables affecting potential suitable area of A. nanus and A. mgolicus Schrenk in current predicted

by MaxEnt model

TRk Contribution rate/% TTHk Contribution rate/%
SRt Wt oY it Wt Py
Envi rf)nment Ammopiptanthus Ammopiptanthus Envi r‘onmenl Ammopiptanthus Ammopiptanthus
variable . variable )
mgolicus nanus mgolicus nanus
Biol 14.4 2.6 Bioll 3.4 3.7
Bio2 3.7 5.2 Biol2 5.7 4.1
Bio3 2.7 16.8 Biol3 1.2 6.3
Bio4 0.6 17.9 Biol4 0.9 4.1
Bio5 1.8 1.2 Biol5 8.7 3.5
Bio6 9.7 4.5 Biol6 4.3 1.1
Bio7 10.5 5.2 Biol7 0 1.9
Bio8 9.1 2.8 Biol8 4.8 3.8
Bio9 7.2 2.4 Biol9 8.5 9.8
Biol0 2.8 2.9 Mt 100 100
3 g

Wit 2 Bk ol o A B (4 S MR e SR A 25 (R TR A A AR R A A ) AR PR DR P ) 24 ST A
BT, H AR S 75 58 B AR A5 AR Tl R 20 A1 B FIAR G BR B A8 1 AR — 2 i ik i
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