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Abstract. The endangered relict plant Tetraena mongolica Maxim was studied, with the
MaxEnt and Bioclim models used to predict potentially suitable regions. We used the knife-
cutting method and environmental variable response curves to evaluate the dominant
environmental factors affecting the distribution of T. mongolica. Furthermore, we used the
ArcGIS natural discontinuity method to divide fitness levels. Results showed that 7. mongolica
was mainly distributed in the Xinjiang Uygur Autonomous Region, Tibet Region, Ningxia Hui
Autonomous Region, Inner Mongolia, and the Gansu, Qinghai, Shaanxi, Shanxi, Hebei,
Liaoning, Jilin, and Heilongjiang provinces in China, with a total area of 1.49 x 10° km?. Highly
suitable zones were found in the Maowusu Sandy Land of Wuhai city, the Tengger Desert in
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the Alxa Left Banner, the southeastern part of Yinshan Mountain, and mountains in the Helan
range. The potential distribution area of T. mongolica will be reduced to north of Inner Mongolia
and western Northeast China by 2050. The Area Under Curve (AUC) average values of the
two models were all above 0.8, justifying their application for predicting potential areas of T.
mongolica. Among the 19 environmental variables, the main factors affecting the potential
distribution of T. mongolica were average precipitation of the coldest quarter and temperature
annual range, followed by the coefficient of variation of precipitation seasonality and standard

deviation (SD) of temperature seasonality.
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Table 1 Geographical distribution of 56 population of Tetraena mongolica

iy IX TE I i B L i EaiE s 7% B IR
Region Number and location of populations Latitude Longitude Data source
NMG 1. ZiEIRAR 2% 38°37'19.68"N 105°51'08.68"E CVH
NMG 2. AR RN AL S 38°40'01.70"N 105°43'15.28"E CVH
NMG 3. FEATIRAR H 39°08'01.99"N 105°36'14.41"E CVH
NMG 4. FrfE 1 39°19'37.96"N 106°50'10.82"E CVH
NMG 5. hif)i 2 39°19'54.97"N 106°50'23.30"E PFHME A
NMG 6. fif)i 3 39°21'57.00"N 106°53'43.00"E SCik
NMG 7. B4 39°19'60.00"N 106°43'60.00"E ik
NMG 8. "R 39°22'08.66"N 106°49'49.22"E LIS
NMG 9. #tHH 39°23'48.45"N 106°52'59.90"E Sk
NMG 10. MEFg 39°24'03.21"N 106°44'16.99"E ik
NMG 11, B3k 39°25'60.00"N 106°37'00.00"E ik
NMG 12, BT R RT X 39°27'02.00"N 106°5609.00"E Sk
NMG 13. =il 4 39°28'09.33"N 106°44'53.79"E CVH
NMG 14, B AR E A 39°29'26.60"N 107°08'22 14’E CVH
NMG 15, A AL X 39°29'44.00"N 106°53’11.007E ik
NMG 16. B #iik 39°30'02.85"N 105°33'14.66"E CVH
NMG 17, H AR L0 5 1L e B A 39°31'60.00"N 106°50'60.00"E SCik
NMG 18, HHE/R LY & ALY X 39°31'60.00"N 106252'00.00"E ik
NMG 19. AR HEA X 39°32'26.51"N 106°53'48.06"E LR
NMG 20. TS IX a1 39°33'22.61"N 106°52'07.46"E LR
NMG 21, BFENTHEAR 39°33'04.01"N 105224'15.62"E CVH
NMG 22. /Nt 39°34'03.58"N 106°44'28.99E CVH
NMG 23. X fEA% R 1 39°36'27.80"N 106°49'59.67"E Sk
NMG 24 NS X AR 39°37/52.73'N 106°49'14.41"E CVH
NMG 25. T-HLIL 1 39°38/60.00"N 106°49'00.00"E SCiik
NMG 26. THIll 2 39°51'33.75"N 106°50'12.52"E LTRSS
NMG 27. TH11 3 39°52'48.46"N 106°54'32.97"E LN RS
NMG 28. WHHEIX 39°41'16.37"N 106°47'30.73"E CVH
NMG 29. THILLHE 39°41'35.45"N 106°52'40.79"E SCHR
NMG 30. B & IX 39°42'25.00"N 106°50'27.00"E Sk
NMG 31, B2 Fvb B ZR AL A 39°43'17.40"N 106°31'08.40"E SCik
NMG 32. BT AR 39°44'14.00"N 106°52'30.00"E ik
NMG 33. FEJrHkfHIT 39°44'44 40'N 106°46'32.11"E CVH
NMG 34. Bl 1 39°46'00.00"N 106°46'60.00"E ik
NMG 35. BEFlfR 2 40°03'05.27"N 106°46'02.62"E L@ NS
NMG 36. AT 39°46'04.72"N 106°46'14.29"E CVH
NMG 37. B 22 D AR A 2 39°53'06.00"N 106°42'15.00"E SCHik
NMG 885 il 40°06'00.00"N 107°05'60.00"E SCHiK
NMG 39. BUHRIHEE MR 40°09'12.86"N 107°49'57.67"E CVH
NMG 40, Py s ks A 40°09'07.00"N 106°54'44.00"E Sk
NMG 41, BB 1 40°14"40.00"N 107°11'44.00"E SCik
NMG 42, LHiTT 2 40°14'58.00"N 107°0536.00"E SCHR
NMG 43. MHITT 3 40°16"16.15"N 107°01/29.50"E CVH
NMG 44, 15 B IR A 40°16'14.59"N 107°11'32.15"E PFHME A
NMG 45, HE BHEIK 2 40°17'15.32"N 107°14'52.75"E LN RS
NMG 46. HH BAEIR 3 44°22'19.31"N 112°22'24 45"E CVH
NMG 47. ZIERANFE IR 40°17'49.77"N 106°59'43.65"E CVH
NMG 48, ZREANHIZR Y B 40°22'48.50"N 107°09'48.72"E CVH
NMG 49, 8 O B8 1 40°29'15.95"N 107°04'23.53"E CVH
NMG 50. fHhifd 40°32'52.58"N 108°39'09.06"E CVH
NMG 51. Julkil 40°40'53.97"N 110°35'02.57"E CVH
NMG 52, fH A hikk 41°12'42 17"N 107°00'38.63"E CVH
NMG 53. M IRAR/R I 42°56'26.35"N 115°56'03.37"E SCHR

XJ 54. JKIEH 43°49'16.25"N 087°38'34.45"E CVH

NX 55. A1l 1 38°49'34.28"N 106°09'45.09"E CVH

NX 56. £l 2 39°13'00.00"N 106°46'60.00"E SCik

E: NMG. W5 HIRIX; X, BrigeE R HiRK; NX TR ARX,

Note: NMG. Inner Mongolia; XJ. Xinjiang Uygur Autonomous Region; NX. Ningxia Hui Autonomous Region.
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Table 2 Nineteen environmental variables used in
the MaxEnt ecological niche model

1% PRE AR
Code Environment variable
Biol 4F¥#JiE Mean annual temperature

Bio2
Bio3
Bio4
Bio5
Bio6
Bio7

B IRZ A ¥ Mean diurnal range

SERPE Isothermality ( Bio2/Bio7 x 100)

R F AT PSR R EZE SD of temperature seasonality
W% H i Max temperature of warmest month
% A % Min temperature of coldest month
AEJE Y78 L35 Bl Temperature annual range

Bio8 #xiRZE [ F-1iE Mean temperature of wettest quarter
Bio9 & TZE 41 Mean temperature of driest quarter
Bio10 B Z:F F-1i Mean temperature of warmest qlarter
Bio11 %% Z 11k Mean temperature of coldest quarter
Bio12 4FHJR#/KE Annual precipitation

Bio13 fziik A F%7K i Precipitation of wettest month

Bio14 #ix T AK#sk i Precipitation of driest month

Bio15 ki sER2%1 Coefficient of variation of precipitation seasonality
Bio16 iR 2 /K& Precipitation of wettest quarter

Bio17 % TZ= Rk Precipitation of driést quarter

Bio18 #l& Z:JE V- /K i Precipitation of warmest quarter
Bio19 74 Z: i V-1 /K &t Precipitation of coldest quarter
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Fig. 1 ROC curve of MaxEnt model simulation.results
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Fig. 2 ROC curve of Bioclim model simulation results
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Table 3 Contribution rate, training gain, and permutation importance of environmental variables
Wf%’i{g AR A TR ( %) e As B E&@E{E(%)
Environment Variable descriotion Rate of Only Permutation
variable P contribution  variable importance
Bio19 I Z V-4 K & Precipitation of coldest quarter 18.5 1.5471 3.1625
Bio7 AEYR Y7L YLl Temperature annual range 17.1 1.7896 0.0051
Bio15 [k AR 7 2 %L Coefficient of variation of precipitation seasonality 15.4 1.2554 0.072
Bio4 TR B PEAR L YRR 22 SD of temperature seasonality 9.9 1.3728 0.4959
Bio12 AEHIREKE Annual precipitation 8.9 1.6187 0.1622
Bio6 % A I EAKIE Min temperature of coldest month 8.4 1.9401 0.1449
Bio9 T2 FEHE Mean temperature of driest quarter 8.3 2.3472 44.9796
Bio1 IR Mean annual temperature 5.9 2.1320 35.634
Bio18 % Z= P2 (1) - 2% /K & Precipitation of warmest quarter 4.9 1.7170 0.1244
Bio10 % Z= 2 SF- 2R Mean temperature of warmest quarter 14 1.6480 0.0043
Bio16 BB 2 R /K B Precipitation of wettest quarter 0.9 1.3836 0.2203
Bio2 B iR H ¥I{E Mean diurnal range 0.4 2.2226 0.0435
Bio8 IR 2 475 Mean temperature of wettest quarter 0.1 2.3472 0.316
Bio14 i T H /K & Precipitation of driest month 0.1 1.9217 5.4499
Bio13 i A %7K & Precipitation of wettest month 0 1.0911 0.1398
Bio3 SERPE Isothermality (Bio2/Bio7 x 100) 0 2.0748 0.4581
Bio17 i T2 (%K Precipitation of driest quarter 0 1.2031 8.5873
Bio5 W% A e Max temperature of warmest month 0 2.5963 0
Bio11 % 2= Y3 Mean temperature of coldest quarter 0 2.5316 0
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Fig. 6 Response curve of Tetraena mongolica distribution to four environmental factors
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