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Analysis of Suitable Bioclimatic Characteristics of Leymus chinensis
Using MaxEnt Model
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Abstract: Leymus chinensis is one of the most important species in the meadow grassland and the steppe Grassland in
the eastern part of Eurasian grassland. The climatic characteristics of Leymus chinensis region in China were analyzed
by bioclimatic data,which objectively reflected the geographical distribution of Leymus chinensis and the main biocli-
matic factors leading to its distribution,and provided scientific basis for the distribution potential of Leymus chinensis in
China. This study obtained 204 specimens of Leymus chinensis record data from Chinas digital herbarium Herbarium
and bioclimatic data from WorldClim (1950—2000 years),and the maximum entropy model (MaxEnt) was used to
simulate the geographical distribution of Leymus chinensis and investigate its biological climate factor and appropriate
value. The results showed that the cold season precipitation (biol9) had the maximum gain for the distribution of
Leymus chinensis ,dry season rainfall(biol7) followed and then dry precipitation (biol4). At the same time,the proba-
bility distribution of Leymus chinensis was the single peak response relationship with rainfall in cold season (biol9),
dry season, (biol7) and the driest season (biol4). As for latitude and altitude,longitude was the main factor affecting
the distribution pattern of Leymus chinensis. At the same time, the reliability of MaxEnt simulation was high,and the
geographical distribution of Leymus chinensis could be accurately reflected. 3 bioclimatic quantitative conditions leading
to the geographical distribution of Leymus chinensis were preliminarily revealed.

Key words: Leymus chinensis ; Maximum entropy modeling(MaxEnt) ; Bioclimate

L (Leymus chinensts) 42 MKW K i 5 5 X B T BRI LSt FE S W T B RO B R AR N2
FE AR 22— B O O R LA S FZWA T 3 RO LA AR A AR B T ™ A B 1 AL
FLLx 2 Te (e [ P A0 X 3 B R H AR 2528 7 1 BF 5 Syl 4k AR AL . AR A4 Bk 0 A R (1
B R D . R L A Sy — ol M Y ) 2 A AR AR 2R WFFE R WY T 54l 14 52 A [ 7 8 1 4 3R AU A 28 Ak
RABHCRE £ B BAR BA BRI BT A R0k Ee 2R A7 T 1 2R 0 = D A A f5) B o O H 2 R T

W B #7:2018-05-30; 18 E H #1:2018-11-29

HEEWMB BEEE S AT (2016 YFC0500607-2) ¥t )
YEE B A FRBUL (1979 . B I 5% 5, 3 8 DA 3 A0 0 ok 3 K o0 b 45 FRAE 5%, E-mail: cyszps@163. com




36 A

¥ & 2Tk

A 722 b R I R A 0 98 0 I T 3 X T R
R DR IR T A X A A AR Ak A 3 R AL LA T
N 2 B S 7 A B L ] O R X R B A Y
JrE AFF 5T A48 i ) LA R AR 2 A

AR XS R e R A A ) R L
SER MR M A B N R 2 Rk
A AV AN AN S M) 381) 2 18 A3 DX 3 T L 5 g L A
W1, REBAE A ERETEN Ty | i b 2R G A R
W5 F B B HE I L BV SR KA —
A BAE B 2R 2 DU PRI, A AR AR 7R
TR o A BB 55 . YT, B A
BRG R AERE N RGE RN R X I
FUBE JF i o B A o A mE AT A B E 5 A 2 0
FENO R [ N A SCRR 2 B L R ML EAR AL [m] 5
BT FI 2R 25 B R 45 B b B B R G B IR AR L4
BRE L FR Ge 45 AR X H AR WD R AT A 58S AN
BRI AT RESS O B R EE S R TR 8L 4 b A A B
He KR (MaxEnt) , & — B A2 25 07 BRI B B
U AR AST DU 0 A g (ol PR AL T, Ao Max-
Ent A8 30E B FH 14 Fh 43 A3 10 7000 44 e 2 IR A
&) ZisHFESE RE S AR
SRR SE R B e X 2 R B 7E 3R A TR AE 4
A7 B3 A M A BT ) 0F 9 44

TRAE S AT B3l 2B PR 43 1 J2& 46 A MaxEnt 2B 25
VAR 3 ] 2 R A 25 8] T A 19 40 A 5 DG 36 ) 3R
B BRI ke O 5 AR TR SR AR A K 4 R
52 B A [ 14 RS [60] 771 2 [ ) R X 3 H , D009 S i
G DX IR ¥ TE 43 AT i L. A SC LA DIVA-GIS #44 F
MaxEnt #fFF é 38 5 2 F 9 F Ak 5 as m Ao, 43
B B 2 w4 AR A 1 32 2 85 DR O 4R U i 2
TS AT 0 S AR AR, TI03R E SE RE Y R
25 [B) 43 A7 DX 35, 548 7R 305 B2 R R 40 A 1 A A
A BRI B AR AR ORISR TR [ 2R S R
BEIR O AT A | DRI RS 4 A LAl SRR R 2R A

1 #RlEFE

1.1 HERHE

AR P B Y A BOE S | B h E RC
AR AE Chttp: //www. cvh. org. cn/), [RI} L4
Bk A= W) LR 15 B AL (Global Biodiversity Informa-
tion Facility, http://www. ghif. org/) /A 16 B2 BRIF 4G
W) Z R BRI AR S ] Google Earth 315 43 7 s
1) 2 4 M b s BRAG AT G 2 BE L SRR 204 4 (& D),

i3t Excel fif APRAEIE . CSV #g 2 3Cf. BFgx £ W
RIS Y S DU B2 e AR AR B IR B 120 D2 A # T AR
SE DI LL 204 A REAS 17 R B B0k HOF B R A
A3 B AR 1) A R BE 5T 731 R AS I S O B~

1.2 SEHE

M WorldClim FRHC 19 A~ A P S A5 A8 £ (19 AH ¢
g (http: //www. worldelim. org/) , 43 5] E4E
1 (biol) I H 4 2% (bio2) AR IR M AR R 2 W
4% H[ bio3 = (biol/bio7) X 100 % ] ik B Z& 45 28 4k J5
7 (biod) (e #A4 A M i B (bio5) |\ fe ¥ H R AIK I JE
(bio6) AP {822 (bio7) \ W Z= X (bio8) . T Z= iR
(bio9) B Z= 3 (biol0) & Z= X1 (biol 1) AF [T
H(biol2) | e 1 A K& R & (biol3) . & T H FE K &
(biol4) | 7% [ Wi & 78 S & 4L (biol5) | W 7= [ Wi &
(biol6) . T Z= [ H (biol7) | BE Z= [# 1 & (biol8) |
Y Ze BT 2 (biol ), K DL b3l A% =X B
S 7 ] DIVA-GIS B 56 4 it ASC I A% 2 3¢
P8R )5 % A MaxEnt #4407 431 i & A
& Chttp://nfgis. nsdi. gov. cn),

1.3 HBNHE

% K JR 8 (Maximum Entropy) S i 28 55 5
W —AUEN L 0 1957 4E i E. T, Jaynes fi 42
s Gk T Z N BTEVF 2 # R b R AE W S R T AR
BRI KEE" . MaxEnt & —Fp 3k F A7 #
T PR T ASE Y S ek A A Y PR B AR R A
2R A O LA 29 B 25 1R 0 A IR S B0 R
J8 £ 7T BE S5 A R T B0 B bR A A5 AR B
. W TFASMERIRIE T R4 W ae 7, ik
He T IZ F T 25 R R A B8 5 X0 S0 AT AR
AL i A A Rz T AR RRAE £k (receiver
operating characteristic curve, ROC) #4715 7l {1 5
AT A A6 EA B R BRS B

L4 SHAFE

F2 1R K Fh e SR R B S R ) Rl 1 o B A K
P A0 A Py A A i B L OF — il 3 A B MaxEnt,
FEHRAF MaxEnt #0550 8 1 3 & B L0 IR 2576
£ 2 49 o 4 A A0 A S 4R L TR AY 75 00 B S
Py Fob oA K A SR I 25 4R 2 AT 20 A o TR I i I 2
SR P BEBL R 10 26 9 B0HE 1 3 43 A B, H H
AR IR AR P/ T2 T 1006 B9 40 A K08k 7T L
it 19 2 B A B L A0 A (E RN 0 A R R



51

BRI A - T MaxEnt 53 H7 3 [ 5 5253 70 X9 A 9 S AR AE 37

CRTFR R A0 A6 (8D » MaxEnt 314 45 H 43 A 18 25 2% K
AR 4 43 A7 0 B 9 FHAS [8) 29065, DX 3, 2 Ff 23060, A 408
I A O3 A (R AT A 23 SRk 5 A A i A Bodie
Sy ASC I #% 20, | DIVA-GIS # 45 A ASC I X
PF R . grd M 2, J 9 b 3 03 A AL E . Max-
Ent 8-SR YNGR 19 326038 TAEFRIE th £ 1 R
(Area under the roc curve, AUC) K T4 AUC
.M H =& AUCHAB R TREHLEL AN AUC {H,
AUC P br #fE R AUC £E 0. 5~0. 6 A S #;
AUCTE0.6~0.7 H##£;AUCTE 0.7~0.8 H—
W AUCHE 0.8~0.9 AR F;AUCTE 0.9~1.0 &
75 . FH I (Jackknife Test) #6904 ¥y S fie 25
It 5 W) O A (R £ 2 ) YOG R L ST 3 bR AU i
A3 X8 F o AT P Ok B J3 A (B £ 52 e e R 0 AR
WA R, DL EBTA B A 45 R A S R A T
a0 S5 R S e

501 A 501 5

& 40f & 40

5 5

2 30 £ 30

e o

= 20} =20}

3 %

= 10f 101 H_I
oloth . 0
0 90 100 110 120 130 140 0 30

2 RS54

2.1 REFEZEIMIES

RS [F] 43 A0 0 22 B [ Dy 84~133° E, Hi A0
M-I 28 B 115, 98° E brifif 2=k 7. 7628 1A) ;3¢
BLOPAT DXL EEJE Fh 24~55° N, HAM G -1 26 52
38.50° NLARMEMR 224 8. 078 ([&] 1B) ; 2 BE 434 X Vg ¥
T 5~4 710 m, HA3 A i FH493 4k R 511, 09 m, b
W2 586. 51(J& 10) 53X e B FRAE L B A 13
PRI T B M 4 5 . 48 8 I A8 S R B R 0. 067,
o B 0 AR B A& OBU(E R 0. 210, 5 10 A B RO
1. 148 1 Ay 20 e — 2F B30 25 BAORE B2 10 28 S5 RBRAE &
JE 28 R R B (0 4 R R L BN AR S R B R
BRI R e M (AN AR 1) & B8 B8 TR 1 1) o 1 e
RIS AP Fe 5, PRMCR 28 3 RN AT 7 3 o 2
Gy Ak BB Z LR F R,

N
S

[ C

I

W B
oS O
T

#i%¢ Frequency
s 8

(=]

2% Longitude

#; )i Latitude

50 60 0 30 40 50 60
#FR Altitude

1 ¥HEEESE.BRFESH

Fig. 1 Longitude,latitude and altitudinal frequency distribution of Leymus chinensis
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Table 1 The description of the statistical results of climate factors

R FE R bR P e 22 e /ME PEN 5 R
Climate Sample Wi Standard Standard Minimum Maximum Variable
Average

factor point error deviation value value coefficient
biol 204 9.083 0.514 7.342 —3. 200 20. 867 0. 808
bio2 204 11. 339 0. 145 2.071 6.375 14.167 0.183
bio3 204 27.420 0.263 3.756 20.902 38.491 0.137
bio4 204 1172.134 23.482 335. 384 578. 310 1741. 351 0. 286
bio5 204 29.011 0.218 3.116 14. 300 33.600 0.107
bio6 204 —13.436 0. 897 12. 804 —32.900 8. 000 —0.953
bio7 204 42,447 0.742 10. 597 23.500 58. 800 0. 250
bio8 204 22.265 0.271 3.865 7.467 27.133 0.174
bio9 204 —5.528 0. 816 11. 656 —24.233 14. 517 —2.108
biol0 204 22.720 0. 280 4. 001 7.467 27.417 0.176
bioll 204 —6.183 0. 810 11.565 —24.233 13.067 —1.870
biol2 204 705.910 33. 205 474. 268 125. 000 1723. 000 0.672
biol3 204 160. 610 4.470 63. 839 18. 000 309. 000 0. 397
biol4 204 10. 900 0.948 13. 547 1. 000 51.000 1. 243
biol5 204 102. 811 2.108 30. 113 43.411 147.562 0.293
biol6 204 395. 230 13. 040 186. 241 51.000 836. 000 0.471
biol7 204 40. 200 3.477 49.658 4. 000 186. 000 1. 236
biol8 204 384. 750 12.038 171.934 46. 000 752.000 0. 447
biol9 204 44,790 4.126 58.926 4. 000 192. 000 1. 316

T« Bkt R B A s i B2 BT 54 °C

Note: The unit of precipitation factor is mm;the unit of temperature factor is centigrade

x2 BFoMESGEEFHRERRERERE®E

Table 2 Factor analysis of the characteristic root and contribution rate of each climatic factor

LR R SRR FEEOT O A
A Initial eigenvalue Extract the sum of squares and load
Ingredient At FRAE Dy 2% £y At FRAETT FH
Total Variance/ % Cumulative/ % Tota Variance/ % Cumulative/ %

1 14.797 77.881 77.881 14. 797 77.881 77.881
2 1. 826 9.610 87.491 1. 826 9.610 87.491
3 1. 185 6.235 93.726 1. 185 6.235 93.726
4 0.779 4.101 97. 827
5 0.177 0.933 98. 760
6 0.122 0. 645 99. 405
7 0.062 0. 328 99. 733
8 0.026 0.136 99. 869
9 0.012 0. 065 99. 934

10 0. 005 0.025 99. 959

11 0.003 0.015 99.973

12 0.003 0.014 99. 987

13 0.001 0. 006 99.993

14 0.001 0.003 99. 996

15 0. 001 0.003 99.999

16 0. 000 0. 001 100. 000

17 6. 246E-5 0. 000 100. 000

18 1. 615E-5 8.502E-5 100. 000

19 6.799E-16 3.578E-15 100. 000
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Table 3 Loading coefficient after rotation

J% /5 Constituent

1 2 3
bio9 0.979 0.125 0. 085
bio6 0.977 0. 140 0.058
bioll 0.971 0.165 0.083
bio7 —0.963 —0.020 —0.189
biol 0.961 0. 250 —0.021
bio4 —0.943 —0.022 —0.261
biol2 0.936 —0.309 —0.014
bio2 —0.933 0.083 0.202
biol6 0.926 —0.084 0. 157
biol8 0.912 —0.034 0. 185
biol4 0.888 —0.420 —0.145
biol3 0. 888 0.016 0.114
biol7 0. 885 —0.420 —0.156
biol9 0.878 —0.427 —0.130
biol0 0.839 0. 443 —0. 306
bio8 0.797 0.518 —0.223
bio5 0.737 0.508 —0.403
biol5 —0.593 0.569 0.296
bio3 0.633 0.093 0. 704
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Fig. 2 ROC curve verification of Leymus Chinesis in China
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Fig. 3 Effects of bioclimatic variables on the gain of

distribution using Jackknife test
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