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Estimation of potential suitable distribution area and the ecological characteristics

of Eucommia ulmoides Oliv. in China
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Abstract: Eucommia ulmoides Oliv. is an important native non-timber tree species. Its application in industry has been
involved in medicine, food, health care, feedstuff, rubber, cosmetics, and landscaping. The estimation of E. ulmoides
potential suitable distribution area is of highly importance, which would promote the resource protection, introduction,
efficient tending and sustainable utilization. In this paper, to predict the potential suitable distribution area and the
ecological characteristics of E. ulmoides in China, data of 601 geographical distribution points and 24 environmental
variables were analyzed by the MaxEnt model and the spatial analysis technique. The suitable level of E. ulmoides in China
could be divided into 4 grades. The highly suitable area reached to 380,100 km®, which mainly distributed in the middle and
low valleys in Daba mountain, the parallel ridge valleys in eastern Sichuan, the middle and low valleys in the western Hubei
plateau and Dalei mountain, Wuling mountain and Xuefeng mountain, the Karst plateau and middle mountain in southern
Sichuan, northern Guizhou and eastern Yunnan, and the low hills and valleys of Zhejiang and Fujian. The prediction of E.
ulmoides optimum growth condition was the annual mean temperature of 11—16°C , the annual mean precipitation of 700—

1450 mm, the temperature seasonality less than 820, the altitude below 1400 m and the slope below 24°.

Key Words: Eucommia ulmoides Oliv.; suitable area estimation; MaxEnt ecological niche model; dominant environmental

variable ; plantation regionalization
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Table 1 Variables used in the model prediction

G EiFuY AR S B
Variable description Abbreviated name Unit
AR E Annual mean temperature Biol x10 °C
BRI 25 A ${H Mean diurnal range ( Mean of monthly (max.temp.-min.temp.) ) Bio2 x10 C
B 25 S AE IR 2% HUAE Tsothermality ( Bio2/Bio7) (x100) Bio3 1

TR AT PEAR LAY PR IEZE Temperature seasonality (Standard deviationx 100) Bio4 1
e A 3 fie i Max temperature of warmest month Bio5 x10 C
2R Mean temperature of welttest quarter Bio8 x10 C
AEI% K4 Annual precipitation Biol2 mm

[ 7K B 2T AR 5 R B Coefficient of variation of precipitation seasonality Biol5 1
ez 75 £ % 7K #: Precipitation of warmest quarte Biol8 mm
)2 HERE A RFUE 43 E Topsoil gravel content T-gravel %
F)Z VR B Topsoil silt fraction T-silt %
FJ2 3R+ f i Topsoil clay fraction T-clay %
FJZ HHEAE Topsoil reference bulk density T-REF-bulk kg/dm’
FJ2 AT LR £ 5 Topsoil organic carbon T-0C %

F 2 R BIE Topsoil pH (H,0) T-pH-H,0 —log(H*)
TR T HEPHE 324 fE 1 Topsoil CEC (soil) T-CEC-soil emol/kg
FZ L IEFRBREE & Topsoil gypsum T-CaS0, %
)7 L IER S ENER B i Topsoil sodicity (ESP) T-ESP %
)2 58 PR % & Subsoil organic carbon S-0C %
JEEJ2 - HEPHES 524 fiE 1 Subsoil CEC (soil) S-CEC-soil emol/kg
JEEZ T IERRBREL & 2 Subsoil gypsum S-CaS0, %
MK Altitude Alt m
i) Aspect Asp —
Y Slope Slp (°)

1.3 BORVHUI K AL

HE L Ap b R 3 A i FIRBE AR SR 5 A MaxEnt 3.4. 1 30 rp A2 5 B AL B 75% 53 A 50408 Rl 5
B T4 25% IR | TR TV (jackknife ) 315 R AR 6L A 23417 A0 52 0 223 1) 2% P15 28 e f) o oz ity
2, BOEBALER 500 Y, BE 10 E R, HARETCR BN SE ™, A ZI8E TAERHE IR (receiver
operating characteristic curve ,ROC) X} Maxent 82 45 1145 50, ROC M2 LUBRFHYEZR (B 1-FE 7 B2)
AR DR, FCPHME R (U ) e, IZE T B TH AR AUC {1, 24 AUC {E4 T 0.70—0.80 I, A Fiil 45
AUERR ;2 AUC fH AT 0.80—0.90 B, tA > #0045 S AR HE#f ; 24 AUC {E KT 0.90 B, oAk T 285 S A%
R
1.4 3 A SEGC0) 50 A 3 I I 14 B

# Maxent Z3 152 Y. asc SCIFFE Arcgis 10.2 AL AL Raster #% 30, M Arcgis 10.2 25 [8] 4387 T 2.5 43
KT HMEE XK 5y, S0 IPCC A PP AT REER R 43 07 760 R8s & AL AP SE BR 43 A 15 00, H AL A
TETEH IR AR 53 4 N5 0<P<0.1 JHIEEA X ,0.1<P<0.3 JINGE A X ,0.3<P<0.6 HHIEA X,
P=0.6 Vo EE A XY RS R T ArcGIS 10.2 £33 &, 37 FIH Raster Reclassify
AE, ZEH AR SE IS A= X AT T AR, £345 Jackknife K55 | 5Tk 5< R B4 H LA 70 A 405 S0 12 52 ) b Ao 2R o
A B P PR AR i AR R AR S A MR AR AR AN ] 32 S PR A e v A e 107 4 ARAR AN [R] 43 A SR 32 ER
e RV T
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2 ERES

2.1  Maxent B8P HERPEPEAL
T Maxent A AR IF T &2 1217 10 WA 15 H )

AUC g5 R 3 i, Hoh il 2 ddis AUC {E7E (1)2
0.898—0.903, -1 Ky 0.900; Ml ik F 35 AUC {H 7F 2 ost
0.861—0.907, F-#I (% 0.889. HR4E AUC {H A 47 ﬁ 07}
WE BRI A B S R B B A B E L
O, I BURREARAF I 4 H R R 52 04
g, LG5 F2 ol o MK (AUC 0559
2.2 FhARFETR AT AR A X A A “ 01 = BEHLHT
FEF MaxEnt A= T 6 - fh 76 1 A X (046 00 01 02 03 04 05 06 07 08 09 10
A X A XCRMIGE AR X)) o3 Ai s BRI 4 s, 1RSI AR L)

1-Specificity (fractional predicted area)

YRR A X TR FR B3 277.61 T3 km® |, 24 5 [+ B AR
() 28.92% , i M4 [ 1L 9% M SR 5 90 A3 IX AR R 1) Ao
peid A XA 38.01 J7 km®, 5 R4 A FE R EL L AR L
UK ASATR LA 2 X SR g S - K2 i L
FEBE A IX BB PRI A X g iR X )1
T S A TEL A W e o D e L DXL R B R L e B
Hidb X, HiE A X AR 135.78 7 km? , BB 0 i 7E & 4%
IR Fe B P i DX a3 1 IR L B 45 i 1K YL
RO RSP T X B P I L P B A b X | e B 2 AR 1
Bz i P S IX 13T TR RO J £ Hi X 257G R
JELIX DA B ik g L AP AR L A IX 5 I A= X T AR 103.82 . v '
T3 km? oA AR LA LU Fe B IXC | 55 I I AR R ‘
JRIX HHER BTSSR R UG ORI BRI REER ek
T B2 o b o RO JRIX e Bl — 2 3 1 i L
B A b X B AR L B SEAT A 48 X 7 e St A 1y 4 ETF MaxEnt HEHNEERMEBEEER DG REE
B A DX A 4 M T I R L 5 L X Fig.4 Potential suitable area of E. ulmoides in China applied by

FRIE 30 8 BATEL X HFOR R AR s Az X 43 A
T PRI 5 SR A2 2 B, DA DO 1|48 Ak A e 5 A 1X T
UK, i85 23.092 J7 km®; WU)I4E =4S R4 VB0 TR SRS BRPE A TR B IR IX VLY
A LR R S DA AP RIS AR K B S, 20 A LT 68.32%
2.3 IR E R DA Y R AR

FIF Jackknife #6536 AT LATTA B0 58 A8 f2 X6 5000 45 5 A 532 i R B2, DT S0 BT /S ) 72 i Xof Ak A s 7 0 A 1)
B, Jackknife K90 25 KR ANEL 5 PR, AU FH BBl AR S B TE DA I 2538 25 R s BRRT 10 S FRBE AR FEAK
VAR (Biol ,0.8534) AEX[/K i (Biol2,0.8238) a7 i 22 A ¥1H ( Bio2,0.8025) g Z= B /K
1+ (Biol8,0.7375) I EEZET AL IR ME DS (Biod ,0.5729) /K B 2= 78 S R4 (Biol5,0.4182) fx % /]
frf i it (Bio5,0.3519) | f {2 B2 V- 24 i B ( Bio8, 0.3305) (W44 (Alt,0.2974) e i 22 5 4F il 22 U A
(Bi03,0.2504 ) ; W33 £5 b 5 2IRAET 10 D IREEAR AR U AF T3 (Biol,0.8648) (AF 47K i ( Biol2,
0.8354) /i 25 H ¥9{H ( Bio2,0.8105) | il 2= FE 7K 1t ( Biol8,0.7546) | Ik 2% 15 P22 AL i s 1 22 ( Biod,

B3 MaxEnt #E ) ROC %
Fig.3 ROC test of the MaxEnt model

the MaxEnt model
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0.5913) /K& 715 M8 5 RAL(Biol5,0.4321) (B H 1y fie i i ( Bio5,0.3631) | fiei 2= V- YR JEE ( Bio8,
0.3403) K (Alt,0.2994) e 22 5 4F IR 22 OB ( Bio3,0.2711) o TTRR AR A i H S (R o 2 PPAiki 25 BR B A8
TS R E (Y AR bR, B3R 3 FTLAER AR K i (Biol2,53.8657 ) AR HIR B (Biol ,24.1872) JREZE
AR AR IEZE (Biod,11.1563) MK (Alt,3.587) 3B (Slp,2.2436) 5 A~ FREE AR 1 1 STk A7/ HTA, B
FABTHRRAE 95.0% LA b s B4 FB(E = 2IIKHT 5 AN FRBE AR AR UK i AF - 3410 ( Biol,54.7322) LB 215
PEAS LA IE 2% ( Biod, 17.1309) AR /K £ ( Biol2,6.5668) | HFIK (Alt,6.5239) Fle 1k iR 22 H ¥I1H ( Bio2,
6.0536) .

£2 N ERTEERARERAMBERSFRERMG T/ km?

Table 2 Potential suitable area of E. ulmoides of 30 provincial-level administrative regions in China

BRYATBIX 2455 flE L X P A X o3 AR X TRAEIE A X
Province name Lowly suitable area Moderately suitable area Highly suitable area Potential suitable area
g 3.683 13.338 6.072 23.092
A 17.677 4.499 0.521 22.697
WA 0.904 12.545 5.940 19.389
i mlea) 1.608 10.881 5.068 17.557
SONEEES) 2.922 12.579 0.609 16.110
pvuEE) 0.298 9.275 6.403 15.975
Y tEe) 4.179 8.164 3.433 15.775
JUVEHER AR X 8.770 6.121 0.545 15.436
PANE=Y 5.771 8.949 0.521 15.242
IIARA 5.605 9.190 0.000 14.795
LA 5.353 6.626 1.334 13.314
wALE 8.111 3.174 0.021 11.306
biyegey 3.331 7.229 0.018 10.578
LA 6.111 3.364 0.035 9.510
WA 0.692 5.999 2.465 9.156
Holr 5.814 2.457 0.723 8.994
ITpiEey 5.924 2.411 0.011 8.346
ENI) 0.068 3.605 4.044 7.716
IHRAE 5.186 1.964 0.065 7.215
LTh 5.396 0.204 0.072 5.672
PO R X 2.246 1.500 0.006 3.752
THRIR IR 1.664 0.013 0.000 1.677
Jesim 0.556 0.954 0.104 1.614
PNEH) 0.916 0.283 0.000 1.200
kT 0.209 0.333 0.000 0.542
BrmdE TR HIRIX 0.417 0.000 0.000 0.417
Hilh 0.085 0.000 0.000 0.085
WEEh HIRIX 0.037 0.000 0.000 0.037
A 0.015 0.000 0.000 0.015
SRCES) 0.001 0.000 0.000 0.001

Z54 Jackknife Kr 56 | DUBKR A E e EAE 0 Hr 25 5, 15 AR V33 (Biol ) AR FRK & (Biol2) JRLEE
AR A BRI 22 (Bio4) (IR (Alt) (3 (Slp) 72 52 M 3 [ AL i 7 3 A X0 A i = 3 -, BT
Maxent RIS 5 4~ 3 S IREEAE e AR 7 X [ AN E] 6 BT, AAETEAR R KT 0.6 V5 A AT A BE Az X A i ok
A, 5 A T IR AR R A E IR A R AR E AT 11—16°C AR EA T 700—1450 mm 5 2T
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W {UAEE W RETE m EER
Alt - | I
ASD |- -
Biol e | R
Biol2 - e | I
Biol5 |- L —
Biol8 e | S —
. Bio2 [
= Bio3 [~ R —
<
s Bio4 [ - I —
> - -
= Bios [~
g Bio8 B — -
§ S-CEC-soil I |
= e I
2 S-CasOy
A L —— -
e S-0C
IR L —
’?ﬂé Slp
. [ |
=% T-CEC-soil
.| S ——
T-CaSOy4
[ |
T-ESP
B4 |
T-0C | o o
Tl | ——— | R ——
Togravel | e —— - ——
TP H-H20 | e —— - R ——
Toref UK | —— | R ———
T-silt - -
| Il | Il | Il | Il 1 Il Il Il 1 1 1 Il
0 0.4 0.8 1.2 0 0.4 0.8 1.2 0.55 0.60 0.65 0.700.75 0.80 0.85 0.90
EMEII R4 25 R AUC
Regularized trainning gain Test gain
B 5 IRETEM Jackknife i3
Fig.5 Jackknife test of the environmental variables
AR RIBREZEAE 820 LR KA 1400m LAR BHEAE 24° LI T,
®3 NETEREABMENEREEE
Table 3 Contribution rate and permutation importance value of each environmental variable
Mg I SR EiETME | HETE e Eypiv e EHE
. pities . ) . TR . .
Environmental o Accumulative Permutation Environmental o Accumulative Permutation
X Contribution rate o . . Contribution rate o .
variable contribution rate importance value|| variable contribution rate  importance value
Biol2 53.8657 53.8657 6.5668 T-ref-bulk 0.131 99.5384 0.0995
Biol 24.1872 78.0529 54.7322 T-pH-H,0 0.1283 99.6667 0.217
Bio4 11.1563 89.2092 17.1309 T-ESP 0.1048 99.7715 0.7155
Alt 3.587 92.7962 6.5239 S-CEC-soil 0.0885 99.86 0.1186
Slp 2.2436 95.0398 1.5888 S-CaS0, 0.0398 99.8998 0.227
Bio3 1.8094 96.8492 0.705 T-CEC-soil 0.0313 99.9311 0.1406
Bio2 0.7456 97.5948 6.0536 T-CaSO, 0.0274 99.9585 0.0713
Bio5 0.5355 98.1303 2.2801 T-gravel 0.02 99.9785 0.0433
Biol5 0.4523 98.5826 0.7457 S-0C 0.0109 99.9894 0.0018
Asp 0.339 98.9216 0.8421 Biol8 0.008 99.9974 0.1554
T-clay 0.271 99.1926 0.6105 T-0C 0.0016 99.999 0.0119
T-silt 0.2148 99.4074 0.4185 Bio8 0.0009 99.9999 0

http ; //www.ecologica.cn
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