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Abstract: The endangered shrub species Amygdalus pedunculata is distributed in Inner Mongolia Autono-
mous Region and Shaanxi Province, China. However, little is known about its resource quantity and conser-
vation status. A field investigation was conducted to determine the natural distribution range of A. peduncu-
lata. Eight environmental factors were chosen to build models with the genetic algorithm for rule-set predic-
tion (GARP) model and maximum entropy (MaxEnt) model. We predicted the potential distribution of A.
pedunculata in China. Using four model evaluation metrics (Kappa, true skill statistic (TSS), overall accu-
racy and area under the receiver operating characteristic curve (AUC)), we assessed the predictive perform-
ance of both models. The Jackknife method was used to investigate the most important environmental factors
for the distribution of A. pedunculata. The results indicated that both models were effective for predicting the
distribution of A. pedunculata, but MaxEnt performed better than GARP in terms of the four evaluation met-
rics. The species was predicted to have a broad suitable area, which ranged from the south of Daxing’anling
to the east of Helan Mountains and the Ulan Buh Desert. Amygdalus pedunculata is mainly distributed in the
middle regions of Inner Mongolia, including Mu Us Sandy Land, Kubugqi desert, Otindag Sandy Land, and
the Wulashan and Daqingshan Mountains. Low suitable sites occurred in some regions of Liaoning, Hebei,
Shanxi and Shaanxi. Besides, and there were some sporadic low suitable areas in the middle regions of the
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Ningxia Hui Autonomous Region and Gansu Province. Variable importance analysis showed that the vari-
ables relevant to precipitation had more significant effects on the geographic distribution of A. pedunculata.
These results have important implications for resource conservation and ecology including the revegetation

of semi-arid ecosystems.

Key words: Amygdalus pedunculata; potential distribution area; MaxEnt model; GARP model; species con-

servation
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J& i M JB AR, XA BAERR . W R PR A, 1R
TR B AT NS A AR, RS W vEAa A
WA EBAEEE N KR EE. i 5.
Mif 5, 22 AR Tk L by (R BE AR L F FH SR T )
(A, AR K T30 23 VD RN B 5 b Ay (PR AR 2 55,
2005; JFEIEE, 2012; VPETMRFAIME R RS, 2013). fEN
T8 TR R 2 RER, KR
Sk B GO B XU VD AR AR () A R
B HARLCEWES, WM, FIR&NEFNE
(3K, 2007; Chu et al, 2013; ¥FEHF AR & R,
2013). KIALICK, HTHEMBIAFA LRI, H
b HCE AN Wk b, BRSO R H =
19894 4 5¢ 1 B VA X UM HA 8 = 2 H iR
PHREDD, 19924E85 51 — il fe iE P (8 S FE R0 4 %
B, 1991; & —2, 1992). PLAXKAR i ik 1B 72 32
BEPTHRE KR, PLE. M. EE5EY
SRR DA S AR B 25 B A DT T (S A S 2R
7, 2004; FHPELE, 2009; ZERELE 2010), XT3
PR 23 AT S0 AR SR AT T R AU RS

TR A ) A3 AT R AT AR W) 2 R OR
FOGEPRETT & A 56 W 1 3 i (Graham, 2001; Zhang
& Ma, 2008). #7415 7 (species  distribution
models, SDMs) & PAAEZS A7 BR 18 A, FRAE )
CL M0 A7 FF i B FH Ko 97 (1) 5 o PR B TR 7 2 Hfs, 90
A 5 Wi ) b o3 A1 ) 32 22 BR 3R I 0 FLVE AE o0 A #EAT
FiMl(Guisan & Thuiller, 2005; F¥ Z{#%, 2013; &
BKF45, 2013) 00— FhJ7id. 32 BRARSE BT 78 X 150
Gy WU R g ST B, SRS TR 9 X i AR
WALE AT, 8O 53— N XA Z AV T AE 3 A X
AT I, TREON I 25 BUARSRAN R SRS 52 N AEY)
B o A OLEAT R 7T . BR, YR ez
N 2R S S AR Y 22 T A, AR
BA: APk 4 5 A (bioclimate envelope
model, BEM; Hampe, 2004). &40 K F 45 #7

(ecological niche factor analysis, ENFA; Calenge,
2006). 43255 [ G4 (classification and regression
tree, CART; Ozkan, 2011). £ K/ (maximum entropy,
MaxEnt; Phillips et al, 2004). &1 5 45 i it 46 5
%(genetic algorithm for rule-set prediction, GARP;
Stockwell, 1999) Fl 3¢ ¥F 1] & Hl &5 (support vector
machine, SVM; 7 [i#)%, 2007). PIFh4r il H
AT E R TAMRYIFNAR 9 #U7 Hr(Lavoie et al,
2013). EWAF o3 A0 B (4R R A4, 2008). H
SRR X L £F (Moilanen, 2005). A RSx4
Vb oy An ISR 7L (9K B 5, 2011), LASHR B
WE TR BE 2R M ) SbR A Y
SRS TS T T N LI & /N O R B S B WILTE St
L BEA R B R 1 o ae 7, i By DLE R
A B> 3 A B OS50 R RIS B 1) TN 45 2R (van
Proosdij et al, 2015; Saupe et al, 2015). Kk, AHf 5%
00 JE A S A AR SO ER B RMACER, R I GARPEEAY
ATMax Ent A5 Y A5 T AR i Ak £E 3 ] 1 98 7
A, Nz A R RS BUR IR 2% .
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20004F[A]2R H A& R s, KA TE
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(Hijmans et al, 2005). 18 ArcGIS#*[A) 73 # T H X}
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PEFE R WL 3R 1), AR 25 BR8] AR SR 1 SR o0 Hr
e Z 5B 7 PR S 1 (A
BRI AR % 1), B IR 2 R A, XA R
PERT0.8 1A & W AR B Horh — A, iR &k -1
M HEZE. SR, B H i &R H R
IR AL PR . i H FKE. &TH
B 7K B AR ZK B 22 AR Bl REBAN N 1 2 5 A
THR(ERL). A8 73 A5 43 H7 1 IS B DA 1:400 73 1 Hh ]
A7 B IX K, AT AT 5K il b B AE L RO (http:
//ngee.sbsm.gov.en/) T EIRAF o AH FAE S B 0 R
N1 kmARE EITRE.
13 BRENARTSEEMHTME

GARPHEALJE DLIEWFh (1) 713 AT 45 2 S AH B
(RS2 DR - A, 38 A% SRR 7 X 45
AA A A X FERENL R REAT )R FIEA, Tt
SN AR o AR X AR B PR S AR 1) St
TH AT A TR I ER, BERS o Rt 1 R
ZAREE, RN T AP AHE, &8
1o 2% R AN 5] ) AR i A AL R ), R
ELM AR &P AR S R SRR S &R, 2 H Al
N FH B )2 B A o3 A X T 7 7% 22— (Stockwell

F1 KRk mEEMERENNEREF
Table 1 Environmental variables used in the distribution
modeling of Amygdalus pedunculata

AR IR T

Code Environmental variables

BIO2 TR % H¥% % Mean diurnal temperature range

BIO3 SR Isothermality

BIOS e A fx =G % Max. temperature of the warmest
month

BIO6 % H I fIGIR 5 Min. temperature of the coldest month

BIO7 TYJIR S FIK % Temperature annual range
BIO13 i H B# /K& Precipitation of wettest month
BIO14 #ix T A B&7K & Precipitation of driest month

BIOI15 F/K EZ=45 1, Precipitation seasonality

& Peters, 1999). HA4F 12 7870 % A A )AL AT R
M A, FHa4 H 45 R e i geihHE Rk s it a
H o AAEA#E A Desktop GARP (http://www.nhm.ku.
edu/desktopgarp/) FE FE I, SR FH 4= &30/ 152 74 91 Sk
e ST N GRBEAY, R i% 48 )5 - F N (atomic)
iZ % 7] ) (logistic regression) « £ ¥ S AF B %%
(bioclimatic envelope) 1 ¥ 4= 4 <, % {1 4% (negated
bioclimatic envelope) 4FZEAHN], HALLTH51,000
RS FRIZ20.01 2 1EIE ) . GARPHEALH
T 45 R LA ZRAE. (0K - AN a3 A1, 13R7R 73 A1) T 20
RKI, A LGARPHLAY f7 £ i 25 K FH 12 fe i
FHEEPE 7 :(best subset selection parameters), B[l
M 1,000/ T 45 5 v ikt 1004 e LAY, i ik
ArcGISHEAT P34, A= it — iR E I8 bR #EAL 90.0-1.01
AT, LR A AR H BB AT et K.
MaxEnt#5 8 & 5 T #1558 e, UK
S8 PR AR O FE RN B — PR AL T, R AT T A
oA X R B vk 2 — o Z I IER T AR Fh
Sy AT SR, A B A R B KA
RO, MELRFA IR R R, SR
TELEE AR XA HH P00 o AR 1) 5% HH A AU TT AL
A 2 M ek R Y 2H AT R B 2% e N AR B
(Phillips et al, 2004), FJ L5 Hr4)Fh 5 PR 1548 £ 2 ]
DA S A8 B 2 [A) R E SR e AH SCHERAR BAE Y, AN [
(1A 3557 B AR 4 L A R T AN A A . AR SR
F MaxEnt 1% %! Ver.3.3.3k (http://biodiversityinforma
tics.amnh.org/open_source/maxent/), | FH 4= #8304
RETRYYI 5 rCHOHE AR, A PR IRt a2 AT T 4 1
F TR PR A, i 2 SR FH ST ) ASE 7 YAy s 40
(R SCPPA 77 338 4 ) RS T 25 SR gk AT VP A o
K HI T1Y13: (Jackknife) il 548 & 1) E 2, HARZ
BARFFBRNGCE, S 2% A& S 2 LUZ AR E
TEGE I AR . MaxEntBE A @ IS TI UL
A B B A, i I R b — AN AR SR
SRR AR A BN AR I AR 52 ), (] A+ ) F B AR
TR SRVl AR B EE B, ANE R 4
HRAS TSR R AR Y JE I e R AR A BT AR
ST AR AR 2 TR) () R B0 2 S SR VT A N B AR B 1 E
B, BPZEREOR, AR R,
GARPH A FIMaxEntt5 8 1) 5 th 25 SR N Fh 7
LA, A, YOI oA 1 ] Be MR R,
& TR e BT E 23 A R B AT R E, W]
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FAVEDI AL 0o o3 A X3 B S, DLV A 20 A X
FIORAF R L LA B0 AR R X D se X AT R 730 A
ELALGARPHIMaxEnt M5 AS T A 53 1 AF X 1) T
P, AR 10 AR TR FHUI (L )~ P40 R /N %o F000 &5
BIBEAT 7 B 2K, LRI A4 E AR i
HAEKX(Z 0.9). KEHAEKKX0.7-0.9). KEEH
AKX O0.5-0.NFAEEAKK(<0.5).
14 fREBIEITAY

9T AR K TS R, ORI B SCER B 15
AR IGIE S AR AT VAL . R AR
Tl &5 SR A MR 2R ALY, 1] — L M A R AR R FE VT
i 458 A5 0 75 ZL B A AFAE B S ok W B i AT,
Kappa R % FHLLH T4 112 (true skill statistic, TSS)
o M, ASCRAKEZEQOIDIINELER T 15
MBI R, BAARD Ry BT H A
AR i Bk 0 S A Hb S O S i R IR B 2R A
(RIS PRI AR S BEAT X b, SR A X 5 L0 53R
B3 S5 AH [R) (RP bt X 1) PR 0538 8 56 A 00 B AR
CLEIE S Hh B 8N A B A B B E VG I ), BA1X
L6 5 AT DO A& S KA Bk AT, 1K e X TG
TOSRH S BRI HB X AT LA g <58 4 A
& EH AR AR AR T HL X, X b X F e e LS
AFAEX . WIKLEALEAE X I, #id AreGIS 10.2
AEBE LA B SAS RUVE AR e Bk () L S AN AE
X, R EE 10K, SR 58 KA k154>
R s S AN EL S AN AAAE 15 HAR A SR 2R 47
XFEG, A VR A AR PR AT B ALK FE A AR, 193105
BEARE BEVPAL Has, R F T 3808 LB A SRS 73
DK FE IR AN o

K RS FEPEAS PR AR B0 4 2k RS
fiF #f1 28 F TH Y (area under the receiver operating
characteristic curve, AUC). KappaZ#{. TSSFIL /K
% ¥ (overall accuracy). AUCTH /& 48 7 257 RN IH
TOUIN I B I S TN A R I R R I RE R, fE
0.5-1.0[8 424k, 0.5%F B—ASEREHLA T, 1.0%F
M—AEERTW. — &5, WHRAUCHE
0.5-0.72 8], FoRTIAE LR, £0.7-0.9 2K
TN TG FE A, > 0.9 7 ABE 28 1) T kS B2 4
= (McCune & Grace, 2002). Kappa ZE#%) 72 N H
TS U T, % AR A T TRIAE AU A
() PR BT R P A K T REAL A . — R 5,
W Kappaffi 7£0.85-1.002 8], &7 Tl R SR AR U ;

7£0.70-0.85 2 [A], x4 RARGF; 7£0.55-0.70
ZIA), R TEE R4 1£0.40-0.552 7], R TH
W2k B — M, < 0.40 M 3R R BE AL T 2K I
(Monserud & Leemans, 1992). TSSZEA 1 HUKE
(sensitivity) FIT4F 57 i (specificity) P9 A~ 48 b 4R AE,
‘B RE4E 7K | Kappa 2B =, X ik 7 Kappa &
B W wh kA AR B R I il 4w N IR 5 55 R
(Allouche et al, 2006). &M AKE %4 BT A S0 UEEE 25
TEB TR0 £ B A, B R S s e 1 ABE 2R ol 25 R
5 A Wy & A2 B (AR ARSE, 2015). 7EFIH
Kappa. TSSHLEAKE X3 FR bR AT B ARG FE T
Aty BRI fige, 7 LA A B (L2 ) 1 1) 435 R 00 {1 5 ke
N TCAE(AFAE/AAFAE), B 75 2N B
A H T BME R TTE DT R . ££0.01-0.99 X [A] 4,
PLO.01 g [] B i AT B Hs e B, 380 VP4l B> B8 1F
e 4 B E I 15 B R RURS B2, e A B KAEAE
FEAMRAR TR S R ARG B

2 #£R

21 KiRHkatE s A X EESIESY

T8 A ) T AR AR AR TE (http://www.cvh.
org.cn/)~ bR A TR 3 2P 4 (http:/mnh.scu.
edu.cn/) LA K 5 KA i Bk A 2 B SCHR TR (A e 7
R 2R, 1981; JRBt%, 1987) A &, KA bk 32 2y
A 7E N 52 7 B L ik Lt XA R PN 52 SR AE
By AEE | [T s 15 S M2 RS NS S EPS
SCHR A O B AR R A J Bk 3 AT AR DR S B v A
7, SY AT BB, T AR A UK (1 BT AR A I,
B A KA R Bk 2 B A T3 X Bk ()N S S
TR B PE AL B S R VD h, T BRI B AR
WX, QWEEEKFIL. SRl &EAILX,
EASKT R & SRR T, Q)EGIA
FLYD PG AGER R PR, LE N S IR e R T E R AR
(). HYE RGPS S AAS B S AH U PR
BEHCHE R, KA Bk 32 EE A A Y L N
109.20°-114.29° E. 38.32°-43.26° N [, HE44 i H]
959-2,046 m, S/ T-38.8°CH41.5°C, F[EKE
AT 189-452 mm.
22 BEIFNER

fRIEKappa. TSS. AUCHLEAEE ST GARPHLE!
AIMaxEnt5 B (1) 000 AS B2 3547 VP Ak, & 30 9 5 4R
HA B4 f T AT SR, SRR R AR K F0.70,
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HA# R I AMaxEntf AL T GARPH A (322), {HIL
XTI 70 b 2% B R 35 G 30 3 2 5 o [RI DR P A5 20 3%
A T i Bk 3 AR DX T o

GARPA A TG 9 7E 73 A7 [X BH $2 K T-MaxEnt
LA RO PRI CE 2 AT DX (B 1), (R R Tt 25 SR 35
BE T SCERICE AN SR A KA Rk AT X . P
AT (1) T 45 SR 0 S R A e Ak 7E TR T TR
EEX ARG, MR, 5=

L=

A b AR, He b LA S8 v Bt XOR 8,
TEBSRDM. PEAi TP IEAEE L b i, LK
Bl KFILEEA X, Rk B X )48 210
T b WTEL BRPGSEHL AR S HIX, TR N 52
PGS H A AT R P DX I 45 R R EOK .
Horb, GARPHEALZE SR G IR A8 N 5238 DU AR H 7R AT
SR 0 DX AT A K T Bl L X AFAE, 1T MaxEnt
AR U 7 T2 DA AT A MRS B XA AE o AR AR

F2 ETHMNEHEEEX(GARPERIFNR A K (M axEnt) {5 B A TN #5 B

Table 2 Predictive accuracy of genetic algorithm for rule-set prediction (GARP) model and maximum entropy (MaxEnt) model

TR Kappa HERIgE SRS B ZAFH TAEFHEMZ N Area under the receiver
Model type True skill statistic (TSS) Overall accuracy operating characteristic curve (AUC)
MaxEnt 0.98 £0.01 098 +0.14 0.99 £0.01 1.00 + 0.002
GARP 0.95+0.01 0.95+0.01 0.98 +0.01 0.98 +0.01
70°E 80°E 90°E 100° E 110°E 120°E 130°E
45°N ’J ,
*  JA#E A Survey point 50°N
| AFEH Unsuitability
i&i/H. Moderate sui
40°N 45°N
40° N
35°N
' 35°N
80°E 90°E 100° E 110°E 120°E 130°E
70°E 80°E 90°E 100° E 110°E 120°E 130°E
45°N
50°N
40° N 45°N
40° N
35°N
’ 35°N
80°E 90°E 100° E 110°E 120°E 130°E

Bl ETHNEMEREE(CARP)IERM R XM axEnt) RE TN KARBES B X

Fig. 1
maximum entropy (MaxEnt) model

Potential distributions of Amygdalus pedunculata predicted by genetic algorithm for rule-set prediction (GARP) model and
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OO 53 AT 25 S50 19 A A5 28 1 Pt i AR AT D 0 Ak
TH(E3), K IMGARPAL AL T 1 & id B X AN OS5
X 17 AR B K T Max Ent A% 8 (1) 0 45 5%, (5 3 T
PG IE B X AN F-MaxEnt#5i 7
23 EInKWBEKHIESmHIE SR
MaxEnt#5: 284 75328 B, J@ i 7] U1k N A AR &
AT DLk G 25 ER] 1 (] (R AH DG PR RE e, A B SK
SR DR I B AR R . ARAE MaxEntE A1 10
DB SR BT P8, 345 & PR R 1 1) STk AR 2
(K2). MWEIHFRTLUE H: FEKEZETT1HE2R 5 R 3L
PR EEAZE . i H K E R T H KR
A Rl AR J Bk B T Pl SR AL BN B S
e M H R K & B S B 1 B ELE SR At AR A AT
BARH .
#R3 GARPHZEIFIM axEnt1& B 7 E A 3¢ bk

Table 3 Comparison of prediction area between the GARP
model and the MaxEnt model

T FY Prediction area

(10,000 km?)
MaxEnt GARP
FIiE H X High suitability area 11.9373 48.2647
YWGEHE X Moderate suitability area  12.1625 24.2406
K& E[X Low suitability area 26.0358 18.4617
&it Total 50.1356 90.9670
BIO 2
BIO 3
BIO 5

BIO 6
BIO 7
BIO 13
BIO 14

BIO 15

0 O:S 1?0 115 210 2‘.5 3I.0
YIS B IEARHETS > Regularized training gain
B R %735 & Only with this variable
A %7 & Without this variable
W 4575 & With all variables

E2 MaxEntRhZREEFEEMES M. AR RER
BAC, RTHAZEFRMEENEEEREX, MiEE
RRRIZEFINEMINER FrdiZEMEMN. TEEXA
%1,

Fig. 2 Importance of environmental factors estimated by
MaxEnt model. Blue bars indicate the importance of the vari-
able of interest. Green bars indicate the importance of all vari-
ables without the variable of interest. The longer the bar, the
more important the variables. The abbreviations of climatic
variables are the same as in Table 1.

3 Wig

31 FAMEREMANMREESET

T T A A A X, AT T &R
B SR — Pl & 1 5838 1 (5K LS A
K%, 2003; £ [H#IEE, 2007). 24T, GARP B A1
MaxEnt #5557 353k A 0], H ¢ T 5500 1) ik
5 B FLRT T K FEE 1 5% 1l 1 R A 48— (1IN R (Qiao
et al, 2015). HHAHWFFL AT A1, GARP 14!l MaxEnt
LAY 1) e A3 AR UF O TN &5 R . dd i or M R B,
MaxEnt 528 R0 9 7E 43 A X 0] FH T4 i Bk A%
O g3 A XS 7, A8 T 2 S AA I Bk 1) B2 R R
X B0 FLAHE FhE, ARSI 2 A X ORI
3 CL BT AR RS X I D Be X g AT R 3, B GARP
ABE 0 P00 1D 8 A 4 A DX 0] FH T KA i Bk 23 A S
BRI I BIE 9, 3R] FH 1 A s R T A 23 A1 X1 Tt
N H R EIRAP TARIR S5, TRATIE & A
AR BN Rk R, IR REE I E A
FhAE . A SR PR B2z SRt &l
H i B e A B ARIREE . P8R B R %
B A BKE 1T A RBKEMPBFKETT L)
FH 8 NMHATSHHEAEMR, ZTIVNETE, K
KA i Bk 14 53 AT 521 350 i3 B 4 2 22 R B K IR R 5
Wi B8O o PR RAGE 2R P 000 s 55 P A 1 2 S50 e, 3
T T AR A AR T 45 B EAHXT LL A Rh T, oA AR
PRI A i Bk 5 (At B AR

MR, TR RS Z T R, AR
V) IC ¥ XoF 3 8 /N A Ak A /N ML T T B D /0N R E 2 (i)
HEAT T, (RIS, S0 oA 1 AR R 2 1
AT, 5 DR TR RH S 1 23 b 0 Ak 8 45 i) A 75 3
— SRR AR A (ZE TG #EA T, 2013).
32 KiRHRIUIK 5 RIPRES

PAVEFE PRI, K2 HKH B KA
i NG AN M L= s L] 2 9] S T VA
TG, B 55 A2 2 B RIREE AN
T, KRS, MRS KIFLCE, AT
Je Bk AR 37 A AR B2 R, PN E AR AR IR R )R
AR, B RRFIRE R/, $a ik
b, DA TREZEBIEERE X . BEE KA kT
RATEME R I, AATREE Bk SR AE 244 ik
RHE AT BEIN R, (B3 B RN 4 AR it A i S i R
b, FInEHASAERM, JFESE SE RN B 5B
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B, 7 EE LI T KAV ik P R ) BB (TR B RN 2
HrAE, 1999; A HLAEEEIE, 2011). B KA Ak
TETE 23 A 5 3 ] 4 1 [ /K & 23 A R BT PR
P, KAR e Bk 32 AR A T4 [ /K 82200400 mmfF)
JE RN, XA A 1 2 TR A B ™ Y b X
(RS, 2007), BT LAAHIE 00 KA i ik (4 2R L
AL 57 B o 1% 1 BARILLE BN 5 T :
T2, X RUBAECR A i Bk R SR 5 A o I S R
KECHH CRAP 8 e, nfEMTAR . Shnil. FERE. 75
JREA TR T A R R SRR R X L AR SR X,
IXFEBEBE R AR S FREE, SCRE ORI KA i b 7
A GEIR, g BRI AN B R T R A £ O R b %
o TIAN, TELRAIX A0 FE R Ath 1) 78 7538 AR X AR
HETKAR R AR A 5T R, R AR b R AL
WASBENFENM, T U Bk
HLOEERIA, WER R FEEE BRI 5E
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Appendix 1  Correlation matrix of 19 environmental factors

BIO1 BIO2 BIO3 BI04 BIO5 BI106 BI1O7 BIO8 BIO9 BIO10 BIO11 BIO12 BIO13 BIO14 BIO15 BIO16 BIO17 BIO18  BIO19

BIO1 1 -0.6407 -0.13122 -0.32192 0.81758 0.91502 -0.45133 0.85066 0.89328 0.88764 0.9133  0.64593 0.57018 0.63063 -0.5384 0.58384 0.61987 0.54875 0.59271
BIO2 -0.6407 1 0.31783 0.38107 -0.35843 -0.7414 0.59513 -0.42164 -0.61252 -0.49154 -0.66365 —0.80322 -0.73079 -0.77286 0.58836 -0.73765 -0.76737 -0.70507 -0.73224
BIO3 -0.13122 0.31783 1 -0.71642 -0.53211 0.12141 -0.54335 -0.47056 0.21473 -0.49393 0.2012  0.01224 0.02635 -0.18267 0.24164 0.06607 -0.16107 0.09188 -0.12842
BIO4 -0.32192 0.38107 -0.71642 1 0.26827 -0.65554 0.96786 0.19095 -0.66787 0.1484 -0.67876 -0.52514 -0.45072 -0.3838 0.21188 -0.49837 -0.3982 -0.48531 -0.40445
BIO5 0.81758 -0.35843 -0.53211 0.26827 1 0.5293  0.1367 0.9698  0.51675 0.98442 0.51937 0.28269 0.23449 0.37992 -0.41938 0.22406 0.36088 0.19052 0.33226
BIO6 0.91502 -0.7414 0.12141 -0.65554 0.5293 1 -0.76811 0.586 0.97095 0.64 0.9923  0.75509 0.65679 0.70496 -0.54934 0.68509 0.70241 0.64806 0.68096
BIO7 -0.45133 0.59513 -0.54335 0.96786 0.1367 -0.76811 1 0.04771 -0.74366 -0.00431 -0.76662 -0.66828 -0.58988 -0.53637 0.3249  -0.6308 -0.54776 -0.61287 -0.54432
BIO8 0.85066 -0.42164 -0.47056 0.19095 0.9698  0.586 0.04771 1 0.55486 0.98053 0.57752 0.35365 0.33854 0.36981 -0.36643 0.32284 0.34837 0.31458 0.31432
BIO9 0.89328 -0.61252 0.21473 -0.66787 0.51675 0.97095 -0.74366 0.55486 1 0.60942 0.98022 0.6739  0.56406 0.65042 -0.52872 0.59758 0.65096 0.55643 0.64266
BIO10 0.88764 -0.49154 -0.49393 0.1484  0.98442 0.64 -0.00431 0.98053 0.60942 1 0.62534 0.42013 0.37662 0.47847 -0.45798 0.36607 0.46063 0.33462 0.42838
BIO11 0.9133  -0.66365 0.2012 -0.67876 0.51937 0.9923 -0.76662 0.57752 0.98022 0.62534 1 0.7268  0.63531 0.65967 -0.50771 0.6654 0.6577 0.6316  0.63923
BIO12 0.64593 -0.80322 0.01224 -0.52514 0.28269 0.75509 -0.66828 0.35365 0.6739  0.42013 0.7268 1 0.95133 0.84378 -0.47126 0.97137 0.84693 0.937 0.83188
BIO13 0.57018 -0.73079 0.02635 -0.45072 0.23449 0.65679 -0.58988 0.33854 0.56406 0.37662 0.63531 0.95133 1 0.70092 -0.26366 0.99084 0.70263 0.98088 0.68794
BIO14 0.63063 -0.77286 -0.18267 -0.3838 0.37992 0.70496 -0.53637 0.36981 0.65042 0.47847 0.65967 0.84378 0.70092 1 -0.64033 0.72072 0.99327 0.63845 0.973

BIO15 -0.5384 0.58836 0.24164 0.21188 -0.41938 -0.54934 0.3249  -0.36643 -0.52872 -0.45798 -0.50771 -0.47126 -0.26366 -0.64033 1 -0.31214 -0.64542 -0.25269 -0.62473
BIO16 0.58384 -0.73765 0.06607 -0.49837 0.22406 0.68509 -0.6308 0.32284 0.59758 0.36607 0.6654  0.97137 0.99084 0.72072 -0.31214 1 0.723 0.98538 0.70846
BIO17 0.61987 -0.76737 -0.16107 -0.3982 0.36088 0.70241 -0.54776 0.34837 0.65096 0.46063 0.6577  0.84693 0.70263 0.99327 -0.64542 0.723 1 0.63958 0.98162
BIO18 0.54875 -0.70507 0.09188 -0.48531 0.19052 0.64806 -0.61287 0.31458 0.55643 0.33462 0.6316  0.937 0.98088 0.63845 —-0.25269 0.98538 0.63958 1 0.61621

BIO19 0.59271 -0.73224 -0.12842 -0.40445 0.33226 0.68096 -0.54432 0.31432 0.64266 0.42838 0.63923 0.83188 0.68794 0.973 -0.62473 0.70846 0.98162 0.61621 1
BIOL, 4E ¥ SE; BIO2, “FYii i H#2; BIO3, &iEtk; BIO4, IR EZETiE; BIOS, MM EiifE; BIOS, A AL, BIO7, PR B ER 2, BIOS, MiBZ T, BIO9, i T-Z i ¥, BIO10, &
WEVERE; BIO1L, B4 THR)E; BIO12, ERE/KE; BIO13, & A MoKk, BIO14, T HE4E/KE; BIO15, FMKkZTitE; BIO16, HiIEZE/KE; BIO17, fix -2 K&, Precipitation of Driest Quarter; BIO18,

AR RKE; BIO19, A ZE[/KE .

B101, Annual mean temperature; BIO2, Mean diurnal range (mean of monthly (max. temp. — min. temp.)); BIO3, Isothermality (BIO2/BIO7) (* 100); BI04, Temperature seasonality (standard deviation *100); BIO5, Max.
temperature of warmest month; BIO6, Min. temperature of coldest month; BIO7, Temperature annual range (BIO5-BI06); BIO8, Mean temperature of wettest quarter; BIO9, Mean temperature of driest quarter; BIO10, Mean

temperature of warmest quarter; BIO11, Mean temperature of coldest quarter; BIO12, Annual precipitation; BIO13, Precipitation of wettest month; BIO14, Precipitation of driest month; BIO15, Precipitation seasonality
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(Coefficient of Variation); BIO16, #iZZ=f4/K &, Precipitation of Wettest Quarter; BIO17, #T-Z=[4/K &, Precipitation of Driest Quarter; BIO18, ##Z:[#/K &, Precipitation of Warmest Quarter; BIO19, #/AZ=[F/K

&, Precipitation of Coldest Quarter.





