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Optimized hot spot analysis for probability of species distribution under
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Abstract: Whether a maximum entropy (MaxEnt) model constructed at one spatial scale is representative of
species distributions at other scales is an important issue in the application and development of these models.
Using distribution data for Manglietia insignis, we used the minimum convex polygon (MCP) method to
model species distribution for three spatial scales—Three Parallel Rivers, Yunnan Province and China—with
a 20 km buffer outside the distribution region. We built the MaxEnt model for Three Parallel Rivers, Yunnan
Province and China using 19, 67, and 88 presence-only records respectively and combined these with data on
environmental factors at the point locations. We estimated the prediction accuracy of the MaxEnt model
using receiver operating characteristic (ROC) curve and omission rate (OR). Next, we used ArcGIS to analyze
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distribution trends for habitat suitability and potential hotspots. We identified the location of geometric
centroid of potentially suitable areas using Zonal and used the Jackknife method to test the dominant
environmental factors affecting the distribution of M. insignis. We found that the area under ROC curve
(AUC value) for Three Parallel Rivers, Yunnan Province and China were 0.936, 0.887, and 0.930 respectively
and OR values were 0.18, 0.15, and 0.20, indicating that MaxEnt model for all three spatial scales could
successfully predict the distribution of M. insignis. Distribution trends of potential habitat suitability and
habitat hotspots were consistent between different scales and were concentrated in the river basins of Dulong
River, Nujiang River and Lancang River, with no significant zonal transfer for the location of geometric
centroid. Different environmental factors affected the geographical distribution of M. insignis at the three
spatial scales, suggesting scale dependence in the distribution patterns of M. insignis. In summary, this study
indicates that MaxEnt model of M. insignis performs stably and successfully for different spatial scales. In
addition, the consistency of results across spatial scales became more obvious for hotspots, indicating that
hotspot analysis greatly reduced the effect of spatial scale for the MaxEnt model. Thus, we propose
integrating MaxEnt model and hotspot analysis to simulate the geographical distributions of species.

Key words: MaxEnt model; spatial scale; Manglietia insignis; minimum convex polygon; hotspots; common
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2015).
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DA A9, W2 g s, BRIGITE R, 1E22.



%9 1) FE KA B T KRR R AN 5] RO A SR AL AL R R e AL BARSE N 1 933

(2) 73 B AN TR RUBE T 2 G RS2 73 A WE 36 £ 2 18] 4% S
ARAK; (3)HF T HE T MaxEntAsi B i 37 (1) 41 (A ) ol
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hbb/bgg/201309/W020130917614244055331.pdf). 4T
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15 BILL AR TE T B /0 A 1) X IRV Rl o 20 R 2
S AR (S 45, 2011), PSR 25 W AHE
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b Al %, AERAEY 2 HEMAS B W% (GBIF,
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Table 1 Scale setting of the study areas and the distribution status of Manglietia insignis
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Scale Cover range Distribution status of Manglietia insignis
=ILIRR POKE ., ZRAREREEGE. ERkMEEARE. WirE. 4k KB, minE . EEREM TR R G

Three Parallel AR A, TR B B A B e T BRIl

Rivers BB, 4)4.5)7km? Lushui County, Fugong County, Degin County, and
Including Lushui County, Lanping Bai Pumi Autonomous County, Yulong Gongshan County with distribution records
Naxi Autonomous County, Fugong County, Weixi County, Degin County,
Gongshan County, and Shangri-La City, about 45,000 km?

PE AR RE TG PR A iR S16 M T, £139)7km? I T <V T R R 33 117 S 12 T A e 4 A

Yunnan Province  Containing 16 cities, such as Kunming, Yuxi, and Dégén Tibetan Autono- ¢\ 3%

mous Prefecture, about 390,000 km?

Twelve cities including Lincang City, Puer City, and
Yuxi with distribution records

4x[H BEH. BIRX . BEEN R RATEUIXE N M3 ESATEX 5, 20 Widb. WimE. ARk, 1. DU 5. =
Country 96077km? Va8 A Hoar il 3k

Containing 34 provincial administrative regions, including provinces,
autonomous regions, municipalities, and special administrative regions,

about 9,600,000 km?

Hubei, Hunan, Fujian, Guangxi, Sichuan, Guizhou,
Yunnan, Tibet with distribution records
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Fig. 1 Modeling areas of three spatial scales and distribution sites of Manglietia insignis
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ANEWSARN T 53N B R FE RN 7, &
REE R H s 4 SRR S S BVE L 1, T
IREE R 7 R A —, KRR AR5 R
Mg > He R SR MEAE B &AM, IR IEMaxEnt
R REAT, 2T ArcGIS 10.2% 22/ FR 15 [ 7 &
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X3S RPN A% IX 3 (1) A= ) S0 IR 7 5 b R 7
AT PearsonfH G 43y, I 128 HEAH OC REUIKT
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AR AEZE (b4) . FEIFKEDbI2). & T

HFEKE(b14). FKEAR R ZH(b15). k().
Wiz (slo)s HEml(asp). A RE: F-FI4E A (bL).
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TE SR EE 2 # 11% (10% training presence)f N5
R AR TR () 87 FH R R0 (Raes et al, 2009); F%
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AUC) 55 ORH V1 fif 452 284 70 I A% FE (1) s 2 £ (Phillips
et al, 2006). AUCTHTEO-12[f], ek, 57 Tl
KR, —MBCNAUCTHE > 0.78f, MaxEntf %
[ T 45 A AT {5 (Raes & Steege, 2007); OR{H
&/ INMaxEnt TIUIl F 5 8k =3 (Phillips et al, 2006).
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IS R 7R R 2 SR 7, 3 —B 3=
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WER2ATR, =10 =4 M4 [E 34 25 1A R
T IAUC 1418 %3 %1 40.936 + 0.015. 0.887 £ 0.010
#10.930 + 0.014; % RFEHORE 43 4 4 0.18 +
0.092. 0.15 + 0.035#10.20 + 0.045. AUC{H 5O0R{A
(PR 56 25 S #8 3% BH 4% RRE 482 57 1) MaxEnt A5 24 #
(R L 0 TR0 252
22 LERESEXZTEIRE
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OB E RO RIEEE N17.01 km, SHFFXIS(=
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AT Hh B 53 A () T R T

AUC : 0.936
FrEZ SD: 0.015
SR E

Three Parallel Rivers scale

AUC : 0.887 AUC : 0.930

P2 SD: 0.010 PR SD: 0.014
SRERE EERNE

Yunnan Province scale Country scale

0 0.102030405060.708091.0
1-#5 54 1-Specificity

0 0.10.203040.5060.7 0809 1.0
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Fig. 2 Receiver operating characteristic curve of three spatial scales and area under the curve (AUC)
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Fig. 4 Optimized hot spot analysis of probability distribution of Manglietia insignis under three spatial scales
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®2 DR, mfd. 2EBTRETLEKREMaxEntERHIMERE FITEE

Table 2 Contribution of environmental variables for Manglietia insignis under Three Parallel Rivers scale (TPRS), Yunnan Prov-

ince scale (YPS), and country scale (CS)

RE ES 2N i Ra S RE A EZN: i RUa S
Scale Variable Contribution (%) Scale Variable Contribution (%)
SRR b1 3.4 b15 13.7
TPRS b2 9.8 alt 29

b4 6.2 slo 10.1

b15 11 asp B15)

alt 39.4* SRR b1 5.9

slo 8.1 Cs b2 24.8*

asp 22.1* b7 21.7*
ZHE R bl 51 b12 11.4
YPS b2 8.9 b18 14.1

b4 18.8 alt 7.1

b12 35.5* slo 10.4

b14 1.6 asp 4.7

* FoRERMEN T BEKMAS WL

* The dominant environmental factors. The description of variables is shown in Appendix 1.

u BERZERET u {(UHZR T mEAERT
Without variable =~ With only variable ~ With all variables

FEEHEF
Environmental variable

FHETF
Environmental variable

0 01 02 03 04 05 06 0.7 0.8 09 1.0

HEREF
Environmental variable

00102030405060.708091.01.1121314
TERAEII 253 25 {8 Regularized training gain

Es =IHRRER). zEAEREB)S£ERE(CC)TIHF
BEREFIEAIG G B TIEITR

Fig. 5 Results of Jackknife evaluation of the environmental
variables with respect to regularized training gain for Three
Parallel Rivers scale (A), Yunnan Province scale (B), and coun-
try scale (C)

AHI T T R R AT AL R, R =09
M. mmE SeFERNE T LORERNEEXE, I
o A S P A 6 7 G 1 % RUE T 2 5 i B I 34 85
R R, R3S 1) RUBE N 57 1 208 RS (1
MaxEntH5 R, 5 2 Z1 0 R 55 ) 75 £ 70 A7 500 0 22
() FURE BRI LA L o £ AR TEINAE P VAl 5 22 1)
Or AR R AT, AL EARSE (1) MaxEntAR B 7E AN [R] 4
B RS T HERERNERERI. —ERESREMN
W ol 3t L A 67 w2 A S i T R MaxEnt i 7
(ISR (M08 5%, 2012), {EAESEPRMTFT R o 4 T 7
AL s R Sk = 1 ), BRI S e
fRIMaxENtIE R FI 25 SR AT g 2 i ARl TH AR
AR A o A RUBE T R AT AR
EZYMER, NSRS AT Y- E
RIRBENFFHIAEER . AU TS REE R
JUEE (2 g 48 A4 [ RUBE) ) MaxEntiS A e 1 7T DA
RPN Foh 2 Ja) 0 4 X (VLIR30 RUBE) A3 AR X 4y
ATy, 33 2 T R P 40 e i it S WA IR F
[ B, 9 MaxEnt s B4 7 A ] 2 5] RURE F) 182 3 fit
TR

3 (A RUEE T 2L ERTE G A X 0 Afi i R A2 K
A X DU — 0k, (BAE 23 R KR B iR
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Bz, @it RS iRE . L5 K E
AR S SCRR B R, FRATR I N B A AR R
(A EAIA AT, PP 44 55 S HFP R3S
HIRf (B Bk, 2011, 2013; VE#EAK, 2017), (A%
TEZ X 38050 A AL A B R B T g2 B T B A1
SR IERAL, BET S8 T AR =V R E
N MaxEntAb A T 25 SAE I X Ik 2 . F R
LR — AP b 1 B AR I 3R 2 e A T Jm A Aotk
A HIHE(Scott et al, 1987), ASHIF 7T R AL AR TEIX
—WEYFE NN R, iR R I sk
Hhy BT A A S BT AR AR ) BE IR OR B A A O [ G 3 T
I KA RS AR SR A2 I b B AR 855, T/ 2%
FEAE B, I HIX R R 2 0 ORGP R o0
YR E A SR A RO B LA T AR BN, 20134F
EASER SN (PR Z I aR R m5%
Y)Y VUSSR R R, AR ENAE 25
et K H R BT R 4 22 (Rhinopithecus bieti)

AT 22 MR (R. strykeri) SR Fh LIRS (K [F]IT,

E— 50 SR Xk UZL 8 ARSEARER (B 8 ) A
BT, K@ s DR I 2B R KR
B E R R R .

AN RE P M R SR 1Y) B B2 LA 3K (Myerrs, 1990),

223 [) RUBE A D9 AN 7 28 R 360 MaxEnt s L i3t — 20
1 I 5 e AT B S R R AR P o ARHIE 78 Sl
ST B 7 VK MaxEnt i L 4 H 45 Sk 47 Ab B
RICA S AL T A P& A X5 T AR o 4521
SR, B RIX 3 (151 4) L MaxEnt B2 (14 B 4 T 45
SR (AL 3) I i b 2 B T 20 8 ASE (138 A X 4% (]
WA, IF HASEREETRN ) — B S B, ar il
R T AEAR K AL FE | BE T B 72 18] U 25 MaxEntAb
R R A AT EVERET o S/ IMETE AR R Y
it L — € MERAFTE N 5 REEE T A RN %
ANTEIETHAREE SR AT, AT LR A A S5 AN T A A )
KIPAAF . B M m] DU BRI 7L XN R

S Gt R U R R R S X 35 (Getis & Ord, 1992;

Ord & Getis, 1995), Iy A AMMEZ A=K, B0
S A R B R PR B OR JR, RORHINSS T 4L AR
AR XA A B AL RE RS, T R s i L S A AR
A, I H I T RA I BT CR A B2 1 v 5OR FH 5
H SRR b 1 A B0 B B S BRATHE 48
A MaxEnt 84 1) T30 Th 58 5 #4 55023 BT 1R SR 24 4k
¥ o0 A 25 TP bt 50 A RS T 5 AR

I R

IR R T DUk 2R 1 T DA s g R W, AN
25 0] )R TR 40 €0 A S 1) 3t B 3 AT 52 S TR A BR B IR]
FHTRZMA, TR R A R 3 1R RUBE (=T IR
REE)YH EE W, 55 B EOR B RE T (=7
G54 B REE) AR P AN S22 o Wb P I b 1 UL
JEE AN P S AT R I 255 RUSE, R LU b ) P 2 A
FUEE R LA B2 (SRR =, 2004).
ST IR IEAT TP R b, HEHR A 760 m (3
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K e 2112 DX 35k PR (19 4 ol 4 A %o T 4R P AR 4K
IIRUR, IR AR IR RCRT 3 ) S R R i R
T EARTE AT B R N o B S AR ERIR
Bk S5 K75 B A0, HAh IR SR 715 B3
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W) SN TR T 0 21 0 A A3 AT R 0 R R . FRkE
AL, LA RSE 1) 725 (8] 3 AT ks Jey A7 26 RUBE AR
7, e FRUBE TN 125 (B Jo) v] Re A LE R 8 £ 2 8
(Wiegand et al, 2007), FUbfEPkiLS 5 @B ES
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P i) b 3 A1 & AN 35 50 B (RRGE A%, 2000),
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A, AHX A DA A P 1) o A it S (L) 7T
REA 9 7 T 5 R S 30 sk — R =T0IFRIX
H RS S VAR COR, VAR A S R 2 AR IR
FAF LSRR VERE A AR I SR R, R =T
FHO DX A N RS 2R 5 N A PR, 00 B R
TARAER KT SR R, VA A TR . AHTF 5T
R, BT MaxEntfR B4 5@ i 4 oK 2% A RUEE (1) 7
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SRS BRI, REMP R D& KL
(Sierra et al, 2002), RIFRATE BIET O A 1P Fh
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BN E YRR, B S 4G e B SR D
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Appendix 1 Data profiles of 19 bioclimatic variables and 3 terrain variables

A5t Variable

fiiiif Description

255 Category

bl
b2
b3
b4
b5
b6
b7
b8
b9
b10
b1l
b12
b13
b14
b15
b16
b17
b18
b19
alt
slo
asp

£ Annual mean temperature

BT ZE A ¥{E Mean diurnal range (Mean of monthly (max. temp-min. temp))

M 1sothermality (b2/b7) (x 100)

AT AR Temperature seasonality (standard deviation x 100)
% H =¥ Max temperature of warmest month

A H B A%IRE Min temperature of coldest month

LR A4 Y5 H Temperature annual range (b5-b6)
B2 IR Mean temperature of wettest quarter
BTZEREFEIRE Mean temperature of driest quarter

=]

BEZEE IR E Mean temperature of warmest quarter

il

BAZEFEILE Mean temperature of coldest quarter
fERE /K& Annual precipitation

i I B /K & Precipitation of wettest month

T H Bk & Precipitation of driest month

&K EZF A4k Precipitation seasonality (coefficient of variation)
iR ZE %K E Precipitation of wettest quarter
T2 %K Precipitation of driest quarter
RIRZEFEM4/K R Precipitation of warmest quarter
A ZE %Ki Precipitation of coldest quarter

WP Altitude

% Slope

I Aspect

AR RFF Bioclimatic
HEYYSERFF Bioclimatic
HYSA%FF Bioclimatic
HYSA%FF Bioclimatic
HWSA%RF Bioclimatic
HWSAERF Bioclimatic
AU EF Bioclimatic
AR EF Bioclimatic
AR EF Bioclimatic
AR EF Bioclimatic
HWYSA%FF Bioclimatic
HYSA%FTF Bioclimatic
HWSA%RF Bioclimatic
HWSAERF Bioclimatic
AR EF Bioclimatic
AR EF Bioclimatic
AR F Bioclimatic
AR EF Bioclimatic
A5 A%FF Bioclimatic
Y Terrain

HiJE Terrain

HiJE Terrain

A S IR 1 RIS T Worldelim, 73 3F 228307, MBS kil T B 2 (] Bt =, 3 #3990 m.

Data of Bioclimatic (resolution is 30”) is from Worldclim. Data of terrain (resolution is 90 m) is from GSCloud.
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