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Abstract: Understanding spatial distribution and habitat overlap of sympatric species is essential to developing
integrated policies for conserving species and regional biodiversity. This study combined data from the 4th
National Survey of giant panda (Ailuropoda melanoleuca) and long-term field survey. We used the Maximum
entropy model (MaxEnt) to predict the distributions of two sympatric bears, the giant panda and Asiatic black
bear (Ursus thibetanus) in Liangshan Mountains. Based on spatial distribution of two species, we measured
habitat fragmentation and spatial overlap of habitat use, and assessed environmental requirements of both
species. Our results indicated that: (1) both species had similar distributions of suitable habitats, both were
mainly distributed on the ridges of Liangshan Mountains. The suitable habitat area of giant panda and black
bear were 1,383.84 km?and 2,411.49 km?, respectively. (2) The habitats of both species were fragmented and
separated into many patches. However, habitat connectivity for the black bear was better than for giant
panda. (3) Niche overlap indices, calculated by ENMTools, showed that two species have high overlap in
their ecological niche (D = 0.654 and | = 0.901). The overlapping habitat comprised 958.29 km? of the study
area, which contained 69.25% of giant panda habitat and 39.74% of black bear habitat. (4) We used permutation
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techniques to estimate the importance of environmental variables in the MaxEnt model. Distance to residents
and altitude were the most influential predictors for both species. \egetation types and mean temperature of
coldest quarter were the third and fourth important predictor for giant panda, while annual maximum
enhanced vegetation index (EVI) and distance to roads was important for the black bear. To protect these two
species more effectively, a series of measures have to be adopted, such as strengthening vegetation
restoration, controlling disturbance, and enhancing connectivity between habitat patches. We recommend that
a systematic, multi-species conservation plan should be developed.
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B oA ks R, AR XA 2 DR 37 (WuU- et al,
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Qi et al, 2009), REAH —Le2zE K RERE X B2 AE (1)
ARSI R A DT TGS DK RE A R R RE ) A=
B RBEIF T R HE (4R #E, 1990; Liu et al,
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[B] (DR AR, [RIA AT LA AR RV ) DR 37 L4 i
BEAMAE . AR H S (1) 7RI IS
EUA R M 5 IR () VA PR AR IS,
OB REALAR DL, (B) MR E R B 2R T Ak,
AT, (AT AR FTER, =T
R

1 MREXE
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b T (102°29'-104°23" E, 27°48'-29°18" N), &

X 22— (e PRE%, 2010). 4 5 DU ROk Be A R 7
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21 FEERIE FTEL AZMAE MLV DU 548 (P ) 15 i D9 2010-20174F), &
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Fig. 1 The occurrence points of Ailuropoda melanoleuca and Ursus thibetanus
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PEAN B AN 25 5, AUCHE 138 FE 0-1, 4B 8K
FEN B IINBCRBR (G35 4%, 2011). LA207K T}
AR IENE N A B R JZ, 15 2005 5 &
‘B f5 ¥ (habitat suitability index, HSI), FJH &gtk

RS RN i KAk (maximize the sum of sensi-
tivity specificity, MaxSSS)#ffi i BIE K i 2 3 53 yidh
HAIANIE B P25 (Liu et al, 2013), HSHE KT 1% 1A
(R s AR
232 =WIBHITE

T I W SR 3 AT 4K A Fragstats 4.2 55 K g
M e B REIE AR B BSOS R fa 2, BAE R H
(number of patches, NP). % i (patch density,
PD). “F-¥BEEkfi#H (mean patch size, MPS). #x K3
B ifi F4 (largest patch size, LPS). # kBB 15 %
(largest patch index, LPI), iS5 1 id B A EE R
PEFE bR BE 45 A B F5 2 (patch  cohesion index,
COHESION). 73 #4854k (segmentation index, DIVI-
SION). 43 & & 5 ¥ (separation index, SPLIT). Htil
BT A AT TRV WMcGarigal (2015).
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K FENMTOools 1.4.41F 5K RER AN B RE I AE 25
MESE . ZRARBRKIEMaxEnt i 45, B
LM R0 B AR5 A7 & 5S40 Schoener’D
(D)F1Hellinger’s-based | (I)fE I RFE RS EE
%, DIEFHES F0-12 /8], EHEK, A0 ESE
it /= (Warren et al, 2010).
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Hb A% B A E B AR R BOTE AL, EE A
Bi AR oAl Jyt2r, ARG S A% 2 AN
ARG T A3, EEH ARG L E R R
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Vi3t Rl B AE S (York et al, 2011).
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i EHHSI > 0.30011) X 38h K REA & H AR B, TH
F91,383.84 km?, (5 HIF 55 [X 35 5 T 5 £ 8.80%);
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P H . BEHRE R SPRYBEE AN oK BEER A
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Table 1 Landscape pattern indices of suitable habitat for

Ailuropoda melanoleuca and Ursus thibetanus

SOULTEE RREA e

Landscape pattern index Ailuropoda  Ursus
melanoleuca thibetanus

BEHHH Number of patches (NP) 5,340 5,983
BEHUE ¥ Patch density (PD, ind./km?) 0.340 0.381
SFBEHE AL Mean patch size (MPS, km?) 0.26 0.40

B RBEH AR 339.535 1,115.759
Largest patch size (LPS, km?)

BOARPEEAEH Largest patch index (LPI, %) 2.160 7.097
Brah & AR E 99.506 99.822
Patch cohesion index (COHESION)

4y EIF5%0 Segmentation index (DIVISION) 0.999 0.994

Iy B EETE % Separation index (SPLIT) 1,552.672  166.004

PSR AE 1 L 2R A B AR B A A SR A
8L, 1 HE RE IS B AR SR VG B T T KBRS, flan
TERPEE . S B ikl B AT D] XA AR R T AR
AN 3T L S R S M, T (X3 K 20 A T K R
MR XA G AR— 3 X PAAM(EI3) o 7ELR X R
A A T B B 5 LA S 1 T AR 43 99 29 763.00 kmP AT
944.68 km?, 43 ) o5 v Ll Ly R 38 LA S b A T AR A
55.14%7139.17%.

MBI B E R T BOR, KRS
R AR AR BT AT I R 1 s T AR B AT 2 S
Pz 6 PN Ao 2 358 0 A S M B K )3 S5 R 7 T
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Table 2 The overlap habitat area of Ailuropoda melanoleuca and Ursus thibetanus in Liangshan Mountains

X &
County

R REA T 1 AR B T AN
Suitable habitat area
of giant panda (km?)

ARG EAIA ESRAEH Overlap habitat

Suitable habitat area

of black bear (km?) ML Area (km?) 5 KAEMGE BAEBILLAG 5 B AR E B AR B LG 5]

Percent of giant panda
suitable habitat area (%)

Percent of black bear
suitable habitat area (%)

121 5 Ebian County 459.81 846.91 369.38 80.33 43.62
413 [X. Jinkouhe District  12.73 66.68 11.18 87.83 16.77
H¥%E Ganluo County 159.94 254.95 105.10 65.71 41.22
351 B Mabian County 155.45 492.47 129.16 83.09 26.23
& JIIE- Muchuan County 0 15.64 0 - 0
Bt Pingshan County 0 32.50 0 - 0
4 E Meigu County 290.02 239.89 175.86 60.64 73.31
FHPE Leibo County 214.56 427.38 148.41 69.17 34.73
#7E L Yuexi County 91.33 35.07 19.20 21.02 54.74
St Total 1,383.84 2,411.49 958.29 69.25 39.74
102°45'E 103°30'E 104°15'E
29°15'N | }N\
28°30'N | e ) &S
s R T
Meigu County foe Nature reserve boundary
g& [ BF5Ei1 R Research boundary
. 'l [ &5 County boundary
/_ “'«’V 6 5 3135 B Habitat suitability
% FEFM M
Unsuitable for two species
W (GEH B
Only suitable for black bear
(U B REAH
Only suitable for giant panda
0510 20 30 40km B LR St
27°45'N | —1— . . . Suitable for both species
E3 RULLRKEEMEREEERENERFR

Fig. 3 Suitable habitat overlap of Ailuropoda melanoleuca and Ursus thibetanus in Liangshan Mountains

PR & R R BE B AN AR (R ) A2 B R SRR S, X
SELRE S AR TN ) B B IR B 1759.7), BRI E AR
BRI 3%5F P NP0 100 A 558 2 AT S T B K LIRS K
RE M A= 558 40 A (1) R 2 M 4t 2R R (10.9) Al i v Z2 )
6.(8), 1M M A 2 4F i KEVITE $(6.9) A1 FHIE 14 #E 5
(6.4), JBLH T PN 2 S5 (R3).

MR T S EA TRE A, 7
MR ORR I — R R ZE S 1 B IR R
25 PROE PR B AR X = AR OR REA R3E B o A
NN IEN R AN 2 D DN ST = ey
SRR A BT A i KEV HEBUE 7 SR EE KRR
S, RIS R I F SR = (R4) -

RS
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Table 3 The permutation importance of environmental variables for species distribution models (%)

FIEA T Variables PN TERE IREEIA T Variables K RES RE
Ailuropoda Ursus Ailuropoda Ursus
melanoleuca  thibetanus melanoleuca thibetanus

PR R E 2 Distance to residents 31.8 59.7 Y Slope 4.2 1.7

PEIEB%EE B Distance to roads 49 6.4 W) Aspect 15 23

TSR Vegetation types 10.9 25 {7 Position on slope 11 2.8

i REVIFEEL Annual maximum EVI 1.9 6.9 BRI EE 2 Distance to rivers 2.8 1.6

HESEHEVISE S Annual average EVI 1.7 1.4 T ERIKE 48 3.7

Percipitation of driest quarter (Biol7)
K Altitude 26.4 9.6 AR 8 1.5
Mean temperature of coldest quarter (Bio11)

PSR 1 B 2 Tt MaxEnt iR 4 Y, 6P AN 3 Af DRSS 1 B A HE 44 T AL B PR B B AT IO

The permutation importance of environmental variables derived from MaxEnt. The four variables with the highest contributions are presented in bold.

R4 PMEBESHNENESHEEFEREER

Table 4 The suitable ranges of dominant environmental variables affecting the potential distribution of species

. . IEEEFE Suitable ranges
FR$5E KT Environmental variables

KEEA Ailuropoda melanoleuca MfE Ursus thibetanus

H R IS HEES Distance to residents (km) 4-8 >3
PEIE#%EE B Distance to roads (km) 4-9 >3

4k Altitude (m) 2,500-3,600 2,000-3,250
A ZEYIR 451 -3%3

Mean temperature of coldest quarter (C, Biol1)
SE8 KEVI Annual maximum EVI
TR Vegetation types

0.46-0.55 0.56-0.65

VIRHERT IR A MR B K, ORI AR, b B AR e 2 A M die R, RS B i
TE AR R A I oA /N R, FEHABRE AR A iR S A

The most important vegetation types for this The most important vegetation types for this
species is coniferous forest, followed by broad- species is coniferous forest, followed by broad-
leaf forest. The distribution probability in other leaf forest. The distribution probability in other
vegetation types is low. vegetation types is low.

PRI DR 73 B0 AT 1 P Max EntAS 24 22 il £ 490 e 7 A A2 5 P58 3 e g o 7 o 2 159 380, (71 L ot P o 20 A 153 o (I HE AT A6 1) 2 3035
A 1416 L3 AT Y

The suitable ranges of dominant environmental variables are derived from the response curves based on MaxEnt. Response curves showed the ranges
in environmental conditions that are more favourable for the distribution of species. We only showed the top four relevant variables for each species.

K] 5 Liu s (2009) %) VY )11 45 R 5 1 43 A Tl 25 2R A

AR HIF T T ) K RE A 36 ‘L A= 55 2 L4 A4 7E U
il Fw A, BPokid . H . SEah = B8 R IXE, &
B AR BB 43 A % R 5 Y8 B PR 45 (2010) . Qi%F (2009,
2011, 2012) DY )1I48 #Roll J7° (2015) A 7o 45 SR — 3K
AR, ASHIF FE 43 PR R BRI o A= 355 4 A T AR
1 491,383.84 km?, />F-{Ef K4(2010) DU 1145 4k
Mk T (2015) . Qing %5 (2016) 1) FF 7T &5 S (43 5l A
1,771.57 km®. 1,498.88 km?. 1,895.6 km?), iX £ A]
REZ K IR B s e . RSN 7 A Rt
RSHORE . WSS BRI 53 7795 e BB S A AE
(22 5 BT P8 o AT 9 A2 ) B RS L AE B A

A5, — R R EDIE T ASHIE SO AT L b T
MR HERR I« PR A 1 B AR B e AT i SR A
o, AR RS S B, H R AR IR AR B A T
BT, JUHAEIREH2,000 mULR [ X3, IX 4 (X 5k
TEAE 73 A AE PR P X 70 2 B AR 37 X LA AR (Liu et al,
2009; Hwang et al, 2010; Malcolm et al, 2014).

Gl il ZR T 20 A R . U R AR AR CR:
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