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Diversity and Structure of Forest-Dwelling Mammalsin Tangjiahe,
A Preliminary Analysis

ZHANG Fa-Rui” XIAO Mei®® SHEN Li-Min® LI Ming-Fu® CAI Li-Jun®
ZHANG Ru-Mei” ZHENG Wei-Chao” GUAN Tian-Pei””
@ Institute of Qinghai-Tibetan Plateau, Southwest Minzu University, Chengdu 610225, @ Tangjiahe National Nature Reserve,

Guangyuan 628100; @ Sichuan Academy of Giant Panda, Chengdu 610057, China

Abstract: [Objectives] Mammals play a crucial role as foundational elements of ecosystems, with their
diversity and structure forming the basis of ecosystem functionality. In this study, we analyzed the current
status of species diversity, distribution characteristics, and structure of forest-dwelling mammals in the
Tangjiahe area of the Giant Panda National Park, Sichuan. We compiled data from 215 infrared-triggered
cameras deployed in forest habitats to conduct a preliminary analysis of the altitudinal and seasonal variations
in the activity of forest-dwelling species. In addition, we examined the altitudinal distribution and daily
activity patterns of the five ungulate species with the highest relative abundance index. Our primary goals
included updating species diversity and investigating spatiotemporal distribution patterns which had not been
previously reported. [M ethods] Data were collected from 215 camera traps deployed in forest habitats ranging
from 1 210 to 2 694 m above sea level in the Tangjiahe area of the Giant Panda National Park (Fig. 1). The
relative abundance index (RAI, Iga), Shannon-Wiener index (H'), and Pielou’s evenness index (J) were
calculated for different altitudinal ranges and seasons. The Kruskal-Wallis test, ANOVA, or #-test were
selected based on the normality test for significance analysis. Spearman’s correlation coefficient was
calculated between the relative abundance index of five dominant ungulate species and altitude. Daily activity
patterns were analyzed using kernel density estimation. All analyses and chart creation were completed using
Excel, R 4.2.1, ArcGIS 10.8, and Origin 2022. [Results] The total monitoring effort amounted to 47 196
camera-days, resulting in 73 635 independent photographs. We identified 22 mammal species belonging to 4
orders and 12 families, comprising 3 Primate species, 4 Rodentia species, 8§ Carnivora species and 7
Artiodactyla species (Table 1). Among these mammals, 5 species were classified as Class I and 8 species as
Class II key protected wildlife in China. Reeves’ Muntjac Muntiacus reevesi, Wild Boar Sus scrofa, Takin
Budorcas taxicolor, Chinese Goral Naemorhedus griseus, Tibetan Macaque Macaca thibetana were the 5
most abundant mammal species. Our findings revealed the following characteristics regarding forest mammal

diversity in Tangjiahe: (1) The relative abundance index (RAI, I,) in the high-elevation band (2 101 - 2 700
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m, lxpy = 570.5 £ 199.5) was significantly lower than that of low-elevation band (1 200 - 1 600 m, Ixy =
1223.8 = 1 017.8) and middle-elevation band (1 601 -2 100 m, Iza = 1 355.1 £ 785.1) (Fig. 2). The
Shannon-Wiener index and the Pielou’s index were highest at middle elevation band (/= 0.74, H'=2.17), and
decreased sequentially in low-elevation band (J = 0.60, H' = 1.82) and high-elevation band (J = 0.59, H'=
1.77) (Table 2). (2) The species richness in winter (/xy = 936.1 + 809.6) and spring (Ilga = 870.5 + 598.6) was
significantly lower than that in autumn ([ry = 1 366.7 £ 1 087.9, P < 0.05). There were no significant
differences in species richness between summer (lry = 1 178.3 = 1 032.2) and autumn, spring, or winter (Fig.
3). (3) The Pielou’s index is the highest in summer (J = 0.69), followed by autumn (J = 0.67) and spring (J =
0.67), and is the lowest in winter (J = 0.66). The Shannon-Wiener index was highest in autumn (H' = 2.05),
followed by summer (H'= 2.03), with the lowest values in spring (H’ = 2.00) and winter (H' = 2.00) (Table 3).
The correlations of relative abundance with altitude for five ungulate species were as follows: Reeves’
Muntjac (p = - 0.6), Wild Boar (p = - 0.25), and Chinese Goral (p =
altitude, while Takin (p = 0.48) and Tufted Deer Elaphodus cephalophus (p = 0.31) showed positive correlations.

- 0.35) showed a negative correlation with

The relative abundance of the Reeves’ Muntjac was highest at an elevation range of 1 400 - 1 600 m (lrp =
1318.6 £ 795.4). Wild Boars (Ilzpa = 1 046.5 £ 748.2) and Chinese Goral (Ilg4 = 280.9 £ 117.6) also had the
highest relative abundance at 1 400 - 1 600 m. The highest relative abundance for Tufted Deer was found at
an elevation range of 1 800 - 2 000 m (/ry = 131.6 £ 85.7). Takin had the highest relative abundance at an
elevation range of 2 600 - 2 800 m (Jra = 384.6 + 123.3). (4) Except for Wild Boar, all species exhibited a
bimodal activity pattern, with peaks occurring during dawn and dusk. The peak activity times were 7:00 -
9:00 and 17:00 - 19:00, with a trough from 12:00 - 14:00 (Fig. 5). Significant differences (P < 0.05) were
found in the diurnal activity rhythms between the Tufted Deer and the Reeves’ Muntjac, as well as between
the Tufted Deer and the Takin. The Wild Boar exhibited a unimodal activity pattern with peak activity from
17:00 - 19:00. [Conclusion] This study shows that making full use of mammal diversity monitoring data can
effectively identify species of concern in regional biodiversity inventories, contributing to more objective
biodiversity assessments and enabling management agencies to better target conservation and management issues.

Key words: Camera trap; Biodiversity; Relative abundance; Richness; Wildlife monitoring
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XSS 2020, £R5F 2020, BREEE 2022).
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O DR AE R A PR X N 2 1 2l B3 R ik
JSCHR AR T L b ) ST R X2 e
J8 G K IRARA X CRATR TR 8 200 )
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Fig. 1 Sketch map of cameratrap sitesin Tangjiahe
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Tablel List of mammalsrecorded by cameratrappingin Tangjiaheregion, Giant Panda National Park

[ AR S 2 IUCN 41 PhST A RO HL HIAL S VEPSEA LI L4

Siﬂﬁes Nat.ional LUL RS - No. of independent  No. of occurrence Relativ‘e abundance
protection level IUCN Red List photographs locations index

R H Primates
H#F} Cercopithecidae

)1 42224 Rhinopithecus roxellana 1 EN 610 115 14.77

PG Macaca thibetana 1I NT 2 834 166 68.60

Bk M. mulatta 1 LC 249 50 6.03
%5145 H Rodentia
AR A} Sciuridae

BREAE R Tamiops swinhoei LC 5 2 0.12

RN B Sciurotamias davidianus LC 525 40 12.71
ZEEFL Hystricidae

T RS Atherurus macrourus LC 638 119 32.92
& R} Pteromyidae

JK§E R Petaurista xanthotis LC 7 7 0.17
i H Cetartiodactyla
JEF} Cervidae

B Elaphodus cephalophus 1I NT 1828 153 44.25

/INEE Muntiacus reevesi LC 14 065 170 340.46
%} Bovidae

¥ Budorcas taxicolor 1 vu 7767 205 188.01

FRIERR S Capricornis milneedwardsii 1I vu 463 110 11.21

HAEPEFS Naemorhedus griseus 1I vuU 4188 186 101.37
%} Suidae

94 Sus scrofa LC 7957 195 192.61
E$%} Moschidae

KB} Moschus berezovskii 1 EN 15 11 0.36
B WH Carnivora
Ji%} Felidae

398 Prionailurus bengalensis 1I LC 564 96 13.65

&M Catopuma temminckii 1 NT 218 57 5.28
AERL Ursidae

LY B A€ Ursus thibetanus 11 vu 301 105 7.29

KEEM Ailuropoda melanoleuca I VU 16 7 0.39
FliEl Mustelidae

& Wl Mustela sibirica LC 4 4 0.10

WA Martes flavigula 11 LC 271 31 6.56

FEHE Arctonyx collaris VU 638 113 15.44
RAF} Viverridae

AETH M Paguma larvata LC 548 77 13.26

L EER—ZE s R B A0, 1L ER HE R I A, EN. Wa: VU. 5a%: NT. iEfad: LC. Tfadk.
1. National first-class protected animal; II. National second-class protected animal; EN. Endangered; VU. Vulnerable; NT. Near Threatened;

LC. Least Concern.

FIANLAL B0, IR BN (n = 195, 2.2 MRS PLBI 2 R M A S ARAE
90.7%) THEPEFA (n =186, 86.5%) /NEE (n = 221 WIRSARE KIEAENLS AR R
170, 79.1%). #P§HE (n =166, 77.2%), X EE EFRET A, R M AL sh Y
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L BIETE” R AR R, BRI AR B
W LSRR 22 B2 g vy AR RORT iS4 B
RZ o Kruskal-Wallis #7585~ (B 2), i
PRARNT 2 e BUE (Ipa = 570.5£199.5) B3
KT AR (ry=1355.1+785.1, t'=10.24,
df =1, P<0.001) AMLEIK (ra=1223.8+
1017.8, +'=8.18, df=1, P<0.001), M.

B AP 2 B 185K

Relative abundance index of a single camera

_ RMENURXT 2B R

Relative abundance index of total cameras
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Fig.2 Relative abundance of forest-dwelling
mammals at different elevation bands
EiheRoREZRRE, P<0.05; ns RARERARE, P>0.05.

In the figure, * indicates significant difference (P < 0.05); ns

indicates no significant difference (P > 0.05).

R Z R AR E (1'=020, df =1, P
>0.05).

¥ Shannon-Wiener (H") 8% (&£ 2), B
G FLBN D ) 22 FE I R AR A LT “ 5
WETE” (R o AT A Jmy, RO AL 3h 4 2 F 1 h
MR By, H R AR IR B e ¥ 4K B
Pielou Y21 % () 8o, ¥R e
FUR A AR PR B BB Sk
(% 2),
222 ZHRRE SRR FL 3 P 1A
X2 BEAERK R A RN E 2, &R
#Z% (K 3). Kruskal-Wallis 5 E7r, &7
MBI 2 EIRBE R E KT KT (P <
0.05). BEEHHM=ANFNEFALRE (P>
0.05) (3.,

JE SRR L Bh P 2 FE I AE AR = e e
HE, XFBMNEFRZ, RS2 ER—
AT, Peliou () FREE N, DFhEy
MEENEZEER, KE.HEE. XFRZ
(£3).
223 MBAWMBERSA  KEWFHIH
P2 TR AL, RS A B AR /N
R TR AEDERL . AR AT 5 B (K 4).
(oA i/ IO S R O i S
(Spearman AHIME, p), /NE (p=-0.62, ¢'=
1581, df =1, P<0.05). B4 (p=-025, ¢'
=2.55,df'=1, 0.05<P<0.10) FHERE (p
=-035, '=6.14, df =1, P<0.05) HxtF
BIESFRESHR, AR (p=048, 1'=

K2 BERMAFAER TSI %
Table2 Forest-dwelling mammals’ diversity at different elevation bandsin Tangjiahe

w Rid N % PST A R
- Ll 2 S eav s L T T St o
L No. of Pielou index . The total number . .
Elevation species o) Shannon-Wiener of camera trap sites Effective No. of independent
(H") camera days photographs

fiGifBe (1200 ~1600 m) 19 0.60 1.82 2 7167 8717
Low-elevation band
kB (1601 ~2 100 m)
Middle-elevation band 19 0.74 2.17 22 6920 9239
FEREL (2101 ~2700 m) 20 0.59 1.77 13 3804 2170

High-elevation band
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Fig. 3 Seasonal relative abundance of
forest-dwelling mammals

HMFEFERESHALREER (P> 005, NAFEMREEZFE
# (P<0.05).
The same letter represents no significant difference between the

groups (P > 0.05), Different letters represent significant differences

(P <0.05).

11.16, df =1, P<0.05) FEHEE (p=0.31,
t'=3.72, df =1, P<0.05) HXt+EE 5K
RIEMK. B AT E B IR B
1 800 ~2 000 m (Jxp = 131.6 £ 85.7), T} (Ira
=1 046.5 = 748.2). FHEHEF (Igp = 280.9 +
117.6) FI/NEE (Ipp =1 318.6 = 795.4) X}
& B i B BN 1400 ~ 1 600 m, 1A
FRAE 2 600 ~ 2 800 m AHXTFEEHm (ra =
384.6 £123.3).

224 MBFEWEHENTE HHEHE
T IR, U 7R T R BOE B, TR
A A 20N, oAl 4 Fhdsy EXUETE, R
BEEED, B 7:00 ~ 9:00 B A2 R4 17:00 ~
19:00 B} &35S =R, H17F 11:00 ~ 13:00 K
NIESIEA, 20:00 B ZERH 6:00 KFE 3050
%, WEh/N (& 5),. il Kruskal-Wallis £
BRI EREES/NE (=761, df =1, P<
0.05). A (r=16.86, df =1, P<0.05)
Z A HIGSS TR R 2 S, HAbY ) 2=
¥ NTE N
3 Wik

KA IR FL B A L AR AR R AR 2
M5, FAEMZEEMERERT SEE
MEFRPM RS w8, RAESRAIRE
MEZMHN, HESSEFRMEH. WAEF. Fh
T BERWNTELSHESRAYEE, B2
IR EEZE S (Estesetal. 2011, Sobral
et al. 2017). AHFFP K L AMANLIEATE 55
FREE DR 4% T Pk BORD £ B AR, 041
Hb SR TR SRR K B AL 2 AR
GaiiP

PN T VI = B U A AN (-8 VIR i RN
JE SRR 43 AT BRI LNk 22 PO S
NI LB, L FE S FiE X — 2 A 8 FhE 5K
AR SRR AEEN Y. ISR AR (20050 AN
TKEEH (2016) HIPHIRGEERIF 5 2R,
TSR B R — R 2 B s AR5 L sh P
I3 G AR S BORE R L2 ) 45% 811 47% . A

£ 3 BEFRAARFITHME AN E R
Table3 Seasonal diversity of forest-dwelling mammalsin Tangjiahe

- % B )L (o4 ARG GELIRVA=PEY 1 HMHERTAER ISLA RO H
i it Pielou ind ZREESR L The total number of  Effecti No. of independ
Season Species ielou index ] e total number o ective camera o. of independent

) Shannon-Wiener(H'") Camera trap sites days photographs
7% Spring 19 0.67 2.00 35 3150 2742
H 7 Summer 20 0.69 2.03 40 3 600 4242
K7 Autumn 21 0.67 2.05 42 3780 6176
%4-Z% Winter 18 0.66 2.00 40 3600 3370
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Fig. 4 Altitudinal distribution of five dominant ungulates
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Fig. 5 Thedaily activity rhythms of five dominant ungulates

JEFE B A IE S AHARAEAR A Gt I )W (Meles leucurus )~ K R M ( Viverra
PIFELFE =3 (Neofelis nebulosa)~ 3~ 34 zibetha) /NRA (Viverricula indica)~ 7R
/NRES . BN (Otocolobus manul)~ &3] (Lynx (Vulpes vulpes)~ J8IN (V. ferrilata) 5 EFHI
Iynx)« 3% (Nyctereutes procyonoides)~ -+ M (Capreolus pygargus) 17 Fr. AIREH T
WO KM ( Lutra lutra) ~ 758l (Mustela altaica) AW TR T A AL s P iR & S W, 7E
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2R A] b R 5 AR AR R ) AR, anRK
SO K5 U PRI I B TR PR PR B AR 3 (kI 46
20200 FEINFEZ S ALERFK 2 500 ~ 5 200 m
(Bt A8 CIEESS 2009). Fsz b, JEZN
T BRI KBt 23 A1 R o UE 4 (IR B S 20200,
2 W0 A B I B A o SR T AR LA T L
FRAR AR WKW A0 7 A2 B3 BT 88

J3E SRR RPN 7L 2 0 1) i B4R o0 A
Tz IX S M T (A R, BRI A A SR LB
Y E AR T . AKHEH B (Carlson et al.
2000, XBIREZE 2022), HZFEMER RS HAD
X IR, B2 A s RS, Wi
Je#t IR 2022) FZRIEFE CHGEE%
2005, ZERE 2014b). FIRER), YMHXTEE
FECA K Z RIS I T B PANRHE, W42
AT 2 FEHREL (RAL ja) SFEFG. — K
M, H TR S R AEYRIR . B B 7A BAE K
AT EYRR AR Z, e shEk
(4225 SR B v] R Sk AMIRS0E S . SRR
TFTERA 9% (Carlson et al. 2000, Korner et al.
2007 BREWBIR R, W FLBA I 53 A A
T BN A 52 B AR SRR (1) 820 (Sinclair et
al. 2003), 117 6k i AN AR A S5 A I 2 ) 2
FEMA CBRYRZESE 2017, WHEEE 2022, skfER
2022) DL HRAERR . ARSI
(RAEZE 2000, Guan et al. 2013), HJAJfE
FAKZEANT 2 EEFREL (RAL Tpa) OB N
(Hazlerigg et al. 2015).

TERE W LR . B AR R
FEHMA DB, BB, PR,
EAERMAESRNENESER S, 5R/1KA
I A % () 0 A A S BT T 45 SR — 5 (Zhang
etal. 2021, Lietal. 2022). XU6H BERAERRA
SR BEER B T AR AR R R E
gt T e %Y (Donadio et al. 2006,
Karanth et al. 2017). 5 P B ZRAHNFE Hix
R B, BT B A REAE, X
ik BRSSPI (Owen-Smith
etal. 2014, Letten etal. 2017). b4k, 5 R i

K H GBS R REA N R AR (]
fEEER, HAMAR R LEEEZR. £
JIEW (PMEREE 2018). WirgseIl (TkE
B 20180 Byt K H i& sh T R e 45 3 )
FERB, B HIENME A SETE, (AR
TN BN A 2 R B s I AFAE 2 . HES)
IR E A A1) BN R, SITE KL
PRI LA AL (Ll 55 2023), XL
P S5 10 RS AR [F AP AS 5] X 3k (8] 1) H V& 20
WA R AV SRR R E R A E, BN
FREIC R BRI Z . AN AT AT 5] i 30
T ) £ 74k (Bradshaw et al. 2010, Libert et al.
2012, Spoelstra et al. 2016). [F iS5 A
AT B A EY) 2 R VRN T R4t
B INE BRI .

JE G AR AR B N B & ZE AL %L
TARFRLR IR AL 20 ok — B ARG 5%
TRRAH B8 W A e, RS T &3 i
T P AR AR Ry ka8 Ak . BRARSCHRH (2003 ~
2006 F) d# T EE R A MER, 4
2803 R, 548~ 10 2, IMEHREATIELAT
FIRRA (B8R 1999, 2005), 1fjlt/E KAl
AR, PR WATAR O TE A T A 78 B
(FRPERY 2016, EWRIASE 2023). BARETE
HEBREATMAE I T B, (A5G R FEZE AR
Hiv T 24 £ (R BIOIR 5 T 24 £ & I B A R e
s CHAEZ 2021, XIBES%E 2022, K0t
S 2023) LARIE AR R 1 s AN A AGE
2B I\ NSA RIS AE 3 S Je 3 2k 1 AT e
K.

AW FEIRA R I 2 A0 % (1) 5 AT UE B
AN T FEAR S SUSCR TR A B3, %R
TGS X /INERER B (1A B 2R N 5 TRk 2L A AL
PRINE) . EARE A0 B LE 3 5500 JE AR 9 X
A0S (AR 2020, XIBEZE 2021,
EE ISR 2023), EMCE EATEE KR INA 4
A HIATRE . BT 45 2 (AR B 2 900 ~ 4 100
m) M (BB 1700 ~ 4 500 m) A
W LT R AR S LB, 2T AR
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DAE i L RS 2020, T ZF1ZE 2023),
{EAZ SRR AR 5% = B AR 70 B S AL, B
B RIR CHPEPESE 2018, 2019). [KHhixit
YR AE S ) s 2R T REVR T AR ATLAT 1 AR B2
BUA R, BRI R KOG A . AR
1E 2015 FMLRERIFEFEE R T HE 15+
B H fd s GRER 20160, {Hik 10
P MU NPT 9T 38 2R R I = AN D JB% ) 43 AT e
P (HMgEE 2022, TS 2023), 56 %EH
TE B I Z AR (B4 TAR RS, e A7 E
KA ATAEEE, NEE mARZR L b A S5 i M )
5iERE.

g5 b, AL B R o A BT
W AAF SR . S TR Hh ) Fh 4 S I mT
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