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Abstract: [Objectives] Infrared camera is a classic wildlife observation method with many advantages,
including continuity, non-invasiveness, etc. Therefore, it has been widely used in monitoring important
wildlife species like Giant Panda (Ailuropoda melanoleuca). Giant Panda acts as a flagship species and an
umbrella species in Qinling. According to the fourth national survey on Giant Pandas, its population has
picked up during 2003-2011 in the Qinling Mountains with the contribution of local ecological recovery.
Qinling is not only a major habitat of Giant Panda nowadays, but also holds a Giant Panda population
evolutionarily closer to the common ancestor of Giant Panda. Monitoring the Giant Panda population and
biodiversity in its habitats is therefore essential for a better understanding towards its distribution, living
patterns and protection. This research aims to investigate the wildlife diversity and activities during the Giant
Panda population recovery period with prohibition of human activity, and use trapping images and diversity
indexes to discuss similarities and differences between the wildlife distribution in the middle Qinling
Mountains. [Methods] From August 2018 to October 2020, 80 infrared cameras were deployed among 4
valleys (Danangou Valley, Ponianzigou Valley, Dagupingyanwugou Valley and Longtanziyanwugou Valley)
located in 3 nature reserves (Huangbaiyuan Nature Reserve, Guanyinshan Nature Reserve and Foping Nature
Reserve) to monitor wildlife diversity and activities in the population recovery region of Giant Panda in the
middle Qinling Mountains (Fig. 1 and 2, Table 1). All photos and videos were examined, and individual
photos and individual richness of each species were counted. Species diversity on overall data (also for
mammals and birds separately) and among different valleys was investigated using relative abundance index,
rank abundance curve, Shannon-Wiener index and evenness index. Species similarity indices between valleys
were calculated. All analyzing methods above were also used separately on data collected in valleys and on
ridges. The rank abundance curves were tested by R-squared coefficients. [Results] A total of 34 514 bird and
mammal images have been collected during the monitoring period, with a total effective working days of
54 240 d. 12 364 individual photos are identified and 10 612 of them can be confirmed into 68 species with 21
mammal species and 47 birds (Appendix 1). Based on this, a wildlife image database is established, with
which the species diversity in the monitoring area is analyzed. Reeves’s Muntjac (Muntiacus reevesi), Wild
Boar (Sus scrofa) and Tufted Deer (Elaphodus cephalophus) are the three most abundant mammals, and
Golden Pheasant (Chrysolophus pictus), Greater Necklaced Laughingthrush (Garrulax pectoralis) and
White-throated Laughingthrush (Garrulax albogularis) are the three most abundant birds. The rank abundance
curve of birds is flatter with a longer tail compared to mammals’ (Fig. 3). The Shannon-Wiener index of birds
is higher than that of mammals, whilst the evenness index is lower (Table 2). Species are not evenly distributed
among valleys. Danangou Valley in Huangbaiyuan Nature Reserve obtains the most individual photos
(28.04%), while Longtanziyanwugou Valley in Foping Nature Reserve has the smallest proportion of
individual photos (21.75%) (Fig. 4). Shannon-Wiener index and evenness index indicate an overall highest
species diversity and evenness in Longtanziyanwugou Valley and the lowest diversity and evenness in
Ponianzigou Valley in Guanyinshan Nature reserve, and a comparably high bird diversity and evenness in
Dagupingyanwugou Valley in Foping Nature Reserve (Table 3). Species similarity indices of mammals among
4 valleys are significantly higher than those of birds. Ponianzigou Valley and Longtanziyanwugou Valley
share the highest species similarity, while Ponianzigou Valley and Dagupingyanwugou Valley have the lowest

species similarity (Table 4). Cameras placed on ridges identify more species and individual photos than those
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in valleys (Fig. 5). Higher Shannon-Wiener index and evenness index of all species and mammals are also
found on the ridges, but the trends of birds are reversed, which might because of their preference of dense
forests (Table 5). Species similarity indices between each ridge and valley indicate that species are more
similar among different ridges than among different valleys, suggesting potential geographic isolation between
valleys (Fig. 6). [Conclusion] In conclusion, this study enriches the basic biological database in middle
Qinling Mountains, as well as provides data support for further scientific research and ecological protection
policy. The biodiversity and species evenness are generally high in research areas. Birds are more diverse
(with more species) than mammals but with less evenness and individual photos. Ponianzigou Valley has the
lowest biodiversity and evenness among the 4 valleys in accordance with its shortest ecological recovery
timespan, which calls for further attention. While Longtanziyanwugou Valley has the highest species diversity
and evenness, although its individual photos are the least, which needs further investigation. Dagupingyanwugou
Valley has a low mammal activity level, and more targeted protection measures are required. A total of 37
individual photos of Giant Panda were shot, with over 80% in Danangou Valley and none in Longtanziyanwugou
Valley, reflecting substantial ecological recovery in Danangou Valley.

Key words: Qinling Mountains; Infrared camera; Non-invasive monitoring; Biodiversity; Giant Panda,
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Tablel Basic and geographical information of infrared camera monitoring regions
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Fig. 1 [llustration of the monitoring area with four monitored valleys
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Table2 Overall Shannon-Wiener index and evennessindex in four valleysin the middle Qinling Mountains

LY EST LU ke Shannon-Wiener ZHEPEFE4L  Shannon-Wiener £ FEIEHRHUR K (H KSR %
Species categories Species number S Shannon-Wiener index H Maximum Shannon-Wiener index Hy,x ~ Evenness index E
#.2% Mammal 21 2.336 3.045 0.733
5,2 Bird 47 2.383 3.850 0.619
A& Overall 68 2.942 4.220 0.697
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Giant Panda; c. Predominant birds with more than 120 individual photos; d. Predominant birds with no more than 120 individual photos.
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Table3 Shannon-Wiener index and evennessindex of wild animalsin four valleys

in the middle Qinling Mountains

UL

Species number S

Shannon-Wiener Z FEE$E4L  Shannon-Wiener £ B 45 55 K E

Shannon-Wiener index H

e AR

Maximum Shannon-Wiener index H,,.x Evenness index E

% Mammals

KFi74 Danangou Valley 18 2.113 0.731 2.890
T & T4 Ponianzigou Valley 21 1.882 0.618 3.045
Kby P R4 17 2.130 0.752 2.833
Dagupingyanwugou Valley
E TR 17 2.344 0.827 2.833
Longtanziyanwugou Valley

19,2 Birds
K374 Danangou Valley 46 2.585 0.675 3.829
il & 774 Ponianzigou Valley 47 2451 0.637 3.850
Kby PEE R4 39 2.797 0.763 3.664
Dagupingyanwugou Valley
B E R 45 2.949 0.775 3.807
Longtanziyanwugou Valley

S5 Overall
K374 Danangou Valley 46 2.585 3.829 0.675
B 774 Ponianzigou Valley 47 2451 3.850 0.637
Kb Hh i 39 2.797 3.664 0.763
Dagupingyanwugou Valley
WEFE RN 45 2.949 3.807 0.775

Longtanziyanwugou Valley
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R4 RGLRPE 4 FABYFABARE
Table4 Speciessimilarity between four valleysin the middle Qinling M ountains
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Table5 Shannon-Wiener index and evennessindex

of valleys and ridgesin the middle Qinling Mountains

Shannon-Wiener Shannon-Wiener

WA " beviseny RepiEs X

s Wiener Shqnnon-Wlener index E
index H index Hax

42 Mammals

45 Valley 20 2.160 2.996 0.721

I Ridge 20 2.330 2.996 0.778
15,3 Birds

1% Valley 32 2.409 3.466 0.695

¥ Ridge 37 2374 3.611 0.658
KA Overall

4% Valley 52 2.768 3.951 0.701

I Ridge 57 2.873 4.043 0.711
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Fig. 6 Speciessimilarity between all valleysand ridgesin four valleysin the middle Qinling M ountains
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a. Mammals; b. Birds; c. Overall. DN. Danangou Valley; PN. Ponianzigou Valley; DG. Dagupingyanwugou Valley; LT. Longtanziyanwugou

Valley. The color bar corresponding two valley names is red if species similarity between them is high, and is blue if the similarity is low.
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Appendix 1 List of mammal species monitored in four valleysin the middle Qinling
Mountains and the individual photo information

UF Species IUCN #ilf& 254 BB H BB A 3 REAR
TUCN categories  Overall individual photos Overall individual richness Relative abundance index
#42 Mammals 8181 9363 66.168 1
Kfig Ailuropoda melanoleuca’ VU 37 37 0.299 3
FEHE Arctonyx collaris’ VU 281 282 22727
141 ¥ Budorcas taxicolor ™' VU 662 782 53543
g2
Epa;;flicioi;iswnmram§SMIneaide§i vu 2 » 0-1941
58 Elaphodus cephalophus’ NT 966 1010 7.8130
Tk ZE % Hystrix brachyura’ LC 517 665 41815
H IS Martes flavigula' LC 353 422 28551
M Meles meles LC 16 16 0.129 4
{3 F& 8 Mesechinus hughi” LC 17 17 0.137 5
B Moschus berezovskii EN 2 3 0.016 2
/INJBE Muntiacus reevesi” LC 2290 2436 18.521 5
Rl Mustela sibirica LC 3 3 0.024 3
£ B Myospalax fontanieri” LC 1 1 0.008 1
FhEBE# Naemorhedus griseus’ VU 122 122 0.986 7
Jb#t B Niviventer confucianus LC 215 216 1.7389
71 Paguma larvata' LC 499 511 4.0359
F948i Prionailurus bengalensis’ LC 229 239 1.8522
)14 227 Rhinopithecus roxellana”™ EN 280 599 22646
HFA R Sciurotamias davidianus’ LC 320 322 2.5882
B9 ¥ Sus sorofa’ LC 1243 1 540 10.053 4
7 # 2 f¢ Ursus thibetanus' VU 104 111 0.8412
15,2 Birds 2431 3634 19.662 5
H A% % Caprimulgus jotaka’ LC 1 1 0.008 1
154529 Chrysolophus pictus™ LC 605 837 4.8932
KM %9 Corvus macrorhynchos LC 2 4 0.016 2
33% A 1 Dendrocopos leucopterus’ LC 1 1 0.008 1
A %K S D. leucotos LC 1 1 0.008 1
KBEA S D. major LC 6 6 0.048 5
[ . Enicurus leschenaul ti” LC 10 10 0.080 9
/N E. scouleri” LC 12 12 0.097 1
#5148 Ficedula hyperythra” LC 1 1 0.008 1
Ji % Francolinus pintadeanus’ LC 1 1 0.008 1
FIMEME RS Garrulax albogularis’ LC 278 724 2248 5
SRS G chinensis” LC 4 6 0.032 4
PR G dliotii” LC 47 65 0.380 1
SRS G lunulatus’ LC 19 24 0.153 7

AR G pectoralis’ LC 303 634 24507




+ 702 - B2 & Chinese Journal of Zoology 58 &
Stz 1
yf Species IUCN #iif& 254 AR BA R AR 3 REAR

TUCN categories  Overall individual photos Overall individual richness Relative abundance index
FAFS Garrulus glandarius’ LC 118 158 0.954 4
LU Phylloscopus regul oides” LC 9 12 0.072 8
14 1thaginis cruentus LC 1 1 0.008 1
ZIMEHTE S Leiothrix lutea LC 17 23 0.137 5
S 49 Myophonus caeruleus LC 187 189 15125
I AL4S Niltava Sundara LC 1 2 0.008 1
I e Nisaetus nipalensis NT 1 1 0.008 1
S5 Nucifraga caryocatactes LC 1 1 0.008 1
%75 1L # Parus monticolus LC 10 10 0.080 9
A3 4k Phasianus colchicus’ LC 8 16 0.064 7
Jb41 )28 Phoenicurus auroreus LC 1 1 0.008 1
K487 Phylloscopus poliogenys” LC 1 1 0.008 1
HHY Pica pica LC 1 1 0.008 1
T L EEE A Picus canus LC 14 15 0.1132
FR3EIMERS Pomatorhinus ruficollis” LC 2 2 0.0162
AJ%% Pucrasia macrolopha’ LC 37 41 0.299 3
SHESS™ Seicercus burkii” LC 1 1 0.008 1
FLIR48% S valentine® LC 1 1 0.008 1
4448 Serinus canaria” LC 1 1 0.008 1
21935 B9 Tarsiger cyanurus’ LC 15 15 0.1213
WA T, rufilatus LC 2 2 0.0162
4115 f 4 Tragopan temminckii’ LC 234 258 1.8926
K33 Turdus boulboul' LC 60 64 0.485 3
BE# T. eunomus” LC 11 11 0.0890
H33LHY T. feae’ VU 1 1 0.008 1
1 E A T. iliacus’ NT 2 2 0.0162
555 T. merula’ LC 57 58 0.461 0
1% T. obscurus® LC 3 3 0.024 3
73549 T. rubrocanus’ LC 61 105 0.493 4
B = Bk Turnix tanki® LC 1 1 0.008 1
ZI W5 9 Urocissa erythroryncha’ LC 138 156 1.116 1
FeBEHLAY Zoothera dauma’ LC 143 154 1.156 6

IUCN ZL 4 R a5 L 2022 46 7 A 16 HISIURA 9iE: EN. BifE4: VN. Bfak: LC. ILfad: NT. Kfad: Rhbrds.
#5TIRN3 B Dy E R R AR TR AR S AR O S R A
The version of IUCN Red List categories is that on 2022.7.16: Endangered (EN); Vulnerable (VU); Near Threatened (NT); Least

Concerned (LC). Species notated with *, # and T are endemic species in China, newly-detected species in this research and predominant species in

this research, respectively.



