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Application of space—ground—eDNA integrated
technology for wildlife monitoring and research

in the Gaoligong Mountain Region
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Kunming Institute of Zoology, Chinese Academy of Sciences

24th September 2025, Hangzhou




| Key topics

222222222222

® What makes GLG Mountains so special?
€ How to capture full spectrum of biodiversity information?

® What we have done in GLG mountains?

€ Research highlights



What makes GLG Mountains so special?
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B Mountains
of SW CN

€ Ecological significance

spans three globally significant .
imalaya

biodiversity hotspots: the ¥ Indo-

Himalayas, Indo-Burma, and the

Mountams
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Mountains of Southwest China 5;

acting as a critical front-line for
ecological security in southwestern
China

Extraordinary biodiversity: home to
about 37% of China's vertebrates ﬁ ‘]_‘
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Unique position contributes immensely to 1t s extraordinary biodiversity
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it How to capture full spectrum of biodiversity?
A NGER |
¢ Tools Woody et al., 2014 Science
field observation: plot (point) S — Satelite Qg
sampling, line transect, live !
trap ...... Regional-local coverage } N— Aircraft ‘xﬁv
remote sensing: satellite, drone, it cail piore w.ld“feomcetmth Transmitting
:.,' receiving antenna
camera-trap survey, passive ek
acoustic monitoring...... e L]
trap
eDNA
- agin,
‘ Limitatio ns Collecting environmental DNA

false positive /negative
p / S ] We need to integrate multiple technologies to

efﬁCICHCy capture full spectrum of biodiversity information



| : What we have done in GLG Mountains?
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® Targets groups

wildlife: mammals, birds, reptiles, amphibians, fishes and insects

human activities: land use, human presence

€ Objectives

establish GLG research centre: concentrate resources and efforts for
biodiversity research in the critical region

construct systematic monitoring network: accumulating long-term in
situ observational dataset to support data intensive research

understand diversity and distribution patterns of animals to inform
effective conservation strategies
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: Effort 1: Establishment of GLG Lab
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Yunnan Key Laboratory of Biodiversity and Ecological
Conservation of Gaoligong Mountain

B Mission: to inform ecological conservation based on insights into biodiversity patterns

9 Patterns and changes
species inventory, distribution and dynamics

response to environmental changes and humans

Biodiversity
Security

¥ Conservation and management

biodiversity hotspots

drivers of biodiversity loss



Yunnan Key Laboratory of Biodiversity and Ecological Conservation of

Gaoligong Mountain
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B Organizational framework: - KIZ Lab
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&€ Established since 2021
& Affiliated institutes:
Kunming Institute of Zoology (KIZ), CAS

Yunnan Academy of Forestry and Grassland

s, Lab Director: Academic Director:
-\ ® Multi-
Prof. Che, Jing Prof. Wei, Fuwen
dimensional
KIZ, CAS 10Z, CAS

*zf € comprises 41 permanent staff members



Effort 2: Construction of monitoring network
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In situ observational systems Scientific dataset

Satellite image
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‘ Patterns and changes
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Monitoring Habitat Understand
network analysis data

Goal: Generate datasets, understand biodiversity patterns, inform conservation efforts



Effort 2: Construction of monitoring network
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Since
2016:

Sichuan Camera trapping stations: 695

Wildlife images: 1 million+
Human presence: 100 thousands
Large animals: 84 species

S At-risk species: 52 (62 %)
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© @ O eDNA sampling
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Integrated network to complement different monitoring methods and improve efficiency



Biodiversity monitoring data management and Visualization Platform
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Support for data management, analysis, and dissemination efforts, making our findings accessible




Effort 3: Biodiversity inventory

055 HANGZHOU Second survey Third survey Fourth survey Ongoing
1981-1985 2009-2012 2015-2021 2022-2025

1959-1960 =
First survey 5; B Indigenous vertebrate: 1065
th — ® Mammals: 204
_ A EL
= Nileiisacaiad ©® Birds: 753
ﬁ y'Se A
e | B ©® Reptiles: 53
e GLG Integrated g .
E Scientific Investigation ° Amphlblans' 52
1) and Research (2023)
_ B Indigenous vertebrate: 1199
Diversity (37 % of China’s vertebrates)
" Mammals: 212
| #
eini Birds: 796

Reptiles: 107
Amphibians: 84
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Special Issue on GL
Biodiversity (2024)

Ongoing discovery highlights the richness of the region
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Publish a series of books on GLG biodiversity

Field guide to GLG animals comprising 999 species
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FISHES OF
; RARE AND ENDANGERED MAMMALS
GAOLIGONG MOUNTAIN
AMPHIBIANS OF FARE D IN GAOLIGONG MOUNTAIN
GAOLIGONG MOUNTAIN ENDANGERED BIRDS OF
GAOLIGONG MOUNTAIN

) hEm R

474 Vertebrate species: 146 fishes, 78 amphibians, 180 threatened birds and

70 threatened mammals; 525 common agricultural and forest insects

These publications are crucial for researchers, conservation practitioners, and the public
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Efforts 4: Understanding biodiversity patterns

Temporal beta diversity analysis identify lower elevation gained more species in the cold season
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Intensive camera-trap survey

Species losses (B)

Hu et al., 2025 Biol. Conserv.

Conservation should consider the varying habitat requirements across different seasons



Activity 4: Understanding biodiversity patterns
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B Functional diversity patterns within and outside protected areas (PAs)
PAs maintained higher functional richness and turnover

Functional richness outside PAs was markedly lower than in PAs, and B-diversity was dominated by nestedness

Functional richness Functional evenness  SES of Functional richness Total dissimilarity . Replacement of space Amount of space
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Functional richness
Iy

non-PA PA non-PA PA 7 © sesRaves | Beta total | ~ Beta replacement ~ Beta richness

Li et al., 2025 Conserv. Biol.

Emphasize the critical role of PAs in safeguarding biodiversity functions



Research highlight
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Key question: How do we know which detections are real (not false positives)?

We use sample and PCR replicates

i The 4 detections in the south look like contamination.
3 water samples per site

Repl | Rep2 | Rep3
]

1 detection per 18 replicates per sampling point

North

read number
0

OccPlus estimates probability of detection

1
L and false positive both in field sampling
Southﬁ and lab procedures, allowing us to
123456 statistically identify and distinguish
6 PCR replicates per sample . .. .
likely false positives from true signals

i1 |40 km
97.0°E 97.5°E 9B.0°E 98..5°E 99,6’E

" Budorcas taxicolor — the Takin (a species we expect to see only in the north)




Predicted Mammalia species
richness (occPlus)

_ [standardised summed
probabilities]
° 002
@ 0204

@ 0406
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Mammals: Let’s
subdivide the occupancy
estimates by inside and
outside protected areas

OccPlus
Status

1.00 ® Endangered
Vulnerable

@ Near Threatened

® Least Concern
Data Deficient

© Not Applicable

Wild mammal species are mostly found
inside the protected areas (except for 2 rats)
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g Adult Body Mass
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® 0.5 kg 1o 5 kg
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Ratufa bicolor i
e "B/ A protected areas.
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OOO‘ﬁ . A“I:IrUS styani
Oryctolagus cuniculds/ Ta  da lata =
Trachypithecus ort:rdge. Crup wuuils cephalophus . ! ; |
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Occupancy Outside Protected Areas



Conclusions

High quality, granular, timely, trustworthy, and
efficient vertebrate species distribution data across a

30,000 km? protected area complex ECOLOGY_LETTERS

Yingiu Ji®", Alex Diana®", Xueyou Li"", Eleni Matechou®, Jim E. Griffin?, Shuwei Liu®,
Mingjie Luo', Chunying Wu', Ru Bai''®, Chenyang Yao'®, Tingting Yin', Feng Dong’, Fei I
Wu', Kai Wang"®, Zhongbin Yu'®, Xiaoyong Chen"®, Xuelong Jiang', Jing Che'®, Douglas n preSS
W. Yu''™™" and Viorel D. Popescu®®™"

B With the right study design (replicates) and statistical analysis (OccPlus), we can
account for both false-negative and false-positive error in eDNA surveys, leading to

more reliable estimates of species occupancies and eDNA transport distances.

B Occupancy models are a powerful method for testing ecological hypotheses and for

measuring management effectiveness.

® Different metabarcoding methods (e.g. different primers and collection methods) can

be combined and analysed as one dataset, reducing need to standardise.
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