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Insect apocalypse?

2014







Geographic bias in insect biodiversity information

Dirzo 2014 Science, van Klink et al. 2024 Nature

IUCN
Data from 

UK

Based principally on 
butterflies and 

Europe

SE Asian data:
Butterflies in Vietnam
Moths in Malaysia



ForestGEO insect monitoring in tropical and subtropical forests

Worldwide network of insect monitoring

Oldest monitoring site – Barro Colorado Island (Panama) since 2009

Oldest monitoring site in SE Asia – Khao Chong (Thailand) since 2010 







Target groups and traps: 

• Butterflies (Pollard walks, 4 x year)
• Moths (Light traps, 4 x year)
• Ants (Winkler extraction, 1 x year)
• Fruit flies (McPhail traps, 4 x year)
• Termites (Manual searching in quadrats, 1 x year)

Standardized for each insect group across sites 

Target taxa in Khao Chong (Thailand)

Pollard walk
Winkler extraction

McPhail trapsTermite sampling

Light traps





• Work at the species or morphospecies level, backed up by DNA barcoding
• Summarize information by functional groups and phylogeny

Monitoring methods



Butterfly families in Khao Chong 2011-2023

10 sites (3 days per 
survey)
4 surveys per year
120 samples per year!

Decline since 2018?

But more long-term data 
is required to detect 
their true trends



Moths may be more 
sensitive to changing 
temperatures than 
butterflies ?

Moth families in Khao Chong 2011-2023

10 sites (2 
replications)
4 surveys per year
80 samples per year



Other insects in Khao Chong 2011-2023

Mixed results

Resistant to climate 
change?

Other drivers more 
important?



Insect monitoring – what are we monitoring?
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Lamarre et al. 2022 Biology Letters

Basset et al. 2017 Ecology and Evolution

Xishuangbanna, China (2015-2022) Khao Chong, Thailand (2011-2014)

• Some ecological patterns often 

manifest in overall abundance 

and  common species

• But overall abundance is a 

coarse and common species 

occupy a small proportion of the 

total diversityButterfly monitoring data



Xishuangbanna, China

(2015-2022)

• Mismatched habitats/microhabitats?

• Mismatched phenology?

• Identification errors?

• Vagrants/”tourists”?
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Singletons (33%) 

Doubletons (20%)

Singletons (25%) 

Doubletons (16%)

Butterflies

Khao Chong, Thailand

(2011-2014)

Singletons (22%) 

Doubletons (17%)

Singletons (4%) 

Doubletons (4%)

Ants

Termites

Are we seeing what we are seeing?

• Monitoring samples are dominated by singletons and doubletons

• The proportions of rare species is highly variable among insect groups

• The nature of sampling methods may contribute to the presence of rare species?



Xishuangbanna, China

(2015-2022)
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Butterflies

Khao Chong, Thailand

(2011-2014)

Ants

Termites

Can our insect monitoring detect the loss of biodiversity? 

• Butterfly data from both China and Thailand suggest that we cannot detect the 

loss of biodiversity until we lose over 20% of the species 

• Ants - the loss of >10% of species 

may be detectable 

• Termites – monitoring may detect 

changes as soon as a few species 

are lost
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Can our insect monitoring detect the loss of biodiversity? 

• The “detectability” of the changes in diversity varies across insect groups

• The nature of sampling may be the most important factor 

Butterflies: area-based passive sampling to capture mobile species

Ants: area-based passive sampling to capture relatively less mobile species

Termites: manual surveys targeting their colonies (dead woods)

• Some target insects may not reflect their changes in the monitoring data



1
Gamez and Harris, 2022
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Vertical stratification in insect monitoring? 

Nakamura et al., 2022
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Vertical stratification across latitudes



Climate is more variable in the canopy during 
the day
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Klongnaka forest (9°N) Mosingto forest (14°N) 



Similar gamma diversity between the canopy and understory

But when sig. differences were found, the canopy harboured greater 
diversity
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Klongnaka forest (9°N) 

Mosingto forest (14°N) 

Punthuwat et al. 2024 Integrative Cons



Similar alpha diversity between the canopy and understory

But when sig. differences were found, the canopy harboured greater 
diversity
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Klongnaka forest (9°N) 

Mosingto forest (14°N) 

Punthuwat et al. 2024 Integrative Cons
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Klongnaka forest (9°N) Mosingto forest (14°N) 

Classical Indicator Value 

Protocol

Several species were 

restricted to the canopy or 

understory but they were also 

restricted to certain seasons 

Punthuwat et al. unpublished



New technologies for hyper diverse insect monitoring

• Expansion of monitoring 
network (across latitude in SE 
Asia) means more work

• Traditional monitoring cannot 
handle numerous specimens 
and data

• New tech: DNA metabarcoding, 
bioacoustics, and automated 
visual monitoring with AI

• Enlarging taxonomic scope 
(more species)

• Increasing sampling frequency 
(diel activity patterns)

• Non-lethal protocols

In collaboration with:

AI based Automated Monitoring of Insects (AMI)





Conclusion

• Insect declines in response to climate change already happening in 
southern Thailand? 

• Setting global standards for whole-forest insect monitoring in 
conjunction with next-generation tools

• Using insects as warning systems of climate change

• Real impacts on policy making

• Outreach and education to raise awareness of insect conservation and 
enhance citizen science in tropical Asia

Ailaoshan 20 ha plot

Xishuangbanna 20 ha plot

Khao Chong (Trang)
20 ha plot

MoSingto (Khao Yai NP)
30 ha plot



A New Chapter for Khao Chong

• Smithsonian Tropical Research Institute ceased funding KCH insect 
monitoring in December 2023

• XTGB took over the KCH laboratory and continue monitoring from 
February 2024 in collaboration with MU

• Funding for 2024 and 2025 provided by XTBG and CAS

• The laboratory upgrading and maintenance finalized in Aug 2025

• New funding provided by Yunnan Provincial Government (2025-2028)
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