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Insect apocalypse?
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Most of the animal biomass and diversity on Earth (80%)

Innumerable interactions with plants in tropical forests
Hugely influential for plant and vertebrate communities
Provide crucial ecosystem services:

pollination, decomposition, waste disposal, nutrient cycling

Most tropical species unknown to Science

- Essential share of biodiversity
which is vital, unknown and neglected
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Insect decline (apocalypse) reported in (; L W /
temperate areas > threatens human wellbeing ... \k— & S
Extremely specialized, very sensitive to disturbance,

including to climate change

Short-lived, 2-10 generations per year in the tropics

Data lacking in the tropics

- Implement early warning systems
Test for worldwide insect decline
Informed environmental policies



Geographic bias in insect biodiversity information
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Worldwide network of insect monitoring

ForestGEO insect monitoring in tropical and subtropical forests
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Why monitoring insects at Khao Chong
and Barro Colorado Island?

- KHC and BCI safe from deforestation and pollution (ForestGEO plots)
« Our program has been building insect collections
for the last 16 years at these two locations (120,000 specimens)
- References libraries for DNA sequences, sound and images
« Meteorological and vegetation records (ForestGEO plots)

« Excellent logistics and safe working conditions

= Study insects in an environment where climate
change is the sole anthropogenic stressor
with a unique insect knowledge for the tropics



In numbers: Barro Colorado Island and Khao Chong

Barro Colorado Island Khao Chong
Country Panama Thailand
Monitoring since 2009 (15years) 2011 (13years)
ForestGEO plot 50ha 24ha
Av. daily max Temperature 28.5°C 30.9°C
Staff 5 6
No. taxa monitored 23 16
No. focal species 2,972 2,664 ?»f:“"w"""w A
% spp. with images 70% 71% 1||||'Ti [ﬂTum]mmnﬂnumlmm
No. samples 8,970 6,161
Noinsectrecords 769K 282K : Q ,ﬁ‘\?
No ind. in collection 81K 41K "w v
No. DNA sequences 12K 2K 2ug @ "af"?
DNA metabarcoding 100GB ek
Bioacoustics 1TB each month ek
Automated monotoring with Al 21K picts each week e
Publications 70+ 8

Training PhD, MSc, interns, volunteers Volunteers

STRI Arthropod Program

Welcome to the ForestGEO % - 1
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Target taxa in Khao Chong (Thailand)

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) B3 pE-~?
e Termites (Manual searching in quadrats, 1 x year)

- Pollard walk

Standardized for each insect group across sites

[ Termite sampling [ McPhail traps ]




Taxa monitored, BCI (& = KHC)

Leaf-chewing larvae feeding on young
leaves adults diurnal pollinators

Predatory insects diurnal or nocturnal

Saproxylophagous insects feeding mainly on dead
wood/fungi in soil adults nocturnal

LE-Hesperiidae J LE-Pieridae J LE-Nymphalidae J Winklers
N: 3,384 S50 T: 1550 .
o= . #N: 5,989 N: 10,698 Termite transects
5:132 CV:32% #S:13 CV:27% $:107 CV:21% S:40T:13: 40
;5: ZBIN: 103 TS: 2 BIN: 11 TS: 8 BIN: 75 morsm—r
J f\rn P
N: 22,759 o J = = S
’ ! . d W
w , < 9 w e IS-Kalotermitidae IS-Rhinotermitidae J IS-Termitidae
Pollard walks TS: 52 BIN: 116 N: 7,678 N: 7,465 N: 25,957
S:10T: 12 3: 120 2 Vegetation S:7 CV:43% S:4 CV:94% S:31 CV: 100%
m‘ - TS:4 BIN: 5 TS:3BIN: 1 TS: 15 BIN: 21
LE Papilionidae ¥ " (e-Lycaenidac W) Le-Riodinidac W, e g 000 T
N: 774 N: 883 N: 10,925 N: 10,790 N: 3,079 .
S:14 CV:53% S:47 CV:52% S:44 CV:54% S:14 CV:53% S:67 CV:32%
TS:1BIN: 9 TS: 1 BIN: 37 TS: 4 BIN: 36 TS:9 BIN: 13 TS: 6 BIN: 41
p P * 4 " _ N: 1,655
| TS:7BIN:9 e 7
T (R TS: 10 BIN: 30 CO-Platypodinae
133, LE- - S:10T: 8 %: 80 -\PF N: 1,984
S:192 CV:29% Geometridae W/ 5:16 CV:52%
TS: 41 BIN: 182 N: 26,193 TS: 3 BIN: 12
PF S:266 CV:33% — IS-Kalotermitidae B
:SF: 49 BIN: 224 LE-Pyralidae HE-Flatidae J IS-Rhinotermitidae n
\ N: 16,718 N: 4,721 IS-Termitidae
ATV ) ’
= . E/ ] S:106 CV:44% S:27 CV:28% L
TS: 13 BIN: 35 TS: 13 BIN: 23 Alates, see statistics
N: 2,578 o : o ’ . in termi'(_? transects
S:44 CV:41% M | %
TS: 12 BIN: 39 Sap-sucking insects
PF w LE-Crambidae | feeding on plants / N\ \
Leaf-chse;vnl‘.r;gt il;r::e ad'ults nocturnal S:336 CV:39% N: 11,057 N: 65,203 .
pollinators TS: 65 BIN: 270 . i . Bee baits
' ' w KHC: Q 2160 Qv St 2125 B $:10T:4%: 40
— : 3 s 3 - TS: 2 BIN: 3 % TS:17BIN: 21 '
; : ephritidae ¥ :
‘SZ'. 537%2 1'_\]5‘.331379'486 Leaf-chewing or seed-eating P “ .@
e o 2 larvae adults nocturnal Pselaphmae m . :
Pollinators feeding on

nectar/pollen




Monitoring methods

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

>
o
c
2
2]
g
L
o
c
o
©
c
3
Ee
@
g
—
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Butterfly families in Khao Chong 2011-2023
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Moth families in Khao Chong 2011-2023

10 sites (2
Crambidae 2011-2023 . Pyralidae 2011-2023 re p | icatio n S)
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Other insects in Khao Chong 2011-2023

Log abundance per site
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Insect monitoring —what are we monitoring?
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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?

Butterflies Ants
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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
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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




Vertical stratification in insect monitoring?
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Vertical stratification across latitudes

Sampling methods (primary targets — flying insects)
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Canopy
12-30 m immediately
below the canopy surface

Understory
2 m above the ground



Climate is more variable in the canopy during

the day
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Similar gamma diversity between the canopy and understory

But when sig. differences were found, the canopy harboured greater
diversity

o Punthuwat et al. 2024 Integrative Cons
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Similar alpha diversity between the canopy and understory

But when sig. differences were found, the canopy harboured greater

diversity
Punthuwat et al. 2024 Integrative Cons
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Classical Indicator Value
Protocol

Several species were
restricted to the canopy or

understory but they were also

restricted to certain seasons

Klongnaka forest (9°N)
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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 === A=
and data - @ - @ s
New tech: DNA metabarcoding, = « ,
bioacoustics, and automated
visual monitoring with Al
Enlarging taxonomic scope
(more species)

Increasing sampling frequency
(diel activity patterns)
Non-lethal protocols i

Al based Automated Monitoring of Insects (AMI)
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1TB data generated each month TheCornellLab §of Omithology

30 Anaulacomer Acantheremus
a spatulata
! e
25 o 1Y
- Soewemmil
Thamnobates Thamnobates | Ihgmnq_bates ThaM»obdres Qg '&'hamnabates ‘ Thamnbbates

gubfalcata \ il I\M )|
‘ l‘W,(

i ettt A A A S A AN

[N
”rymm ]l?ﬁ" zvmvr*m\'h qw\\@%‘if.gs{% 7

Frequency
(kHz)

20
15 :"",r"’ LU T R YR N L,("” A Lo "Q.Yf.""","h
0 0.5 15
2.0
~8kHz e Time (sec) BCI:
Audio at 8.5% of original speed Katydids
Cicadas ©
Crickets @

Grasshoppers @




Conclusion

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

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

e 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
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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)

o - " .
1g Forest Insect Ecology Research Laboralory
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