
Diversity of insects and plant-insect 
interactions in rainforests



Documenting food webs for 12 herbivorous guilds: 
60 person-years in a rainforest





High resolution data on a tropical plant-insect food web
~200 tree species, ~9,600 insect species, ~50,000 trophic interactions 



High resolution data on a rainforest food web:
at least 100,000 trophic interactions locally

200 tree species: 
~50,000 interactions with 9,600 herbivore species
~13,000 herbivore-parasitoid interactions    
- Unknown no. of predator-prey interactions





Global Malaise Program
Papua New Guinea – Wanang Site

• 52 weekly Malaise trap 
samples collected

• 26 samples (every other 
week) analyzed

• 17,525 specimens
• 14,181 barcodes
• 4,310 BINs
• 98% of BINs unique to 

site
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Miners in 1 ha forest
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Miner species accumulation curve for 1 ha of tropical rainforest











Redmond et al. 
Ecography in rev.



Diversity along altitudinal gradient 
at Mt Wilhelm



Complete 
rainforest 
altitudinal 

gradient at Mt. 
Wilhelm
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Mt Wilhelm: 5.4 oC per 1000 m elevation

Decrease in temperature with altitude: 5-6oC per 1000 m



Mt Wilhelm complete 
rainforest elevation 

gradient



Altitudinal local gradients at Mt. Wilhelm, PNG





20 most common species along the transect



Species Diversity of Geometrid Moths
(Pagi Toko, in preparation)

Eumelea sp.

Sampling Method: Light Trapping
Preliminary Results: 15000 individuals, 

930 species



Species Diversity of Leaf Hoppers
(Hannelore & Dem. (2011). Dtsch Entomol. Z. 58 (2) + others in 

preparation 

Sampling Method: 
Sweep Nets & Light Trapping
Preliminary results:  3 new species described 

and published. 



Species Diversity of Frogs
(Chris Dahl et al. 2012. Herp Journal 22:183-186) + others in preparation 

Sampling Method: collection at night by tracking calls  or searching in leaf litters
Preliminary Results: 3,812 frogs, 76 species of frogs from 4 native families



Sampling Method: Point Counts & Mist Netting & Random walks

Species Diversity of Birds
(Tvardikova et al (2012) J. Trop. Ecol. 28:  331-341)
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Mt Wilhelm: 
total diversity
1.4 – 3.3x higher
than maximum
local diversity

Long 
ecological 
gradients



Plant diversity in the 50 ha forest dynamics 
plot in Wanang



50 ha forest plot  



63 plots, 6 million trees, 10,000 species



Plant data: the beauty of plots



Pometia pinata



Intsia bijuga



pachycladus





Experiments with food webs studying 
interactions between plants, insect herbivores, 

fungal pathogens and vertebrate predators



… but it is inexplicably diverse





Howe et al. 1985

Virola 
surinamensisALL 

FRUGIVORES

SEED
SPECIALISTS

Ctvrtecka et al 2014 J Trop Ecol 



Y. Basset et al.

More on Janzen-Connell: assembling artificial seed 
communities with/without insect herbivore pressure

mixed seed communities from 20 tree spp.
with insects            without insects





“Some” insects 
cause seedling 

mortality 



Piotr Szefer, Legi Sam et al.

What is driving plant succession in rainforests?  
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Sampling design: How plots are designed 

1.Clearing of 400m sq. of 
plot

2.Removing all 
aboveground vegetation 
without tillage 

3.5 x 5m plots design 
according to the type of  
experiment

4.12 months Undisturbed 
growth for sampling  

1

4 3

2





Preliminary results 
Rank of Plant Biomass in each 

experimental plot

Insecticide

Control

Added 
Herbivore

Predator 
excluded

Fungi
cide

Insecticide-
Soil



Removal of predators in rainforest: 
effect on herbivore abundance declines with elevation

Removal of:      Ants   - Birds   - Bats

Katerina Sam    Bonny Koane



Removal of predators in rainforest: 
insect herbivores increase 

1.8x in lowlands, 1.2x at high elevation

Katerina Sam 
Bonny Koane

Exclusion of predators  increased 
herbivory in a trophic cascade

increase in herbivore abundance

Exclusion of predators  invertebrate 
predators compensate

/
ratio
predators/others



Predation of predators in tropical forests

Krystof Chmel
Luda Paul

Mark Mulau

Cracticus quoyi
Henicopernislongi

caudaMurexia sp.



Wanang Conservation 
and 

Baitabag Canopy Crane







Wanang community: Equator Prize for innovative conservation 
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