
Seasonal and annual variability 

in tropical ecosystems



Temporal variability in flowering in tropical trees
Variability among: parts of individual plant – conspecific plants – species

Synchronized over large geographic areas or not?



Fruiting seasonality: intra-population variability

Shrubs on Barro Colorado Island





Heliconia spp. in Costa Rica: 

staggered flowering to reduce competition for hummingbird pollinators 



Dipterocarps: mass 

flowering at irregular 

intervals of 2-10 

years [El Nino years]

Seed predator 

saturation



Lowland mixed dipterocarp forests SE Asia



Annual variability in dipterocarp seeds (“illipe nuts”) exports

El Nino [marked from 1969]



Dipterocarp seeds:

• large, energy rich (used as a source of cooking oil)

• poorly protected chemically 

• wind dispersed



SE |Asian forests: many tree 

species join dipterocarps in their 

supra-annual mass flowering cycle



Temperature drops by >2oC for at least 3 nights identified as a cue for 

mass flowering of dipterocarps



Sakai et al. (1999)

Dipterocarps are pollinated 

by insects (thrips, beetles) 



Parashorea tomentella: 

seedling cohorts following mass fruiting

Seed year in a 

dipterocarp forest 

(Sabah)



Distribution of Dipterocarpaceae (genera/species)

Manual of Dipterocarps by C.F. Symington 



Crawley & Long Journal of 

Ecology 1995, 83, 683-696 

Mass fruiting in temperate forests and seed predator saturation:

Quercus robur and cynipid wasp Andricus quercuscalicis in UK

Acorn production 

highly variable 

between  years

% of galled 

acorns decreases 

with acorn 

production



Length of active season of adult Homoptera on Barro Colorado Island



Cicada emergence in lowland rainforest, Costa Rica:

synchronization driven by the need to find mates

Diceroprocta sp.



Grotan et al. Journal of Animal Ecology 2012, 81, 714–723

Fruit-feeding butterfly community Ecuador

idiosyncratic variation of each species over 10 years



Correlation of community composition, precipitation and temperature with the 

same month [k=0] next year +/- additional months
(e.g., the black dot shows community correlation between July and next year’s October)

Fruit-feeding butterfly community Ecuador

Grotan et al. Journal of Animal Ecology 2012, 81, 714–723



Grotan et al. Journal of Animal Ecology 2012, 81, 714–723

Fruit-feeding butterfly community Ecuador

Seasonality combined with a long-term drift in community composition, 

shown by decreasing community correlation



Tropical extreme seasonal, i.e. monsoonal, forest during dry season. 

Cape York Peninsula, Queensland. Lyn Webb image.

Dry forest during dry season, Queensland



Dry x humid forests:

leaf life span 



Acer sp. in montane rainforest 

in Vietnam:

one of a few deciduous species 

Example of a phylogenetic 

constraint – Acer spp are 

deciduous, even when 

environment does not require 

that


