
Tropical forest succession



Primary succession

Krakatau: before 

… and after 1883

PřF JU

Karkar

Long Island



Terminalia

Casuarina

Ipomoea

pes-caprae

Coastal primary succession

on Krakatau Islands:

Simplified: alternative paths all start

with I. pes-caprae but then include 

(i) Casuarina as the final stage

(ii) Casuarina/Terminalia transitory 

& Ficus pubinervis the final stage

(iii) Terminalia & Barringtonia as

the final stage

After Whittaker et al. 1989.

Note that the photos are illustrative

of plant species, but are not from 

Krakatau Islands







Inland primary succession on Krakatau Islands:

After Whittaker et al. 1989.



Anak Krakatau island:

succession is delayed

Casuarina coastal

successional stage

on Anak Krakatau











Hawaii Islands

Photo from 2000



Manam Island



Manam island

Early primary succession

on lava flows dominated

by Casuarina and Pandanus



Around 1650s, the volcano caldera collapsed after a huge explosion 

(3-4 largest on Earth during past 2000 years), creating Lake Wisdom. 

In 1950s, a small volcanic Motmot island emerged from the lake.

The succession was returned to the starting point during volcanic 

activity in 1968. Modern records of volcanic activity date from 1933, 

1938, 1943, 1953, 1955, 1968, 1973, 1976 and 1993. Reports on the 

activity before 1930s survived only as folk legends, including a 

rather precise account of the 1650s explosion.

Long Island and Motmot: the case of nested islands 

Motmot in 1988



Primary succession

Motmot Island

A: Cerisy Peak on Long Island 

B: Motmot Island in the lake

C - H: The results of 50 years

of primary succession: 

Imperata cylindrica grass (G),

Blechnum dentatum fern (F, H), 

Tridax procumbens herb (E).

Cyperus polystachyos (not 

shown) is also important early 

successional species on the island.

From Thorton et al. 2001 J. Biogeogr .28:1311



Karkar Island

30 yr old succession on a lava flow:

a closed forest rich in palms and vines



Secondary succession: forest regeneration in gaps



Dark understorey vs. enlightened canopy gap environment



Tropical forests are very dynamic:

gaps represent about 1% of the forest area

which corresponds to 100 years of tree turnover

Gap sizes in 444 ha of lowland forest in La Selva



Solar radiation in the small and large canopy gap and the understorey



Abiotic conditions in canopy, canopy gap, and understorey

Light intensityTemperature

Water vapour

deficit



canopy

understorey

Wind speed

Air temperature

Relative humidity

CO2 concentration

Diurnal variation in microclimate

in forest gaps and canopy



Gaps provide optimum environment for plant growth

[high light levels, no competition from existing plants] 

Plants have to maximise their growth to occupy gaps 

before anybody else does!



Trade-off between: 

growth in gaps 

and 

survival in shade

This means there have to be

disturbance-specialists

and

species avoiding disturbance



pioneer spp.

climax canopy spp.

climax understorey spp.

Trade-off between maximum growth rate and lifespan 



Proportion of seedlings found in gaps for 81 canopy trees at BCI 

The forest has 9.6% area in gaps, trees with similar proportion of 

seedlings in gaps thus show no response to gaps/understorey

no response to gaps

avoids gaps

prefers gaps



Classification of forest trees by regeneration mode

Germination & establishment can take place:

A. under closed canopy: climax, shade-tolerant, primary tree species

Aa. Species able to grow long periods as juveniles under closed canopy

[slow and consistent growth in shade, weak response to high light levels] 

Ab. Species waiting in the understorey for a canopy opening

[lack of growth and  limited survival in shade, strong response to high 

light]

B. only in high light: pioneer, large-gap, secondary tree species

Ba. Species of small stature and short life span

Bb. Long-lived, large (often emergent) species



Life cycles

of tropical trees



Forest regeneration 8.5 years 

after cyclone "Agnes” 

in Queensland. Photo Len Webb

Pioneer trees grow 

VERY fast

Homalantus novoguineensis

4 years after having been planted 

as a 1.5 m sapling (New Guinea)



Height growth 

of young trees (Zaire)

primary forest spp.

pioneer spp.



Growth of pioneer and primary trees in gaps:

pioneer trees need LARGE gaps

primary forest species

pioneer species 

pioneers 

start here



Pioneer species

Climax species

Small gap - regeneration of mature forest species

Large gap - invasion of pioneer species



Succession 

and

photosynthesis



Photosynthesis 

saturation curves 

pioneer species

gap-dependent

shade-tolerant 



Cecropia obtusifolia

germination in

centre of a canopy gap

close to the gap edge

edge of the gap



Cecropis obtusifolia   Piper auritum

Solar radiation and pioneer tree

germination in gap/understorey



Mortality of primary forest and 

pioneer tree species in the 50 ha

BCI plot



Trade-offs between

seedling mortality in shade

and

other life-history traits



Longevity of saplings in forest understorey (Barro Colorado) 





Trema orientalis, Ulmaceae, Africa, Asia Ochroma pyramidale (balsa),                        

Bombacaceae, America

Cecropia spp., Cecropiaceae, America Macaranga spp., Euphorbiaceae,               

Asia, Australia (Africa) 



Secondary forest regrowth

lowland New Guinea forest
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Secondary vs. primary forest structure

Secondary forest has 

● 73% of primary forest leaf area 

but only 

● 42% of primary forest basal area 

R. Montgomery et al.
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Whitfeld et al. Ecology 2012



primary forest                     secondary [2.5 yrs]             secondary [5.5 yrs]

19 plots 0.25 ha each

plants with DBH>5cm

primary forest               secondary forest 2.5 yrs                     5.5 yrs



Species

Genera

Families

Plant phylogenetic diversity during rainforest succession 



Phylogeny of 349 plant species >5 cm dbh from New Guinea lowland rain forest 



Net Relatedness Index (NRI) is a metric of phylogenetic clustering, 

based on the mean pairwise distance between taxa in an observed sample 

compared to random draws from the species pool. Positive NRI indicates 

phylogenetic clustering, while negative NRI indicates overdispersion. 

phylogenetic clustering        phylogenetic overdispersion

Emerson & Gillespie 2008, TREE 23:619

communities

species pool
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Distribution of phylogenetic distance between plant species in 

rainforest plots compared to random selection from species pool 

(mean pair-wise distance MPD)

Whitfeld et al. Ecography 2011Whitfeld et al. Ecography 2011



MPD = mean pair-wise distance

[measures phylogenetic distance to all other trees in the plot]

MNTD = mean nearest taxon distance

[measures phylogenetic distance to the nearest relative of each tree in the plot]
Whitfeld et al. Ecography 2011

Fylogenetic diversity of trees with increasing 

successional age of the forest

(trees with 

dbh>5cm, in 

0.25 ha plots, 

succession age 

approximated 

by basal area)



Letcher et al., Perspectives in Plant Ecology, Evolution and Systematics 14 (2012) 79– 87

Phylogenetic structure of rainforest vegetation during succession



Pioneer plants have large, thin leaves designed 

to produce a large photosynthetic area as fast as 

possible. The leaves are short lived and palatable 

to herbivores, thus suffering large damage.

Examples are all Macaranga spp. from New Guinea



Cecropia plants - Azteca ants, America; plants produce glykogen rich muellerian bodies

Endospermum plants - Camponotus ants, New Guinea                                                        

Macaranga plants - Crematogaster ants, South East Asia                                                     
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Ant communities: a 3D structure

Klimes et al. 2011

Arboreal ant species 

per 1 ha of forest 
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Intermediate disturbance hypothesis: 

converting primary forests to secondary forests
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Species richness of trees and leaf miners in virtual forests

1 ha primary forest: 1263 trees, 204 tree spp., 265 mine sp
1 ha secondary forest: 1105 trees, 86 spp., 116 mine spp.
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Secondary forest 5 years old – 15 years – 40 years – primary forest

Ant community structure

secondary      5 years      15 years     40 years   primary



Sam & Novotny, 2012, J. Trop. Ecol.

How dangerous are secondary forests for herbivorous insects?
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How will a secondary rainforest look without ants?

Klimes et al. 2011 

Ecol. Entomol 36:94



Ant activity in forest canopy reduced by 80% over 10 months  

start

Ant activity decreased by 90% in the secondary forest canopy 



No caterpillars / kg of leaves No live mines / kg of leaves No dead mines / kg of leaves

% mature leaves consumed % young leaves consumed

Significant 
increase of 
dead mines

treatment 

[no ants]

x 

control 

Ants do not suppress herbivores and herbivory 

as much as expected



1,523 Hymenoptera and Diptera parasitoids from 166 species

38 tree species - 11,621 caterpillars from 267 species

Jan Hrcek et al. 2013 Oecologia 173: 521 

Not all secondary forest food webs are simple



Braconidae

Tachinidae BethylidaeChalcidoidea

Ichneumonidae 

Parasitoids:







Life history traits of pioneer and climax trees 



Ecological traits of different stages in tropical forest succession



Slash

&

burn

[swidden]

agriculture









Shearman et al. 2008

New Guinea Highlands:

• low per capita deforestation

• higher population densities

• more productive agriculture 

Do we need

more pesticides

to protect 

rainforests?

lowlands

highlands







Intensive agriculture in New Guinea highlands (sweet potato)





First contact with outside world in 1932 

New GuineaEurope



Succession time series

in a forest gap

densely shaded areas - maximum growth

crosses - maximum competition



Initial grassland stages of rainforest succession





Schnitzer et al. 2000, J. Ecol. 88: 655

Barro Colorado Island: 

approximately 8% of canopy gaps become quickly dominated by 

palms or lianas that block canopy development for many years



Photo S. Schnitzer

Tree gaps 

blocked by lianas

Peru

Panama



Succession after

slash-and-burn

agriculture

Thailand



Another example of variable succession paths (Malaysia)

[Paspalum is alien in Malaysia]



Successional paths leading to

(i) primary forest,

(ii) bamboo thickets 

(iii) Imperata grasslands,

(iv) Axonotus grasslands

depending on disturbance regime



Vismia guianensis (Clusiaceae)

Mesquita et al. 2001, J. Ecol. 89:528 

Different disturbance events lead to different succession pathways:

Amazonia: 

- clear-cut forest sited dominated after 10 years by Cecropia spp.

- abandoned pastures by Vismia spp.

Cecropia sp. (Cecropiaceae)



Early successional vegetation types

Climbers are particularly abundant in

some pioneer vegetation (e.g. riverine) 

Some canopy gaps are closed by climbing 

bamboo thickets (montane forest, Vietnam)



Imperata and other

grasslands:

forest succession 

blocked by fires



Succession on riverine alluvium deposits in Amazonia



Musanga 

cecropioides

Succession from a secondary Musanga cecropioides forest 

to primary forest in Zaire



The ghost of past disturbance event - Campnospermum canopy formed

as a result of past massive disturbance but the tree does not regenerate 

itself so unless there is another disturbance the forest will change

Solomon Islands.

Campnospermum

brevipetiolatum



Invasive plants in secondary succession:

two species form 30% biomass in a lowland

secondary rainforest in Madang, New Guinea

Spathodea campanulata, Bignoniaceae, Africa

Piper aduncum, Piperaceae, tropical America 



Miconia calvescens, tropical America

Monospecific Miconia stand in Tahiti
Lantana camara,

tropical America

Some tropical plants from ‘100 worst invasive species’ list

aliens are typically limited to secondary forests



Spathodea campanulata, Bignoniaceae, Africa

Piper aduncum, Piperaceae, tropical America 

two species represent 30% biomass in a lowland

secondary rainforest in New Guinea

Invasive plants in secondary succession:



Control Removal

Old gardens (15 x 15 m), 5 pairs of control and experimental plots for 5 years 

Experimental removal of invasive Piper aduncum

during secondary succession

J. Leps



Piper aduncum removal: no effect on total species diversity and biomass, 

but increased the biomass of native plant species



Secondary forests:

- phylogenetically clustered vegetation

- open to invasive plants

- herbivore food webs with high connectivity

- top-down and bottom-up control of food webs still 

not well understood


