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• Mast fruiting presents a major logistical 
challenge for restoration 

• Need for monitoring and the infrastructure to 
be able quick response to masting events.  

• Southeast Asian rain forest are notorious for 
general flowering and mast fruiting events. 

• But, many commercially and ecologically 
important tree species in Africa and Neo-
trpics also mast fruit.  

General flowering and mast fruiting 

Kettle et al 2011 Conservation Letters 



Seed storage not possible in dipterocarps 
Kettle et al 2011 Science 

Kettle 2012 



The Fragmentation genetics paradox 

Kramer et al 2008 



The implications of different flower size 
Kettle et al 2011 PLoS ONE 

Flower size appears to be a good surrogate for pollinator size  



Fine-scale spatial genetic structure Kettle et al 2011 

Harata et al. Biotropica 2012 

Fine-scale spatial genetic structure common in 
dipterocarps 



Paternity analysis revealed 
that short distance mating 
events were more common 
among the smaller-flowered 
species  

This pattern was consistent 
with three other published 
studies of pollen dispersal in 
dipterocarps with varying 
flower sizeKonuma et al. 2000, Kenta et al. 
2004 Mol Ecol and Lee et al. 2006 Biol Con. 

Pollen dispersal scales positively with flower size 

average pollen 
dispersal  176 m  

S. xanthophylla 
1.2 mm 

P. 
tomentella  
4.2 mm 

average pollen 
dispersal  119 m  

Chi squared test p < 0.001  

Flower size and pollen dispersal  
Kettle et al 2011 PLoS ONE 



Based upon assigned paternity 
(9 microsatellite loci) we 
calculated the mean kinship 
coefficient (Loiselle et al. 1995) 
between mothers and assigned 
fathers using SpaGeDi (Hardy and 
Vekemans 2002). 

Larger flower size is associated with less inbreeding 

Mean pairwise kinship between 
mothers and assigned fathers 

T-test,  P = 0.028 

S. xanthophylla 
1.2 mm 

P. tomentella 4.2 mm 

Genetic costs to limited pollen dispersal 
Kettle et al 2011 PLoS ONE 



Gaps in our Knowledge 

• How well can dipterocarps 
disperse pollen in fragmented 
landscapes?  
 

• What are the implications of 
elevated inbreeding for fitness? 
 

• Is flower size a useful proxy for 
vulnerability? 
 

• What are the implications for 
tree community structure and 
ecosystem services? 
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'Does long distance pollen dispersal preclude 
inbreeding in tropical trees?  

Ismail et al. in press Molecular Ecology Dysoxylum malabaricum 



Fine scale spatial genetic structure? 
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Ismail et al. in press Molecular Ecology Significant Fine scale genetic structure again! 
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Does the  degree of spatial isolation matter?  

Ismail et al. in press Molecular Ecology Dysoxylum malabaricum 

15 mother trees within high 
local density groves (>6 in 500m) 

9 mother trees within low 
local density groves (<6 in 500m) 

2 isolated mother trees  
(no conspecifics with 500m) 
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More short distance pollen dispersal at low densities  



Kinship of parent pairs 

High density 
(N=288) 

Low density 
(N= 196) 

Single trees 
(N=32) 
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Ismail et al. in press Molecular Ecology 



Importance of Mating system  
Finger et al 2012Molecular Ecology  

Seychelles endemic dipterocarp 
Vateriopsis  seychellarum 



What are the fitness costs? 

Kirsty Nutt (in prep) 
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Summary 

• Masting and recalcitrant seeds presents considerable constraints for 
restoration of Southeast Asian rainforest 

• Limited dispersal is a critical factor for forest recovery in fragmented 
landscapes. 

• Dipterocarps may be very vulnerable to genetic consequences of  habitat 
fragmentation. 

• Small flowered dipterocarp species may be especially vulnerable. 

• Elevated inbreeding may lead to reduced performance and lower survival. 

• Density of adult trees in fragments may impact on levels of inbreeding.  

• Mating system of the species is important factor in determining vulnerability 
in the short term. 

• Ecological restoration will have co-benefits for climate change mitigation, 
biodiversity conservation and poverty alleviation 
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>15 – 30% of total 
land may be 
amenable to forest 
restoration 50 – 130 
million Ha 

Proportion of total land area potentially 
available to forest restoration  

Kettle Biodiv & Cons 2010 

Probably an awful lot! 



• Dipterocarps unable to colonise degraded areas far 
from forest patches. 

• Smaller flowered dipterocarps may be less able to 
disperse pollen among fragments. 

• Density of conspecifics is likely to influence patterns of 
inbreeding.  

• Elevated inbreeding is predicted in smaller more 
isolated forest patches 

• Elevated inbreeding can lead to reduce performance 
and survival 

• The mating system of the species is important to 
determining its vulnerability in the short term 

Summary 



Seed dispersal in tropical tree species 

• Seed dispersal can be restricted 
for several reasons 

 
– Loss of dispersers 
– Naturally limited 
– Fragmentation 

 
• We still have a poor knowledge of 

realised seed dispersal in tropical 
trees 
 

• The limited data suggests at seed 
dispersal in generally relatively 
short distance < 100 m 

 
 

 

Kettle 2012 Biological Conservation 



Reversing the trend 



A World of opportunity! 

 

Estimated to be more than a Billion Ha of land 
amenable for forest landscape restoration 

WRI 2011 



• Mast fruiting presents a major logistical 
challenge for restoration 

• Need for monitoring and the infrastructure to 
be able quick response to masting events.  

• Southeast Asian rain forest are notorious for 
general flowering and mast fruiting events. 

• But, many commercially and ecologically 
important tree species in Africa and Neo-
trpics also mast fruit.  

Masting in tropical tree species 
Kettle et al 2011 Conservation Letters 



• Flowering and Fruit production Masting 
events 

• Seed storage and longevity 

• Seed dispersal 

Some critical factors 

Kettle 2012 



Seed storage in tropical tree species 

Kettle 2012 

• From 15 families > 
50% of tree 
species recalcitrant 

• Dominated by 
internationally 
important 
commercial timber 
families 

• Dipterocarps 
especially 
recalcitrant 



The implications of different flower size 
Kettle et al 2011 PLoS ONE 

GLM: flower size effect t = -6.18, P < 
0.0001  

Flower size appears to be a good surrogate for pollinator size  
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