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Species diversity Genetic  diversity

Resilient systems

Landscape diversity

Resilient Forest landscapes?

Must provide multiple benefits for Society

The change a system can undergo before crossing a threshold
to an alternative stability regime



Limited Seed dispersal

Drivers of Tree Recruitment Failure

We still have a poor knowledge of realised seed dispersal in tropical 
trees likely to be insufficient for recolonization in fragmented habitat



Drivers of Tree Recruitment Failure



Average 47m to 95m (median 20m to 77m)

94% to 98% dispersed less than 200 m

Ismail et al. 2017

Limited seed dispersal, so 

planting trees back in to forest  

is going to be essential for some 

species and to maintain 

diversity

Drivers of Tree Recruitment Failure

Dysoxylum
malabaricum
(Meliaceae)



Pollen dispersal in a forest mosaic

Dysoxylum malabaricum216 km2
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More short distance pollen dispersal at low densities 

low density forest patchs



Ismail et al. 2012 Molecular Ecology and Ismail et al, 2014 PloS

One

Mating between related individuals = poorer performance

Drivers of Tree Recruitment Failure

Dysoxylum
malabaricum
(Meliaceae)



Promoting the Role of Natural Regeneration in  Large-scale Forest and 

Landscape Restoration:  Challenges and Opportunities 

Why Forest Genetic Resources (FGRs) can’t be taken for 

granted in restoration?

The difficulty for 

restoration 

practitioners to 

assess.

(Anna Bucharova

，2017)

The rapidly 

changing 

environment.

(Alfaro et al. 

2014).

Reduced

availability of 

seed sources

(Vranckx et al. 

2012) 

Seed sources 

are often 

fragmented or 

degraded

(Jalonen et al. 

in prep) 

Inadequate seed 

selection or 

supply

(Broadhurst et al. 

2006; Li et al. 

2012; Sanchez et 

al. 2008)



Share 96.9% of DNA
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Forest giants of Borneo
The Dipterocarpaceae

Kettle et al. 2012, Biotropica, Vol 44 Issue 5



Evidence for effects of genetic diversity on  fitness

Finger et al.,  (2012) Vateriopsis seychellarum
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Ismail et al.,  (2014) Vateria indica



• N= 1600 

seedlings, 4 

spp

• Growth and 

survival 

measurements 

over 3 years

Does Genetic diversity influence growth 

and survival of seedlings?

Tito de Morais et al submitted (J of Ecology) 



In three species:  more genetically 

diverse seedlings survive better

Shorea argentifolia: less genetically 

diverse seedlings survive better

Genetic diversity
Growth

Mortality

Does Genetic diversity influence 

survival of seedlings?

Tito de Morais et al submitted (J of Ecology) 



Large numbers of seedlings do not = high 

genetic diversity

Natural selection important driver of seedling mortality



What Can Restoration Practitioners do?

• Improving connectivity of degraded/logged forest 

through enrichment planting

• Ensure seed collections from large populations 

(50 seed trees)

• Match source and recipient site

• Monitoring seed collection and performance



Enhancing capacity for seed collection and 
tracking FGR

x ? 

+
Spp ID

=

Species ID?



What can Forestry officials and policy-

makers do?

• Develop and implement climate smart seed 

zones 

• Build capacity for adaptive management of FGRs

• Develop decision support tools for priority 

species and areas where NR will be possible and 

where not

• Conserve populations as important seed sources



Conclusions

• If we fail to consider genetic diversity, we will not achieve 

resilient forest landscapes restoration

• Many previous restoration efforts appear to have failed to 

consider FGRs

• This may be a significant driver of failure

• There are simple ways to integrate FGRs better in to 

restoration and to promote NR of resilient Forest 

landscapes



Some Guiding questions

• What has made some restoration successful 

from an ecological or technical perspective? Can 

they be scaled out; why/why not/how?

• What ecological criteria are needed to identify 

areas where natural regeneration is a suitable 

tool for forest restoration?

• What are priorities for further research and 

technical developments to help use of natural 

regeneration as a restoration method? 

• How can regional collaboration help implement 

these priorities?
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Kettle et al 2010 Science
• Mast fruiting

Kettle et al 2011 Conservation Letters

Kettle et al 2011 Science

• Recalcitrant

Kettle 2012 • Limited 

dispersal

The Dipterocarpaceae


