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Tropical forest fragmentation: a global concern
~20% of tropical forests have disappeared since 1990 (Vancutsem et al. 2021, Sci. Adv.)

• Fragmentation experiments: 13 to 75% of biodiversity loss in 35 years (Haddad et al. 2015, Sci. Adv.)

• Reduction of carbon stock of ~ 425 teragrams of carbon per year (2003-2014) (Baccini et al. 2017, 
Sci. Adv.)

From ForestAtRisk website (Vieilledent G., C. Vancutsem, and F. Achard. 2022).
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Tropical forest fragmentation: a global concern

From ForestAtRisk website (Vieilledent G., C. Vancutsem, and F. Achard. 2022).

(Adapted from Haddad et al. 2015)
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Tropical forest fragmentation: a global concern

From ForestAtRisk website (Vieilledent G., C. Vancutsem, and F. Achard. 2022).

(Adapted from Haddad et al. 2015)
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Increasing fragmentation means increasing edge influence
Fragmentation

From Fischer et al. 2021, Sci. Adv.

Globally increasing edge area in 
tropical forests (<100 m from edge)

Total 31%



Increasing fragmentation means increasing edge influence

Adapted from Smith et al. 2017

Edge effects on tropical forest :
• Increasing exposure to wind and fire
• Hotter and drier microclimate 
• Biomass reduction (large trees decline)
• Diversity loss
• Change in species composition 

=> Different forest characteristics!
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From Fischer et al. 2021, Sci. Adv.

Globally increasing edge area in 
tropical forests (<100 m from edge)

Total 31%



Assessing the influence of edge:
new perspectives

Traditional use of landscape metrics such 
as distance to the nearest forest edge

From Laurance et al. 2002
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New perspectives from
remote-sensing tools such as Lidar

=> Assessing fine-scale variation in 
canopy structure should improve our 
understanding of edge influence on 
different forest characteristics
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Assessing the influence of edge:
new perspectives

From Laurance et al. 2002

Traditional use of landscape metrics such 
as distance to the nearest forest edge



Studying edge effects 
in New-Caledonia's moist forest: Context

New Caledonia's biodiversity hotspot (~18 000 km²), South West Pacific:
• > 3000 plant species (75% endemism) 
• < 20% of natural vegetation remaining

Forest 0 100km



Studying edge effects 
in New-Caledonia's moist forest: Context

New Caledonia's biodiversity hotspot (~18 000 km²), South West Pacific:
• > 3000 plant species (75% endemism) 
• < 20% of natural vegetation remaining
• Ultramafic substrates 1/3 the main island (~30% of the worldwide stocks of nickel)

=>  low nutrient availability, low water retention, high levels of toxic metals  
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Studying edge effects 
in New-Caledonia's moist forest: Context

New Caledonia'biosiversity hotspot (~18 000 km²), South West Pacific:
• > 3000 plant species (75% endemism) 
• < 20% of natural vegetation remaining
• Ultramafic substrates 1/3 the main island (~30% of the worldwide stocks of nickel)

=>  low nutrient availability, low water retention, high levels of toxic metals   

From Ibanez et al. 2018, Biodivers. Conserv.

Mining activities + Bushfires  
= Increasing forest fragmentation



Studying edge effects 
in New-Caledonia's moist forest: Methods

0 5km 0 500m
=> Lidar metrics

Canopy height (m) Canopy gap fraction (%)
Fine-scale topography

(slope, curvature)

~ 200ha

3-D structure



~ 200ha

Studying edge effects 
in New-Caledonia's moist forest: Methods

0 500m

• 46 plots (400m²) located at different distance from the 
forest edge (10-300m)

• All trees DBH>10cm, (2093  trees, 115 sp.)



~ 200ha

Studying edge effects 
in New-Caledonia's moist forest: Methods

Abovegroud biomass (AGB)

From Chave et al. 2014, Glob. Change Biol.
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~ 200ha

Studying edge effects 
in New-Caledonia's moist forest: Methods

Abovegroud biomass (AGB)

From Chave et al. 2014, Glob. Change Biol.
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Studying edge effects 
in New-Caledonia's moist forest: Methods

Abovegroud biomass (AGB)

From Chave et al. 2014, Glob. Change Biol.
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Studying edge effects 
in New-Caledonia's moist forest: Methods

Microclimate

T° HR

0 500m0 500m0 500m

~ 200ha

• Functional composition axis 
(community weighted mean traits, 
PCA axis)

• Functional diversity 
    (functional divergence)
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• Species richness
    (rarefied)

• Beta diversity axis 
    (rarefied, PCoA axis)

• Vapor Pressure Deficit (VPD)

Abovegroud biomass (AGB)

From Chave et al. 2014, Glob. Change Biol.

PC 1

• 46 plots (400m²) located at different distance from the 
forest edge (10-300m)

• All trees DBH>10cm, (2093  trees, 115 sp.)
• Microclimate sensors located at the center of plots



Studying edge effects 
in New-Caledonia's moist forest: Methods

Microclimate

T° HR

0 500m0 500m0 500m

~ 200ha • 46 circular plots (400m²) at different distance from 
the forest edge (10-300m)

• Microclimate loggers positioned at the center of plots
• 2093 identified trees (DBH>10cm) belonging to 115 sp.

• Functional composition 
(community weighted mean traits)

• Functional diversity 
    (functional divergence)

Taxonomic composition

CWM

Functional traits
Wood 
density Leaf area

Specific leaf area
Leaf dry matter content

• Species richness
    (rarefied)

• Beta diversity 
    (rarefied, PCoA axis)

• Vapor Pressure Deficit (VPD)

Abovegroud biomass (AGB)

From Chave et al. 2014, Glob. Change Biol.
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of edge on forest biomass, microclimate, 
diversity and functions? 
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Studying edge effects 
in New-Caledonia's moist forest: Results 

• Influence of edge on canopy structure
    Forest plots and whole landscape (20*20m cells)

1) Strong influence of distance to edge on canopy 
structure

    => Weak influence of topography 

  
Edge distance

Canopy 
structure 

Topography

Edge influence:
• Lower canopy with more gaps

Fo
rest 

edge



Studying edge effects 
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• Influence of edge on forest characteristics
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Studying edge effects 
in New-Caledonia's moist forest: Results 
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2) Pervasive influence of edge effects 
on forest characteristics

• Influence of edge on forest characteristics
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Studying edge effects 
in New-Caledonia's moist forest: Results 

• Canopy structure -> forest characteristics

Edge influence:
• Lower canopy with more gaps
• Dryer microclimate
• Lower biomass
• Stress-resistant traits
• Lower taxonomic & functional 

diversity
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edge



Studying edge effects 
in New-Caledonia's moist forest: Results 

Structural equation modeling & Variance partitioning 



Studying edge effects 
in New-Caledonia's moist forest: Results 

Structural equation modeling & Variance partitioning 

=> Indirect, canopy-mediated influence
 of edge on forest characteristics 

  



Conclusions

Edge effects: 
• Impact different characteristics of tropical forests, related to structure, diversity, 

function, biomass and microenvironmental conditions. 
• Have both direct influence and indirect influence mediated by canopy structure
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Conclusions

Edge effects: 
• Impact different characteristics of tropical forests, related to structure, diversity, 

function, biomass and microenvironmental conditions. 
• Have both direct influence and indirect influence mediated by canopy structure

Lidar :
• The use of Lidar allows to evaluate fine-scale variation in canopy structure 

=> Insights on the multiple impacts of edge effects 
• Lidar metrics are better predictors of tropical forest composition
    and microclimate than distance to forest edge alone



Conclusions

Edge effects: 
• Impact different characteristics of tropical forests, related to structure, diversity, 

function, biomass and microenvironmental conditions. 
• Have both direct influence and indirect influence mediated by canopy structure

Lidar :
• The use of Lidar allows to evaluate fine-scale variation in canopy structure 

=> Insights on the multiple impacts of edge effects 
• Lidar metrics are better predictors of tropical forest composition
    and microclimate than distance to forest edge alone

Perspectives:
• Evaluating the consequences of forest fragmentation

=> More precisely
=> At larger scales 

• Predicting future responses of forest dynamics and 
    functioning to climate and land-use changes.




