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Mangroves present as spatially complex habitats:
• Protection from predators for juvenile nekton  nursery value
• Shelter from extreme physical conditions  energetic advantage
• Attenuation of water flow  coastal protection role
• Promote trapping of sediments and OM  C sequestration
 Key ecosystem services 
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No quantitative assessment of relationship between complexity 
and function: No satisfactory/practical metric of complexity
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How habitat complexity may influence ecology of populations, 
communities and ecosystems

Kovalenko et al. (2012)



(wri.org)



Sources of mangrove heterogeneity influencing 
function

10‐1                  100 101                      102 103 104 105

Spatial scale (m)

Within‐individual, 
e.g. leaf quality

Among‐individual,
e.g. genetic differences

Between‐stand,
e.g. physiognomy

Community, 
e.g. zonation

Regional,
e.g. geomorphology

Modified from Farnsworth (1998)

Differences in function:
Productivity, fluxes, etc.



Sources of mangrove heterogeneity influencing 
function

10‐1                  100 101                      102 103 104 105

Spatial scale (m)

Within‐individual, 
e.g. leaf quality

Among‐individual,
e.g. genetic differences

Between‐stand,
e.g. physiognomy

Community, 
e.g. zonation

Regional,
e.g. geomorphology

Modified from Farnsworth (1998)

Differences in function:
Productivity, fluxes, etc.

Seasons: temperature
salinity

Annual: wet/dry years

Patch /landscape structure



Sources of mangrove heterogeneity influencing 
function

10‐1                  100 101                      102 103 104 105

Spatial scale (m)

Within‐individual, 
e.g. leaf quality

Among‐individual,
e.g. genetic differences

Between‐stand,
e.g. physiognomy

Community, 
e.g. zonation

Regional,
e.g. geomorphology

Modified from Farnsworth (1998)

Differences in function:
Productivity, fluxes, etc.

Seasons: temperature
salinity

Annual: wet/dry years

Patch /landscape structure

Biogeographic
GLOBAL ANALYSES…



Assessing the three-dimensional structure of mangrove roots
Kamal et al. (2014) Methods in Ecol Evolut



Kinect• Scanning

Meshlab

Qubicle voxeliser

Qubicle constructor

Matlab

NAME.boj

NAME.obj

NAME.qb

NAME.vox

• Removing duplicate 
surfaces

• Removing manifolds
• Closing small holes
• Tilting

• Voxelising

• Closing big holes
• Create boundaries for 
the  below surface 
volume to make an 
unfilled 3D model

• Filling inside the 
model to make a 
filled 3D model

• Measuring FD

Field 
scanning

Post‐scan
processing

Data 
analysis

5‐10 
minutes

1 hour

> 1 minute

1‐5 hours

2 days

Few seconds

Time required Task Software and file 
format

Work phase

Steps involved in the scanning and analysis process



3D model can be manipulated for viewing within Meshlab



Digitising the 3‐d structure of mangrove roots for analysis

Kamal et al. (in review)



Nexus between habitat 
structural complexity and 
mangrove ecosystem function 
and services unclear – lack of 
cost‐effective tools





Assessing habitat complexity from the ‘fish point of view’ – calculating fractal 
dimension of habitat using cube/prism counting method



Latitude (°N or °S)
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IWP, r = 0.545, p < 0.001
AEP, r = 0.308 p < 0.05

How may small‐scale habitat complexity 
influence mega‐patterns in mangrove 
ecosystem structure and function?

(Lee et al. in press)



Testing the importance of 3‐D complexity to key ecological processes – printed roots 





Measurement of the relationship between  mangrove root complexity and 
water flow using 3D‐printed models

Head loss



Manipulating the 3D‐model to change the level of complexity



Relationship between Pressure change coefficient (K) and Reynolds number 
(Re) for the five root models of different complexity.

Decreasing complexity

K is proportional to water head loss
Re should become larger with more complex structures 

Higher complexity results 
in higher K values

Higher complexity results 
in higher Re
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