Steps towards the use of the compactness index to detect
perforation and fragmentation in mangrove forests
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Mangroves are forests that grow in the intertidal zone of coastal areas and estuaries in the tropics
and warm subtropics, with extensive roots well adapted to the saline water and anoxic/hypoxic
soils. These highly productive forests can provide many ecosystem services, including carbon
sequestration, coastal protection to wave action, storm surges, tsunamis, sea-level rise, a buffer to
sedimentation loads, amongst others (Donato et ai, 2011 ; Dahdouh-Guebas et al., 2005; Di Nitto et
ai, 2008; Rajkaran and Adams, 2010). Mangroves consist of remarkably few species, and as
ecosystems they are globally threatened as the rate of its deforestation is comparable to that of the
terrestrial rainforests (Polidoro et ai, 2010; FAO, 2007; Duke et ai, 2007). If effective conservation
does not take place at important locations, the world’s mangrove formations would disappear in the
next 100 years (Duke et ai, 2007). Currently, man-induced habitat fragmentation is a concern, a
process through which contiguous forest stretches are broken down into several patches (Bogaert et
ai, 2011). Each patch being more exposed to edge effects, this degrades the overall ecological
quality of the forests (Ries et ai, 2004). The landscape transformation process that leads to habitat
fragmentation is often preceded by perforation, which is marked by a distinct spatial pattern
(Forman, 2001). Perforated forests will have more edge effects by the presence of inner holes,
leading to further forest degradation. The methodology to quantify the process of forest
fragmentation and perforation using landscape metrics has been widely applied in terrestrial
ecosystems. However it is still understudied in mangrove ecosystems and complicated because of
their naturally patchy pattern. After a methodological analysis related to scale effects of input data,
we assess the magnitude, the extent and the location of perforated mangrove forests using
Compactness Index on a 30-meter resolution global mangrove distribution map published by Giri et
ai (2011). Here the emphasis lies on mangroves of the United States, Kenya, Sri Lanka and South
Africa. The Compactness Index, which ranges from 0 to 1, measures the compactness of forests,
with low values indicating perforated shapes and high values for compact shapes (Montero and
Bribiesca, 2009). We found that this index detected highly porous patterns in the mangroves along
the Sine Saloum delta in Senegal and the mangroves along the Gambia River, amongst many other
locations in the world. We also found that this index is consistently detecting perforated patterns in
the mangroves along the river.Therefore, this index is considered to be quite sensitive to measure
the degree of perforation, if one considers the range of values obtained, to be further applied in
diachronic analysis of forest fragmentation. We also indicated the scaling relation of this index on
the mangroves of the United States, Kenya, Sri Lanka and South Africa, using 6 different scales (30,
60, 120, 240, 480, and 960 meter) and this index shows a consistent relation toward the coarser
scales. Further study on multiscale analysis is needed to characterise the scaling relation of this
index, so that conservation action can be directed at precise locations.
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