Rev. Biol. Trop. 51(2): 355-360, 2003
www.ucr.ac.cr www.ots.ac.cr www.ots.duke.edu

How do mangrove forests induce sedimentation?
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Abstract: The mangrove forests play a significant role as sediment traps. They reduce tidal flows and induce
sedimentation of soil particles at low tide. However, there are no such processes taking place in the non-mangrove areas. Site of Avicennia–Rhizophora interphase is more efficient than Avicennia and or Rhizophora zones,
in trapping the sediment by 30, 25 and 20% respectively at low tide as compared to high tide.
Key words: Rhizophora, Avicennia, sedimentation, mangrove.

Mangrove forests are one among the most
productive ecosystems, lying between the land
and sea in the tropical and sub-tropical latitudes
(Kathiresan and Bingham 2001, Kathiresan
2002). One of the important functions of mangroves to environment is to provide a mechanism for trapping sediment, and thus the mangrove forests are believed to be an important
sink of suspended sediment (Woodroffe 1992,
Wolanski et al. 1992, Wolanski 1994, 1995,
Furukawa et al. 1997). The mangrove trees catch
sediment by their complex aerial root structure,
thus functioning as land builders. In numerous
cases, there has been proof of annual sedimentation rate in mangrove areas, ranging between 1
and 8 mm (Bird and Barson l977). Woodroffe
(l992) has a different view that the mangrove
forests are a result, and not the cause of sedimentation in protected coastal areas, and that
they only accelerate the sedimentation process.
The suspended sediment is introduced into
coastal areas by river discharge, dumping of
dredged material and re-suspension of bottom
sediment by waves and ships (Wolanski l994).
The mechanisms of sediment transport in mangrove waters are mostly based on the mecha-

nism of hydrodynamic process rather than biological process (Ayukai and Wolanski 1997),
and the hydrodynamic process includes the
asymmetry of the tidal currents, the baroclinic
circulation and shear-induced destruction of
flocs (Gibbs 1985, Woodroffe 1985, Kjerfve
1990, Mazda et al. 1995, Wolanski and Gibbs
1995, Wolanski 1995, Wolanski et al. 1980,
1995). The mangroves trap the suspended sediments during their transport based on tidal
flows (Wolanski et al. l980). In India, there
have been no previous studies, available on the
tidal flows around mangrove vegetation and
their role in the process of sedimentation,
which forms a basis of this study.
The study area is located along the Vellar
estuary (11°29’ N; 79°46’ E), south east coast
of India. One bank of the estuary has a stretch
of 9-year old mangrove vegetation, artificially
developed by the author, and another bank of
the estuary is devoid of mangrove vegetation.
Across the estuary, nine sampling points were
fixed with a distance of 5 m between sampling
points at the mangrove zones (A, B, C) and
with a distance of 20 m between sampling
points (D - H) at the estuarine proper. The
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sampling point - ‘A’ refers to landward
Avicennia zone, ‘B’ to Avicennia-Rhizophora
interphase, ‘C’ to water-front Rhizophora
zone, along the intertidal area. The sampling
points from ‘D’ to ‘H’ are in the estuarine
proper, and ‘I’ denotes the opposite side of
estuarine bank devoid of mangroves (Fig. 1).
Water column was measured for heights in
cm using a scale. Velocity of water flows was
measured in cm s-1 using a current meter
(Emcon, Cochin). Suspended sediment concentration was measured in grams after filtering a known quantity of water through a
Millipore filter unit and subsequent drying in
an oven. The samples were made in triplicate
from each sampling point, every 1 h for 12 h
from 6 a.m. to 6 p.m. Average values for low
and high tides are given in the figures.
The present study analyzed water column
height in different sampling sites across an
estuarine system, at a mangrove-lined bank,
estuarine proper, and a non-mangrove bank.
The water column height ranged from 25 to 48
cm in the mangrove-lined bank, from 128 to
390 cm in the estuarine proper, and it varied
from 128 to 150 cm. in the non-mangrove bank
(Fig. 2). This indicated that the change in water
column height due to tidal water was greater in

Fig. 1. Sampling sites across the Vellar estuary (A, B,C at
mangrove lined bank, D-H at estuarine proper, and I at
non-mangrove bank).

the relatively deeper estuarine proper, than the
shallower mangrove areas and the change in
water level was little in the non-mangrove
bank. Among the mangrove sites, the water
level was low in the landward Avicennia zone
and high in the low-lying Rhizophora zone of
the intertidal slope.

Fig. 2. Average height of water column during low and high rides across the Vellar estuary (values between mangroves and
estuarine proper or non-mangroves are highly significant at 1%; and, the values between tides are significant at 5%).
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The velocity of water flow was found high
in the estuarine proper, ranging from 16-23
cm/sec in the estuarine proper, and 18-20
cm/sec in the non-mangrove bank, whereas the
velocity was low in the mangrove-lined bank,
varying from 0-9 cm/sec (Fig. 3). The velocity
was significantly greater in low-lying area than
that in landward areas of the intertidal region.
The difference in velocity between low and
high tides was more significant in the mangrove areas than the others.
The concentration of particles suspended
in water column ranged from 0.09 to 0.15 g/l
in the mangrove-lined bank. This value was
greater than that of other two areas varying
from 0.008 to 0.01 g/l in both the estuarine
proper and the non-mangrove area (Fig. 4).
The change in suspended sediments between
low and high tides was significantly greater in
the mangrove-lined bank than that in other two
areas.
The water-flows in mangrove forests are
controlled by the tides. Water spills over from
the estuary to inundate the forests at high tide.
The water drains back to the estuary at low
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tide. The driving force for this flow is the sloppiness of the surface from the estuary into the
forests (Furukawa et al. 1997). The height of
water column is significantly lower in the
mangrove sites than that in estuarine proper
and in non-mangrove site, at both high and low
tides (Fig. 2). A similar trend is seen with the
velocity of water-flows (Fig. 3). The mangrove
structures inhibit the tidal flow, probably due
to friction force as suggested by previous
workers (Woodroffe 1992, Wolanski et al.
1992, Wolanski 1994, 1995, Furukawa et al.
1997).
There is a significant difference in the
concentration of suspended sediment between
high and low tide waters in the mangrove
zones. However, such situation does not occur
in the non-mangrove areas and in the estuarine
proper (Fig. 4). Sediment particles are carried
in suspension into mangrove forests at high
tide, and they are maintained in suspension
(Fig. 4). This maintenance is due to the turbulence caused by mangrove structures as suggested by previous workers (Woodroffe 1992,
Wolanski et al. 1992, Wolanski 1994, 1995,

Fig. 3. Average velocity during low and high tides across the Vellar estuary (values between mangroves and estuarine proper or non-mangroves are highly significant at 1%; and the values between tides are significant at 1% in the mangrove sampling sites; between tides are significant at 5% in estuarine proper, and or in non-mangrove site).
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Fig. 4. Average concentration of suspended sediment during low and high tide waters across the Vellar estuary (values
between mangroves and estuarine proper or non-mangroves are highly significant at 1%; between tides are significant at
1% in the mangrove sampling sites; between tides are non-significant in estuarine proper and or in non-mangrove site).

Furukawa et al. 1997). Concentration of suspended sediment is less at low tides in the
mangrove forests (Fig. 4). This is due to the
settlement of the suspended particles during
low tide, as the velocity of water-flows that is
small and sluggish (Fig. 3) to carry the sediment back to the estuary. However, there is
only very low concentration of suspended sediment during both the tides in the estuarine
proper and non-mangrove bank (Fig. 4). This
is a clear evidence that mangroves trap the suspended sediment at the low tide, as also has
been observed in Cairns mangroves, Australia
(Furukawa et al. 1997).
The efficiency of sediment trapping varies
with mangrove zones. Avicennia-Rhizophora
interphase is much efficient by trapping at low
tide 30% of total suspended sediment received
at high tide. Avicennia zone is efficient by
removing 25%, but Rhizophora can trap only
20% of sediment. The high efficiency of trapping suspended sediment in AvicenniaRhizophora interphase may be attributed to
wide spread occurrence of numerous pneumatophores (aerial respiratory roots) in

Avicennia and to compactly arching, stilt roots
of Rhizophora. The complex aerial roots of
increased surface area of physical barrier
might have caused turbulence facilitating sedimentation. The difference in trapping sediments between the two species may be due to
the fact that Rhizophora experiences more of
tidal inundations and relatively higher waterflow velocity as it grows in water-front areas,
whereas Avicennia does less of tidal inundations and lower water velocity as it occurs
widely towards the upland of intertidal slope.
The density of the mangrove species and their
complexity of root structures may also constitute important parameters, determining the
sedimentation.
The salient findings of the study are
depicted in fig. 5. The mangrove structures
inhibit tidal flows, probably due to the friction
force. The soil particles are carried in suspension into mangrove forest from estuarine seawater at high tide, and the soil particles are
maintained, probably due to turbulence caused
by mangrove structures. The particles settle in
the forests around low tide, probably when the
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Fig. 5. Flow chart showing salient findings (? Indicates
the measure not studied).

turbulence reduces and also the water velocity
at low tide is sluggish and small to carry the particles back to the estuary. Woodroffe (1992)
believed that the mangroves are not the cause of
sedimentation in protected coastal areas, and
that they only accelerate the sedimentation
process, which depends on the complexity of
exchange process, which takes place between
mangroves and adjoining coastal areas.
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RESUMEN
Los bosques de manglar juegan un papel significativo como trampas de sedimentos. Ellos reducen los flujos
de mareas e inducen las sedimentación de las partículas del
suelo en la marea baja. Sin embargo, tal proceso no ocurre
en areas sin manglares. Los sitios de interfase Avicennia–Rhizophora son más eficientes que las zonas monoespecíficas de Avicennia o de Rhizophora para atrapar sedimentos, en un 30, 25 and 20% respectivament, durante la
marea baja en comparación con la marea alta.
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