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INTRODUCTION

Mangroves are among the most important habitats
in tropical and subtropical estuaries in terms of pri-
mary production (Alongi 1998). The exportation of this
primary production to adjacent habitats as leaves,
detritus and dissolved organic matter is one of the most
important topics of interest to ecologists, as this
production has long been regarded as playing a signif-
icant role in estuarine and coastal food webs (Odum &
Heald 1975, Twilley 1988). The contribution of man-
grove production to coastal food webs varies, however,
with the diversity and the physical structure of the

mangrove forest (Chong et al. 1990, Vance et al. 1996,
Nagelkerken & van der Velde 2004) as well as with the
tidal activity (Twilley 1985). Moreover, results from
several recent studies suggest a weaker direct trophic
role for mangroves in nearshore environments (e.g.
Meziane & Tsuchiya 2000, Lee 2004). For instance, Lee
(2004) suggests in a comprehensive study that prawn
catch in tropical nearshore environments is strongly
influenced by the extent of intertidal areas and organic
matter availability as represented by tidal amplitude,
rather than relative mangrove abundance. In addition,
within the mangrove forests, a large proportion of the
leaf-litter, as has been shown in some tropical Aus-
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tralian mangroves, is not exported but recycled by
resident crabs (Robertson & Daniel 1989, Robertson et
al. 1992) with little chance of this organic matter being
transported significantly towards adjacent habitats
through these organisms. Indeed, Guest et al. (2004)
showed, using stable (δ13C) isotope signature of crabs
as an indicator of carbon source, that carbon move-
ment between 2 adjacent habitats (mangroves and
salt marshes) in a subtropical estuary was spatially
restricted to a scale of several metres (<30 m). How-
ever, in the Indo-Pacific region, many organisms
migrate into inundated mangroves at high tide to feed
(Nagelkerken & Van der velde 2004) and, therefore,
a substantial part of the mangrove productivity se-
questered by herbivorous crabs might be exported
from mangrove ecosystems as a result of tidal migra-
tion of predatory fish feeding on these crabs (Sheaves
& Molony 2000). Nevertheless, the scale of this transfer
of mangrove production cannot be estimated without a
full understanding of the diet of the invertebrates
living in the mangrove ecosystem. 

Feeding habits and the position each crab species
occupies in the food web are of great importance to
understanding the ecology of mangroves (Dahdouh-
Guebas et al. 1999). Ocypodid and grapsid crabs are
the predominant organisms of the macrofauna in many
mangrove ecosystems (Crane 1975, Macintosh 1988).
The ocypodid crabs, with wider habitat preferences
than those of the grapsids (which are usually limited to
vegetated areas), are thought to be deposit-feeders
and therefore rely more on sediment microorganisms
for their nutritional needs (Dye & Lasiak 1986, Meziane
et al. 2002). However, these opportunistic species have
also been reported to supplement their diets by ingest-
ing vascular plants detritus and macroalgae (Meziane
& Tsuchiya 2000, 2002, Hsieh et al. 2002). Grapsid
crabs from mangrove habitats have been described as
being either grazers or shredder-detritivores depen-
dent on mangrove biomass (Lee 1998). However,
recent studies suggest more varied feeding strategies
of sesarmid crabs (e.g. Parasesarma erythodactyla)
that include scraping surface sediment (Skov &
Hartwell 2002, Guest et al. 2004). The feeding activity
of crabs is affected by seasonal change and conse-
quently may influence the fate of the organic matter
differently throughout the year (Mia et al. 2001).
Therefore, at the time of low crab activity, most litter is
decomposed by microbial action or is transported by
tides to adjacent habitats. On this basis, a higher per-
centage of the litter produced in the mangrove during
winter may be available for export than at other times
of the year (Mfilinge et al. 2005).

The approach of using fatty acid as biomarkers has
been successfully employed in the last few decades to
discriminate between various types of organic matter

sources in marine ecosystems, by investigating their
potential contributions to sediment organic matter
pools (Volkman et al. 1980, Budge & Parrish 1998,
Meziane & Tsuchiya 2002) and by following their fate
in the food web (Meziane et al. 1997, Howell et al.
2003). The current frequent use of this approach to
diverse marine habitats and organisms has enabled
the establishment of a reliable list of fatty acid mark-
ers, although the assignment of identified biomarkers
to original sources can sometimes be ambiguous
because of multiple potential sources (Cook et al.
2004). This ambiguity, however, can to a large extent
be remedied by taking advantage, in the sampling
strategy, of seasonal and spatial changes in fatty acid
‘signals’ (Meziane & Tsuchiya 2000). Ecological inter-
pretation of the fatty acid compositions of sediment
samples and macroinvertebrates can be considered at
2 levels. Firstly, using the entire profile of fatty acids
as a fingerprint (Bossio & Scow 1998) and, secondly,
focusing on particular compounds that can be traced
to a specific food source in order to estimate its con-
tribution to the diet (Meziane & Tsuchiya 2000, Cook
et al. 2004).

The aims of the present study, using the fatty acid
biomarkers approach, were as follows: (1) to identify
seasonal changes in the composition of mangrove
forests’ sediment and in their adjacent intertidal flat in
order to assess the scale of mangrove organic matter
exportation along an estuary; (2) to assess the contribu-
tion of the mangrove organic matter in the diet of the
dominant crab species; and (3) to identify other sources
contributing to the organic matter pool in the sedi-
ments of the mangrove forest and the adjacent tidal
flats as well as to the diet of the dominant crabs.

MATERIALS AND METHODS

Study site and sampling strategy. The estuary of
Logan River (27° 45’ S, 153° 25’ E; Fig. 1) is situated
~40 km southeast of Brisbane (Queensland, Australia).
The Logan River Estuary (LRE) forms part of southern
Moreton Bay, an enclosed water body with direct com-
munication with the Coral Sea at only a few locations.
The study area ranged from the passage of Jumpinpin
to about 10 km westward, with the river running off in
the southern part of the Moreton Bay, where it is shel-
tered from the Pacific Ocean by the sandy North and
South Stradbrooke Islands. The mangrove forest is
well developed along the shore and dominated by Avi-
cennia marina (Forsk.). Other species present in the
estuary are Aegiceras corniculatum, Bruguiera gym-
norrhiza, Rhizophora stylosa and Ceriops australis.
The annual mean air temperature is 22.9°C, the high-
est monthly mean occurs in January (30.5°C), and the
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lowest in July (13.1°C). The precipitation peaks at a
mean of 188 mm mo–1 during the rainy season (Decem-
ber to February) and is at its lowest during spring
(50 mm mo–1; September to November).

We selected 4 sampling stations in the estuary, along
a salinity gradient. Each station, accessible only by
small boats, was chosen to be in a riverine mangrove
area adjacent to a tidal flat. Stn 1 has a much narrower
tidal flat compared to the other stations. From the most
‘upstream’ station to Jumpinpin, salinity during low
tide varied from 27 to 31‰ in summer and from 31 to
34‰ in autumn. The mangrove forest structure con-
sists mainly of mixed trees of the 5 species mentioned
above. Avicennia marina is the dominant species in
every station.

The sampling of surface sediments and crabs species
was carried out on 2 occasions: during summer (Janu-
ary) and autumn (April) of 2004. In the mangrove for-
est (Mangrove Sites: MS), surface sediment was sam-
pled at Stns 1, 2, 3 and 4. At Stn 1, because of the
absence of a distinctive tidal flat, sediment samples
were collected within the forest but on the border of
the narrow bank.

Stn 2 was not sampled in summer as this station was
added during the autumnal sampling. An additional
and similar sampling was done at the surface sediment
of the adjacent intertidal flat at Stns 2 (autumn only), 3
and 4 (Intertidal Sites: IS). At each station, 3 replicates
of surface sediment were collected using pre-cut
syringes (internal diameter of 1.8 cm, 1 cm depth) after
being randomly selected inside a 1 m2 quadrate posi-
tioned within the sites. Distance between MS and IS
varied between 10 (Stn 2) and 15 m (Stns 3 and 4).

We collected 3 individuals from all 6 crab species
along the estuary. Ocypodid species were selected
based on their dominance in the sampled station (see
Table 1), established by surveying their activities at low
tide. At Stn 1, Uca vocans were collected in summer
and autumn in MS. In autumn, Australoplax tridentata
was also collected at Stn 1 within the mangrove (MS).
At Stn 2, individuals of Uca bellator minima were
collected in MS only. At Stns 3 and 4
Australoplax tridentata was found
in abundance and collected in
both seasons. In summer Heloecius
cordiformis was also collected at
Stns 3 and 4. However, because of a
sharp decrease in abundances ob-
served in autumn, this species was
not sampled during this season. In
addition to these ocypodid crabs
collected within the mangrove, the
grapsid Parasesarma erythodactyla
was sampled at Stn 4, in autumn
where it was especially abundant

(Table 1). In summer, no individuals were collected at
the intertidal site of Stn 2. All the surface sediment sam-
ples and the crab individuals were stored at –20°C until
lipid analysis, which occurred within a couple of weeks.

Fatty acid analysis. The full volume of surface sedi-
ment contained in the sampling syringes (n = 3) and
the hepatopancreas tissues of the crabs were used for
the lipid analysis. The hepatopancreas, which is full of
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Fig. 1. Moreton Bay and the location of the study sites in the 
Logan River Estuary (LRE)

Stn Summer Autumn

1 Uca vocans (Uv) Uca vocans (Uv)
Australoplax tridentata (At)

2 – Uca bellator minima (Ub)
3 Heloecius cordiformis (Hc) Parasesarma erythodactyla (Pe)

Australoplax tridentata (At) Australoplax tridentata (At)
4 Heloecius cordiformis (Hc) Australoplax tridentata (At)

Australoplax tridentata (At)

Table 1. Crab species sampled at the 4 stations in the Logan River Estuary (LRE) in 
January (summer) and April (autumn) 2004. Short forms of species names are given 

in parentheses. –: no data
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lipid reserve may fill much of the body cavity of crabs
(Burggren & McMahon 1988), as is the case in the spe-
cies of this study, and the fatty acids’ (FAs) composition
is directly affected by diet, which is not the case in
other tissues such as gills and muscles (Styrishave et al.
2000). Hepatopancreas tissues will be hereafter be
referred to as ‘tissues’.

Samples were processed following a slightly
modified version of Bligh & Dyer (1959). Lipids were
extracted by homogenization for 2 min followed 
by ultrasonication for 20 min with a mixture of 
distilled water:methanol:chloroform (1:2:1, 20 cm3,
v:v:v). The addition of distilled water:chloroform mix-
ture (5:5 cm3, v:v) formed an aqueous-organic 2-layer
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FA Summer Autumn
Stn 1-MS Stn 3-IS Stn 3-MS Stn 4-IS Stn 4-MS Stn 1-MS Stn 2-IS Stn 2-MS Stn 3-IS Stn3-MS Stn 4-IS Stn 4-MS

Saturated
12:0 0.6 ± 0.6 0.7 ± 0.4 0.3 ± 0.3 0.1 ± 0.3 0.4 ± 0.4 0.9 ± 0.5 0.7 ± 0.7 0.4 ± 0.4 0.4 ± 0.1 0.6 ± 0.3 1.1 ± 0.8 1.3 ± 0.8
13:0 0.8 ± 0.4 1.6 ± 1.7 0.3 ± 0.3 0.2 ± 0.3 0.3 ± 0.3 1.2 ± 0.2 1.4 ± 0.8 0.6 ± 0.2 1.3 ± 0.7 1.7 ± 0.2 1.9 ± 0.9 2.2 ± 1.0
14:0 4.7 ± 0.6 3.1 ± 1.7 3.9 ± 0.6 4.2 ± 0.8 3.6 ± 1.5 6.0 ± 0.2 3.6 ± 0.0 5.0 ± 0.8 3.0 ± 0.8 3.7 ± 2.1 6.8 ± 2.1 5.3 ± 1.9
15:0 2.6 ± 1.3 1.9 ± 1.5 3.8 ± 0.3 3.0 ± 0.9 3.3 ± 1.5 6.7 ± 0.3 4.3 ± 1.2 3.7 ± 1.9 2.5 ± 1.0 5.1 ± 3.5 0.9 ± 0.2 2.8 ± 0.3
16:0 30.3 ± 3.5 30.1 ± 3.3 26.4 ± 3.3 27.3 ± 2.4 24.7 ± 3.3 24.0 ± 1.2 26.3 ± 1.2 26.0 ± 2.5 26.4 ± 2.2 23.7 ± 2.1 35.3 ± 1.04 22.4 ± 1.9
17:0 0.0 ± 0.0 0.7 ± 0.4 1.3 ± 0.1 1.1 ± 0.1 1.2 ± 0.6 2.2 ± 0.1 1.8 ± 0.4 1.6 ± 0.6 1.4 ± 0.3 1.6 ± 0.5 0.3 ± 0.3 0.9 ± 0.1
18:0 5.2 ± 0.8 6.0 ± 0.5 3.9 ± 1.6 3.7 ± 0.8 6.2 ± 2.3 3.3 ± 0.2 7.3 ± 0.4 4.4 ± 1.0 7.8 ± 2.1 8.7 ± 4.7 4.3 ± 0.4 6.4 ± 3.2
20:0 0.2 ± 0.3 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.2 0.7 ± 0.3 0.3 ± 0.2 0.4 ± 0.3 0.5 ± 0.4 0.6 ± 0.2 0.9 ± 0.2 1.5 ± 0.4 0.8 ± 0.2
22:0 0.4 ± 0.7 0.9 ± 1.1 1.3 ± 0.0 1.0 ± 0.4 1.8 ± 1.2 1.4 ± 0.1 1.0 ± 0.7 1.5 ± 0.5 1.4 ± 0.7 1.7 ± 0.2 1.8 ± 0.4 2.4 ± 0.8
24:0 2.0 ± 0.8 1.7 ± 0.7 2.3 ± 0.6 4.0 ± 1.6 4.4 ± 2.9 3.2 ± 1.7 1.7 ± 0.5 2.3 ± 1.5 1.4 ± 0.5 7.9 ± 3.2 0.7 ± 0.2 8.8 ± 3.1
26:0 0.7 ± 0.7 0.3 ± 0.3 0.8 ± 0.6 1.0 ± 1.0 1.2 ± 1.1 1.0 ± 0.9 0.2 ± 0.3 0.5 ± 0.4 0.0 ± 0.0 0.9 ± 0.3 0.0 ± 0.0 3.4 ± 1.5
28:0 0.0 ± 0.0 0.0 ± 0.0 0.5 ± 0.9 0.1 ± 0.2 0.4 ± 0.7 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.  ± 00.0 0.0 ± 0.0

Sum% 47.3 ± 2.3 47.3 ± 2.7 44.9 ± 2.5 45.9 ± 1.7 48.1 ± 5.7 50.3 ± 4.3 48.7 ± 2.3 46.6 ± 2.7 46.3 ± 2.3 56.6 ± 2.1 54.7 ± 2.7 56.7 ± 0.8

Branched
15:0 iso 0.7 ± 0.4 0.3 ± 0.4 0.8 ± 0.3 0.5 ± 0.6 1.2 ± 0.7 1.6 ± 0.3 1.0 ± 0.0 0.9 ± 0.2 0.6 ± 0.7 1.2 ± 0.9 0.0 ± 0.0 1.1 ± 0.2
17:0 iso 0.7 ± 0.3 0.3 ± 0.2 0.3 ± 0.2 0.7 ± 0.2 0.4 ± 0.3 0.4 ± 0.3 0.7 ± 0.1 0.9 ± 0.1 0.5 ± 0.0 0.4 ± 0.3 0.5 ± 0.3 0.2 ± 0.2
17:0 ant 0.7 ± 0.3 0.9 ± 0.3 0.9 ± 0.1 0.8 ± 0.1 1.1 ± 0.5 0.9 ± 0.6 1.4 ± 0.2 1.2 ± 0.0 1.3 ± 0.2 1.7 ± 0.4 0.7 ± 0.1 1.3 ± 0.2

Sum% 2.1 ± 0.7 1.5 ± 0.8 2.0 ± 0.1 1.9 ± 0.4 2.7 ± 1.3 2.9 ± 0.9 3.1 ± 0.1 3.0 ± 0.1 1.8 ± 0.1 3.3 ± 0.8 1.2 ± 0.3 2.5 ± 0.5

Monounsaturated
14:1 1.1 ± 0.5 0.9 ± 0.5 1.2 ± 0.6 0.7 ± 0.6 1.1 ± 0.8 1.3 ± 0.9 1.4 ± 0.1 1.5 ± 0.2 0.9 ± 0.4 1.3 ± 0.9 0.2 ± 0.2 1.8 ± 0.1
15:1 0.3 ± 0.3 0.3 ± 0.2 0.6 ± 0.3 0.1 ± 0.2 0.2 ± 0.3 0.5 ± 0.4 0.7 ± 0.1 0.6 ± 0.1 0.2 ± 0.3 1.1 ± 0.4 0.1 ± 0.2 0.7 ± 0.0
16:1ω7 26.0 ± 5.3 26.8 ± 4.1 26.2 ± 4.2 27.3 ± 1.6 21.7 ± 0.5 20.6 ± 1.5 19.4 ± 1.4 17.8 ± 1.6 23.8 ± 2.9 13.4 ± 2.4 22.8 ± 1.4 14.6 ± 1.7
16:1ω9 0.8 ± 0.1 0.6 ± 0.1 2.1 ± 2.2 1.1 ± 0.8 2.1 ± 1.6 1.2 ± 0.1 1.4 ± 0.1 1.5 ± 0.6 0.9 ± 0.5 2.0 ± 1.3 0.4 ± 0.0 2.5 ± 0.2
16:1 0.4 ± 0.4 0.5 ± 0.4 0.8 ± 0.3 0.7 ± 0.2 0.4 ± 0.5 0.9 ± 0.3 1.1 ± 0.1 1.1 ± 0.1 0.5 ± 0.1 0.6 ± 0.8 0.3 ± 0.2 0.7 ± 0.0
18:1ω9 7.7 ± 1.2 7.5 ± 0.8 5.0 ± 2.0 6.6 ± 3.0 5.5 ± 1.8 4.4 ± 0.2 4.6 ± 0.6 4.1 ± 0.7 5.0 ± 2.0 5.1 ± 1.7 3.0 ± 0.3 4.8 ± 1.4
18:1ω7 2.5 ± 0.2 2.3 ± 0.5 2.6 ± 0.6 2.4 ± 0.4 2.7 ± 0.6 2.6 ± 0.3 2.9 ± 0.6 2.9 ± 0.2 2.6 ± 0.7 2.9 ± 0.4 1.7 ± 0.2 2.6 ± 0.4
22:1 0.4 ± 0.4 0.1 ± 0.2 0.1 ± 0.2 0.2 ± 0.2 0.4 ± 0.7 0.0 ± 0.0 0.2 ± 0.3 0.3 ± 0.2 0.4 ± 0.0 0.3 ± 0.5 0.0 ± 0.0 0.1 ± 0.1
24:1 0.3 ± 0.3 0.6 ± 0.4 1.2 ± 0.8 0.7 ± 0.6 1.1 ± 0.8 1.6 ± 0.2 0.9 ± 0.2 0.4 ± 0.4 0.9 ± 0.4 0.3 ± 0.4 0.3 ± 0.2 1.7 ± 1.4

Sum% 39.6 ± 3.8 39.7 ± 3.0 39.8 ± 1.0 39.6 ± 3.2 35.2 ± 2.8 33.2 ± 0.5 32.6 ± 2.3 30.2 ± 0.7 34.5 ± 0.2 27.0 ± 1.2 28.8 ± 2.1 29.4 ± 2.1

Polyunsaturated
16:2 0.7 ± 0.3 0.6 ± 0.1 0.8 ± 0.2 1.3 ± 0.5 1.0 ± 0.4 1.2 ± 0.3 1.1 ± 0.1 1.3 ± 0.5 1.2 ± 0.2 0.6 ± 0.2 1.2 ± 0.6 0.1 ± 0.2
18:2ω6 1.5 ± 0.2 1.6 ± 0.3 1.3 ± 0.2 1.6 ± 0.3 1.2 ± 0.3 1.2 ± 0.1 1.2 ± 0.3 1.7 ± 0.4 1.2 ± 0.2 1.5 ± 0.2 1.0 ± 0.1 1.5 ± 0.4
18:3ω6 0.9 ± 0.6 0.3 ± 0.2 0.4 ± 0.1 0.6 ± 0.1 0.4 ± 0.3 0.2 ± 0.2 0.2 ± 0.2 0.4 ± 0.1 0.5 ± 0.1 0.8 ± 0.4 0.5 ± 0.4 0.0 ± 0.0
18:3ω3 0.6 ± 0.1 0.7 ± 0.6 1.3 ± 0.4 0.8 ± 0.6 0.9 ± 0.6 0.5 ± 0.3 0.5 ± 0.7 1.8 ± 0.6 0.5 ± 0.4 0.9 ± 0.5 0.2 ± 0.2 1.4 ± 0.4
20:3ω6 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.9 ± 0.7 0.0 ± 0.0
20:2 0.0 ± 0.0 0.2 ± 0.2 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.3 0.1 ± 0.2
20:4ω6 2.6 ± 0.6 2.1 ± 0.8 3.1 ± 0.9 2.9 ± 0.4 3.3 ± 0.9 3.0 ± 0.4 2.9 ± 0.6 3.3 ± 0.1 3.1 ± 0.4 1.6 ± 0.8 1.6 ± 0.7 1.7 ± 0.0
20:5ω3 3.3 ± 0.6 3.1 ± 0.5 3.6 ± 1.0 4.7 ± 2.5 4.4 ± 1.4 4.6 ± 1.6 4.7 ± 1.2 5.6 ± 0.4 4.5 ± 1.2 4.1 ± 4.4 4.5 ± 1.2 1.4 ± 0.6
22:6ω3 0.1 ± 0.2 0.2 ± 0.3 0.1 ± 0.2 0.2 ± 0.3 0.4 ± 0.4 0.3 ± 0.4 0.2 ± 0.3 0.9 ± 0.1 0.1 ± 0.2 0.0 ± 0.0 1.2 ± 0.9 0.0 ± 0.0

Sum% 9.7 ± 1.9 8.7 ± 0.9 10.7 ± 2.1 12.2 ± 3.5 11.6 ± 2.3 11.0 ± 3.2 10.8 ± 3.2 15.1 ± 1.4 10.9 ± 2.1 9.5 ± 4.4 11.3 ± 1.0 6.3 ± 0.7

Sum n.i. 1.3 ± 1.1 2.8 ± 1.4 2.5 ± 2.4 0.5 ± 0.4 3.1 ± 2.8 2.9 ± 2.2 4.9 ± 5.0 5.2 ± 3.0 5.0 ± 0.8 1.2 ± 1.2 4.0 ± 2.6 5.1 ± 0.9
%

Total% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18:2ω+ 62.0 ± 0.2 2.3 ± 0.8 2.6 ± 0.4 2.4 ± 0.4 2.1 ± 0.6 1.6 ± 0.4 1.7 ± 1.1 3.4 ± 1.3 1.6 ± 0.2 2.4 ± 0.9 1.2 ± 0.4 2.9 ± 0.8
+18:3ω3

16:ω7/ 0.9 ± 0.1 0.9 ± 0.1 1.0 ± 0.2 1.0 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.7 ± 0.0 0.7 ± 0.1 0.9 ± 0.1 0.7 ± 0.1 0.7 ± 0.3 0.7 ± 0.1
16:0

LCFAs 2.6 ± 1.5 2.0 ± 0.9 3.6 ± 2.1 5.1 ± 2.2 6.0 ± 3.7 4.2 ± 3.0 1.9 ± 0.9 2.8 ± 2.3 1.4 ± 0.7 8.9 ± 5.2 0.7 ± 0.0 12.2 ± 5.6

Table 2. Fatty acid (FA) composition (% of total FAs) of surface sediments sampled in January (summer) and April (autumn) 2004 at the 4 sta-
tions in the intertidal sites (IS) and mangrove sites (MS) along the LRE. Values are mean ± SD. n.i.: not identified; LCFAs: long chain fatty acids
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system. The lipids migrated into the lower chloroform
phase and separation was enhanced by centrifugation
(2000 rpm, 650 × g). The filtrate was concentrated by
rotary evaporation and made up to 2 ml. These lipid
extracts were dried under nitrogen and then saponi-
fied under reflux (2 h, 100°C) with a 2 mol dm–3

NaOH solution in methanol and distilled water (2:1,
v:v). Saponification and methylation were carried out
according to Meziane et al. (2002) in order to obtain
total FAs. FA methyl esters (FAMEs) were purified by
high performance thin-layer chromatography tech-
nique (HPTLC) using plates coated with silicagel. The
developing solvent was a mixture of hexane/diethyl
ether/acetic acid (8:2:0.1). Bands containing FAMEs
were scraped and collected in a mixture of chloro-
form/methanol (2:1, v/v) at 40°C for 60 min. FAMEs
were then isolated in the same solution until analysis
by gas chromatography.

The FAMEs were separated and quantified by gas
chromatography (Varian, 3800) equipped with a flame
ionization detector. Separation was performed with a
Supelco OMEGAWAX capillary column (30 m ×
0.32 mm internal diameter, 0.25 μm film thickness)
with hydrogen as carrier gas. After injection at 60°C,
the oven temperature was raised to 150°C at a rate of
40°C min–1, then to 240°C at 3°C min–1, and finally held
constant for 30 min. Flame ionization was held at
240°C. Most FAMEs peaks were identified by compar-
ing their retention times with those of authentic stan-
dards (Supelco). For some samples, peaks of FAs were
identified with gas chromatograph (GC)-mass spec-
trometry. The analytical precision for samples was
generally <5% for major components of FAMEs.

FAs are designated as X:YωZ, where X is the num-
ber of carbon atoms, Y is the number of double bonds
and Z is the position of the ultimate double bond from
the terminal methyl group.

Data analysis. The software PRIMER was used for
multivariate analysis (Clarke & Warwick 2001). The
data matrices (composition of FAs of sediments sam-
ples or crab species) were used to create triangular
similarity matrices, based on the Bray-Curtis similarity
coefficient, followed by non-metric multidimensional
scaling (MDS). No transformation was performed on
the data. Using the same triangular matrices, cluster
analyses were also performed. Differences between
stations or crab species were tested using a 1-way
analysis of similarity (ANOSIM). The test statistic was
computed under 5000 permutations. Unidentified FAs
were not used in these analyses.

Student’s t-tests and 1-way analysis of variance
(ANOVA) were used to test for differences in the per-
centage of individual FAs or a group of FAs between
surface sediment and crab samples. Probabilities (p) of
<0.05 were considered to be significant.

RESULTS

FAs in surface sediment

The FA composition of surface sediments sampled is
summarised in Table 2. A statistically significant differ-
ence was found between the profiles of FAs of the sam-
ples collected in summer and those collected in
autumn (ANOSIM, R = 0.119, p < 0.01). A similar
analysis on the effect of site also showed a significant
difference between MS and IS (ANOSIM, R = 0.14,
p < 0.001). These seasonal and type of site groups are
also well identified in the MDS analysis despite some
overlapping (Fig. 2).

Hierarchical cluster analysis of the total identified
FAs of the sediment samples separated the LRE sites
into 3 groups at the 80% similarity level (Fig. 3). Clus-
ter I separated the samples collected in autumn at MS3
and MS4 from other samples at the 74% similarity
level. Cluster II separated surface sediments of IS4
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Stress:0.14a)

Stress:0.14b)

Fig. 2. MDS ordination of Bray-Curtis similarities for each
sediment sample collected at study sites (IS and MS) along
the LRE in January and April 2004. (a) The MDS with super-
imposed symbols for the season (summer: M; autumn: y) and
(b) the same MDS but with superimposed symbols for 

sampling sites (MS: d; IS: s)
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sampled in autumn at the 77% of similarity. Within
Cluster III, made up with all the rest of surface sedi-
ment samples, the samples collected in autumn from
IS3 are well distinguished (IIIa). 

About 35 individual FAs were originally identified in
the surface sediment samples. At all stations, indepen-
dent of the seasons, the ubiquitous 16:0 (24.9 ± 3.2 to
32.0 ± 6.4% of total FAs) and the monounsaturated
16:1ω7 (14.6 ±2.5 to 26.7 ± 4.6% of total FAs) were the
2 most abundant FAs in the surface sediment samples.
The monounsaturated 18:1ω9 is third in importance,
with percentage values ranging between 3.0 ± 0.3 and
7.7 ± 1.2%.

The markers of bacteria, the vaccenic acid (18:1ω7)
and the sum of branched 15:0 and 17:0 (iso and
anteiso) FAs, were detected in all stations and with
their contribution to the total of FAs between 1.7 ± 0.3
and 2.9 ± 0.8% (18:1ω7) and between 1.2 ± 0.3 and 3.3
± 0.8% (branched 15:0+17:0). Seasonal comparison
shows, independently of stations, that contributions of
branched 15:0+17:0 were significantly higher in sur-
face sediment collected in autumn than those collected
in summer (t-test; p < 0.006) whereas there was no sig-
nificant difference in the contribution of 18:1ω7 (t-test;
p > 0.05). However, in each season, both groups of bac-
terial markers were not significantly different when
analysed according to the type of sites (t-test; p > 0.05).

The eicosapentaenoic acid (20:5ω3), a marker of
diatoms, was detected in each station and in both
seasons. Its relative contribution was between 1.8 ±
0.8 and 5.6 ± 4.6% of total FAs. No clear trend could
be observed along the estuary transect. Indeed,
seasonal comparisons of sites showed no significant
differences on the contribution of this FA in the
sediment samples (t-tests, p > 0.05). However, the
values of the ratio 16:1ω7/16:0, also an indicator of
microalgal input, were higher in sediment samples
collected in summer than those collected in autumn
(t-test; p < 0.001).

The long chain FAs (LCFAs, >24:0), typical markers
of mangroves (vascular plants) in an estuarine ecosys-
tem, were detected in all sediment samples in both
seasons. A seasonal comparison of the relative contri-
bution of these markers in surface sediment shows no
statistical difference (t-test; p > 0.05). Nevertheless,
irrespective of the season, a significant difference was
found for these compounds when comparing LCFAs of
sediment samples collected in IS to those collected in
MS (ANOVA, p < 0.03). Direct comparison of man-
grove and intertidal sites at each station was only pos-
sible at Stns 3 and 4 (both seasons) and Stn 2 (autumn
only) and significant differences between the sites
were recorded only at Stns 3 and 4 in autumn (t-test;
p < 0.03).
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Fig. 3. Classification of surface sediment samples collected at study sites (IS and MS) along the LRE in January and April 2004.
The label of each sample consists of 3 codes. The first code is the site (IS and MS); the second code is the replicate number;

the final code is the season (s: summer; a: autumn)
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The total contribution of the 2 other dominant FAs
found in mangroves leaves, the polyunsaturated
18:2ω6 and 18:3ω3 did not exceed 3.5% in the surface
sediments of the estuary. There was no significant dif-
ference between MS and IS (t-test; p > 0.05) with the
exception in autumn of Stn 2 (t-test; p < 0.01) and Stn 4
(t-test; p < 0.04).

FAs in crab tissues

The FAs identified in the tissues of crabs collected in
the estuary are presented in Table 3. Hierarchical clus-
ter analysis of the total identified FAs of the crabs sep-
arated the individuals into 3 groups at the 80% similar-
ity level (Fig. 4). Cluster I separated the individuals of
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FA Summer Autumn
Uv- Stn 1 Hc-Stn 3 At-Stn 3 Hc-Stn 4 At-Stn 4 Uv-Stn 1 At-Stn 1 Ub-Stn 2 Pe-Stn3 At-Stn 3 At-Stn 4

Saturated
14:0 3.9 ± 0.3 2.9 ± 0.4 3.6 ± 0.6 2.6 ± 0.8 4.7 ± 1.4 2.7 ± 1.5 3.5 ± 0.9 5.4 ± 0.9 2.9 ± 0.7 4.1 ± 1.8 3.5 ± 0.5
15:0 1.2 ± 0.4 1.7 ± 0.4 1.8 ± 0.2 1.3 ± 0.4 2.2 ± 0.2 1.9  ± 0.9 1.2 ± 0.2 2.0 ± 0.6 1.1 ± 0.3 2.2 ± 0.6 2.2 ± 0.9
16:0 32.6 ± 1.6 29.9 ± 1.6 31.3 ± 3.1 31.6 ± 2.2 31.4 ± 2.0 21.4 ± 2.5 28.8 ± 3.2 28.1 ± 2.2 17.6 ± 3.7 30.0 ± 3.7 28.3 ± 3.1
17:0 4.0 ± 0.4 2.8 ± 1.0 3.4 ± 0.1 4.2 ± 1.7 1.5 ± 0.6 2.3 ± 0.7 3.8 ± 2.8 4.2 ± 2.7 0.9 ± 0.1 2.2 ± 0.4 2.5 ± 0.2
18:0 7.1 ± 0.9 3.6 ± 1.1 4.9 ± 0.8 4.4 ± 0.9 4.6 ± 1.6 6.3 ± 2.4 7.3 ± 1.5 4.2 ± 1.7 9.9 ± 2.2 6.5 ± 1.1 5.0 ± 1.5
20:0 0.5 ± 0.2 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.2 0.0 ± 0.0 0.7 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 1.0 ± 0.6 0.4 ± 0.1 0.5 ± 0.1
22:0 0.6 ± 0.4 0.6 ± 0.2 0.5 ± 0.1 0.6 ± 0.3 0.6 ± 0.3 0.9 ± 0.1 1.0 ± 0.7 0.9 ± 0.3 1.4 ± 0.4 0.6 ± 0.1 0.7 ± 0.2
24:0 0.5 ± 0.1 0.0 ± 0.0 0.2 ± 0.2 0.4 ± 0.2 0.0 ± 0.0 0.1 ± 0.2 0.4 ± 0.3 0.4 ± 0.3 0.3 ± 0.2 0.0 ± 0.0 0.1 ± 0.2

Sum% 50.3 ± 2.2 41.7 ± 2.5 46.1 ± 3.2 45.4 ± 2.7 45.2 ± 1.7 36.3 ± 1.7 46.6 ± 6.6 45.8 ± 4.3 35.3 ± 2.3 46.1 ± 4.9 42.7 ± 1.5

Branched
15:0 iso 0.7 ± 0.3 0.8 ± 0.2 1.1 ± 0.3 0.5 ± 0.2 0.8 ± 0.2 0.12 ± 0.2 0.0 ± 0.0 0.2 ± 0.3 0.0 ± 0.0 0.6 ± 0.2 1.1 ± 0.6
15:0 ant 0.4 ± 0.3 0.2 ± 0.4 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.6
17:0 iso 0.4 ± 0.3 0.4 ± 0.4 1.1 ± 0.6 0.5 ± 0.2 0.4 ± 0.3 0.7 ± 0.1 0.1 ± 0.2 1.3 ± 0.7 0.0 ± 0.0 0.9 ± 0.3 0.6 ± 0.2
17:0 ant 0.5 ± 0.1 0.3 ± 0.3 0.5 ± 0.4 0.4 ± 0.1 0.8 ± 0.2 0.7 ± 0.6 0.6 ± 0.5 0.3 ± 0.6 0.0 ± 0.0 0.8 ± 0.5 0.7 ± 0.2

Sum% 1.9 ± 1.1 1.7 ± 1.0 2.7 ± 0.5 1.4 ± 0.3 1.9 ± 0.7 1.5 ± 0.8 0.7 ± 0.6 1.8 ± 0.3 0.0 ± 0.0 2.3 ± 0.7 2.7 ± 1.6

Monounsaturated
14:1 0.0 ± 0.0 0.7 ± 0.6 1.4 ± 0.4 1.1 ± 0.5 1.5 ± 0.5 0.5 ± 0.1 0.3 ± 0.3 0.5 ± 0.5 0.3 ± 0.2 1.0 ± 0.3 0.4 ± 0.6
15:1 0.1 ± 0.2 0.3 ± 0.3 0.8 ± 0.1 0.6 ± 0.2 0.8 ± 0.2 0.2 ± 0.2 0.1 ± 0.2 0.0 ± 0.0 0.1 ± 0.2 0.6 ± 0.1 0.7 ± 0.3
16:1ω7 14.4 ± 0.5 17.4 ± 1.3 14.0 ± 1.9 14.6 ± 4.0 15.4 ± 2.3 9.5 ± 1.6 14.9 ± 3.3 14.6 ± 0.7 4.5 ± 1.9 16.7 ± 1.0 14.1 ± 2.9
16:1ω9 0.6 ± 0.2 1.5 ± 0.4 2.0 ± 0.6 2.0 ± 1.2 2.2 ± 0.3 0.4 ± 0.3 0.4 ± 0.0 0.7 ± 0.1 0.4 ± 0.0 1.1 ± 0.2 2.3 ± 1.1
17:1 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.3 0.1 ± 0.2 0.0 ± 0.0 0.6 ± 1.1 0.0 ± 0.0 0.6 ± 0.6 0.0 ± 0.0 0.0 ± 0.0 0.9 ± 0.8
18:1ω9 4.6 ± 0.5 4.9 ± 1.4 3.8 ± 0.6 4.1 ± 0.5 6.0 ± 3.0 3.7 ± 0.7 4.4 ± 1.4 3.3 ± 0.7 16.8 ± 3.4 3.7 ± 0.8 4.3 ± 1.1
18:1ω7 3.8 ± 0.2 4.2 ± 1.0 5.6 ± 0.8 5.0 ± 1.3 4.4 ± 0.2 3.1 ± 0.1 3.5 ± 0.6 2.4 ± 0.5 5.4 ± 1.1 4.7 ± 1.1 4.9 ± 0.8
22:1 0.6 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0 0.5 ± 0.1 0.0 ± 0.0 0.5 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.1
24:1 0.4 ± 0.4 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.4 ± 0.3 0.2 ± 0.3 0.2 ± 0.4 0.0 ± 0.0 0.0 ± 0.0

Sum% 24.6 ± 1.1 29.0 ± 1.9 27.9 ± 4.6 27.9 ± 1.4 30.2 ± 3.6 18.6 ± 2.0 24.1 ± 2.9 22.7 ± 2.0 27.7 ± 1.4 27.9 ± 1.4 27.8 ± 2.1

Polyunsaturated
16:2 1.8 ± 0.5 1.1 ± 0.2 1.6 ± 0.1 1.2 ± 0.2 1.2 ± 0.5 2.1 ± 0.8 1.2 ± 0.3 2.9 ± 2.1 1.3 ± 0.3 1.7 ± 0.2 1.4 ± 0.2
18:2ω6 3.3 ± 0.2 2.0 ± 0.1 2.2 ± 0.7 2.3 ± 0.2 2.3 ± 0.5 3.4 ± 0.7 2.1 ± 0.1 1.9 ± 0.5 10.9 ± 0.8 1.9 ± 0.1 2.3 ± 0.6
18:3ω6 0.5 ± 0.1 0.6 ± 0.1 0.5 ± 0.2 0.6 ± 0.2 0.3 ± 0.3 0.5 ± 0.1 0.3 ± 0.3 0.8 ± 0.3 1.1 ± 0.2 0.3 ± 0.3 1.0 ± 0.9
18:3ω3 2.8 ± 0.3 1.2 ± 0.3 1.6 ± 0.6 1.8 ± 0.2 1.6 ± 0.3 1.6 ± 0.3 1.6 ± 0.1 1.3 ± 0.6 3.3 ± 1.5 1.3 ± 0.1 1.0 ± 0.7
20:2 0.3 ± 0.0 0.1 ± 0.2 0.1 ± 0.2 0.3 ± 0.0 0.0 ± 0.0 0.6 ± 0.1 0.3 ± 0.3 0.0 ± 0.0 0.7 ± 0.2 0.1 ± 0.2 0.4 ± 0.1
20:4ω6 4.8 ± 1.6 5.5 ± 0.6 3.5 ± 0.5 4.4 ± 0.9 3.5 ± 1.5 11.2 ± 0.8 5.3 ± 1.0 5.1 ± 1.4 8.2 ± 1.8 4.4 ± 0.9 4.7 ± 0.6
20:5ω3 5.0 ± 1.4 10.2 ± 1.5 8.2 ± 3.0 7.7 ± 0.9 7.4 ± 2.2 11.1 ± 1.0 11.3 ± 2.6 10.8 ± 0.7 5.5 ± 1.9 8.3 ± 2.4 8.5 ± 1.4
22:2 0.0 ± 0.0 0.1 ± 0.2 0.3 ± 0.3 0.4 ± 0.1 0.3 ± 0.3 1.7 ± 1.9 0.6 ± 0.0 0.5 ± 0.4 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.3
22:5 ω6 0.4 ± 0.3 0.7 ± 0.1 0.5 ± 0.1 0.4 ± 0.0 0.3 ± 0.2 1.2 ± 0.3 0.7 ± 0.3 0.6 ± 0.1 0.3 ± 0.3 0.4 ± 0.3 0.6 ± 0.1
22:5 ω3 0.1 ± 0.2 0.3 ± 0.2 0.0 ± 0.0 0.2 ± 0.2 0.0 ± 0.0 0.7 ± 0.2 0.4 ± 0.3 0.2 ± 0.3 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.1
22:6 ω3 1.5 ± 0.8 2.7 ± 0.2 1.6 ± 0.4 1.9 ± 0.3 1.8 ± 1.0 6.0 ± 0.7 2.3 ± 0.7 2.2 ± 0.7 1.5 ± 0.4 1.7 ± 0.5 2.0 ± 0.6

Sum% 20.5 ± 4.2 24.5 ± 1.6 20.0 ± 5.0 21.2 ± 0.3 18.7 ± 5.1 40.1 ± 2.5 26.2 ± 4.1 26.2 ± 3.5 32.7 ± 5.6 20.1 ± 4.2 22.4 ± 3.2

Sum n.i.% 2.7 ± 1.1 3.0 ± 1.1 3.3 ± 0.6 4.1 ± 1.7 4.0 ± 1.2 3.5 ± 1.8 2.4 ± 1.5 3.4 ± 0.9 4.3 ± 1.0 3.7 ± 1.5 4.4 ± 1.0

Total% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

18:2ω6 6.1 ± 0.5 3.2 ± 0.3 3.7 ± 0.9 4.2 ± 0.1 3.9 ± 0.3 5.0 ± 0.9 3.7 ± 0.2 3.2 ± 0.1 14.2 ± 2.3 3.2 ± 0.1 3.4 ± 1.7
+18:3ω3

16:ω7/16:0 0.4 ± 0.0 0.6 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.0 0.4 ± 0.0 0.5 ± 0.0 0.5 ± 0.1 0.3 ± 0.0 0.6 ± 0.1 0.5 ± 0.1

LCFAs 0.5 ± 0.1 0.0 ± 0.0 0.2 ± 0.2 0.4 ± 0.2 0.0 ± 0.0 0.1 ± 0.2 0.4 ± 0.3 0.4 ± 0.3 0.3 ± 0.2 0.0 ± 0.0 0.1 ± 0.2

Table 3. FA composition (% of total FAs) of crab hepatopancreas sampled in January (summer) and April (autumn) 2004 at the 4 stations along 
the LRE. Values are means± SD. Uv, Hc, At, Ub, Pe: see Table 1 for full species’ name
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Parasesarma erythodactyla from other crab species at
62% similarity level. Cluster II separated individuals of
Uca vocans sampled in autumn from the rest of the
ocypodid crabs at 74% similarity and Cluster III was
made up with all the other crabs.

The major saturated FA of all crabs was palmetic
acid (16:0), representing 15.7 ± 1.6 to 32.5 ± 1.9% of
total FAs. The FA 16:1ω7 dominated the monounsatu-
rated group at 10.6 ± 3.3 to 17.4 ± 1.3% (18:1ω9 in the
grapsid Parasesarma erythodactyla, 16.6 ± 4.3%) and
20:5ω3 dominated the polyunsaturated group at 5.0 ±
1.7 to 11.3 ± 2.6% (18:2ω6 in P. erythodactyla, 11.1 ±
0.5%). The relative contribution of total monounsatu-
rated and total polyunsaturated in P. erythodactyla and
in Uca vocans collected in summer were respectively
in lower and higher proportions than in all other
species (Table 3).

Bacterial markers, the branched FAs 15:0+17:0 and
18:1ω7, were detected in all species. There were no
significant differences in either group of bacterial
markers between species (ANOVA, p > 0.05).

The FA 20:5ω3 was detected in all species with con-
tributions between 5.0 ± 1.7 and 11.3 ± 2.6% of total
FAs. However, there were no significant differences
between species (ANOVA, p > 0.05). The ratio 16:1ω7/
16:0, as an indicator of diatoms input to the animal

diets, was much lower in Parasesarma erythodactyla
(0.253 ± 0.10) compared to all other crab species (0.445
± 0.01 to 0.596 ± 0.08). Two other polyunsaturated FAs,
20:4ω6 and 22:6ω3, exhibited a higher contribution in
Uca vocans collected in autumn in comparison to other
sampled crab communities (ANOVA, p < 0.05).

The LCFAs, markers of mangroves, occurred only in
small amounts (less than 0.7%) in the crabs and there
were no significant differences between species
(ANOVA p > 0.05). The contribution of 18:2ω6+18:3ω3
was significantly higher in Parasesarma erythodactyla
(14.4±2.3%) than all other sampled species (p < 0.001).
Among the ocypodids, contributions of 18:2ω6+18:3ω3
in Uca vocans individuals of both seasons were not dif-
ferent (p > 0.05) whereas these were significantly
higher than all the other species (p < 0.001).

DISCUSSION

Mangrove exportation along LRE

Organic matter from vascular plants is indicated by
LCFAs (Volkman et al. 1980), which can be traced in
the seston (Canuel et al. 1995), sediment (LeBlanc et al.
1989) and animal tissues (Meziane & Tsuchiya 2000).
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Fig. 4. Classification of crabs collected at the 4 study sites along the LRE in January and April 2004. The label of each sample con-
sists of 3 codes. The first code is the station: st1 (Stn 1), st2 (Stn 2), st3 (Stn 3) and st4 (Stn 4); the second code is the species name 
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The leaves of Avicennia marina, the most abundant
species in LRE, exhibit a contribution of more than 5%
of LCFAs (T. Meziane & S. Y. Lee unpubl. data). In
general, LCFAs were present in the surface sediment
of all the sites within the mangroves and tidal flat
along the entire transect. Because they are found in the
waxy part of the leaf lipids, LCFAs can resist degrada-
tion for a longer period of time than the polyunsatu-
rated FAs (Mfilinge et al. 2003). A large presence of
these markers indicates that mangrove production was
a major source of organic matter in this environment
(Meziane & Tsuchiya 2000, Mfilinge et al. 2003) and
therefore was a potential food source available to the
detritivores and deposit feeders living in the LRE.
However, in autumn, at the lower part of the estuary
(Stns 3 and 4), hierarchical cluster analysis clearly dis-
tinguishes the sites MS3 and MS4 (Cluster I, Fig. 3),
which exhibit the richest sediments in terms of LCFAs
contributions, and the sites IS3 and IS4, with the lowest
contribution of LCFAs, as 2 distinct groups (Clusters II
and IIIa, Fig. 3). The very low contributions of LCFAs
at IS3 and IS4 (less than 15 m from MS) strongly indi-
cate a very spatially limited transfer of organic matter
from the mangrove forest to the adjacent tidal flat in
autumn.

In MS3 and MS4, the higher autumnal level of
LCFAs compared to those recorded during summer is
an indication of a higher rate of litter fall and/or an
accumulation of the mangrove organic matter. A high
contribution of LCFAs in the surface sediments within
a mangrove forest was correlated to an increase of
litter fall as a result of a high rainfall in a study in Oki-
nawa, Japan (Mfilinge et al. 2005). Mackey & Smail
(1995) showed that an Avicennia marina forest, also
situated in Moreton Bay, exhibited higher litter fall
rates during rainfall in summer, agreeing with the gen-
eral positive correlation between rainfall and litter fall
(Lee 1989). In LRE, the intensity of rainfall was much
higher in January 2004 (237 mm mo–1) than in April
2004 (62 mm mo–1). Therefore this difference in rainfall
may explain the limited exportation from the forest to
the tidal flat in autumn and why, in parallel, lower rain-
fall most likely led to an accumulation of mangrove
litter within the forest in MS3 and MS4, which exacer-
bated the seasonal reduced litter production (Mackey
& Smail 1995).

The other dominant FAs in the composition of man-
grove leaves from LRE were 18:2ω6 and 18:3ω3
(>20% in Avicennia marina, T. Meziane & S. Y. Lee
unpubl. data). The total amount of these 2 FAs has
been used as an indicator for the relative importance
of terrestrial material in marine sediments (Budge &
Parrish 1998). During decomposition, the FAs 18:2ω6
and 18:3ω3 tend to disappear more rapidly than satu-
rated FAs (i.e. LCFAs) in the litter (Mfilinge et al.

2003) and in the sediment (Grossi et al. 2001). The FA
18:2ω6 can potentially also be produced by the fungi
that colonise the leaves, and a phytoplanktonic origin
has also been suggested for the FA 18:3ω3 in a tem-
perate estuary (Napolitano et al. 1997). The possibility
of a terrestrial origin of these markers also needs to be
considered due to the presence of agricultural fields
upstream of the studied zone that produce crops
which are usually rich in 18:2ω6 (Napolitano et al.
1997, Meziane & Tsuchiya 2002). However, because
of their dominance in the mangrove leaves and the
prevalence of mangrove forest in the estuary, the ori-
gin of 18:2ω6 and 18:3ω3 found in the surface sedi-
ment of LRE during both seasons could be attributed
primarily to mangrove leaf production, and/or the
fungi colonising them, rather than from another ter-
restrial source. 

Two groups of FAs, 18:1ω7 and branched 15:0+17:0,
are commonly used to assess the bacterial contribution
in the surface sediment (Carrie et al. 1998, Meziane &
Tsuchiya 2002). The relative contribution of these
markers shows that, throughout the entire transect,
bacteria always contributed significantly to the pool of
organic matter. The branched 15:0+17:0 have been
ascribed to sulfate reducing bacteria (Canuel 2001,
Pinturier-Geiss et al. 2002) whereas the monounsatu-
rated 18:1ω7 has been assigned to bacteria living in
anaerobic as well as in aerobic conditions (Edlund et
al. 1986, Pinturier-Geiss et al. 2002). In surface sedi-
ments of LRE, both markers are more probably indicat-
ing anaerobic conditions. Indeed, these conditions are
expected in summer, as higher temperatures would
increase litter degradation rate, which in turn reduces
the sediment (Fenchel et al. 1998). In autumn, surface
sediments were probably even more reduced due to
the accumulation of organic matter (mangrove detri-
tus) that favours anaerobic metabolism and sediment
reduction (Fenchel et al. 1998).

The polyunsaturated 20:5ω3 is commonly used to
assess the importance of diatoms in aquatic environ-
ments (Canuel et al. 1995, Meziane & Tsuchiya 2000).
As a general trend, the contribution of 20:5ω3 from
the LRE in surface sediments along the estuary indi-
cates that the input of benthic diatoms to the organic
matter pool was similar in both sampled seasons.
However, summer values of the ratio 16:1ω7/16:0,
also indicative of diatoms input to the surface sedi-
ment (Mudge et al. 1998), were higher than those cal-
culated in autumn. This may be due to a higher con-
tribution in summer of planktonic diatoms to the pool
of organic matter of the surface sediment. Indeed, a
higher concentration in the water column of chl a was
recorded in January (2.5 to 5 µg l–1) than in April (1
to 2 µg l–1), which is indicative of a better phyto-
plankton biomass.
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Food sources of the crabs

Mangrove litter, predominantly composed of leaves
during the sampling periods (Mackey & Smail 1995),
seems to have not been assimilated by the ocypodid
crabs or by Parasesarma erythodactyla, as indicated by
the absence or weak contributions of LCFAs (<1%).
However, the contributions of 18:2ω6+18:3ω3 in the FA
composition of the crab tissues were higher (>3.2%).
The discrepancy between LCFAs and 18:2ω6+18:3ω3,
both markers of mangrove leaves in this habitat, can
be due in part to the fungal biomass contributing to the
amount of 18:2ω6 (see next paragraph). The discrep-
ancy can also be explained by selective assimilation of
the more desirable polyunsaturated FAs during the
digestion process. Indirect evidence of selective assim-
ilation has previously been reported in 3 species of
ocypodids, including Uca vocans (Meziane et al. 2002)
and P. erythodactyla (D. J. Hall et al. unpubl. data).
These authors  kept crabs in controlled conditions and
fed them exclusively with Avicennia marina leaves.
Preliminary data showed that LCFAs proportion in the
tissues of P. erythodactyla were of the same level as the
tissues of the field individuals of this present study
(<1%), but were highly abundant in their feces
(~10%), whereas 18:2ω6 and 18:3ω3 were present at
the total concentration of 10% in the tissues, demon-
strating that they were preferentially assimilated by
the crabs.

Ingestion of fragmented mangroves leaves is possi-
ble for the ocypodid crabs as they have well-developed
mandibles (Maitland 1990) and is established for many
grapsids such as Parasesarma erythodactyla (Lee 1998,
Guest et al. 2004). Indeed, this grapsid is the species
that exhibits the highest contribution of 18:2ω6+18:3ω3
(up to 14.3%), which reflects the importance of man-
grove organic matter in its food diet. However, the
individuals of P. erythodactyla also exhibited a large
content of 18:1ω9 in comparison to the other crabs.
Combined high amounts of 18:2ω6 and 18:1ω9 is char-
acteristic of some fungal strains (cf. Chen et al. 2001)
and these FAs have been used as reliable markers of
this microbial source in the terrestrial environment
(Frostegård et al. 1996, Mikola & Setälä 1998, Chen et
al. 2001). Therefore, a potential origin of 18:2ω6 and
18:1ω9 in P. erythodactyla would be the fungal bio-
mass that develops at the surface and within the man-
grove leaves and litter. There is no doubt that P. ery-
thodactyla actively shreds mangrove leaf in the litter,
but it is possible that this animal specifically seeks the
microbial biomass (fungi, bacteria, diatoms) living on
the surface and within the leaf tissues, rather than the
mangrove organic matter, as a food source.

The amount of 20:5ω3 in ocypodid crab tissues sug-
gests that diatoms were most likely a major food source

in both seasons. In particular, a higher contribution
of 20:5ω3 in Uca vocans in April indicates that this spe-
cies assimilated more diatoms in autumn than during
summer. Such a seasonal increase in the contribution of
diatoms to the diet of U. vocans has previously been re-
ported (Meziane & Tsuchiya 2000) but was in that case
related to an identified summer bloom of the micro-
phytobenthos. At Stn 1, no noticeable microphyto-
benthic bloom seemed to occur at the surface sediment
in autumn (see above discussion paragraph on 20:5ω3
contribution in surface sediment). However, a better
availability of this food source in the environment is
emphasized by the fact that individuals of Australoplax
tridentata sampled in autumn at Stn 1, showed a much
higher contribution of the diatoms marker than their
conspecifics from the other stations (t-tests, p < 0.05).
Diatoms have been suggested to be a major food source
for this ocypodid crab (Guest et al. 2004).

The contributions of 20:5ω3 to the tissues of the crab
Uca bellator minima sampled in autumn and Heloecius
cordiformis collected in summer indicate that these
ocypodid species also rely on the microphytobenthic
biomass for their diet. Individuals of the semaphore
crab Heloecius cordiformis have been previously de-
scribed as being primarily microphagous, as shown by
the specialisation of its mouth parts (Maitland 1990).

In Parasesarma erythodactyla, the contribution of
20:5ω3 was significantly lower than in any other spe-
cies except Uca vocans sampled in summer. Diatoms
can be ingested incidentally during feeding on man-
groves detritus (Mfilinge et al. 2003) or taken directly
from the sediment (Guest et al. 2004). The lower input
of microalgae to the diet of P. erythodactyla was con-
firmed by the calculated values of 16:1ω7/16:0, a diag-
nostic ratio for the contribution of diatoms (Copeman &
Parrish 2003), which exhibited an average value of 0.3
that was lower than in all other species (~0.5).

The essential FA 22:6ω3 was significantly higher in
the autumn Uca vocans individuals (6% of total FAs)
than in all other crab populations (<3%). Since dinofla-
gellates, the usual source of this marker (Pond et al.
1998), were scarce in the surface sediments along LRE
(<1%), it is unlikely that dinoflagellates are the major
dietary source of 22:6ω3. The thraustochytrids, in
which 22:6ω3 can contribute up to 40% of total FAs,
are a much more plausible origin for this FA in crabs,
as these microorganisms are known to colonise decay-
ing mangrove leaves (Fan et al. 2001, Jiang et al. 2004).
A significant contribution of mangroves leaves to the
diet of U. vocans is supported by the high content of
18:2ω6+18:3ω3 in their tissues compared to the other
ocypodid crabs studied.

A relatively high amount of the polyunsaturated
20:4ω6 was detected in all crab tissues collected in
LRE. This FA has been assigned to different sources of
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organic matter, as it has been found in large amounts
in microalgae (Dunstan et al. 1994) and macroalgae
(Graeve et al. 2002). Microalgae cannot be ruled out as
a potential source of 20:4ω6 in LRE but macroalgae can
be ignored as contributor of this FA, as there was no
significant algal biomass in the mangrove and on the
adjacent tidal flats (T. Meziane pers. obs.). Addition-
ally, the potential main source of 20:4ω6 found at the
surface sediment of LRE is most likely derived from
protozoans and microeukaryotes that dwell in the sed-
iment (Bell & Sargent 1985, Howell et al. 2003). Thus,
these microorganisms could have been ingested by the
crabs, which provided them with this essential FA. Sur-
prisingly, the contribution of 20:4ω6 to Parasesarma
erythodactyla was one of the highest in FA composi-
tions of the crab populations collected at LRE. This spe-
cies was less of a deposit feeder than the rest of the
crabs. Therefore, as suggested by Copeman & Parrish
(2003) for some other macroinvertebrates, the elevated
level of 20:4ω6 in P. erythodactyla can also be related
to an active metabolic conservation and retention in
membranes rather than by simple dietary intakes.

Bacteria were one of the main components of the
organic matter pool in the surface sediments. It was,
therefore, not surprising to find that irrespective of
season, bacteria contributed to the diet of all ocypodid
species collected in LRE. The use of bacteria as a food
source by ocypodid crabs has been reported previously
(Dye & Lasiak 1986, Meziane et al. 2000, 2002, Takeda
et al. 2004). Nevertheless, it has been suggested that
the bacterial marker, 18:1ω7 can be formed in vivo by
chain elongation of dietary 16:1ω7 in some marine
invertebrates, including crabs (Styrishave et al. 2000,
Stevens et al. 2004 and reference therein). However, as
suggested by Stevens et al. (2004), in a benthic envi-
ronment such as the tidal flats of the LRE, bacterial
inputs, rather than possible chain elongation, is the
most realistic scenario.

CONCLUSIONS

To conclude, the seasonal difference between FA
compositions of the surface sediments in the mangrove
forest of the LRE and in the adjacent bank was an indi-
cation of the variation in the sources of organic matter
inputs from summer to autumn. In addition to this sea-
sonal variation, MDS analysis of FA profiles exhibits a
difference between the surface sediments of man-
groves and their adjoining flats, which indicates a dif-
ference in terms of the source and transport of organic
matter at a small spatial scale (less than 15 m). Further
investigations of individual FA biomarkers revealed
the sources of sediment organic matter in this aquatic
habitat.
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