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ABSTRACT: Surface sediments and marine invertebrates, collected from 2 intertidal flats on Oki-
nawa Island, 1 adjacent to a mangrove system, were analysed for fatty acid composition. The detec-
tion of fatty acid markers found in mangrove leaves in the organic matter of the surface sediments,
coupled with measurements of C:N ratios, showed that organic matter from the mangrove forest (in
Oura Bay) is exported to the intertidal flat in both the rainy season and the dry season. This export
seems to be higher in the rainy season. However, bacteria, diatoms and macroalgae were the main
food source in the surface sediments, as shown by the contribution of their respective fatty acid mark-
ers. These markers were also detected in the tissues of the dominant macrozoobenthic species, fiddler
crabs and gastropods. Bacteria and green macroalgae were the primary food sources ingested at both
sites, irrespective of season. The organic matter derived from mangroves was also ingested by the
macrozoobenthos of Oura Bay, while markers of higher plants were not found in the tissues of inver-
tebrate species at ltoman intertidal flat, the site that was not adjacent to a mangrove system.
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INTRODUCTION

Mangrove forests, predominant in estuarine ecosys-
tems of tropical and subtropical regions, are char-
acterised by high primary production. The material
produced, mainly leaves, enriches the bottom litter
(Fleming et al. 1990). The decompostion rate of the lit-
ter and the quality of the resulting particulate organic
matter and nutrients may depend on which mangrove
species the leaves come from (Tam et al. 1990}, on
biotic factors such as bacterial activity (Bano et al.
1997), and on edaphic effects such as tidal range and
temperature (Slim et al. 1997).

Litter production is exported to the intertidal flat
(Woodroffe 1985). However, Robertson (1986) assumed
that the export is certainly over-estimated by not con-
sidering the leaf removal by crabs in the forest. When
exported, the litter material is recycled through the
detritus-based food web. The effect of mangrove detri-
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tus on intertidal secondary production is still not well
understood and its effect is not always positive. Indeed,
Alongi & Christoffersen (1992) have shown that the
deposition of mangrove detritus may decrease the den-
sity of the macrozoobenthos and diversity of nema-
todes. Moreover, Wafar et al. (1997) suggested that the
energy flux from mangroves is more important for sus-
taining the microbial food chain and nutrient regener-
ation than the pélrticulate food chain directly.
Mangrove forests in Okinawa (in the southern part
of Japan) colonise some river estuaries in the northern
part of the island. The litter production here is particu-
larly elevated during the rainy and dry seasons (spring
and summer, respectively; Mokolensang & Tokuyama
1998). However, the export of litter from the man-
groves to the intertidal flat and its integration into the
intertidal food web remain uninvestigated. Macroben-
thos was investigated in another study, unique for a
mangrove/non-vegetated mudflat ecosystem, which
showed high diversity and elevated densities and bio-
masses of benthic macrofauna (Motonaga 1977).
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The last decade has seen an increase of studies using
fatty acids as markers in order to identify the origin of
organic matter in coastal environments (Le Blanc et al.
1989, Canual et al. 1995, Mudge & Gwyn Lintern
1999). Furthermore, because marine invertebrates are
unable to synthesise some essential fatty acids, which
are available specifically in some organic sources, the
profile of fatty acid composition in their tissues can also
reveal the origin of the food source(s) (Hopkins et al.
1993, Kharlamenko et al. 1995, Meziane et al. 199%).
Among these fatty acids markers, the odd-branched
fatty acids 15:0 and 17:0, iso and anteiso, and 18:1®7
are commonly considered as being predominantly syn-
thesised by bacterial communities (Jeffries 1972, Volk-
man et al. 1980) and they have been used as markers of
bacteria in sediments (Currie & Johns 1988, Rajendran
et al. 1992, 1993) and marine invertebrates (Kharla-
menko et al. 1995, Pranal et al. 1996, Meziane et al.
1997). In the polyunsaturated fatty acids (PUFAs), the
acid 20:503 has been strongly detected in diatoms
(Pond et al. 1998), and has been used as a diatom
marker in marine environments (Volkman et al. 1980,
Currie & Johns 1988, Canual et al. 1995) and in the diet
of invertebrates (Kharlamenko et al. 1995, Meziane et
al. 1997). Furthermore, the PUFAs 18:20w6 and 18:3w6
were used as markers of macroalgae (Kharlamenko et
al. 1995). The long chain fatty acids (LCFAs from 26:0
to 30:0), exclusively synthesised by vascular plants
(Volkman et al. 1980), have been used as tracers of
these vegetal species in sediments and in animal
tissues (Le Blanc et al. 1989, Rajendran et al. 1992,
Meziane et al. 1997).

By examining fatty acid profiles in plants, sediments
and marine invertebrates, this study aimed to assess
the export of mangrove detritus to the intertidal flat
and to determine its integration into the intertidal food
web through the dominant species of macrozooben-
thos. The investigations were made during the rainy
and dry seasons on Okinawa lsland. The work was
supplemented by a similar investigation at a control
site that supported no mangrove forest nearby.

MATERIAL AND METHODS

Study site. Okinawa is a semi-tropical island located
in the southern part of Japan (26.5°N, 128°E; Fig. 1).
The study site of Oura Bay [Fig. 1) is situated in the
northern part of the island, which is characterised by
laurel forests and a coastal mangrove area. This man-
grove, a mixed vegetation consisting of Rhizophora
stylosa, Kandelia candel, and Bruguiera gymnorhiza,
colonises the mouth of the estuary where the Oura
River runs into the bay. The reference site, ltoman
intertidal flat, is situated in the southern part of the
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Fig. 1. Locations of Okinawa Island and the transects of sam-
pling sites (Oura Bay and Itoman)

island (Fig. 1). The mudflat is situated against a back-
drop of sugar cane plantations. Sediments are mostly
muddy in Oura Bay and mostly sandy in Itoman.
Sample collection. All sediment and macrozooben-
thos samples were collected on 2 separate occasions
along a transect, perpendicular to the shore, at each
site. The first sampling was in early May, which is the
mid-period of the rainy season, and the second sam-
pling was in the middle of summer (late July), which
corresponds to a dry season of 1 mo duration. In addi-
tion, during the rainy season, fresh fallen leaves of Rhi-
zophora stylosa were sampled in Oura Bay's mangrove,
while thalli of the most abundant algae at both sites,
Enteromorpha intestinalis and Ulva pertusa, were col-
lected at the Itoman flat. Samples of surface sediment

- 35°N
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were collected by scraping the top 1 to 2 cm at both
sites (6 stations each; Fig. 1). In Oura Bay, the sampled
species were the crab Uca lactea (collected at Stn OB
2), and the gastropods Terebralia sulcata (Stn OB 1) and
Cerithideopsilla cingulata (Stn OB 3). At the Itoman
intertidal flat, the sampled species were the crabs U.
lactea (Stn ITO 1) and Uca vocans (Stn ITO 2), and the
gastropod Batillaria zonalis (Stn ITO 3). The collected
invertebrates were immediately isolated, frozen
(~20°C) and stored for analysis. The macrozoobenthos
species investigated are the dominant species at both
sites (Motonaga 1977, authors’ unpubl. data).

Analysis. The C and N content of the sediment sam-
ples were measured in a Shimadzu high sensitivity N,
C-analyser model NC80. Two replicates were mea-
sured for each station.

For lipid extraction, 10 g wet weight of flora, 2 g dry
weight (dw) of sediments and between 200 and 260 mg
dw of animal tissues were used following a slightly
modified version of the method of Bligh & Dyer (1959).
For the animals, 10 (crabs) or 20 (gastropods) individu-
als were used for preparing the dry tissue pool. Lipids
were extracted ultrasonically for 20 min with a mixture
of distilled water:methanol:chloroform (1:2:1, 20 cm?
v:viv). Addition of distilled water:chloroform mixture
(5:5 cm® v:v) formed an aqueous-organic 2-layer sys-
tem. Lipids were transferred into the lower chloroform
phase and the transfer improved by centrifugation
(2000 rpm [650 X g], 5 min). The aqueous phase was
re-extracted one more time. The separated chloroform
layers were combined, rotary evaporated, and then
dried under nitrogen. The extracts were saponified
under reflux (2 h, 100°C) with a 2 mol dm~* NaOH solu-
tion in methanol and distilled water (2:1, v:v). After
acidification with ultra-pure HCI solution (37.5%), 2 x
2 cm? of chloroform were added successively to recover
the lipids. The chloreform extracts were combined,
evaporated and dried under a nitrogen stream. Total
lipids contained in the chloroform were transmethy-
lated under reflux with 14 % BF;-methanol for 10 min.
After cooling, lipids were re-extracted with chloroform
and washed with distilled water. After evaporation un-
der a nitrogen stream, the extracts were weighed and
redissolved in chloroform:methanol (2:1, v:v). Separa-
tion of lipid fractions was facilitated using high-perfor-
mance thin-layer chromatography (HPTLC), which was
performed on plates coated with silica. The bands con-
taining fatty acid methyl esters (FAMESs) were scraped
and dissolved in a mixture of chloroform:methanol (2:1;
v:v) at 40°C for 60 min. FAMESs were then isolated in the
same solution until analysis by gas chromatography.

The samples were analysed by a GC 14.B Shimadzu
gas chromatograph equipped with flame ionisation.
FAMEs were separated with an FFAP-polar capillary
column (30 m x 0.32 mm internal diameter, 0.25 mm film

thickness). Hydrogen was used as a carrier gas. After
injection at 60°C, the oven temperature was raised to
150°C at arate of 40°C min™?, then to 230°C at 3°C min™!,
and finally held constant for 30 min. The flame ionisation
was held at 240°C. FAMEs were identified by comparing
their retention times with those of a standard.

Fatty acids are designated as X:YwZ, where X is the
no. of carbon atoms, Y is the no. of double bonds and
Z is the position of the ultimate double bond from the
terminal methyl group. The analytical precision for
samples was generally <5% for total amounts and
major components of FAMEs.

RESULTS
Fatty acid markers in plants

The palmetic fatty acid (16:0) was the most com-
monly detected compound (43.2 to 67.5%) in the
leaves of Rhizophora stylosa and the thalli of Entero-
morpha intestinalis and Ulva pertusa (Table 1). The
LCFAs, markers of vascular plants (Table 2), were
found only in Rhizophora stylosa leaves (5.9% of total
fatty acids; Table 1). )

In Rhizophora stylosa, the contribution of the PUFAs
18:2w6 and 18:3wb6 was about 7% of total fatty acids
(Table 1). However, higher amounts of these fatty
acids, markers of macroalgae (Table 2), were found
in Enteromorpha intestinalis and Ulva pertusa (24.7 %
and 12.6 % respectively; Table 1).

Surface sediments

C:N atomic ratio. The C:N atomic ratio values in
Oura Bay and Itoman intertidal flat, during the rainy
and the dry seasons, are presented in Tables 3 & 4. At

Table 1. Percentage levels of ubiquitous fatty acid (16:0),
polyunsaturated fatty acid markers (PUFA markers) and long
chain fatty acids (LCFAs)} in Rhizophora stylosa leaves and
thalli of Enteromorpha intestinalis and Ulva pertusa. — not

detected
Rhyzophora Enteromorpha Ulva
stylosa (leaves) intestinalis pertusa

16:0 53.5 432 67.5
18:2w6 4.6 12.7 11.5
18:3w6 2.0 12.0 1.0
PUFA markers 6.6 24.7 12.6
26:0 1.7 - -
28:0 33 - -
30:0 0.9 - -
2 LCFAs 59 - -
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Table 2. Fatty acid markers assigned to organic sources

Fatty acids (FAs) Organisms
15:0is0, 15:0 anteiso, 17:0 iso, Bacteria

17:0 anteiso, 18:107
20:5w3 Diatoms
18:216, 18:3w6 Green macroalgae
26:0, 28:0, 30:0 Vascular plants

Oura Bay, the C:N atomic ratio ranged from 8.2 to
286.9 during the rainy season and from 3.6 to 29.7 dur-
ing the dry season. At Itoman, the C:N ratios values
were higher in the rainy season (41.0 to 83.2) than in
the dry season (4.7 to 5.5).

Fatty acid markers in surface sediments. In Oura
Bay, the odd-branched fatty acids 15:0 and 17:0 (iso
and anteiso) and 18:1w7, markers of bacteria (Table 2),
were detected (alone or together) at all stations and
during both seasons (Table 3). The sum of their relative
concentrations ranged from 2.9 to 7.7% in the rainy
season and from 2.0 to 15.2% in the dry season. At Ito-
man flat, these concentrations ranged from 4.8 to
21.1% in the rainy season and from 5.8 to 12.3 % in the
dry season (Table 4).

In Oura Bay the acid 20:5w03, the marker for diatoms
(Table 2), was detected at only a few stations during
both seasons (Stns OB 2, OB 3 and OB 4). Its relative
contributions ranged between 1.4 and 2.8 % (Table 3).
At Itoman, 20:503 was detected in the surface sedi-
ments of Stns ITO 1, ITO 3 and ITO 6 during the rainy
season (Table 4). In the dry season, the diatoms marker

was found at all stations, with a maximum concentra-
tion of 6.7 % recorded at Stn ITO 3 (Table 4).

The markers of green macroalgae, the polyunsatu-
rated 18:206 and 18:3w6 (see Table 2), were detected
at almost all stations of Oura Bay (except Stns OB 1 and
OB 6 during the rainy season; see Table 3). A maxi-
mum value was found at Stn OB 3 during the rainy sea-
son (22.1%). At Itoman flat, the highest contribution of
these markers in the organic matter of surface sedi-
ments was found at Stn ITO 3 during the rainy season
(14.4 %) (Table 4).

Vascular plant markers, the LCFAs, were detected in
the surface sediments of all stations of Oura Bay during
the rainy season and in 4 of them during the dry season
(Table 3). However, the relative contribution of LCFAs
never exceeded 3.6% (OB 2 in RS). At Itoman flat,
LCFAs were not detected in the surface sediments of
the intertidal flat (Table 4).

Fatty acid markers in macrozoobenthos

Bacterial markers were systematically recorded in all
species at both sites (Tables 5 & 6). In Oura Bay, rela-
tively high percentages of these fatty acids were found
in Terebralia sulcata; the values of these markers were
the highest recorded (11.4 % in the rainy season and
7.1% in the dry season) compared to with other spe-
cies. At Itoman flat, the relative contribution of bacter-
ial markers in the macrozoobenthos did not vary from
season to season, and comprised between 4.2 (Uca
vocans: dry season) and 6.2 % (U. vocans: rainy season)
of the total fatty acids.

Table 3. Percentage level of 16:0, fatty acid (FA) markers of bacteria, microalgae, macroalgae and mangroves (LCFAs}, and total
PUFAs (including fatty acids shown in this table and those not presented) and C:N ratio of surface sediments at Stns OB1 to OB6
in Oura Bay during the rainy season (RS) and the dry season (DS). —: not detected

OB 1 OB 2 OB 3 OB 4 OB 5 OB 6

RS DS RS DS RS DS RS DS RS DS RS DS
16:0 464 249 156 215 17.5 14.5 28.5 19,5 394 147 456 159
15:0iso 2.9 - 1.8 - 24 - 0.8 - 1.9 2.3 7.7 0.8
15:0 anteiso - - 1.7 0.7 - - - - 1.4 - - 4.2
17:0 iso - 2.5 0.7 1.2 - 11.4 1.2 - 1.5 5.0 - 1.4
17:0 anteiso - 3.4 - 2.1 - - - - - - - 2.2
18:1w? - - 1.9 1.5 1.6 - 1.7 2.0 2.4 2.3 - 6.6
Y bacterial FA markers 2.9 59 6.1 5.5 4.0 11.4 3.7 2.0 7.1 9.5 7.7 152
20:503 (microalgal marker) - - 3.6 2.1 2.8 2.8 - 1.4 - - - -
18:206 - 2.0 1.2 1.9 1.8 5.4 - 3.6 0.7 2.6 - 4.0
18:3w6 - - - - 20.3 - 1.1 - 1.2 - - -
% macroalgal FA markers - 2.0 1.2 1.9 221 54 1.1 3.6 1.9 2.6 - 4.0
26:0 2.5 2.0 31 0.8 - - 0.8 0.9 2.1 - - 1.1
28:0 - 0.5 0.7 3.5 - ~ - - 0.6
3> LCFAs 2.5 2.0 3.6 1.4 3.5 - 0.8 0.9 2.1 - 0.6 1.1
3 PUFAs - 2.3 5.2 4.0 434 8.6 1.9 7.2 2.8 3.1 - 4.6
C:N 8.2 12.4 13.5 3.6 68.4 5.7 260.7 5.5 286.9 144 129 297
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Table 4. Percentage level of 16:0, FA markers of bacteria, microalgae, macroalgae and mangroves (LCFAs), and total PUFAs and
C:N ratio of surface sediments at Stns ITO1 to ITO6 in the Itoman intertidal flat during the rainy season (RS) and the dry season

(DS). — not detected <
ITO 1 ITO2 ITO 3 ITO 4 ITO S ITO6

RS DS RS DS RS DS RS DS RS DS RS DS
16:0 39.0 387 41.3 441 205 213 22.5 359 328 21.8 9.1 320
15:0 iso - 0.7 3.0 1.2 2.5 26 - 1.8 2.8 - 2.5 24
15:0 anteiso - - 1.5 - 1.6 14 - 1.2 1.6 - 148 1.2
17:.0iso 1.4 0.8 1.5 0.9 0.8 3.3 ~ 1.2 1.1 0.7 - 1.5
17:0 anteiso 0.5 0.5 0.6 - - 3.0 39 - 1.1 3.1 - -
18:1w7 29 7.0 7.0 3.8 29 2.1 4.1 3.6 3.8 59 3.8 6.3
2 bacterial FA markers 4.8 9.1 13.6 5.8 78 123 8.0 7.8 10.4 9.7 211 113
20:5w3 (microalgal marker) 2.2 1.7 - 5.6 0.8 6.7 -~ 2.8 - 3.5 1.9 2.6
18:206 3.5 1.8 0.7 0.9 - 1.0 - 0.9 0.7 4.8 0.9 2.0
18:3w6 0.6 - - - 14.4 1.0 26 - - 5.3 15.8 -
X macroalgal FA markers 4.1 1.8 0.7 0.9 14.4 2.0 2.6 0.9 0.7 10.1 16.7 2.0
S LCFAs - - - - - - - - - - - -
2 PUFAs 6.9 6.2 1.2 6.5 344 134 8.1 3.7 23 166 352 113
C:N 832 351 41.0 4.7 662 5.1 41.5 5.5 520 53 585 52

The acid marker for diatoms was detected in all
macrozoobenthos studied in Oura Bay during the rainy
season (Table 5). In summer (dry season), 20:503 was
found in Uca lactea and Cerithidiopsilla cingulata but
not in Terebralia sulcata (Table 5). At Itoman flat, the
diatoms marker was recorded in the 3 species only dur-
ing the dry season (Table 6).

The fatty acids 18:2w6 and 18:3w6 were detected in
all species at both sites and seasons (Tables 5 & 6).
However, concentrations were relatively higher in the
gastropods Terebralia sulcata in the rainy season

Table 5. Percentage level of 16:0, FA markers of bacteria, microalgae, macroal-
gae and mangroves (LCFAs), and total PUFAs in the main species of macro-

(10.8%) and Batillaria zonalis in the dry season
(12.6 %).

The LCFAs were found in all species studied at
Oura Bay during both seasons (Table 5). Their contri-
butions were slightly higher during the dry season
(1.7 to 3.8%) than in the rainy season (0.8 to 1.2%).
At Itoman flat, in both seasons, these fatty acid mark-
ers of the vascular plants were not detected in the
macrozoobenthos collected (Table 6).

DISCUSSION

Mangrove exportation

zoobenthos of Oura Bay during the rainy season (RS) and the dry season (DS).

-: not detected

The presence of LCFAs in the sur-
face sediments along the Oura Bay

Uca Cerithideopsilla ~ Terebralia intertidal flat during the rainy and the
lactea cingulata sulcata dry seasons indicates that decom-
RS Ds RS DS RS Ds posed leaves, and certainly other
16:0 32.6 44.8 252 183 202 301 compounds from the mangrove forest,
15:0 iso 0.7 0.5 _ _ _ _ contributed to the intertidal pool of
15:0 anteiso - - - - - - organic matter (Table 3). However,
17:0is0 0.6 11 20 14 17 23 because of the relatively low percent-
i 05 08 8% o 08 27 | ages of LCFAs during summer and
Y bacterial FA markers 69 44 64 49 114 71 the absence of these markers at some
20:503 (microalgal markerj 4.1 1.3 09 26 19 - stations (Stns OB 3 and OB 5) during
18:206 26 0.5 3.2 - 66 3.6 this season, it seems that exportation
18:3006 1.1 - 1.2 0.8 4.3 1.2 was less important than during the
2 macroalgal FA markers 3.? 0.5 4.4 0.8 109 4.9 wet season, when the markers were
26:0 1207 - 0.8 - 3.8 detected at all stations (Table 3). This
28:0 - 1.6 11 0.9 0.8 - .
¥ LCFAs 11 292 11 1.7 0.8 38 was confirmed by the elevated values
S PUFAs 9.0 16 1.9 4.7 185 9.9 of C:N ratios, especially in the middle
. and lower parts of the flat (Table 3).
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Table 6. Percentage level of 16:0, FA markers of bacteria, microalgae, macroal-

gae and mangroves (LCFAs), and total PUFAs in the main species of macro-

zoobenthos of Itoman intertidal flat during the rainy season (RS) and the dry
season (DS). —: not detected

Uca Uca Batillaria
lactea vocans zonalis

RS DS RS DS RS DS
16:0 38.5 407 428 364 184 143
15:0 iso 0.6 0.7 0.5 0.6 - -
15:0 anteiso - 0.6 - - - -
17:0iso 0.9 1.3 1.0 0.7 1.7 1.1
170 anteiso 0.6 0.5 0.5 0.5 - 0.8
18:1w7 2.4 2.3 4.2 2.4 3.6 2.7
3. bacterial FA markers 4.4 54 6.2 4.2 5.3 4.6
20:5w3 (microalgal marker) - 1.1 - 2.2 - 2.0
18:2w6 1.7 - 1.6 2.8 5.9 6.4
18:3w6 - - - 1.0 2.5 6.1
2 macroalgal FA markers 1.7 - 1.6 3.8 84 126
Y LCFAs - - - - - -
2 PUFAs 3.4 1.7 2.9 6.2 18.0 25.8

In a comparable ecosystem, Boto & Bunt (1981)
assumed that such high C:N ratio values in intertidal

sediments were related to mangrove
export. The relatively high export during
the rainy season from the forest to the flat
was certainly the result of intensive rain-
fall which drew the organic matter from
the mangrove to the subtidal zone. Simi-
larly, Hemminga et al. (1994) reported that
mangrove production in Gazi Bay (Kenya)
was exported in the direction of the ocean;
however, this export decreased rapidly
and had a marginal influence at a distance
of 2 km offshore. In Oura Bay, the relative
contribution of LCFAs in total fatty acids
decreased from the mangrove shore to the
subtidal zone (approximately 1 km) in
both seasons. This decrease indicates that
the exporl of organic matter from man-
groves was limited spatially to the inter-
tidal zone.

At Itoman flat, despite the presence of
drainage channels that carry particles and
nutrients from the adjacent sugar cane
plantation (vascular plants), LCFAs were
not found in the surface sediments of the
intertidal flat (Table 4). During the 2
seasons studied, the absence of sugar cane
leaves or fragments during collections
made in winter (from January to March)
on the adjacent intertidal flat may explain
the non-detection of LCFAs in the surface
sediments.

Contribution of autochthonous
sources

In regard to the contributions of the
bacterial fatty acid markers of surface
sediments, these microorganisms con-
stitute one of the main compounds of
the organic matter pool at Oura Bay in
both seasons (Fig. 2). However, the
contribution of bacteria seemed to be
elevated during the dry season, when
the percentages of markers at some
stations reached or exceeded 10% of
the total fatty acids. In other respects,
the higher contribution of bacteria
during summer was confirmed by the
low C:N ratio values at some stations
(Stns OB 3, OB 4 and OB5; see Table
3). Wafar et al. (1997) found high bac-
terial biomass in a mangrove-inter-
tidal flat ecosystem at the Mandovi-
Zuari Estuary (India). They concluded

that this high biomass could only be maintained by
mangrove forest export. However, at Oura Bay the
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Fig. 2. Relative contributions of the food sources (a) bacteria, (b) diatoms,

(c) green macroalgae and (d) mangroves in surface sediments at Stns OB1

to OB6 at Oura Bay during the rainy season (RS) and the dry season (DS)

according to the sum of their respective markers: bacteria (15:0iso + 15:0

anteiso + 17:0is0 + 17:0anteiso + 18:1w7), diatoms (20:5w3), green macroal-
gae (18:2w6 + 18:3w6) and mangrove (26:0 + 28:0 + 30:0)
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contribution of bacteria in the organic matter
pool was higher when export of detritus from
the mangrove was reduced (dry season), indi-
cating that other factors likely control the bio-
mass of bacteria in the surface sediments (e.g.,
temperature, nitrogen supply, etc.). Despite
this probable decrease of mangrove export,
available  detritus derived from mangroves
certainly played an essential role in maintain-
ing the high bacterial biomass during this
season. Similarly, Bano et al. (1997) concluded
that detritus was the main provider of energy,
channelling nitrogen into the bacterial bio-
mass in the Indus River delta (Pakistan). At
Itoman flat, bacterial fatty acid markers
reached or exceeded 10% of the total fatty
acids at-most of the stations during both sea-
sons (Table 4). This shows the important con-
tribution of bacteria to the organic matter of
the surface sediments (Fig. 3).
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Fig. 3. Relative contributions of the food sources (a) bacteria, (b) diatoms

and (c) green macroalgae, in surface sediments at Stns ITO 1 to ITO 6 at

the Itoman intertidal flat during the rainy season (RS) and the dry season
(DS) according to the sum of their respective markers

Contributions of 20:503 in the intertidal sur-
face sediments of Oura Bay indicate that
diatoms. seem to be poorly represented and restricted
to some stations (Fig. 2). The presence of microphyto-
benthos may have induced the low C:N ratios (Bano et
al. 1997). During summer, benthic diatoms influenced
the quality of the organic matter pool, because 20:5w3
was detected only at stations which presented relative
low C:N ratio values (Table 3) compared with other
stations of the site. At the Itoman intertidal flat, with
the exception of 1 station, benthic diatoms were absent
during the wet season in regard to the contribution of
20:5w3 (Fig. 3). In summer this fatty acid was recorded
at all stations, which may suggest a greater contribu-
tion of these microorganisms to the pool of organic
matter (Fig. 3). This contribution of diatoms was con-
‘firmed by low C:N ratios (Table 4).

During the rainy season, the elevated contribution of
18:20w6 and 18:3w6 at Stn OB 3 (Table 3) could be ex-
plained by the abundance of Enteromorpha intestinalis
on and around this station (pers. obs.). Valiela (1984) in-
dicates that the C:N ratio values of the green macro-
algae were between 10 and 60. Therefore, the C:N ratio
values from Stn OB 3 indicate an effective contribution
of the green macroalgae to the organic matter. During
summer, the macroalgal biomass increased (pers. obs.),
which explains the larger distribution and greater con-
tribution of green macrolagae in the surface sediment
compared with the wet season (Fig. 2). At the Itoman
intertidal flat, the contribution of green macroalgae to
the pool of organic matter in the surface sediments dur-
ing both seasons (Fig. 3) was not surprising due to the
presence of Enteromorpha intestinalis and Ulva pertusa
at this site. However, the biomass of macroalgae never
equaled that observed when blooms occurred before

the rainy season. During the rainy season, the C:N
ratios at Itoman intertidal flat (Table 4) were similar to
those of the green macroalgae according to Valiela
(1984). This may indicate that macroalgae were major
contributors to the organic matter pool.

Food sources of the macrozoobenthic species

Independent of site and season, the sum of bacterial
fatty acid contributions in the crabs Uca lactea and U.
vocans suggests that microheterotrophs were the dom-
inant food source (Figs. 4 & 5). These results are in
agreement with those obtained in a Queensland mud-
bank (Australia) by Dye & Lasiak (1986), who showed
that microheterotrophs were the major food source for
2 crabs of the Uca genus. However, Marquillier et al.
(1997) concluded that U. lactea fed mostly on a mixture
of seagrass and mangrove detritus in Gazi Bay. In Oura
Bay this crab also ingested mangrove detritus as shown
by the detection of LCFAs in its tissues (Table 5). How-
ever, the amounts of these fatty acids indicate a weak
contribution of this food source to the diet of U. lactea
(Fig. 4). At the Itoman intertidal flat, during both sea-
sons, LCFAs were not detected in the tissues of U.
lactea and U. vocans (Table 6). This was expected since
there was an absence of high plant markers in surface
sediments where the crabs were collected (Table 4). In
other respects, according to the presence of 20:503 and

* the PUFAs markers, diatoms (benthic as well as plank-

tonic) and macroalgae were also ingested by U. lactea
and U. vocans (Fig. 5). However, those sources were
less ingested compared to the bacteria.
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Fig. 4. Relative contributions of food sources in the macro-

zoobenthic species collected at Oura Bay during the rainy

season (RS) and the dry season (DS) according to the sum of
their respective markers

At Oura Bay, the elevated contribution of bacterial and
PUFAs markers in the tissues of Terebralia sulcata
during the rainy season indicated that the micro-
heterotrophs and the macroalgae constitute the pre-
ferred food sources of this snail (Fig. 4). This diet pattern
of T. sulcata was similar during the dry season, with a
dominance of bacteria and macroalgae in the food diet
(Fig. 4). Nevertheless, the relative high contribution of
bacterial markers could also be explained by the pres-
ence of endobacteria, as observed for 2 species of snails
{Pranal et al. 1996). This gastropod was mainly distrib-
uted in the interface between the mangrove forest and
the upper flat (Motonaga 1977), which offered better
availability of the mangrove leaf litter. However, these
leaves contribute to the diet only in very small amounts
with regard to LCFA percentages in T. sulcata. It is not
known to what extent this material was used by this
snail, but Slim et al. (1997) highlighted the dominant role
of the snail T. palustrisin removing leaf litter in the Gazi
Bay mangrove forest. The results from Oura Bay may
indicate the possibility that T. sulcata ingested the
organic matter derived from the mangrove litter to as-
similate the attached bacteria (rich in nitrogen) rather
than to use the leaves themselves. Since Tenore's works
(1977, 1981, 1983) the role of the detritus derived from
vascular plants has been well known as a ‘support’ of
bacterial biomass for deposit-feeders. In other respects,
the percentage of the 20:5w3 indicate that benthic and/or
plankonic diatoms contributed weakly to the diet of this
gastropod, and only in the wet season (Fig. 4).

According to the percentage of the bacterial mark-
ers, microheterotrophs were the main food source for
the gastropod Cerithideopsilla cingulata in both sea-
sons (Fig. 4). The contributions of 16:20w6 and 16:3w6
showed that green macroalgae were more ingested in
the wet season than during summer (Fig. 4). The low
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Fig. 5. Relative contributions of food sources in the macro-

zoobenthic species collected at Itoman during the rainy sea-

son (RS) and the dry season (DS) according to the sum of their
respective markers

contribution of these acids markers in C. cingulata dur-
ing the dry season could be linked to the decrease of
these markers on the surface sediments at Stn OB 3,
the site where the individuals were collected (Fig. 2).
At the Itoman intertidal flat, the contributions of
18:20w6 and 18:3w6 in the tissues of Batillaria zonalis
indicated that the most important food source for this
snail was green macroalgae (Fig. 5). Indeed, this was
expected, as the individuals of this gastropod were
always located on a macroalgal mat when they were
collected (Stn ITO 3). The contributions of bacterial

" fatty acid markers suggest that bacteria were also

ingested, but less than macroalgae (Fig. 5). However,
for a gastropod of the same genus, Battilaria attramen-
taria, in a Californian salt marsh, diatoms were the
most important food source (Whitlatch & Obrenski
1980). Diatoms contributed to the diet of B. zonalis but
in small amounts and only during the dry season
according to the contribution of 20:503. The summer
detection of this acid in this species, as a well as in Uca
lactea and U. vocans, is connected to the fact that the
microphytobenthic biomass increased in the surface
sediments compared to the wet season. The availabil-
ity of diatom biomass may certainly induce a better use
of these microorganisms by the macrozoobenthos.

In conclusion, a comparison of the percentages of
LCFAs and the C:N ratio of the 2 sites suggests that the
organic matter derived from the mangrove forest was
exported to the intertidal flat and that exportation was
higher in the rainy season than in the dry season. The
mangrove contributes to the diets of the intertidal
macrozoobenthic species in Oura Bay. However, this
contribution is weaker than those from other autoch-
thonous food sources. Indeed, bacteria and macroal-
gae were the main food sources at this site as well as at
the control site (Itoman intertidal flat).
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