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Abstract

Distribution of suspended matter and its chemical composition were investigated in the
Sangga Besar River Estuary in Matang Mangrove Forest, Malaysia. The C, N contents were
higher in the upper part of the river and decreased towards the river mouth. Phosphorus
content was as high as 129 umol/g in the fresh water area, in which inorganic phosphorus
accounted for about 70% of the total. Potentially bio-available phosphorus extracted by the
citratedithionite-bicarbonate procedure (CDB-P) was the major component of inorganic
phosphorus. Phosphorus content in the suspended matter decreased linearly with salinity,
reflecting the process of CDB-P release from suspended matter into the estuarine water
during the transportation to the sea. The average C: N: P atomic ratio of the organic
substances contained in the suspended matter in the estuary was estimated to be 140 : 16 : 1,
which is considerably different from the ratios for mangrove litter and rather similar to the
Redfield ratio, indication the higher contribution of living microorganisms than that of the

mangrove litter.
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Introduction

Suspended matter, which originates from the ero-
sion of soil from forests and farmlands, is discharged
in large quantities from rivers, especially in the
tropics, where thunderstorms often occur. The sus-
pended matter contains many kinds of nutrients such
as nitrogen and phosphorus. The phosphorus con-
tent in the soil is especially large, and phosphorus
usually runs off in a particulate form®*®'®'®,

Viner?” who studied river sediments collected in
the Purari river in Papua New Guinea, estimated
that most of the available phosphorus occurs in bound
forms in the suspended load, rather than in free dis-
solved forms in the river water. However, in the

case of tropical mangrove ecosystems, the role of
suspended matter in nutrient enrichment in the estu-
aries is poorly documented and there are very few
studies on the chemical composition of the suspend-
ed matter. The C:N:P ratios of the organic sub-
stances contained in the suspended matter may also
provide a better understanding of the importance of
suspended matter as a food source for suspension
feeders.

To address some of these issues, a study was car-
ried out in the Matang Mangrove Forest Reserve in
Perak, Malaysia, reputed to be the world’s best
managed mangrove forest. This Reserve, situated
on the northwestern coast of Peninsular Malaysia,
consists of some 40,000 ha of mainly Rhizophora
apiculata mangroves'®, This largest tract of man-

This report was written within the framework of the integrated project entitled *‘Productivity and Sustainable Utilization
of Brackish Water Mangrove Ecosystems™ in collaboration with University of Malaya, Fisheries Research Institute,
Forestry Research Institute of Malaysia and JIRCAS (Japan International Research Center for Agricultural Sciences),

during the period of 1995 1o 2000.
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grove forest in Peninsular Malaysia has been under
sustainable management since the early part of the
century.,

In the current investigation, attempts were made
to study the distribution of suspended matter and
its C, N, P composition in the estuary of the Sangga
Besar River in the Matang Mangrove Forest. Phos-
phorus forms contained in the suspended matter were
also examined.

Materials and methods

This study was conducted during the spring tide
on Jan. 22, 1996 in 7 stations along the Sangga
Besar River Estuary located in the northern part of
the Matang Mangrove Forest Reserve. The locations
of the stations are shown on the map in Fig, 1.
Salinity, temperature and turbidity were measured
with a T-§ meter (ALEC ACT20-D) and a light
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scattering type turbidimeter (ANALITE 152) at I m
intervals in the section from Stn. | to Stn. 7,
Surface water samples were passed through a
200 um mesh size nylon net to eliminate large-sized
particles. Samples of suspended matter for chemical
analysis were collected on Whatman GF/C filters
by filtration. The samples of suspended matter on
the filters were dried and kept in a desiccator until
analysis. After acid treatment for the elimination
of inorganic carbon®, the contents of organic car-
bon (Org-C) and total nitrogen (Total-N) were meas-
ured with an elemental analyzer (FISONS EA1108).
The procedures of Williams et al.?® were adopt-
ed for serial extraction of the inorganic phosphorus
for separation into the following 3 fractions (details
of the procedures were described in the report of
Tanaka'?).
1) Phosphorus extracted by the citrate-dithionite-
bicarbonate procedure (CDB-P): forms extracted
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Fig. 1. Sampling stations in the estuary of the Sangga Besar River

in Matang Mangrove Forest
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included most of the iron phosphate minerals
and adsorbed phosphate which is dissolved un-
der anaerobic conditions®'?,

2) Phosphorus extracted by 1N-sodium hydroxide
solution (NaOH-P): forms extracted included
aluminium phosphorus and any iron-bound
phosphorus forms not extracted in the CDB
treatment.

3) Phosphorus extracted by 1N-hydrogen chloride
(HCI-P): forms extracted included varieties of
apatite (calcium phosphate).
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Fig. 2. Relationship between measured turbidity (NTU)
and dry weight of the suspended solids (55)
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Total phosphorus (Total-P) concentrations were
obtained after leaching the samples for 15 min with
boiling IN HCI on a hot plate following 1-h com-
bustion at 550°C?®, Organic phosphorus content
(Org-P) was estimated by the difference between the
amount of Total-P and that of total inorganic phos-
phorus (CDB-P + NaOH-P + HCI-P). The concen-
tration of iron in the solution for Total-P (IN
HCI-Fe) was determined using an atomic adsorption
spectrophotometer (Z-8000; Hitachi), with air acety-

lene flame”.

Results

1) Distribution of the suspended matter

Salinity (Fig. 3) ranged from nearly 0 (Stn. 7)
to over 24 (Stn. 1). The water was vertically well-
mixed and only a very weak salinity gradient was
observed between Stn. 4 and Stn. 6 in the range
from 4 to 6 m. There was a high linear correlation
(r=0.989) between the turbidity measured in NTU
and the concentration of suspended solids (8S8)
(Fig. 2). Turbidity in the Sangga Basar River Estu-
ary (Fig. 4) ranged from 32 to 479 NTU (585:
35-421 mg/l). High turbidity values were observed
between the mud flat area (Stn. 1) and river mouth
(Stn. 2) and below the salinity gradient from Stn. 4
to Stn. 6. Surface water turbidity in the fresh water
area (Stn. 7) exceeded 30 NTU, while it was lower
than 50 NTU in Stn. 4 to Stn. 6, indicating that the
deposition of suspended matter carried by the river
was taking place in that area. This phenomenon
may be attributed to the flocculation of riverine sus-
pended matter at the interface of sea water and

Stn.b Stn.6 Stn.7

Fig. 3. Vertical profile of salinity in the Sangga Besar River Estuary (Jan. 22, 1996)
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Fig. 4. Vertical profile of turbidity (NTU) in the Sangga Besar River Estuary

(Jan. 22, 1996)

river water'>. Since the observation was made just

before the low water during the spring tide, the high
turbidity area between the shallow mud flat (Stn. 1)
and river mouth (Stn. 2) can be attributed to the
resuspension of mud flat sediments. Near Stn. 4,
there is a small mud flat area which may also affect
the distribution of suspended matter by the resuspen-
sion of sediments.

2) Chemical composition of the suspended matter
Changes in the concentrations of organic carbon
and nitrogen in the suspended matter samples in the
surface water are shown in Fig. 5. The C, N con-
tents were higher in the upper part of the river
(Stn. 6, 7), and decreased towards the river mouth
with a significant gradient between Stn. 6 and Stn. 5.
The C:N atomic ratios of the suspended matter
ranged from 8.1 to 10.5 and averaged 9.0.

Fig. 6 shows the phosphorus content and compo-
sition in the suspended matter in each station. The
main components of phosphorus in the suspended
matter were CDB-P and Org-P. Phosphorus con-
tent was as high as 129 pmol/g in the fresh water
area (Stn.7) in which inorganic phosphorus ac-
counted for about 70%, suggesting that the inorgan-
ic phosphorus load exceeds that of Org-P. CDB-P,
potentially biologically available phosphorus, was the
major component of inorganic phosphorus. The
amount of inorganic phosphorus decreased from
about 70 to 47% from Stn. 7 to 6 at the interface
of fresh and brackish water.
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Fig. 5. Content of organic carbon and nitrogen (pmol/g)
in the suspended matter in the Sangga Besar River
Estuary (Jan, 22, 1996)
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Fig. 6. Phosphorus fractions of suspended matter in the
Sangga Besar River Estuary (Jan. 22, 1996)
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Discussion

A simple linear correlation coefficient matrix
among the variables was computed using phospho-
rus fractions as dependent variables and other
parameters as independent variables. Table 1 shows
an abbreviated form of the matrix. In this table,
only r values significant at the 99% confidence level
are listed,

Phosphorus and iron contents in the suspended
matter decreased linearly with salinity, indicating that
phosphorus and iron were released from the suspend-
c¢d matter into the estuarine water during the trans-
portation to the sea. Iron hydroxides display a strong
affinity for phosphate and are considered to be
primarily responsible for phosphate adsorption in the
oxidized environments'''”. The release of phospho-
rus from sediments under anaerobic conditions in
coastal waters has been investigated experimentally,
and it has been generally recognized that the contri-
bution of inorganic phosphorus (adsorbed phospho-
rus and iron phosphate minerals) is more important
than that of organic phosphorus®?®, CDB-P showed
a positive correlation with IN-HCI extractable iron
(Fig. 7) and the decrease in Total-P mainly account-
ed for the decrease of the CDB-P fractions (Fig. 6).
These results reflect the desorption of adsorbed phos-
phate from the iron hydroxides and elution of reduc-
tant soluble phosphorus from iron phosphate minerals
in the anoxic sediment during the tidal resuspension
and transportation of suspended matter to the sea.

Org-P showed a highly positive correlation with
Org-C in the suspended matter. Fig. 8 depicts the
linear regression analysis of this relationship. Based
on the slope of the regression line, the atomic ratio
of Org-C to Org-P was calculated to be 140:1, and
the average C:N:P atomic ratio of organic sub-
stances contained in the suspended matter of the
Sangga Besar River Estuary was estimated to be
140:16:1, which is considerably different from the

Table 1. Correlation coefficients (r) of phosphorus
fractions in the suspended matter with some
parameters

Total-P CDB-P NaOH-P HCI-P  Org-P

Salinity -0.974 -0.975 - - -
Org-C 0.914 - - - 0.979
Total-N 0.923 - - - 0.982
IN HCI-Fe - 0.877 - - -

Only r values at the 99% confidence level are shown.
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Fig. 7. Relationship between CDB-P and IN-HCI
extractable iron (IN HCI-Fe) contents in the
suspended matter in the Sangga Besar River
Estuary (Jan. 22, 1996)
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Fig. 8. Relationship between organic phosphorus
{Org-P) and organic carbon (Org-C) con-
tents in the suspended matter in the Sangga
Besar River Estuary (Jan. 22, 1996)

ratio for mangrove litter (415:8:1) of Missionary
Bay"” and rather similar to the Redfield ratio
(106:16:1)'". According to Wafar et al.?”, in the
course of decomposition, the concentration of C and
P in mangrove leaves decreased, while that of N
increased. As a result, the C:P and N:P ratios in-
creased, reaching values as high as > 1000 and > 300,
respectively, after 15 weeks of the decomposition
experiments. These findings indicate the higher
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contribution of living micro-organisms in the organ-
ic suspended matter than that of the particles der-
ived from the fragmentation of mangrove litter.
Suspended matter in mangrove estuaries contains
aggregates colonized by microbes and meiofauna
formed from the leachates of mangrove litter?. Ong
et al.'” demonstrated that the net aquatic communi-
ty productivity in Matang Mangrove Forest is almost
zero compared to the tree production. Therefore,
in terms of C, N, P composition of the suspended
matter, the direct energy flux to the particulate food
chain from mangroves by the decomposed litter may
not be as important as that through the microbial
food chain, as discussed by Wafar et al.?” in the
study of mangrove forests on the southwestern coast
of India.

Particulate nitrogen and phosphorus concentra-
tions in the fresh water area (Stn. 7) were 34 pM
and 5.8 uM, respectively, while the concentrations
of dissolved nitrogen and phosphorus in the fresh
water area of the Sangga Besar River Estuary were
reported to be about 24 uM and | M, respective-
ly'®, These data indicate the importance of particu-
late phosphorus load from the river. The particu-
late loading in the present study is likely to be lower
than the average because sampling was carried out
during the dry season. The importance of particu-
late nitrogen and phosphorus load from the river
would be much higher in the wet season.
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