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Abstract

The species identification, distribution pattern, density and biomass of salt marsh and seagrass plants with some of the ecological parameters
were studied in the Bakkhali river estuary, Cox’s Bazar, Bangladesh during the first half of 2006. Two salt marsh species (Spartina sp. and Im-
perata cylindrica) and one seagrass species (Halophila beccarii) were identified during this investigation, providing the first reports of Spartina
sp. and H. beccarii in coastal Bangladesh. Seagrass H. beccarii was found in an accreted area and co-existing with salt marsh, and scattered
sparsely in the salt marsh habitat and macroalgae Ulva intestinalis. Flowering and fruiting were recorded from the seagrass H. beccarri during
January and February. No flowers and fruits were observed for the salt marsh Spartina sp. during the study period. Results showed that the shoot
density of Spartina ranged from 400 to 2875 shoots m�2 with the highest total biomass (165.80 g dry weight (DW) m�2) in March. Shoot density
of H. beccarii ranged from 2716 to 14320 shoots m�2 in this estuarine coastal environment. The total biomass of seagrass was higher (17.56 g
DW m�2) in March compared to the other months. The highest H. beccarii above ground (AG) biomass and below ground (BG) biomass were
9.59 g DW m�2 and 9.42 g DW m�2, respectively. These parameters are comparable with those generally observed for the salt marsh and sea-
grass species in the other places of the world.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Salt marshes are comprised of intertidal rooted vegetation
periodically inundated by tidal waters, while seagrasses are ex-
tremely widespread underwater flowering plants which occur
in coastal and estuarine waters worldwide (Day et al., 1989;
Kirkman, 1990; Green and Short, 2003). Salt marsh and sea-
grass meadows physically filter suspended sediments from
the water, help to reduce wave and current energy, and stabilize
bottom sediments of the coastal area (Short and Short, 1984).
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Seagrass and salt marsh habitats are among the most productive
ecosystems in the world in terms of the quantity of vegetation
produced annually per unit area (Thayer et al., 1977; Day et al.,
1989). The high primary production rates of both salt marsh
and seagrass are closely linked to the high production rates
of associated fisheries (Frasco and Good, 1982; Fortes,
1989). Some herbivores feed on salt marsh and seagrass di-
rectly, and a substantial fraction of plant carbon enters into
the coastal and estuarine food web through the microbial pro-
cess of litter and particulate organic detritus (Brouns, 1985a,b;
Newell, 2001).

While well studied in some parts of the world, in Bangladesh
there is very little scientific information on seagrass (Islam and
Aziz, 1980; Islam, 1997) and salt marsh (Imperata cylindrica;
Das and Siddiqi, 1985; Huq, 1986), and their related ecosys-
tems. Therefore, this study was conducted with the following
objectives: (a) to identify the number of species of salt marsh
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and seagrass occurring in the vicinity of the Bakkhali river
estuary in Bangladesh; (b) to determine the shoot density and
biomass as well as ecological status of the existing salt marsh
and seagrass meadows.

2. Materials and methods

The study area was situated in the vicinity of the Bakkhali
river estuary, Cox’s Bazar (20� 850 4000e20� 460 9200 N and 91�

960 6000e92� 340 3700 E; Fig. 1) which has a maritime climate,
and the temperatures are buffered by the nearby ocean (Khan
and Karim, 1982). The maximum air temperature attained in
summer ranges from 31.1e33.3 �C and minimum in winter
ranges from 24.8e29.8 �C in the estuarine environment of
Bangladesh (Mahmood et al., 1978; Mahmood, 1986).
Drought conditions prevail during the winter months, i.e.
NovembereFebruary and rainfall is confined to the monsoon
period. Normally, 80e90% of the annual rainfall occurs
during the monsoon months of JuneeSeptember. This study
was conducted during the period of January to June 2006.
Sampling was done monthly at the spring low tide. The Bak-
khali estuary is an important river estuary with a harbor and
important local fishery. The estuary is approximately 0.5 km
wide and >10 m deep at its mid point. The tide in the coastal
and estuarine area of Bakkhali is semi-diurnal with two high
and two low periods as per day and maximum amplitude of
3 m at spring tide (Mahmood, 1986).

2.1. Salt marsh and seagrass parameters

2.1.1. Species identification
Fresh samples of salt marsh and seagrass were collected in

plastic bags containing sea water and kept in an ice box. All
samples were brought back to the Laboratory of Estuarine,
Coastal and Aquaculture Research (LECAR) in the Institute
of Marine Sciences and Fisheries (IMSF), University of Chit-
tagong. Salt marsh and seagrass species identification were
based on reference keys by Chapman (1977) and den Hartog
(1970), respectively. All specimens were stored as herbarium
sheets in the museum of the Institute of Marine Sciences
and Fisheries for future reference.

2.1.2. Shoot density
Shoot density of salt marsh was estimated randomly by us-

ing a 20 � 20 cm quadrat in the intertidal and accreted area at
the estuary in a permanent plot of 50 � 50 m. At least five
quadrat samples were collected randomly from the sampling
areas every month. For seagrass, the 20 � 20 cm quadrat
was placed in the accreted area where seagrass grows only
in association with salt marsh and macroalgae. Shoot density
Fig. 1. Study area in the Bakkhali river estuary, Cox’s Bazar, showing the location of the sampling area.
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of seagrass was sampled along a 50 m transect, with five quad-
rats sampled each month (Fig. 1) following the procedure de-
scribed by English et al. (1994) and Brower and Zar (1984).
The quadrats were placed randomly along the transect. All
plants inside the quadrats were collected in plastic bags care-
fully and brought back to the LECAR for future analysis. The
samples were washed and counted manually in the laboratory.
The data obtained were converted to shoots m�2.

2.1.3. Salt marsh and seagrass biomass
Salt marsh and seagrass plants collected for density mea-

sures were rinsed briefly under running tap water. Leaves
and sheaths for AG biomass were separated from roots and
rhizomes for BG biomass. Epiphytes and algal communities
were removed carefully from the plants by scraping with
a knife (Kemp et al., 1987). Plant material was then dried at
75 �C for 48 h to obtain dry weight (DW) following the pro-
cedure described by Schubauer and Hopkinson (1984) and
Norhadi (1993). The data obtained from this study were
expressed as g DW m�2.

2.2. Ecological parameters

2.2.1. Collection and analysis of soils
As an ecological study of the salt marsh and seagrass, water

parameters such as temperature, transparency and salinity
were measured in situ by mercury thermometer, Secchi disk
(30 cm in diameter) and refractometer (0e100&, OSK,
Japan), respectively. Soil pH was detected in situ using
a soil pH meter (soil tester, Takemura Electrical Works Ltd).
Soil samples were collected using a mud corer, placed in plas-
tic bags and labeled. After collection, all samples were
brought back to the laboratory within 2e4 h for analysis. In
the laboratory, the samples were dried at 100 �C for 24 h
and powdered, sieved through a 0.5 mm stainless steel sieve
and kept in a desiccator until further analysis. All determina-
tions were in triplicate and the mean value was used to obtain
representation of each parameter. The texture of the soil was
analyzed following the procedure described by Bouyoucos
(1962), soil organic matter by Boyd (1995) and soil carbon
by Nelson and Sommers (1982).

3. Results

3.1. Species identification and distribution

Two species of salt marsh belonging to two families and
one species of seagrass were recorded from the Bakkhali estu-
ary study area. The salt marsh plants found were Spartina sp.
(Family: Poaceae) and Imperata cylindrica (Family: Grami-
neae), and the seagrass was Halophila beccarii Ascherson
(Family: Hydrocharitaceae). The salt marsh Spartina sp. and
seagrass H. beccarii were both new records for Bangladesh
(Plates 1 and 2) and other salt marsh Imperata cylindrica
have been reported previously from the coastal areas of
Bangladesh (Huq, 1986).
The salt marsh Spartina was found as monospecific
pure stand within the intertidal area but was also found in
a 4-species association with the seagrass Halophila beccarii,
patches of mangroves (Avicennia alba, Avicennia marina and
Acanthus ilicifolius) and the macroalgae Ulva intestinalis in
clay substrates. The salt marsh also grows in a 3-species asso-
ciation with mangroves and macroalgae, or with seagrass and
macroalgae, as well as in a 2-species association with sea-
grass. Another species of salt marsh Imperata cylindrica was
found growing patchily along the sheltered coast with the
mangroves A. ilicifolius and the sea blite Saudea sp. in this es-
tuarine environment. The seagrass H. beccarii was found
growing scattered sparsely in accreted land of this estuarine

Plate 1. Halophila beccarii Ascherson of the Bakkhali river estuary, Cox’s

Bazar, Bangladesh.

Plate 2. Spartina sp. from the Bakkhali river estuary, Cox’s Bazar,

Bangladesh.
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area. Seagrass was not recorded in the muddy mangrove area,
but a 3-species association with Spartina sp. and Ulva intesti-
nalis was noted. Flowering and fruiting of H. beccarii were re-
corded during January and February. Seagrass H. beccarii
bears male and female flowers on the erect shoot of the
same plants. However, flowers and fruits were not observed
for salt marsh Spartina sp. and I. cylindrica during the study
period.

3.2. Shoot density and biomass

Shoot density showed a monthly fluctuation for both salt
marsh and seagrass. The ranges of shoot density of Spartina
sp. and Halophila beccarii were 400e2875 shoots m�2 and
2716e14320 shoots m�2, respectively. The shoot density of
salt marsh Spartina sp. recorded higher (1522 shoots m�2)
in March. The mean value of shoot density for seagrass H. bec-
carii was 6570.65 shoots m�2, peaking in the dry months
(JanuaryeMarch) and decreasing in the wet months (Aprile
June; Fig. 2). The average total biomass of shoots varied
between 42.65 and 165.80 g DW m�2 for salt marsh Spartina
and 4.43e17.56 g DW m�2 (from January to June), for sea-
grass H. beccarii. The below ground biomass (78.82 g DW
m�2, including rhizome and root biomass) of Spartina sp.
was generally higher than the above ground biomass
(30.65 g DW m�2) during the study period. Biomass values
showed some seasonal variation and the maximum average
biomass values for both species were recorded in the dry
months followed by a decline in the wet months (Figs. 3 and
4). Moreover, the AG and BG parts of the salt marsh and sea-
grass showed the lowest biomass toward the wet months.
Regarding the total biomass of seagrass H. beccarii the above
ground plants (6.85 g DW m�2) were higher than the below
ground plants (5.07 g DW m�2) during the 6-month study
period.

4. Discussion

The salt marshes grow in a wide range of habitats from
coarse sand to sandy clay and muddy bottoms in the intertidal
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Fig. 2. Monthly variation of shoot density (shoots m�2) of salt marsh and sea-

grass in the Bakkhali river estuary.
area. The coastal and estuarine area of Bakkhali is inhabited
by a relatively simple coastal band of salt marsh creating
brackish water tidal marshes with complex distribution pat-
terns of vegetation. Altogether there are few genera (5) of
salt marsh in the coastal and estuarine area of Bangladesh,
four (Imperata cylindrica, Eriochloa procera, Myriostachya
wightiana and Phragmites karka) of which grow in the South
Asian and South East Asian subtropical and tropical coasts
(Das and Siddiqi, 1985). The salt marsh Spartina spp. are
concentrated in different geographical regions, i.e., Central
American coasts (Caribbean-Eastern-Pacific), South American
coasts, North American coasts and also harboring in the
Western Indo-Pacific coasts (Hitchcock, 1951; Alderson and
Sharp, 1994).

The present study deals with the first quantitative data on
distribution and biomass of salt marsh and seagrass in the Bak-
khali river estuary, sampled over a period of 6 months. The
shorter period of study does not allow firm conclusions and
quantitative distribution patterns, and results from future re-
search may slightly differ from the present findings and views.

Seagrass plants are rather simple ecological structures con-
taining one seagrass species, in contrast to the adjacent estua-
rine or coral reef with their overwhelming biodiversity (Abu
Hena, unpublished data). It is a fact that the relatively simple
community structure of seagrass beds, dominant and fre-
quently occurring, are good candidates for quantitative
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Fig. 3. Mean monthly biomass (g DW m�2) of salt marsh Spartina sp. in the

Bakkhali river estuary.
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Fig. 4. Mean monthly biomass (g DW m�2) of seagrass H. beccarii in the

Bakkhali river estuary.
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ecological study. Out of 5 seagrass species available in the
coastal waters of Bangladesh (Islam and Aziz, 1980; Islam,
1997; Abu Hena, 2007) only one species of seagrass has
been found to date in the coast of Cox’s Bazar, Bangladesh,
inhabiting sandy (86.07%) and clay (12.72%) substrate occa-
sionally interrupted by silt. Similarly, seagrass Halophila bec-
carii was found growing in the intertidal brackish water in
a river mudflat and mangrove system in Malaysia (Zakaria
et al., 1998, 1999), river mouth and mangrove mudflats in Sin-
gapore (den Hartog, 1970), estuaries and marine environment
in India (Ramamurthy, 1981) (Table 1).

The seagrass Halophila beccarii from the Bakkhali river es-
tuary bearing male and female flowers on the erect shoot of the
same plants. A similar type of seagrass H. beccarii was found
in the tropical coast inhabiting with mangroves (Zakaria et al.,
1999). The flowering and fruiting of H. beccarii was present
for January and February in the present study. Several studies
reported the flowering and fruiting of H. beccarii to be peri-
odic and seasonal. It occurred during February, March, April,
June and August (den Hartog, 1970; Menez et al., 1983;
Parthasarathy et al., 1991) and during October when water
salinity was low at 5.38 in the mangrove area of Goa, India
(Jagtap and Untawale, 1981). Continuous flowering and fruit-
ing throughout the year were observed for H. beccarii in
Kemaman, Malaysia (Zakaria et al., 1999), Halophila decipiens
in Panama (McMillan and Soong, 1989) and Halophila johnso-
nii in Florida (Jewett-Smith et al., 1997). However, the present
flowering and fruiting of seagrass H. beccarii occurs during
the dry months at 16e35 water salinity, 21e29.5 �C water
temperature, 30e55 cm transparency, 6.0e6.6 soil pH, 1.58e
3.34% soil organic matter and 0.83e1.76% soil organic carbon
in the Bakkhali estuarine and coastal area of Bangladesh.

Shoot density is a parameter of community structure,
which is often used as an indication of standing stock (Jacobs,
1984). Shoot density of both species was comparable with
values recorded elsewhere (Schubauer and Hopkinson, 1984;
Parthasarathy et al., 1991; Zakaria, 2001) (Table 2). Studies
revealed that the variation in shoot density depends on species
but also on ecological circumstances (Agostini et al., 2003).
Covering of the above ground plants and below ground parts
of the salt marsh seems a reliable indicator for total biomass
or standing crop. The biomass of salt marsh Spartina sp.
exhibited monthly patterns, i.e., higher in the dry months and

Table 1

Location and habitat descriptions of H. beccarii

Location Habitat description Reference

Malaysia Mudflat and also among the

roots of mangrove species,

i.e. Avecennia alba, Bruguiera

cylindrica and Kandelia candel

Zakaria et al.

(1998, 1999)

Singapore Sandbank in centre of shallow

broad waterway of mangrove,

exposed at low water tide

den Hartog (1970)

India Coastal and estuarine environment Ramamurthy (1981)

Bangladesh Estuarine intertidal zone and river

bank with salt marsh Spartina sp.,

macroalgae Ulva intestinalis

This study
lower in the wet months. The seasonal patterns and the biomass
values were reported for Spartina alterniflora and Spartina cyn-
osuroides in other riverine and estuarine areas elsewhere (Hop-
kinson et al., 1978; Gallagher et al., 1980). The level of biomass
was lower to those previously reported by Weiss et al. (1979),
Sanckez et al. (2001) and Schubauer and Hopkinson (1984) in
the coastal area of USA (Table 3).

The level of biomass of any seagrass species is directly
related to the important role they play in the ecosystem (Cos-
tanza et al., 1997). The biomass values of seagrass Halophila
beccarii in the Bakkhali estuary were comparable to that found
by other authors at various geographical locations (Parthasara-
thy et al., 1991; Zakaria, 2001) (Table 3). Norhadi (1993) stated
that the seagrass beds, particularly in the muddy habitat border-
ing mangroves, were found to produce more biomass. On the
other hand, Agostini et al. (2003) revealed that the differences
in biomass of seagrass Cymodocea nodosa depend on the age
and functionality of the tissue. Furthermore, the changes in sea-
grass shoot density may be influenced by changes in biomass
(Vermaat and Verhagen, 1996). Consequently biomass and
shoot density are interdependent for aquatic macrophytes like
seagrass (Olesen and Sand-Jensen, 1994). Abu Hena et al.
(2004) and Backman and Barilotti (1976) found a linear rela-
tionship between biomass and shoot density for seagrass Tha-
lassia hemprichii and Zostera marina respectively elsewhere.
Studies by Zakaria (2001) stated that no single factor is respon-
sible for the relationship between biomass and shoot density. In

Table 2

Comparison of shoot density of seagrass and salt marsh species

Location Shoot density

(shoots m�2)

Reference

Seagrass

India 3632e6152 Parthasarathy et al. (1991)

Malaysia 583.3e10305.56 Zakaria, 2001

Bangladesh 2716e14320 This study

Salt marsh

Atlantic and Gulf

coast, USA

1215e2000 Weiss et al. (1979)

Georgia, USA 733e1234 Schubauer and

Hopkinson (1984)

North-west Spain 300e1944 Sanckez et al. (2001)

Bangladesh 400e2875 This study

Table 3

Comparison of AG and BG biomass of sea grass and salt marsh species with

other studies in the region

Location AG biomass

(g DW m�2)

BG biomass

(g DW m�2)

Reference

Seagrass

India 4.3e19.8 1.9e8.6 Parthasarathy et al. (1991)

Malaysia 0.54e45.32 0.39e31.47 Zakaria, 2001

Bangladesh 2.18e9.59 1.45e9.42 This study

Salt marsh

Bangladesh 15.67e50.24 21.13e148.76 This study

Georgia, USA 175e733 310e315 Schubauer and

Hopkinson (1984)
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the Philippines, the shoot density, growth, biomass and fre-
quency of occurrence of tropical seagrasses was found to be di-
rectly associated with water parameters (Fortes, 1989). It is
likely that several environmental and physical factors, i.e.,
soil organic matter, water quality, activities of domestic animal
and coastal communities probably are important in controlling
the shoot density and biomass of coastal and estuarine macro-
phytes. However, the human interruption and grazing effect of
domestic cattle cannot be overlooked, and probably influence
the distribution, growth and biomass production of these macro-
phytes especially taller salt marsh Spartina sp. compared to
creeping seagrass H. beccarii.
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