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Abstract: Morphology, habitat, shoot density and standing crop (above and below ground biomass) of salt
marsh Porteresia coarctata at Bakkhali estuary, Cox’s Bazar were investigated from January 2006 to June 2006.
Permanent plots of 50 m x 50 m from exposed (station I) and protected (station II) areas were selected. P.
coarctata was found growing as monospecific stand and four-species association with seagrass Halophila beccarii,
patches of mangroves (Avicennia alba, A. marina and Acanthus ilicifolius) and the seaweed Ulva intestinalis in the
intertidal sandy clay substrate. P. coarctata also grew in three-species association with mangrove and seaweed,
or with seagrass and seaweed as well as in two-species association with seagrass and Imperata cylindrica. The
range of mean leaf length, internodes length of rhizome and individual shoot height were found 8.10-14.49 cm,
0.91-1.41 cm and 12.90-20.94 cm, respectively. The mean shoot density varied from 925.0 to 1545.0 shoots m2.
The mean above and below ground biomass were 23.28-38.02 g DW (Dry Weight) m2 and 60.26-97.39 g DW m?2,
respectively. The pore water salinity, pH and NHs-N were recorded 17.0-41.66%o, 6.0-6.47 and 1.80-3.70 pg 11,
respectively. The variation of morphological parameters, shoot density and standing crop of P. coarctata
between the two sampling stations attributed to the differences in habitat, soil organic matter and tidal action
i.e., wave and current between the stations.
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Introduction

Grass land on the coast protects the area from erosion, filters suspended sediment from
water, help to reduce wave and current energy and thus aids in the land building
process. Grass land ecosystem on the coast is one of the most productive ecosystems in
the world in term of annual vegetation production per unit area (Day et al., 1989). The
high primary production rate of such ecosystem is closely linked to the high nutrient
input and production rate of associated fauna including fisheries (Barbara et al., 1982).
Some herbivores directly feed on live grass land vegetations on the coast, and a
substantial amount of plant decomposed materials enter into the estuarine ecosystem
(Newell, 2001).
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In Bangladesh, there is very little scientific information (Abu Hena, 2006; Abu Hena et al.,
2007) on the biology, ecology and productivity of the coastal grass land. Therefore, this
preliminary study has been undertaken to investigate the morphometry, habitat, shoot
density, standing crops (above and below ground) along with few ecological parameters
of P. coarctata bed in the estuarine environment of Bakkhali, Cox’s Bazar over a period of
six months.

Materials and Methods

Study area: The study area was situated in the estuarine environment of Bakkhali, Cox’s Bazar
(20°85'40"-20°46'92" N and 91°96'60"- 92°34'37" E; Fig. 1) which has a maritime climate, and the
temperatures buffered by the nearby ocean (Khan and Karim, 1982). The maximum air
temperature, water salinity and rainfall observed in summer ranges from 31.1°-33.3°C, 33.47-
34.71%o, 172.0-214.0 mm and minimum of them in dry season ranges from 24.8°-29.8°C, 5.81-
12.81%o, 1.0-6.0 mm, respectively in the estuarine environment of Bangladesh (Mahmood et al.,
1978; Mahmood, 1986). Drought conditions prevail during the winter months i.e., November-
February and rainfall is confined to the monsoon period. Normally, 80-90% of the annual rainfall
occurs during the monsoon months (June-September). The area of P. coarctata bed is about 10 ha.
The Bakkhali estuary is an important river estuary with a harbor and local fishery. The estuary is
approximately 0.5 km wide and >10 m deep at its mid point. The tide in the area is semi-diurnal
and maximum tidal amplitude is
3 m at spring tide (Mahmood,
1986).
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Chittagong. In the laboratory, the samples were washed carefully in running water. The leaf length,
leaf width, rhizome length, internode length and shoot height were recorded. Specimens of P.
coarctata were preserved in the museum of the Institute of Marine Sciences and Fisheries for future
reference.

Estimation of shoot density and standing crop: A permanent plot of 50 m x 50 m at each station
was established following the method described by Brower and Zar (1984). Five quadrates each of
20 cm x 20 cm, were randomly selected for measuring the shoot density in the permanent plots.
Shoot density was investigated at monthly interval for six months following the procedure
described by English et al. (1994). All plants including roots and rhizomes inside the quadrates
were collected with a trowel and taken in plastic bags, and brought to the LECAR. The samples
were washed and counted manually in the laboratory. The shoot number recorded from the
individual quadrate was expressed as shoots m-2.

For standing crop, the above ground parts (leaves and sheaths) were separated from roots and
rhizomes. Any epiphytes or algal growth were removed carefully from the plants by scraping with
a knife. Above and below ground parts of P. coarctata were then dried in an oven at 100°C for 4
hours to obtain dry weight (DW) following the procedure described by Schubauer and Hopkinson
(1984) and Norhadi (1993). The standing crop values obtained from this study were expressed in
gm per unit area (g m-2).

Soil sampling: The surface sediment (<10 cm deep) samples were collected from the permanent
plots. Soil pH (wet) was recorded in situ using a pH meter (soil pH tester, TAKAMURA electric
works ltd., Japan). Soil samples were collected using a hand made mud corer (5.0 cm diameter),
placed in the plastic bags and labeled. After collection, all samples were brought to the LECAR
within 2-4 hrs 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 stored in a desiccator. All
determination was in triplicate and the mean value was used to obtain representation of each
parameter. Dry soil pH was determined by soil tester following the procedure described by Boyd
(1995). Soil texture was analyzed by hydrometer method following the procedure described by
Bouyoucos (1962), soil organic matter following combustion method by Boyd (1995) and soil
carbon by Nelson and Sommers (1982).

Pore water sampling: Pore water samples were collected from the permanent plots. After digging a
soil sample, accumulation of pore water could usually be observed at the bottom of the hole. Once
the small hole was filled with water, it was rapidly transferred into air tight plastic bottles. Pore
water pH and salinity were measured in situ using a pen pH meter (5237734, HANA Instruments)
and refractrometer (News-100, TANAKA, Japan), respectively. The collected water samples were
preserved by HCl for further analysis and brought to the laboratory placing inside an ice box. Pore
water ammonium concentration was measured by phenol hypochlorite procedure described by
APHA (Anon, 1976).

Statistical package for social science (SPSS) verson-10 was used to analyze the mean values of
morphometric parameters, shoot density, above and below ground biomass, and soil and pore
water parameters. Simple t-test was used to compare the means of two sets of observations at two
stations.

Results

Morphometry and habitat: The leaf length of P. coarctata varied significantly (p<0.05)
between the stations. In station II, leaves were comparatively longer. However, leaf
width and internode lengths of P. coarctata were not significantly (p>0.05) different
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between the stations (Table 1). P. coarctata grew as monospecific pure stand and but also

founq‘ ) m ) 4—Sp€C1€S Table 1. Morphological feature of P. coarctata collected from the intertidal
association with S€agrass,  area of Bakkhali estuary, Cox’s Bazar, Bangladesh.

mangrove and seaweed in

; ) Morphological feature Station I Station II
this estuarine coastal area. Range  Mean+SE  Range Meant SE
Sometimes, P. coarctata 1stleaf length (cm) 1.70-14.0 8.10+2.500  9.0-235  14.49+2.0b
grow in 3-Species 1st leaf width (cm) 0.30-0.5  0.40+0.12 0.60-0.75 0.61£0.062

2nd leaf length (cm) ~ 1.50-10.1 5.04#2.00  1.40-26.6  13.93#3.44b
d d 2nd leaf width (cm) 020-0.4 034+0.022 020-08  0.62+0.102
Seagrass and seaweed, OI 3.4 Jeaf length (cm) 1.50-10.0 4.89+1.990  3.60-25.6  12.80+2.89°

association sharing with

with  mangrove  and 3rd leaf width (cm) 0.10-05 030+0.01 0.10-0.85 0.42+0.11=
seaweed followed by 2- Internodes length (cm) 0.30-25  1.41+0.05=  0.20-2.30  0.91+0.212
species association with Shoot height (cm) 8.0-19.6  12.9+41.85¢ 15.80-30.6 20.94+1.65°

Means in the different columns with different letter of superscripts are significantly different
seagrass Or mangrove O  (iest, p<0.05)

coastal “Uri" grass Imperata
Table 2. Shoot density (shoots m?2 * standard error) of P.

Y lindrica. coarctata in the Bakkhali estuary, Cox’s Bazar, Bangladesh.
Shoot density and standing L v e Station T Sation Tl
The mean values of shoot density Range  Mean+SE _ Range Mean +SE

of P. coarctata were 925 shoots m?  January 575-1075 79530.26  750-1100 880 £29.49
and 1545 shoots m?2 for station I February  700-1625 1070 +36.07 1150-2000 1530 +41.02

. . . March 400-1025 725431.92 20502875 2320 +47.15
and  station I d urng the. SIx April 600-975 70042757 1025-2675 1725 +48.8
months study period, respectively. ., 800-1625 1185 +37.69 550-1650 1065 +39.12
However, in both stations shoot june 400-1500 1080 £39.26 1025-2250 1750 +45.86
density fluctuated and showed Mean 925.02 1545.00

irregular form during the study Meap§ in the d.ifferent columns with different letter of superscripts are
. . significantly different (t-test, p<0.05)

period. The shoot density of P.
coarctata was recorded higher in

Station II compared to Station I

Table 3. Above ground biomass (AGB; g DW m?) of P. coarctata
of two Stations in the Bakkhali river estuary.

(Table 2)_ Month Station | Station 11
Range Mean +SE  Range Mean +SE

The higher above ground biomass January 220-2030 14.11#4.77 1285-2217 16.15.00
(AGB) of P. coarctata was February 24454330 3193599 3217-49.25 39.035+6.29

. s . March =~ 4972895 1567529 43726225 50.246.97
33.6246.22 g (DW) m in April at " 00000005 33624622 33.90-63.40 49,145 +7.45

Station I and 50.24%6.97 g (DW) m=  yp, 14924548 23284616 10.85-29.55 22.8+541
2 in March at station II (Table 3). Jjune 8.30-27.32  21.0845.32 25.80-69.43 40.81 6.85
Higher mean AGB (36.36 g DW m- Mean 23.28 36.36

2) was observed in station II than Means in the different columns with different letter of
that test in station I (23.28 g DW superscripts are significantly different (t-test, p<0.05)

m2).
Mean BGB was higher at station II (97.39 g DW m2) than that in station I (60.26 g DW m-
2). Monthly BGB showed irregular pattern throughout the study period (Table 4), and

higher biomass was observed in the month of March at station I (116.96 £10.91 g DW m2)
and station II (148.77 £15.23 g DW m?2).

Physico-chemical parameters of soil and pore water: Monthly variation in the physico-
chemical parameters of soil and pore water was observed. The sand component was 86 %
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followed by 13% day and 1%  Table 4. Below ground biomass (BGB; g DW m?2) of P. coarctata in the
of silt. The wet and d ry pH of Bakkhali estuary, Cox’s Bazar, Bangladesh.

soil were <7.0 in both Month Station I Station 11

stations. The range of organic Range Mean+SE __ Range Mean +SE

m r was found 1.52-3.56Y January  7.75-26.68 21.14 £5.32 20.48-30.28  23.96 +4.88
atte as found 1.52-3.56% February 47.75-103.98  64.91 £9.25 110-167.63  140.26 £11.29

in the P. coarctata habitat of March = 103.75-155.05 11693 +10.91 90.18-269.53 148.77 +15.23
. April 39158778 64154893  67.9-151.75 114.69 +11.85
Bakkhali estuary. A monthly May 14854528 3074657  43.25-68.88 68.1948.14
variation in soil organic jyne 41.25-11548 63.73+9.88  32.45-108.88 88.47 +10.80
matter during the study Mean 60.261 97.39

period was noticed and Means in the different columns with different letter of superscripts are
significantly different (t-test, p<0.05)

recorded comparatively
higher in dry months than in  Table 5. Physico-chemical parameters of soil and pore water during the
wet months (Table 5). sampling period in the Bakkhali estuary, Cox’s Bazar.
.. Parameter Station I Station II
The pore water salinity and
p y Range Mean +SE  Range Mean + SE

pH were almost uniform in 35
the investigated stations. The  pH (Wet) 6.0-647  616+0.172 6.0-6.66  6.32+0.5

ranges of pore water salinity pH (Dry) 6.0-6.40 6.21+0.152  6.1-6.6 6.37+0.422
and pH in the areas were ©Organic matter (%) 1.52-3.11 2.07£0.592  1.66-3.56  2.5%0.792

O i b %) 0.78-1.64 1.09+0.31a 0.87-1.87 1.32+0.57a
17.0-41.67 %o and 64-77, orsaniccarbon (%)

: . Pore water
respectively. Comparatively,  Salinity (%) 20.34-41.67 32774742  17.0-40.67 31.94+291a
the pore water NHs-N was Water pH 6.40-7.56 7.3+0.54a 6.4-7.7 7.19+0.72a
recorded slightly higher (t- NH:-N (ug 1) 1.80-3.03 23440452 25137  3.22+0.69

8 . Means in the different columns with different letter of superscripts are
test, P >005) in the station II significantly different (t-test, p<0.05)

than the station I.

Discussion

Morphometry and habitat: Like other coastal aquatic vegetations, in salt marshes; the
plants size may be controlled by many factors i.e., flooding regime, wave action, soil
salinity and availability of nutrients. Inter species competition and physical stress due to
varying energy condition may result in size differences of coastal and estuarine
vegetations worldwide (Day et al., 1989). At Bakkhali river estuary of Cox’s Bazar, the
shoot length of P. coarctata was lower compared to the reported values by Adams (1963;
121.92-304.80 cm) and Mooring et al. (1971) for salt marsh Spartina alterniflora in the
coastal area of USA. The higher (0.64-1.52 cm) leaf width of the S. alterniflora was also
found by Adams (1963) compared to the recorded values for P. coarctata in the estuarine
environment of Bakkhali. Compared to Station I, the higher leaf length (t-test, P<0.05)
and shoot height (t-test, P<0.05) of P. coarctata were found in the Station II probably due
to the variation of environmental factors i.e., organic enriched soil with less disturbance
by anthropogenic and natural activities. It is assumed that the higher soil organic matter
in Station II could be a factor for higher growth of P. coarctata in this area. Zafar and
Hasan (2005) had such type of observation for other coastal aquatic macrophytes. In
addition, based on observation, it was found that the tidal action was low in Station II
which may have favored plant growth.
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P. coarctata was reported growing in the intertidal brackish water of river mudflat system
(Latha et al., 2004) as like other species of temperate salt marsh grow in the estuaries and
marine environment (Schubauer and Hopkinson, 1984; Weiss et al. 1979, Table 6). This
study revealed that the estuarine area of Bakkhali inhabit relatively simple coastal band
of salt marsh creating brackish water tidal marshes with complex distribution patterns of
vegetation. Tidal salt marshes mainly occur in the coastal regions of temperate and
subtropical countries including Britain, Ireland, France, Netherlands, Germany,
Denmark, Australia, New Zealand, China, the United States, India and West coasts of
Indo-Pacific regions (Hitchcock, 1951; Ranwell, 1967; Alderson and Sharp, 1994; Latha et
al., 2004). However, five genera of coastal grass inhabit in the coastal and estuarine area
of Bangladesh, of which four grow in the South Asian and South East Asian subtropical
and tropical coasts (Das and Siddiqi, 1985; Latha et al., 2004; Swaminathan Research
Foundation, 2004-2005).

Table 6. Comparison of habitat of salt marsh P. coarctata with the reported studies for other salt marsh
worldwide.

Location Habitat description Reference
Indian coast ~ Coastal mudflat and marine environment growing in mono specific Latha et al., 2004
condition and other species (mangrove) association
Coastal River mudflat and coastal area growing in mono specific form with patches ~ Schubauer & Hopkinson, 1984;
area, USA Weiss et al., 1979

Cox’s Bazar, Estuarine intertidal zone and river bank with seagrass (Halophila beccarii), This study
Bangladesh ~ mangroves (Avicennia alba, A. marina and Acanthus ilicifolius) and seaweed
(Ulva intestinalis) and salt marsh (Imperata cylindrica)

Shoot density and  Table7. Comparison of shoot density and standing crop (above and below
stunding crop: The shoot ground biomass) of P. coarctata with reported studies for Spartina sp.

number of any aquatic

3 Location Shoot AG biomass BG biomass References
plants per surface area is density (gDWm?)  (gDW m?)
species dependent (shoot m?)
(Nienhuis et al 1989) p. Atlanticand 1215-2000 - - Weiss et al.
YT Gulf coast, (1979)

coarctata shoot density in 3,
the study area was Georgia, USA 733-1234 175-733 310-315 Schubauer &
higher =~ than  those Hopkinson,
reported by Weiss et al. 1984

1979 Schub. . nd North-west 300-1944 - - Sanckez et al.,
( ), Schubauer a Spain 2001

Hopkinson (1984) and Cox'sBazar,  400-2875 15.67-5024  21.13-148.76 This study
Sanckez et al. (2001) B'desh

(Table 7). Nienhuis ef al. (1989) also revealed that the density of aquatic plants varies with
geographical location and habitat characteristics. This statement was found to be
consistent with the results obtained for this study. Furthermore, comparatively higher
soil organic matter and pore water NH4-N in station II probably supports the dense
growth of P. coarctata. The AGB was lower compared to the values (175-733 g m?)
reported by Schubauer and Hopkinson (1984) in USA.

The below ground biomass (BGB) observed in this study was lower that that reported by
Schubauer and Hopkinson (1984) from the coastal area of Georgia, USA probably due to
the differences of the plant size, environmental differences and other geographical
factors. Romero et al. (1994) stated that the higher BGB may provide a better anchorage
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for the plants and higher storage capacity for carbohydrates and nutrients which later on
support the overall growth and total biomass of plants.

Physico-chemical parameters of soil and pore water: Generally, the acid sulfate soil (<7)
is common in the brackish water coastline of Bangladesh and this is the case for present
study. Das et al. (2002) observed similar soil pH in the aquaculture ponds in the coastal
area of Bangladesh. The pore water pH was slightly higher compared to the soil pH
during the study period. The slightly alkaline pH of pore water in both the stations could
be due to the reduction and inactivation of SO4 once the sediment water gets connected
with air (Singh, 1989).

The soil texture in P. coarctata habitats was sandy clay. The sandy clay type of soil
composition is also found in the saline soils of Bangladesh (Rahman et al., 1993). Usually,
the soil texture variation in the estuarine coastal area is produced during sedimentation
process (Chou et al., 2004). The higher percentage of sand in soil in the study area
suggests that the estuarine habitat of Bakkhali river probably a depositional coast. The
accreted lands of sand bar at the mouth of Bakkhali estuary, Cox’s Bazar support this
finding. Soil organic matter in the areas was higher than the recorded values (0.2-0.4%) as
reported by Rajyalakshmi and Chandra (1987) in Chilka lagoon, India and in mangrove
areas (0.5-1.7%) of Bangladesh (Zafar and Hasan, 2005). The higher soil organic matter
content at station II revealed that the accumulation of carbon in the superficial soil is the
results of the continuous input of organic matters from aquatic macrophytes i.e., salt
marsh, mangroves and seagrass (Zafar and Hasan, 2005).

Acknowledgement: This article is the 27 contribution of the Laboratory of Estuarine, Coastal and Aquaculture
Research (LECAR), Institute of Marine Sciences and Fisheries (IMSF), University of Chittagong, Bangladesh. We
thank the AWARE Foundation, Australia and Nahar Welfare Trust, Cox’s Bazar for financial support for this
research. The authors express their gratitude to Meteorological Department, Cox’s Bazar, Bangladesh for
providing the necessary data on rainfall during the study period. Sincere thank to Professor Dr. A. K. M. Abdul
Kader, IMSF, University of Chittagong for reviewing this manuscript.

References

Abu Hena, M.K. 2006. Inventory of seagrass resources of Bangladesh, AWARE Foundation (Australia) Report. Institute
of Marine Sciences, University of Chittagong, Bangladesh, pp. 10.

Abu Hena, M.K,; Short, F.T.; Sharifuzzaman, S.M.; Hasan, M.; Rezowan, M. and Ali, M. 2007. Salt marsh and
sea grass communities of Bakkhali Estuary, Cox’s Bazar, Bangladesh. Estuarine, Coastal and Shelf Science,
75 (1-2): 72-78.

Adams, D.A. 1963. Factors influencing vascular plant zonation in North Carolina salt marshes. Ecology, 44 (3):
445-456.

Alderson, J. and Sharp, W.C. 1994. Grass varieties in the United States, (Agriculture Handbook No. 170, USDA,
SCS, Washington, D.C.

Anon. 1976. Standard methods for the examination of water and waste water. American Public Health Association
(APHA), Broadway, New York.

Barbara, A.; Frasco and Good, R.E. 1982. Decomposition dynamics of Spartina alterniflora and Spartina patens in a
New Jersey salt marsh. American Journal of Botany, 68: 402—406.

Bouyoucos, G.J. 1962. Hydrometer method improving for making particle size analysis of soils. Agronomy
Journal, 54: 464—465.

Boyd, C. E. 1995. Bottom soils; sediment and pond aquaculture. Chapman and Hall, New York, USA, pp. 348.

Brower, J.E. and Zar, ].H. 1984. Field and laboratory methods for general ecology. Wm. C. Brown Publishers, USA,
pp. 226.

259



Abu Hena, M.K,; Akhtar, A.; Kamal, D. and Rezowan, M. 2007. Morphometry, habitat and standing crop of Porteresia coarctata
at Bakkhali estuary, Cox’s Bazar, Bangladesh. Khulna University Studies, 8(2): 253-260.

Chou, L.M,; Yu, J.Y. and Loh, T.H. 2004. Impacts of sedimentation on soft-bottom benthic communities in the
southern islands of Singapore. Hydrobiologia, 515: 91-106.

Das, B.; Khan, Y.S.A.; Osman, K.T.; Das, P. and Amin, N.M. 2002. Physico-chemical changes in acid sulfate soil,
during semi intensive culture of Penaeus monodon Fabricius, in cleared mangrove areas of the Chakaria
Sundarbans, Bangladesh. Journal of Shell Fish Research, 21 (1): 267-272.

Das, S. and Siddiqi, N.A. 1985. The mangrove and mangrove forests of Bangladesh. Bangladesh Forest Research
Institute/ FAO, Rome, pp. 142.

Day, ] W.]J,; Hall, C.A.S.; Kemp, W.M. and Yanez-Arancibia, A. 1989. Estuarine ecology. John Wiley and Sons, pp.
558.

English, S.; Wilkison, C. and Baker, C. 1994. Survey Manual for Tropical Marine Resources. In: ASEAN-Australia
Marine Science Project: Living Marine Resources. ASEAN-Australia Marine Science, AIDAB, Australian
Institute of Marine Science Pub., Townsville, Australia, pp. 368.

Hitchcock, A. S. 1951. Manual of the grasses of the United States, USDA, Washington, D.C., USA.

Khan, M.S. and Karim, A. 1982. Utilization of deltaic zone. In: Fredericks, M.]. Man, Land and Sea: Coastal
Resource Use and Management in Asia and the Fisheries Sector in Mangrove Environment. Journal of Malaysian
Economic Association, 13: 40-50.

Latha, R.; Rao, C.S.; Subramaniam, H.M.S.; Eganathan, P. and Swaminathan, M.S. 2004. Approaches to breeding
for salinity tolerance - a case study on Porteresia coarctata. Annual Applied Biology, 144:177-184.

Mahmood, N. 1986. Effects of shrimp farming and other impacts on mangroves of Bangladesh. In: Proceedings of
the Workshop of Strategies for the Management of Fisheries and Aquaculture in Mangrove Ecosystems, FAO
Fisheries Report No. 370, pp. 46—66.

Mahmood, N.; Khan, Y.S.A. and Ahmed, M.K. 1978. Hydrology of the Karnafully estuary with special reference to
prawn and other larvae of economic importance. Final Report. University Grants Commission Research
Program, Dhaka, pp. 33.

Mooring, M.T.; Cooper, AW. and Seneca, E.D. 1971. Seed germination response and evidence for high
ecophenes in Spartina alternilora from North Carolina. American Journal of Botany, 58(1): 48-55.

Nelson, D.W. and Sommers, L.E.1982. Total carbon, organic carbon and organic matter. In: Pageed, A.L.
Methods of Soil Analysis, Part W: Chemical and Microbiological Properties. American Society of
Agronomy, Inc. Soil Science Society of America, Inc., Madison, Wisconsin, USA, pp. 539-579.

Newell, S.Y. 2001. Multiyear patterns of fungal biomass dynamics and productivity within naturally decaying
smooth cord grass shoots. Limmnological Oceanography, 46: 573-583.

Nienhuis, P.H.; Coosen, J. and Kiswara, W. 1989. Community structure and biomass distribution of seagrasses
and macrofauna in the Flores Sea, Indonesia. Netherlands Journal Sea Research, 23: 197-214.

Norhadi, I. 1993. Preliminary study of the seagrass flora of Sabah, Malaysia. Pertanika Journal of Tropical
Agriculture Science, 16: 111-118.

Rahman, S.; Islam, A.; Hussain, M.S. and Rahman, M.M. 1993. Some physical and chemical properties of two
acid sulphate soils of Bangladesh. Dhaka University Journal of Biological Science, 2 (1): 53—59.

Rajyalakshmi, T. and Chandra, D.M. 1987. On culture of Penaeus monodon Fabricius in saline and freshwater
ponds in Andhra Pradesh, India. Indian Journal of Animal Science, 57: 348—358.

Ranwell, D.S. 1967. World resource of Spartina townsendii and economic uses of Spartina marshland. Journal of
Applied Ecology, 4:239 256.

Romero, J.; Perez, M.; Mateo, M.A. and Sala, E. 1994. The below grounds organs of the Mediterranean seagrass
Poisidonia oceanica as biogeochemical sink. Aquatic Botany, 47:13-19.

Sanckez, J.M.; Sanleon, D.G. and Izco, J. 2001. Primary colonisation of mudflat estuaries by Spartina maritima
(Curtis) Fernald in Northwest Spain: vegetation and sedimentaion accretion. Aquatic Botany, 69:15-25.

Schubauer, J.P. and Hopkinson, C.S. 1984. Above and belowground emergent macrophytes production and
turnover in a coastal marsh ecosystem, Georgia. Limnological Oceanography, 29 (5): 1052-1065.

Singh, V.P. 1989. The management of fish ponds with acid sulphate soils. Asian Aquaculture, 3 (4): 4-6.

Weiss, T.E.; White, D.A. and Thien, L.B. 1979. Seasonal dynamics of salt marsh plant associations in Louisiana.
Contribution of Marine Science, 22: 15.

Zafar, M. and Hasan, C.K. 2005. Organic carbon in the soils of natural and afforested mangrove of Bangladesh.
The Journal of NOAMI, 22: 1-8.

260





