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ARTICLE INFO ABSTRACT

Avrticle History: Macrobenthos play an important role in estuarine ecosystems by re-
Received: Aug. 17,2020  suspending the bottom layer of water bodies and elevating the nutrients,
Accepted: Sept. 21, 2020 dissolved gases, and other materials between sediments and overlying water.
Online: Sept. 24, 2020 The study aimed to measure the physicochemical parameter of the study area, to
show the intertidal variation of macrobenthos, and to assess the relationship

between environmental variables and benthic infauna of saltmarsh habitat along

Keywords: the Noakhali coast. Sediment infauna of saltmarsh was collected by using a
Macrobenthos, . 2 . . .

Physico-chemical hgnd—r_\eld mud corer hav_lng_ an area of 0.01 m covering three tidal levels ie,
factors high tide level (HTL), mid-tide level (MTL), and low tide level (LTL). A little
Saltma,rsh variation was observed among the environmental parameters across three tidal

levels. A total of 16 taxa of benthic infauna belonging to Nereidae (37.60%),
Nereidae-1 (12.60%), Chironomidae (24.56%), Cerambycidae (2.17%) were
found in the three tidal levels. The Evenness index indicated the highest number
of similar species were at the sub-stations of LTLs with a value of 1, and the
lowest number of similar species was at the sub-station HTL1 with a value of
0.5712. The maximum Shannon diversity (H') index was found at the sub-
station MTL2 with a value of 1.631 and the minimum was at the sub-station
LTL2, LTL3 with a value of 0. Margalef species richness ranged from 0 to
0.8808 and the Equabilitty index (J) value from 0 to 0.8808. The diversity
profile was high (0=14) at the mid-tide level. The Simpson (1-D) and DO,
Shannon ( H'), Margalef, and temperature were significantly correlated
(p<0.05). Again, almost all diversity indices showed a strong correlation with
temperature (0.75 < r <1). The information generated here can be used to
measure the impact of pollution, to conserve the biodiversity of the study area,
and can also be used for further studies.

INTRODUCTION

Intertidal variation.

Bangladesh is located at the apex of the world's largest bay, the Bay of Bengal, which is
in the Southern part of Bangladesh. It is blessed with an extensive coastline of about 710
km with rich biodiversity (Pramanik,1988). The southeastern and southwestern bank of
this nation is generally secured by a complex estuarine biological system with strong
interactions of biotic and abiotic factors. The primary estuarine frameworks of the nation
are Karnaphuly, Brahmaputra-Meghna (Gangetic delta), Bakkhali, Matamuhuri, and Naf
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rivers (Sarker et al., 2016). The changes in benthic species composition, distribution and
abundances relatively could aid as an alarm system and even vest the quantification of
environmental transition. For that reason, the benthic communities act as a biological
sentinel and crucial targets for bio-monitoring programs worldwide (Hutchinson et al.,
1993; Palmer et al., 1997; Cekanovskaia,1962; Japoshvili, 2015).

Benthos is known as the indicators of past and present environmental conditions of an
ecosystem more effectively than physical and chemical indices of water and sediment,
and are regarded as the best indicators of pollution as they are sedentary sessile, long-
lived and easily collectible (McLusky and Elliot, 2006). The operations of benthic
macrofauna in the aquatic ecosystem make dynamic sediment mosaic, effectively
transports solutes into burrows, increment oxygenation of sediment, stimulate microflora
and increase disintegration rates (Jones et al., 1994). This decides that these invertebrate
species act as ecosystem engineers (Gogina and Zettler, 2010). They have considerable
importance in the aquatic food chain and especially the main food sources of
commercially important demersal fishes (Hossain et al., 2009). Benthic organisms are
also used as an indicator of pollution. Benthic organisms living in the estuarine and
marine nearshore ecosystem are important to environmental changes and may nurse as
the monitor of changes occurring in the coastal regions (Warwick and Clark, 1993).
Benthic organisms have an important role in negotiating physico-chemical processes near
the sediment-water interface and in interstitial water, including the degradation of organic
matter, metabolisms and dispersion of contaminants such as trace metals and oil
derivatives (Snelgrove, 1998).

Saltmarsh is a very suitable model system to examine the ecological effect very across
physical and gradients in the coastal system. Saltmarsh exhibits complex habitat structure
and biotic zonation. Noakhali is one of the coastal districts at the fringe of the Bay of
Bengal with vast char land of recent origin in the south. In Noakhali coast, Noler Char
contains a wide range of saltmarsh areas which are very rich in benthic infaunal
communities, that are continuously flooded with the tide. These saltmarshes are marshy
areas founded near the Meghna river estuary. The habitats of this region for the
communities of salt-tolerant vegetation, a wide range of infaunal and epifaunal
invertebrates, and low tide and high tide visitors such as fish and water birds.

MATERIALS AND METHODS

Study area and sampling station

The study was conducted in the saltmarsh area of the intertidal zone of the Meghna river
estuary along the Noakhali coast during December 2018. At site three saltmarshes (S1=
station one, S2= station two and S3 = station three) were randomly selected (Figure 1).
The sampling stations were designated by using GPS.
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Figure 1: Location of saltmarsh areas in Noler char at Noahali Coast (S1= station
one, S2= station two and S3 = station three).

*(Three tidal levels were selected as High tide level (HTL), Mid tide level (MTL) and
Low tide level (LTL) from each station)

Collection of water and sediment sample

The water sample was collected from the stations during the low tide to measure water
temperature (°C), salinity (ppt) and pH, DO (mg/L) by a digital multi-parameter (Model
no (HQ30D53315000 ) and company (HACH). The sediment samples were collected by
mud corer (10cmx10cmx10cm) with an area of 0.01 m?. A Bucket was used to keep the
sediment samples on the sampling spots.

Sieving and sorting of the Sediment Sample

After collecting the sediment sample, the sample was mixed into the water properly. The
sediment samples were sieved through a 0.5 mm mesh size screen to get benthic infauna.
Then the sorted infaunas were well preserved into 70% alcohol solution in small vials
using small forceps for the identification. An electronic microscope (Model No. XSZ 21-
05DN, China) was used to capture the picture of benthos.
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Data analysis
The number per square meter of infauna was estimated by using the following formulas
Welch's method

It is calculated as

N = i % 10000 where, N=Number of infauna 1 sq.m of profoundal bottom, 0= No. of infauna per

sampled area, a=Transverse area of mud corer in sg. cm. and S= Number of sample taken at one sampling
site.

The Shannon-Wiener index of species diversity (H")
It is defined as

'=- le pilnpi where, s = total number of species in the community (richness) and pi = relative
abundance of the ith species in a plot.
The Margalef's Index of Species Richness (D)
It was be used to compare one community with another by the following formula

5—1 . . .
=H where, S is the number of taxa, and n is the number of individuals
]}

The Shannon equitability (or evenness) index
The Shannon-equitgbility index was obtained from Shannon-Wiener index. Evenness in
referring to the absolute distribution of relative abundance of species at a site is computed

by the following index,

Hr ) . L
J:: Where, e = Evenness index, H' = Shannon-Wiener value, S = Total number of species in the
n

sample

RESULTS
Environmental Characteristics
The water quality parameters data; temperature, salinity, pH, Dissolve oxygen (DO)
recorded from all three stations of the saltmarshes areas are shown in (Table 1).

Table 1: Environmental parameters of saltmarsh in the study area

tations HTL (MeantSD) MTL ( MeanzSD) LTL ( MeantSD)
Paramete

Water temperature (°C) 24.2+0 25.06+0.05 24.310
DO (mg/L) 8.26+0 8.08+0.02 8.240
Salinity (ppt) 7.73+0 7.52+0.32 7.72+0
Water pH 8.84+0 8.56+0.41 8.85+0

Biological Characteristics

Species composition

The infauna of the present study was identified up to family level and a total of 16 taxa
(families) of benthic infauna were found in the three tidal levels. The study reported a
total of 46000 ind./m? from the sampling site with a mean abundance of
15333.33+11128.94 ind/m?. The most abundant family was Nereidea (17300 ind/m?).
Chironomidae (11300 ind./m?) and Nereidae-1 (5800 ind./m?) were also quite dominant.
Among all 16 taxa (families) Nereidea (37.60%), Nereidae-1 (12.60%), Chironomidae
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(24.56%), Cerambycidae (2.17%) were found at the high tide level and mid-tide level.
Portunidae (10.86%), Shrimp larvae (5.21%) were found in three tide levels.
Mysidae(0.20%), Nereddidae(3.26%) and Littorinidae(0.43%) were found high tide level.
Lumbrineridae(0.43%), Capitallidae (0.21%), Calonoidae (0.21%), Tubificidae(0.65%),
Pieridae(0.65%), Spionidae(0.21%) were found only mid-tide level. The study reported
that the highest 13 taxa were found in the mid-tide level (Table 2).

Table 2. The abundance of macro-benthic families (ind./m?)

Family HTL MTL LTL Mean+SD Total  Percentage (%)
Nereidae 8900 8400 0 5766.66+5000.33 17300 37.60869565
Nereidae-1 3100 2700 0 1933.33+1686.21 5800 12.60869565
Chironomidae 7300 4000 0 3766.66+£3655.58 11300 24.56521739
Mysidae 100 0 0 33.33+57.73 100 0.217391304
Nereidae-2 1500 0 0 500+866.02 1500 3.260869565
Glyceridae 200 100 0 100+100 300 0.652173913
Lumbrineridae 0 200 0 66.66+£115.47 200 0.434782609
Capitallidae 0 100 0 33.33+57.73 100 0.217391304
Calonoidae 0 100 0 33.334£57.73 100 0.217391304
Tubificidae 0 300 0 100+173.20 300 0.652173913
Pieridae 0 300 0 100+173.20 300 0.652173913
Spionidae 0 100 0 33.334£57.73 100 0.217391304
Portunidae 800 3500 700 1666.66+1588.50 5000 10.86956522
Littorinidae 200 0 0 66.66+115.47 200 0.434782609
Shrimp larvae 200 300 1900 800+953.93 2400 5.217391304
Cerambycidae 900 100 0 333.33+493.28 1000 2.173913043

Total 23200 20200 2600 15333.33+11128.94 46000 100
Family found 10 13 3

Comparison of benthos abundance
The highest benthic infaunas (23200 ind./m?) were recorded from HTL and the lowest
(2600 ind./m?) from LTL station. The number of benthic infaunas from MTL was 23200

ind./m? (Table 3).

Table 3 : Comparison of benthos abundance (ind./m?) from different tidal levels

Family Stations
HTL MTL LTL

Nereidea 8900 8400 0
Nereidae-1 3100 2700 0
Chironomidae 7300 4000 0
Mysidae 0 0
Nereidae-2 1500 0 0
Glyceridae 100 0
Lumbrineridae 200 0
Capitallidae 100 0
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Calonoidae 0 100 0
Tubificidae 0 300 0
Pieridae 0 300 0
Spionidae 0 100 0
Portunidae 800 3500 700
Littorinidae 200 0 0
Shrimp larvae 200 300 1900
Cerambycidae 900 100 0
Total 23200 20200 2600

Diversity indices

For analyzing the diversity of benthic infauna, the commonly used tool is diversity index.
The highest individuals index of benthic infauna value was 8800 found in the high tide
level station HTL1 and the lowest value (500) reported in the low tide level station LTL3

(Table 4).
Table 4. Different diversity indices at three tidal level (present study)
HTL1 HTL2 HTL3 MTL1 MTL2 MTL3 LTL1 LTL2 LTL3
Taxa (S) 9 6 3 8 8 5 2 1 1
Individuals 8800 7100 7300 8400 7600 4200 1400 700 500
Simpson (1- 0.7268 0.7804 0.5791 0.6811 0.769  0.6893 0.5 0 0
D)
Shannon (H)  1.563 1.617 0.9676 1.475 1.631 1.321  0.6931 0 0
Evenness 0.5305 0.8395 0.8772 0.5464 0.6385 0.7497 1 1
(e"H/S) 1
Margalef 0.8808 0.5638 0.2248 0.7747 0.7834 0.4795 0.138 0 0
Equitability  0.7115 0.9024 0.8808 0.7094 0.7842 0.821 1 0 0
()

The Simpson_1-D index of benthic infauna showed the highest value was 0.7804 found
in the high tide level HTL2 station and the lowest value was 0 found in the low tide level

station LTL3 (Figure 2 and Table 4).
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Figure 2: Station wise distribution of Simpson (1-D) index during the present study.

Error bars indicate standard deviation.
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The Shannon_H index of benthic infauna described the highest value was 1.631 found in
the mid-tide level station MTL2 and the lowest value was 0 found at the low tide level
station LTL3. The Shannon_H index was higher in the high tide level and lowered in the
low tide level (Figure 3 and Table 4).

2 -
15 - T ]
3 |
c 17
3]
c
&
8 05 -
[75]
0 T J_
HTL MTL LTL
0.5 -
Station

Figure 3: Station wise distribution of Shannon (H') index during the present study.
Error bars indicate standard deviation.

The Evenness_e"H/S index of benthic infauna demonstrated that the highest value 1 was
in the low tide level station LTL1,2,3 and the lowest value was 0.5305 in the high tide
level HTL1 station. The Evenness e"H/S index was higher in the low tide level and
lowered at the mid-tide level. (Figure 4 and Table 4).
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Figure 4: Station wise distribution of Evenness (eH/S) index. Error bars indicate
standard deviation.

The Margalef index of benthic infauna showed the highest value was 0.8808 in the high
tide level HTL1 station and the lowest value was 0 in the low tide level LTL3 station.
The overall study indicates that the Margalef index was higher in the mid-tide level
(Figure 5 and Table 4). The Equitability_J index of benthic infauna described the highest
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value was 1 in the low tide level station LTL1 and the lowest value was 0 in the low tide
level LTL2 and 3 station (Table 4).
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Figure 5: Station wise distribution of Margalef index during the present study.
Error bars indicate standard deviation.

Diversity Profile

Diversity profile showed clear differences in the diversity of benthic infauna of the recent
study, while data were presented as a tidal variation. The diversity was high in the mid-
tide level station and low in the low tide level station (Figure 6).
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Figure 6: Diversity profile of macrobenthic infauna during the sampling station (
HTL=High tide level, MTL= Mid tide level and LTL= Low tide level).

Spearman's Rank Correlation analysis

The Spearman's Rank Correlation analysis physico-chemical and biological parameters
indicate that they were not significant (p>0.05) with the exception of some parameters.
The Taxa (S) and DO were highly negatively significant (p<0.01). The Simpson (1-D)
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and temperature, Shannon (H) and DO, Evenness (e"H/S) and salinity, Margalef and DO
were negatively significant (p<0.05). The Taxa (S) and temperature were highly
significant (p <0.01). The Simpson (1-D) and DO, Shannon (H) and temperature,
Margalef and temperature were significant (p <0.05) respectively.

It also indicates that they were weakly correlated ( 0<r<0.25). The DO and Equitability
(J), Salinity and pH, Salinity and Individuals, Salinity and Equitability (J), pH and
Equitability (J), Taxa (S) and Equitability (J), Shannon (H) and Equitability (J), Margalef
and Equitability (J) were intermediate correlation (0.25 < r<0.75). The temperature and
Taxa (S), temperature and Individuals, temperature and Simpson (1-D), temperature and
Shannon (H), temperature and Evenness (e"H/S), temperature and Margalef, DO and
Taxa (S), DO and Individuals, DO and Simpson (1-D), DO and Shannon (H) was a strong
correlation (0.75 < r<1) respectively.

Table 5. Spearman’s Rank Correlation analysis among the measured parameters

0 Tem. DO Sal. pH S Ind. 1-D H e"H/S Marg. J

Tem. 0 000 0.00 017 098 077 093 0.93 0.76 0.97 0.58
DO -1 0 000 017 098 077 093 0.93 0.76 0.97 0.58
Sal. -0.95 0.95 0 037 081 055 0.83 1 0.95 0.88 0.60
pH -051 051 0.34 0 005 0.09 006 0.05 0.02 0.05 0.71

S 0.00 -0.00 0.09 -0.69 0 0.00 0.00 0.00 0.00 0.00 0.70
Ind. -0.12 012 023 -061 094 0 0.05 0.01 0.00 0.00 0.75
1-D -0.03 003 008 -066 082 0.67 0 0.00 0.03 0.00 0.24

H 0.03 -0.03 0 -0.68 089 0.77 0.96 0 0.01 0.00 0.38

e"H/S -0.12 012 -001 076 -096 -0.91 -0.73 -0.80 0 0.00 0.93

Marg. 001 -0.01 0.062 -068 099 092 084 091 -0.95 0 0.67

J -020 020 020 -013 0214 012 042 032 0.03 0.15 0

A brief comparison of microbenthic diversity indices as described in the following table

(Table 6). Present research work addressed 16 taxa from the study site while a maximum

of 52 taxa was recorded from Twai river, India (Chowdhary et al., 2013) and minimum of

10 taxa were reported from Meghna river estuary, Bangladesh (Hossain et al., 2018).

Table 6. Comparison of diversity indices of macrobenthos in tropical regions

Area Taxa Ind. (max- 1-D H e"H/S  Marg. J References
(S)  min/station)

Noakhali coast, 16 8800-500 0.78-0 1.63-0 1-0.53 0.88-00 0.90-0 Present study
Bangladesh (2020)
Mouri River 16 1040-630 - - - - - Khan et al.
Bangladesh (2007)

Tawi river, India 52 3996-2367 - 2.759- - 2.724- 0.96- Chowdhary et
0.623 1.03 0.26 al. (2013)
Karnafuli estuary, 33 - - - - - - Islam et al.

Bangladesh (2013)

Meghna River, 17 7658.7- - - 0.95- - - Sharif et al.
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Bangladesh 208.1 0.2 (2017)
Hatiya and Nijhum 10 4511-433 - - - - - Asadujjaman
Dweep et al. (2012)
Islands,Bangladesh
Amazonian 51 4244 - - - - - Braga et al.
saltmarshes (2011)
Yangtze River 23 30539 - - - - - Chen et al.
Estuary, China (2009)
Greater Noakhali- 14 5481 0.75- 1.64- - 1.23- 0.84- Sarker et al.
Bangladesh 0.42 0.77 0.45 0.51 (2016)
Bakkhali river 28  4488-1555 0.93- 2.78- 0.85- 250- 0.94- Sarker et al.
estuary, 078 191 061 1.09 0.80 (2016)
Bangladesh
Meghna estuarine 20 12701-9 - - - - - Hossain et al.
bed, Bangladesh (2009)
Meghna river, 8 3358-44 - - - 0.25- - Hossain et al.
Bangladesh 0.24 (2018)
DISCUSSION

Environmental parameters

The saltmarsh which was selected namely Noler char in Noakhali was influenced by the
tidal flats of the Meghna River estuary. The sub-surface water temperature varied 24.2-
25.1°C during the study period at a different station and tidal level. Netto and Lana, 1997
recorded that the temperature was 19-34°C at a different station in a euryhaline saltmarsh
in Paranagud Bay (SE Brazil) were quite different from the present findings. This
variation might be occurred due to geographical location between saltmarsh of Noakhali
coast and euryhaline saltmarsh in Paranagua Bay.

The salinity of the present study was 7.52-7.73 ppt in January on the saltmarsh. Sharif et
al., (2017) recorded the salinity of Meghna estuary wasl5 ppt in the post-monsoon.
Berrédo et al., 2008, Magalhdes et al. 2009, Sousa et al., 2009 reported that mean values
of surface water salinity in the estuary along the Para coast vary widely, from near 0 to
40. The present investigation defined significant variation. This variation occurred due to
a decrease in freshwater intrusion. Minello, (1994) described the water salinities were 2-3
ppt, during the study period on the salt marsh located on the Galveston bay of Texas.
Barrons et al., (2008) defined the superficial water salinity varied between 0.6 and 30.8
winter at all stations in Brazilian saltmarsh.

During the study period, the water pH varied from 8.09 to 8.85 at all stations was slightly
different from the findings of Barrons et al. (2008) as they recorded the range of pH was
6.62 to 8.14 in the Brazilian saltmarsh. Sarker et al ., (2016) recorded the water pH 7.15
to 8.75 in post-monsoon season has a similar agreement to the current study.

Sharif et al., (2017) recorded that the range of DO was 1.9 to 2.8 mg/L in the post-
monsoon. In this present work, the DO was observed 8.05 to 8.26 at all the stations
during the study period. This variation occurred due to erosion and tidal effect, which
fluctuates the concentration of DO.
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Benthic infaunal assemblages

Wang et al. (2010) recorded 29 species of macrobenthos at the eight sampling marshes in
the Yangtze Estuary, China. Tang and Kristensen (2010) found a total of 20
macrobenthos species (14 infaunal and 6 epifaunal taxa). Vinagre et al. (2008) found 22
taxa (family) in the saltmarsh of Tagus estuary. In the current study, a total of 16 taxa
were found in the present investigation which was similar to other findings. Alam, (1993)
reported 71 species from the Halishahar coast, Bangladesh by using 500 um mesh screen.
Braga et al. (2011) recorded 51 taxa (family) in Amazon coast saltmarshes. This finding
was reversed in the present investigation. The dissimilarity might be occurred due to
geographical change in those areas.

Braga et al. (2011) examined 4244 individuals macroinfaunal assemblages associated
with Amazonia saltmarshes. Silva et al., (2006) defined a total of 18140 individuals
belonging to 41 taxa (family) were collected. Edgar and Barrett (2002) showed that a
total of 115861 individuals belonging to 396 invertebrate taxa (family) were collected at
the 55 locations in 48 estuaries investigated. A total of 46000 individuals were recorded
in the present investigation. The phenomenon was reverse in the above findings. It was
possibly due to sediment and environmental characteristics.

Braga et al., (2011) reported the Malacostaca was the dominant class with 63.9% of the
total abundance. Wang et al., (2010) recorded the gastropods were the dominant group in
the saltmarsh in the Yangtze Estuary China but the present work reported Polychaeta was
the dominant group. This might be occurred due to the composition of sediment particles.
Ansari (1984); Minello et al. (1994) and Tang and Kristensen (2010) reported that
Polychaeta was the most dominant group in seagrass bed at Minicoy, Spartina
alterniflora marsh in the Galveston Bay system of Texas and Spartina anglica in the
Danish Wadden Sea respectively. That showed fair agreement with the present
investigation.

Environmental parameters and benthic infaunal relationship

In the present study, some environmental variables that were correlated with the benthic
infaunal Abundance and diversity. Saltmarshes gather the abundance of taxa with high
salinity (Braga et al., 2011). Salinity and temperature have been positively correlated
with greater abundance and the number of taxa of macrobenthos along the Amazon coast
(Rosa Filho et al., 2011). These results support the present study. The density and
richness of macrobenthic organisms usually increase with salinity in most of the tropical
and subtropical estuaries (Montagna and Kalke 1992). The results of the study showed
that abundance was positively correlated with salinity. Gaskill (2014) reported that
benthic macro-invertebrate richness is significantly correlated with pH (p=0.034) and
richness decreased because of lower pH. But present work found no significant
relationship between water pH and richness.

CONCLUSION

This is the first study of its kinds to study the varation of macroinfauna in the saltmarsh
habitat of Bangladesh. From the study it was observed environmental parameters varied
across three tidal levels. The taxa, Nereidae and Chironomidae were mostly dominant in
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all the three tidal levels. The highest number of similar species were noticed at the sub-
stations of LTLs and the maximum Shannon diversity (H') index was at the sub-station
MTL2. The diversity profile value was high at the mid-tide level. The Simpson indix and
DO, Shannon ( H') and Margalef index and temperature were significantly correlated
(p<0.05). It was also observed that almost all diversity indices showed a strong
correlation with temperature (0.75 < r <1). The information can be used for biodiversity
conservation of the study area.
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