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The common Indian shad ‘hilsa’ (Tenualosa ilisha) 
is the most important anadromous fish species 
of Bangladesh that migrates through the Padma-
Meghna River systems. A study was carried out 
between January and December 2014 to assess 
the physical, chemical, and biological parameters 
of the habitat of the hilsa fishery areas. While 
the parameters were found to be at ‘acceptable’ 
levels, some measures are needed to improve the 
quality of water to ensure successful migration 
and reproduction of the hilsa fish. Efforts must be 
made to minimize, or where possible, eliminate 
non-fishing related stresses such as siltation and 
pollution and integrate them into the overall hilsa 
fisheries management action plan. 
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The common Indian shad ‘hilsa’ (Tenualosa ilisha) 
is the most important anadromous fish species of 
Bangladesh that migrates through the Padma-Meghna 
River systems. A study was carried out to assess the 
physical, chemical and biological parameters of the 
habitat of the hilsa fish. The study was carried out in 
four sites (Site 1: Meghna River in Chandpur; Site 2: 
Meghana River in Daulatkhan, Bhola; Site 3: Tetulia 
River near Lalmohon; and Site 4: Andhermanik River, 
Kalapara, Patuakhali District) from January to December 
2014. Higher total dissolved solids (TDS), conductivity, 
salinity, NH3-N, and lower chlorophyll-a were found in 
Andhermanik River compared to the other rivers. The 
downstream of Meghna River at the Daulatkhan site 
contained more suspended solids (TSS), than the 
upstream Meghna River in Chandpur. Comparatively 
higher water current velocities and water depths were 
recorded from the sampling points in the Meghna river 

systems than the other two rivers. Water pH was slightly 
alkaline and dissolved oxygen (DO), pH, alkalinity, 
water nutrients were found within suitable ranges 
for fish. TDS, conductivity, alkalinity, pH, NH3-N and 
chlorophyll-a parameters were found to be significantly 
different between Andhermanik River and the other 
three sites. A total of 76 genera of plankton, of which 58 
genera of phytoplankton and 18 genera of zooplankton, 
were found in the Mehna River at Chandpur site, 
whereas 61 genera (44 of phytoplankton and 17 of 
zooplankton), 60 genera (43 of phytoplankton and 17 
of zooplankton), and 31 genera (24 of phytoplankton 
and 7 of zooplankton) were observed at Sites 1, 2, 3 
& 4, respectively. While the parameters were found to 
be at ‘acceptable’ levels, some measures are needed 
to improve the quality of water to ensure successful 
migration and reproduction of the hilsa fish.

Summary

http://www.iied.org
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1 
Introduction
The common Indian shad ‘hilsa’, the national fish of 
Bangladesh, belongs to the Clupeidae family under the 
genus Tenualosa and species ilisha, and is anadromous 
in nature. The fish has a wide distribution and is found in 
marine, estuarine and riverine habitats. It is an important 
migratory species in the Bay of Bengal, Persian Gulf, 
Red Sea, Arabian Sea, Vietnam Sea and China Sea. 
Among the three species of hilsa, the largest catch 
comes from Tenualosa ilisha, which comprises up to 99 
per cent of the total hilsa catch within the countries in 
the Bay of Bengal region (Rahman et al. 2012). About 
50–60 per cent of global hilsa catch is reported from 
Bangladeshi waters, 20–25 per cent from Myanmar, 
15–20 per cent from India and another 5–10 per 
cent from other countries (e.g. Iraq, Kuwait, Malaysia, 
Thailand and Pakistan) (Rahman et al. 2010). The hilsa 
fishery has had a glorious past in Bangladesh, when an 
abundance of hilsa was caught in more than 100 rivers. 
It was available almost throughout the year in the major 
rivers including the Padma, Meghna, Jamuna, Rupsa, 
Shibsa, Bishkhali, Pyra, and Ilisha, and in the coastal 
areas of the Bay of Bengal. In addition to these rivers, 
hilsa was also plentiful in the Karnafuly, Feni and Muhuri 
Rivers and in most of the branches and tributaries of 
the Padma (Ganges) and the Brahmaputra (Ahsanullah 
1964; Quereshi 1968; Haldar et al. 1992). Poor 
fishermen were able to easily catch large amounts of 
hilsa from those rivers and sell them in the local market 
to earn their livelihood. 

From the 1970s, the hilsa fishery began to decline 
gradually, with outputs reaching a low point of 0.19 
million tonnes in 1991–1992. This situation was 
attributed to a combination of the closure of migratory 
routes, river siltation, over-fishing, indiscriminate 
harvesting of brood stocks and juveniles (locally known 
as jatka), use of fishing nets with very small mesh sizes, 
the mechanisation of fishing gear, increased numbers of 

fishers, pollution, and hydrological and climatic changes 
(Mohammed and Wahab 2013). At present, the species 
is mainly concentrated in coastal areas, estuaries 
and the major rivers such as the Padma, Meghna, 
Tetulia, Andhermanik, Kirtonkhola, Kalabodor, Rupsha, 
Shibsa, Bishkhali, Kocha, Payra, Pashur, Baleshor, 
Kornafuli, and their tributaries and distributaries. Due 
to a low discharge of water from the river Ganges and 
consequently heavy siltation in most of the rivers, the 
feeding, spawning, nursery and migratory areas of hilsa 
have been restricted to the upstreams. 

In addition, the gradual growth of industries, growing 
urbanisation, the indiscriminate use of fertilizers, 
agrochemicals, pesticides and the discharge of 
municipal waste are continuously polluting the river 
system. This may become endemic and widespread in 
the near future and will severely affect the hilsa fishery, 
unless proper management measures are developed 
and implemented. Therefore, it is essential to enhance 
our understanding and assess water quality parameters 
in order to develop a viable hilsa fishery management 
action plan.

Physical, chemical, hydrological and biological factors 
have a great influence on the occurrence, distribution, 
and abundance of tropical fish and other aquatic 
organisms. As with other migratory species, the 
biological activities of hilsa are mainly stimulated by the 
complex interaction of the biotic and abiotic factors of 
the water. The term ‘water quality’ in its broader sense 
includes all the physical, chemical and biological factors 
of water (Ahmed et al. 2000), and it may directly or 
indirectly affect the distribution and production of fish 
and other aquatic animals (Moses 1983; Varshney et 
al. 2004). These include water temperature, salinity, 
turbidity, dissolved oxygen, and the pH of water that 
triggers the estuarine fish ecology (Whitefield 1999; 
Blaber 2000). 

http://www.iied.org
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Hilsa fish migrate to the river stretches for spawning in 
favourable environmental conditions. In Bangladesh, 
the Ganges-Brahmaputra river system carries sediment 
which creates merged and submerged islands, 
changing the ecology and blocking migratory routes 
(Curray and Moore 1971). About 2.4 billion tons of 
sediment are carried yearly by the river system in 
Bangladesh (Holemen 1986). Rahman (1997) reports 
that the heavy inflow of fresh water and the intensity 
of the monsoon has triggered migration and breeding. 
Juvenile hilsa migrate from the nursery grounds (riverine 
or coastal) to the estuaries during the onset of the 
monsoon for feeding and growth (Raja 1985, BFRI/
RS 1994). Water temperature and rainfall were also 
found as major influential factors for species distribution 
(Hossain et al. 2013). 

Although some research has been carried out on the 
life history, population biology and management, and 
the socio-economic aspects of the fishery, little has so 
far been done on the ecological aspects of the hilsa 
fishery areas in Bangladeshi waters. Considering the 
importance of the species to the national economy, 
and so as to ensure a continuous supply of this popular 
fish and update the current hilsa fisheries management 
action plan, a study was conducted to assess the 
physical and hydrological, chemical, and biological 
profile of the environment of the hilsa fishery areas in 
Bangladeshi waters.

http://www.iied.org
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2 
Methodology
2.1 Study areas and 
duration
The research was carried out for one year between 
January and December 2014 at four sites in the 
major hilsa fishery areas especially, in the sanctuary 
areas, where it is widely believed to be the major 
hilsa freshwater migration route – through which 
they migrate upstream to spawn. These were located 

in the Meghna River at Chandpur (23º12 4́7.58˝N-
23º13´32.39˝N and 90º38´02.08˝E-90º38´04.77˝E) 
(Site 1), the lower part of the Meghna River in 
Doulatkhan, Bhola (22º34´54.47˝N-22º36´16.95˝N, 
and 90º45´22.49˝E-90º46´05.64˝E) (Site 2), the 
Tentulia River in Lalmohon, Bhola (22º154́7.26˝N-
22º19´25.15˝N and 90º40´14.40˝E-90º40´39.48˝E) 
(Site 3) and Andhearmanik River, Kalapara, Patuakhali 
(21º52´24.01˝N-21º54´03.14˝N and 90º05´59.94˝E 
-90º06´57.84˝E) (Site 4). 

Figure 1

http://www.iied.org
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The Government of Bangladesh had declared these 
areas as sanctuary for the purpose of protecting and 
conserving juvenile hilsa (locally known as jatka) as well 
as brood hilsa from exploitation during the breeding, 
nursing and grazing period. This is the primary reason 
why these sites were selected. 

2.2 Physical and 
hydrological assessment
Physical water quality parameters, namely: air and water 
temperature, water transparency, total dissolved solids 
(TDS), total suspended solids (TSS), conductivity and 
hydro-dynamics, such as water current velocity and 
water depth at different sampling sites, were monitored 
each month. The temperature, TDS and conductivity 
were measured using digital multi-parameter (HQ 40D 
multi-meter) and water transparency was measured 
in situ using secchi-disc (30 cm in diameter). Total 
suspended solids were determined according to 
Stirling (1985).

2.3 Chemical and biological 
assessment 
The chemical parameters of water such as pH, 
conductivity, DO and salinity, were measured on the 
spot using digital multi-parameter (HQ 40D multi-
metre). Measurement of nitrogenous compounds 
(NO3-N, NO2-N and NH3-N), phosphate compound 
(PO4-P) was carried out in the laboratory by Hach 
Kit (DR 4000, direct reading spectrophotometer) 

(Wahab et al. 2003). Total alkalinity was determined 
from collected water samples using a methyl orange 
indicator and standard EDTA solution by titrimetric 
method (APHA, 1992). Chlorophyll-a was measured 
using DR 6000 spectrophotometer at 664 and 750 
nm wavelengths, following Vollenweider’s equation 
(Stirling 1985).

As a part of the biological parameters, plankton 
(food organisms in the form of phytoplankton and 
zooplankton) in the river water was studied qualitatively 
and quantitatively. For plankton analysis, vertical 
sampling using a flexible plastic tube (2.5 cm diameter) 
was carried out to collect samples from a vertical 
depth of 2 metres. The collected water was passed 
through a plankton net (mesh size 15 mm) and the 
concentrated plankton sample was transferred to a 
plastic bottle and preserved in 10 per cent buffered 
formalin. Plankton were identified and counted using 
S-R (Sedgwick-Rafter) cells containing 1,000 fields of 
1 mm3 under an electric microscope (Olympus BH2). 
The plankton in ten randomly selected fields in the 
S–R cell was identified up to genus level and counted, 
using the determination keys by Ward and Whipple 
(1959), Prescott (1962), Belcher and Swale (1976) and 
Bellinger (1992). Plankton density was calculated using 
the formula followed by Rahman et al. 2008:

N = (P * C * 100) * L–1

Where N=the number of plankton per litre of original 
water; P=the number of planktonic organisms counted 
in ten fields; C=the volume of concentrated sample 
in the plastic bottle; L=the volume of original water 
sample.

http://www.iied.org
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3 
Results and discussion

3.1 Physical and 
hydrological assessment 
Analyses of various physical and hydrological factors 
of the water quality from different rivers (sites) 
are presented in Table 1 and combined graphical 
representations of the water quality parameter are 
shown in Figures 5 and 6.

Temperature 
Water temperature is a vital factor of the environment 
which triggers physiological activities of aquatic 
organisms. Water temperature ranged from 21.8 to 
31.5ºC with the mean value of 27.75±3.09ºC, 19.8 to 
31.3ºC with the mean value of 27.74±3.69ºC, 20.9 to 
31.4ºC with the mean value of 27.76±3.2ºC and 21.4 to 
30.7ºC with the mean value of 27.47±2.94ºC in Site 1, 
Site 2, Site 3 and Site 4 respectively; whereas the air 
temperature ranged from 25.1 to 33ºC with the mean 
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Figure 2. Monthly variations of air and water temperature in Meghna River, Chandpur
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value of 29.87±2.76ºC, 24ºC to 33.2ºC with the mean 
value of 29.62±2.86ºC, 23.9 to 33ºC with the mean 
value of 29.46±2.79ºC and 22.1 to 31.7ºC with the 
mean value of 28.82±2.87ºC in Site 1, Site 2, Site 3 
and Site 4 respectively (Table 1). 

No significant difference (p>0.05) was found in 
temperature among the sites. The lowest air and water 
temperature was recorded in January in all sites and 
the highest air and water temperature was recorded in 
May in three sites except Site 1. The water temperature 
varied along with the changes in air temperature 
(Figure 2). Similar findings were reported by Ahmed 
et al. (2005), who recorded that water temperature 
of the Meghna River at surface level ranged between 
24.1 and 30.5ºC with a mean of 27.6 ± 0.68. Bhaumik 
et al. 2011 estimated the threshold values of physico-
chemical parameters for hilsa migration, breeding, 
rearing and estimated that the ideal water temperature 
ranged from 29.3–30.2ºC for breeding activities and 
29.8–30.8ºC for the nursery activities of hilsa in the 
Hooghly-Bhagirathi river system. In the past, Pillay 
(1958) estimated the most suitable water temperature 
ranged from 23–27ºC and that temperatures of <20 
ºC, >30ºC were not suitable for juvenile hilsa, whereas, 
Jafri (1988) reported the most suitable (20–25 ºC), 
moderately suitable (15–20ºC; 25–30ºC ) and least 
suitable (<15ºC, >30ºC) water temperature for hilsa 
spawning. On the other hand, the standard value of 
water temperature in the river is 20ºC–30ºC (ECR 
1997), which shows similarity with the present findings 
and water temperature was found more or less within 
acceptable ranges for hilsa spawning and nursing.

Transparency 
Water transparency (secchi disc) ranged from 20 to 
83 cm with the mean of 44.97±22.41 cm, 22 to 46 
cm with the mean value of 30.44±6.99 cm, 28 to 50 
cm with the mean value of 36.39±6.89 cm and 38 to 
62 cm with the mean value of 47.78±6.01 cm in Site 
1, Site 2, Site 3 and Site 4, respectively (Table 1). 
Water transparency was higher in Site 1 and Site 4 
in comparison with other two sites (Figure 5). Water 
transparency varied along with the changes of TSS and 
chlorophyll-a (Figures 3 and 4), which supports the 
findings of Ahmed (1993) who stated that chlorophyll-a 
showed an inverse relationship with water transparency. 
The maximum and the minimum transparencies 
were recorded in January and July at the three sites 
except Site 1. In Site 1, maximum and the minimum 
transparencies were measured in February and July 
(Figure 5). More or less similar results were found from 
the Meghna river system by Ahmed et al. (2005) and 
they stated that the transparency (secchi-disc visibility) 
ranged from 12 to 90 cm with a mean of 34.2 ± 18.08 
cm at different stations. Water transparency was found 
to be higher at the upper stretch of the river and lower 
transparency was found in the lower stretches of the 
Meghna River (estuarine region), where muddy water 
was found. No significant difference (p>0.05) was 
found between Site 1 and Site 4, but a significant 
difference (P< 0.05) was found between Site 1 and 
Sites 2 and 3, and between Sites 4 and Site 2 and 3, 
and between Site 2 and Site 3.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Figure 3. Monthly variations of water transparency in relation to chlorophyll-a in Meghna River, Chandpur
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Total dissolved solids
Total dissolved solids (TDS) varied from 32.9 to 126 
mgl–1 with the mean value of 80.84±28.38 mgl–1, 95 
to 2010 mgl–1 with the mean value of 461.45±669.43 
mgl–1, 72 to 256 mgl–1 with the mean value of 
155.876±60.69 mgl–1, and 11160 to 22800 mgl–1 with 
the mean values of 17068±33521 mgl–1 in Site 1, Site 
2, Site 3, and Site 4 during the study period (Table 1). 
TDS was found much higher in Site 4 (Andhermanik 
River) than the other three sites. According to Ahmed 
et al. 2005, TDS fluctuated between 0.12 and 0.32 
mgl–1 with a mean of 0.20 ±0.05, which differs from the 
present findings. No significant difference (p>0.05) was 
found among Site 1, Site 2 and Site 3, but significant 
difference (P< 0.05) was found between Site 4 and 
Sites 1, 2, and 3.

Total suspendent solids
Total suspendent solids (TSS) ranged widely over the 
period and varied from 20 to 200 mgl–1 with a mean 
value of 71.67±54.17 mgl–1, 160 to 400 mgl–1 with the 
mean value of 251.67±71.97 mgl–1, 40 to 140 mgl–1, 

with the mean value of 105±23.84 mgl–1 and 120 to 
240 mgl–1 with the mean value of 180.56±31.8 mgl–1 
in Site 1, Site 2, Site 3 and Site 4 respectively. The 
higher TSS value was found in July and the lower was 
found in January (Table 1 and Figure 5). Higher TSS 
was found in the lower Meghna River (Site 2) compared 
with the other three sites. These changes might be due 
to the fact that lower Meghna River contained a higher 
concentration of suspended solids. The lower Meghna 
River in Bangladesh is a unique environment, where the 
constant process of land formation and erosion takes 
place because of the complex interactions between 
large river discharge, enormous sediment load, strong 
tidal forces, wind actions, wave, cyclonic storm surge 
and estuarine circulation. The Meghna river system 
carries a considerable amount of silt and deposits into 
the bottom of the river and the Bay of Bengal, which is 
continuously changing the river hydrology and creating 
many merged and submerged islands and sediment 
bars that may block the migratory routes and change the 
river ecology. TSS varied significantly (P< 0.05) among 
the four sites. 
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Figure 4. Monthly variations of water temperature, TSS and TDS in Meghna River, Chandpur
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Conductivity
Conductivity ranged from 59.5 to 268 µScm–1, with 
the mean value of 173.35±59.19 µScm–1; 217 to 
2310 µScm–1, with the mean value of 640.28±725.43 
µScm–1; 160 to 526 µScm–1, with the mean value of 
314.17±107.47 µScm–1; and 19610 to 37200 µScm–1, 
with the mean value of 29280±5888 µScm–1 in Site 1, 
Site 2, Site 3 and Site 4 respectively over the study 
period (Table 1). The conductivity values were found 
to be much higher in Site 4 (Andhermanik River) than 
the other three sites. Ahmed et al. (2005) reported that 
the highest value (220 mS/cm) of conductivity was 
recorded in the Meghna river system, which is very 
close to the finding of the present study. No significant 
differences (p>0.05) were found between Site 1, Site 
2 and Site 3, but significant differences (p< 0.05) were 
found between Site 4 and Sites 1, 2, and 3.

Water current velocity
The water current velocities were found to range from 
0.23 to 1.17 ms–1 with the mean value of 0.55±0.32 
ms–1; 0.24 to 1.14 ms–1 with the mean value of 
0.54±0.31, 0.18 to 1.04 ms–1 with the mean value of 
0.49±0.29 ms–1, and 0.17 to 1.01 ms–1 with the mean 
value of 0.48±0.28 ms–1 in Site 1, Site 2, Site 3 and 
Site 4 respectively over the period. The maximum 
value was recorded in July and the minimum value 
was recorded in January. Variations of water current 
velocities are shown in Table 1 and Figure 6. The study 
revealed that the water current velocity during the 
monsoon was much higher than during the dry seasons. 
This might be due to the higher upstream discharge 
during the monsoon and the fact that the tidal action 
becomes stronger and dominates the water flow in the 
river. No significant difference (p>0.05) was found 
among the sites.

Table 1. Physical and hydrological parameters of water quality in the four sites 

Parameters Meghna 
River, 
Chandpur 
(Site 1)

Meghna 
River, 
Daulatkhan, 
Bhola (Site 2)

Tetulia River, 
Lalmohon, 
Bhola (Site 3)

Andhermanik 
River, 
Kalapara, 
Patuakhali 
(Site 4)

Air temperature (oC) 29.87±2.76
(25.1–33)

29.62±2.86
(24.0–33.2)

29.46±2.79
(23.9–33.0)

28.82±2.87
(22.1–31.7)

Water temperature 
(oC)

27.75±3.09
(21.8–31.5)

27.74±3.69
(19.8–31.3)

27.76±3.20
(20.9–31.4)

27.47±2.94
(21.4–30.7)

Transparency (cm) 44.97±22.41a 

(20–83)
30.44±6.99c

(22–46)
36.39±6.89 b

(28–50)
47.78±6.01a 

(38–62)

TDS (mgl–1) 80.84±28.38b

(32.9–126)
461.45±669.43b

(95–2010)
155.87±60.69b

(72–256)
17068±33521a

(11160–22800)

TSS (mgl–1) 71.67±54.17d

(20–200)
251.67±71.97a

(160–400)
105±23.84c

(40–140)
180.56±31.80b

(120–240)

Conductivity  
(µScm–1)

173.35±59.19b

(59.5–268)
640.28±725.43b

(217–2310)
314.17±107.47b

(160–526)
29280±5888a

(19610–37200)

Water current 
velocity (ms–1)

0.55±0.32
(0.23–1.17)

0.54±0.31
(0.24–1.14)

0.49±0.29
(0.18–1.04)

0.48±0.28
(0.17–1.01)

Water depth  (m) 15.32±3.4a

(10.6–21.2)
16.08±5.88a

(7.40–21.60)
9.92±3.57b

(5.80–16.01)
10.43±1.52b

(7.7–13.0)

All the values were reported as mean with standard deviation. Figures in the same superscripts are not significantly different (p>0.05), those 
with different superscripts are significantly different (p<0.05). Values in parentheses indicate the range of parameter.
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Water depth
The water depth at the sampling points varied from one 
area to another and between the seasons. It varied from 
10.6 to 21.2 m with the mean value of 15.32±3.4 m; 7.4 
to 21.6 m with the mean of 16.08±5.88 m; 5.8–16.01 
m with the mean value of 9.92±3.57 m; and 7.7 to 
13.0 m with the mean value of 10.43±1.52 m in Site 
1, Site 2, Site 3 and Site 4 respectively (Table 1). The 
maximum value was recorded in July and the minimum 
in January (Figure 6). Comparatively lower water depth 

was measured in the Tetulia River near the Lalmohon 
site in Bhola, although several submerged islands or 
sand bars were found in the lower Meghna, Tetulia 
and Andhermanik Rivers that change river ecology by 
blocking the migratory routes, which might affect the 
spawning and feeding migration of hilsa. No significant 
difference (p>0.05) was found between Site 1 and 
Site 2 and between Site 3 and Site 4, but significant 
differences (p< 0.05) were found when comparing 
Sites 1 and 2, and Sites 3 and 4.

Figure 5. Bi-monthly variations of physical parameters of water quality at differenrt sites
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Figure 6. Bi-monthly variations of hydrological parameters of water at different sites
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3.2 Chemical and biological 
assessment
3.2.1 Chemical assessment

pH 
As part of the chemical parameters of water quality, 
the pH of water is the most important factor for 
species distribution. The pH was found to be slightly 
alkaline and it ranged from 7.16 to 8.69 with the 
mean value of 8.02±0.45b, 7.82 to 8.34 with the 
mean value of 8.08±0.15, 7.95 to 8.35 with the mean 
value of 8.16±0.1 and 7.32 to 8.19 with the mean 
value of 7.78±0.27 in Site 1, Site 2, Site 3 and Site 
4 respectively over the study period (Table 2). The 
maximum value was found in January at all the sites, but 
the minimum value was recorded in August, November, 
and July in site 1, site 2, 3 and site 4 respectively (Figure 
10). Similar findings were reported by Ahmed and 
Rahman (2000) and Ahmed at el. 2005. The standard 
value of water pH for fish ranges from 6.5–8.5 (ECR 
1997). Water with a pH of less than 6.5 or more than 
9–9.5 for a long period is harmful to the reproduction 
and growth of fish (Boyd 1979). The water pH in the 
Meghna River was found to be neutral to alkaline (7.0–
8.0) at all the sampling stations (Ahmed et al. 2005). 
Bhaumik and Sharma (2012) stated that the permissible 
range of pH was between 6.4 and 8.5. The value is 

similar to the present findings, which is why we can say 
that there were acceptable ranges of the pH of water for 
the fish. The pH values showed significant differences 
(p< 0.05) between Site 4 and other three sites, but no 
significant difference (p>0.05) was found among the 
three sites (Site 1, Site 2 and Site 3). 

Alkalinity 
Total alkalinity ranged from 48 to 98 mgl–1, 64 to 92 
mgl–1, 62 to 104 mgl–1, and 80 to 106 mgl–1, with the 
mean values of 74.61±11.37 mgl–1, 76.11±7.7 mgl–1, 
76.44±10.27 mgl–1, and 86.53±3.03 mgl–1 respectively 
(Table 2). The highest alkalinity was found in Site 4. 
From a monthly perspective, the highest alkalinity was 
found in January at three sites except Site 4, where 
the highest value was found in May, whereas the 
lowest alkalinity was recorded in August (in Site 1), 
September (in Site 2 and 3) and July (Site 4) (Figures 7 
and 10). No significant difference (p>0.05) was found 
between the three sites (Site 1, Site 2 and Site 3), but 
differences were found between Site 4 and the other 
three sites. Moyle (1946) described the total alkalinity 
of medium and highly productive water as ranging 
from 40.0 to 90.0 ppm and above 90.0 ppm, whereas 
Boyd and Lichtkoppler (1979) suggested that water 
with total alkalinities of 20 to 150 mg L–1 contain the 
right quantities of carbon dioxide to permit plankton 
production, and Bhuiyan (1970) stated that the total 
alkalinity of medium productive water ranged from 25 

Figure 7. Monthly variations of total alkalinity and pH in Meghna River, Chandpur

Ja
n 

14

Fe
b 

14

M
ar

 1
4

A
pr

 1
4

M
ay

 1
4

Ju
n 

14

Ju
l 1

4

A
ug

 1
4

S
ep

 1
4

O
ct

 1
4

N
ov

 1
4

D
ec

 1
4

100

80

60

40

20

A
lk

al
in

ity
 (m

gl
–1

)

10

8

6

4

	 Alkalinity	 pH

http://www.iied.org


IIED Working paper

   www.iied.org     15

to 100 mg/I. This indicates that the range of alkalinity 
found in the present study is acceptable for planktonic 
organisms and fish. 

Dissolved oxygen (DO) 
Dissolved oxygen (DO) concentration is a major factor 
that triggers species distribution in bodies of natural 
water. DO generally promotes the survival of fish, 
especially juvenile and fry. Maes et al. (2004) mentioned 
dissolved oxygen as one of the most important factors 
for fish abundance and distribution. Dissolved oxygen 
(DO) concentrations from different sites showed a wide 
range of variation, ranging from 5.91 to 9.50 mgl–1, 6.72 
to 8.4 mgl–1, 6.8 to 8.26 mgl–1 and 7.01 to 8.33 mgl–1, 

with the mean values of 7.24±1.03 mgl–1, 7.23±0.44 
mgl–1, 7.49±0.44 mgl–1 and 7.46±0.4 mgl–1 in Site 1, 
Site 2, Site 3 and Site 4 respectively during the study 
period (Table 2). The highest DO was measured in 
January at the four sites, when the water temperature 
was comparatively lower (Figure 8). DO levels fell from 
March to August when the water temperature rose, and 
the minimum was recorded in August when the water 
temperature was higher (Figure 8). 

Higher DO was recorded in the upper stretches of the 
Meghna river basin than in the lower stretches. Higher 
DO values indicate higher productivity which might 
play an important role for the migration of hilsa. The 
result was more or less similar to the findings reported 

Table 2. Chemical parameters of water quality in the four sites in the major hilsa fishery areas

Parameters Meghna 
River, 
Chandpur 
(Site 1)

Meghna River, 
Daulatkhna, 
Bhola (Site 2)

Tetulia 
River, 
Lalmohon, 
Bhola  
(Site 3)

Andhermanik 
River, 
Kalapara, 
Patuakhali 
(Site 4)

pH 8.02±0.45a

(7.16–8.69)
8.08±0.15a

(7.82–8.34)
 8.16±0.1a

(7.95–8.35)
7.78±0.27b

(7.32–8.19)

Alkalinity (mgl–1) 74.61±11.37b

(48–98)
76.11±7.7b

(64–92)
76.44±10.27bb

(62–104)
86.53±3.03a

(80–106)

Dissolved oxygen 
(mgl–1)

7.24±1.03
(5.91–9.50)

7.25±0.44
(6.72–8.4)

7.49±0.44
(6.8–8.26)

7.46±0.4
(7.01–8.33)

Salinity  (ppt) 0.08±0.03b

(0.04–0.12)
0.77±1.41b

(0.05–4.09)
0.11±0.09b

(0–0.24)
18.49±3.53a

(11.7–23.7)

NO3-N  (mgl–1) 0.026±0.013a

(0.01–0.05)
0.015±0.007b

(0–0.03)
0.024±0.011a

(0–0.05)
0.019±0.007b

(0.01–0.03)

NO2-N (mgl–1) 0.006±0.003b

(0.002–0.016)
0.007±0.003ab

(0–0.01)
0.008±0.004ab

(0.003–0.02)
0.009±0.006a

(0.001–0.02)

NH3-N (mgl–1) 0.11±0.16b

(0.01–0.63
0.05±0.02b

(0.02–0.1)
0.07±0.05b

(0.01–0.16)
0.78±0.32a

(0. 46–1.62)

PO4-P (mgl–1) 0.18±0.11
(0.05–0.51)

0.19±0.09
(0.06–0.34)

0.16±0.08
(0.04–0.29)

0.18±0.07
(0.08–0.3

Chlorophyll-a (µgl–1) 9.01±5.15a

(2.86–19.52)
8.88±5.38a

(3.25–19.99)
8.71±4.53a

(3.08–17.14)
3.59±1.32b

(1.9–6.19)

All the values were reported as mean with standard deviation. Figures in the same superscripts are not significantly different (p>0.05), and 
those with different superscripts are significantly different (p<0.05). Values in parentheses indicate the range of parameter.
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by Ahmed et al. (2005) and they recorded the mean 
value of DO as 6.7 ± 0.81 mgl–1 in the Meghna River 
and also showed that DO concentration was found 
to decrease gradually from the upper to the lower 
stretches of the river system. DO concentration in the 
Meghna river estuary was found to range from 4.6 and 
5.8 mg/L (Hossain et al. 2012), and almost the same 
result was reported by Ahammad (2004) where the 
values ranged from 3.63 - 6.83 mg/l, which differs from 
the present findings. According to Bhatnagar and Singh 
(2010) and Bhatnagar et al. (2004) DO level >5ppm 
is essential to support good fish production. Chacko 
and Krishnamurthy (1949) estimated >5 mgl–1 DO was 
preferable and from 4–5 mgl–1 upwards was moderately 
suitable, but <4 mgl–1 DO was not suitable for the 
juvenile hilsa. This indicates that the range of DO found 
in the present study is suitable for the fish especially 
the juvenile hilsa. In the case of DO concentrations, no 
significant difference was found between the sites.

Salinity
Salinity showed a wide range of variation in different 
sites and ranged from 0.04 to 0.12 ppt, 0.05 to 4.09 
ppt, 0 to 0.24 ppt and 11.7 to 23.7 ppt, with the mean 
values of 0.08±0.03 ppt, 0.77±1.41 ppt. 0.11±0.09 
ppt and 18.49±3.53 ppt in Site 1, Site 2, Site 3 and 
Site 4 respectively (Table 2). Salinity was found at zero 
or close to zero in two sites (Site 1 and Site 3) over 
the period. This might be due to a huge fresh water 
discharge from the surrounding land, fresh water supply 
from the upstream river and the long distance from 
the downstream coastal water. Hossain et al. (2012) 

reported almost zero salinity in the Meghna River 
throughout the study period of their work. However 
McErlean et al. (1973) stated that the salinity of an 
estuary ranged from 0.50 ppt to 35 ppt, and Ahammad 
(2004) reported the salinity ranged from 14.43 ppt to 
25.92 ppt in the Moheskhali channel estuary. 

The hilsa fish has a very strong osmoregulatory 
mechanism and can tolerate a wide range of salinity; 
it also has different preferences of salinity range at 
different stages of its life cycle (Rahman 2001 & 2006, 
Milton and Chenery 2001 & 2003). For the breeding 
and nursing of the juveniles, it prefers fresh water, the 
young (pre-adult) needs estuarine and coastal water 
and at maturation it needs high saline marine water. In 
the present study, the higher concentration of salinity 
(12.2 to 23.4 ppt) was recorded in Andhermanik River 
in all seasons; this might be due to the close proximity 
to the Bay of Bengal and also to the tidal influence. 
Mitra and Devasvndarm (1954) stated that salinity levels 
ranging from 0 to 0.5 ppt. and from 0.05 to 0.1 ppt were 
most suitable, and moderately suitable for the juvenile 
hilsa, but salinity above 1.0 ppt was not suitable for 
juvenile hilsa, whereas Bhaumik et al. (2011) estimated 
the ideal salinity as <0.1 for the breeding and nursery 
activities of hilsa in the Hooghly-Bhagirathi river system. 
Following the discussion above, it can be said that 
salinity found in the Meghna-Tetulia river basin during 
the study period was the most suitable for breeding and 
nursery activities. No significant difference (p>0.05) 
was found between the three sites (Site 1, Site 2 and 
Site 3), but differences were found between Site 4 and 
the other three sites.

Figure 8. Monthly variations of DO in relation to water temperature in Meghna River, Chandpur
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Nitrogenous compounds (NO3-N, NO2-N 
and NH3-N) 
Nitrogenous compounds (NO3-N, NO2-N, NH3-N) 
and phosphatic compounds (PO4-P) are important 
parameters of the water quality which trigger biological 
production in water bodies. Nitrogenous compounds 
(NO3-N, NO2-N, NH3-N) found in waters at the different 
sites are shown in Table 4, and monthly variations of 
NO3-N, NO2-

N and NH3-N are shown in Figure 9 (for the Meghna 
River). Nitrogenous compounds (NO3-N, NO2-N) were 
found at minimum levels (almost zero or close to zero) 
- except ammonia-nitrogen (NH3-N) - in all the sites 
(Figure 10). According to Bhatnagar et al. (2004), 
NO2-N <0.02 ppm is acceptable for fish, whereas 
Santhosh and Singh (2007) recommended that nitrite 
concentration in water should not exceed 0.5 mgl–1. 
OATA (2008) recommended that it should not exceed 
0.2 mgl–1 in fresh water, and 0.125 mgl–1 in sea water. 

The findings of the current observation showed that 
NO2-N concentration was found at an acceptable range, 
and that NH3-N ranged from 0.01–0.63 mgl–1, 0.02–0.1 
mgl–1 and 0.01–0.16 mgl–1 with the mean values of 
0.11±0.16 mgl–1, 0.05±0.02 mgl–1 and 0.07±0.05 mgl–1 

in Site 1, Site 2 and Site 3 respectively. More or less 
similar findings were observed by Ahmed et al (2005) 
who reported that ammonia concentration was found 

to be elevated and ranged from 0.1 to 0.6 mgl–1, and 
showed a gradual decreasing trend from the upward to 
the downward stretches in the Meghna river systems. 
However, a higher concentration of NH3-N (0.46 to 
1.62 mgl–1) was found in Site 4 (Andemanik River). The 
maximum limit of ammonia concentration for aquatic 
organisms is 0.1 mgl–1 (Meade, 1985). Santhosh and 
Singh, 2007 and Bhatnagar et al. (2004) suggested 
>0.4 ppm to be lethal and <0.05 ppm as safe for many 
tropical fish species. The finding of the present study 
showed that NH3-N concentration is at the acceptable 
range for fish in all the stations except in Site 4. 
Nitogenous compounds varied significantly among 
the sites. 

Phosphatic compounds (PO4-P)
Phosphate-phosphorus (PO4-P) ranged from 0.05 to 
0.51 mgl–1 with the mean value of 0.18±0.11 mgl–1; 
0.06 to 0.34 mgl–1 with the mean value of 0.19±0.09 
mgl–1; 0.04 to 0.29 mgl–1 with the mean value of 

0.16±0.08 mgl–1, and 0.08 to 0.3 mgl–1 with the mean 
value of 0.18±0.07 mgl–1 in Site 1, Site 2, Site 3 and 
Site 4 respectively over the study period (Table 2). 
No significant difference was found among the sites. 
Bhatnagar et al. (2004) suggested that 0.05–0.07 
ppm is optimum and productive; 1.0 ppm is good for 
plankton production, which supports evidence that 
the ecosystems were productive and favourable for 
aquatic organisms. 

Figure 9. Monthly variations of nutrients in the waters of Meghna River, Chandpur
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Figure 10. Bi-monthly variations of chemical water quality parameters in different sites
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Chlorophyll-a
Chlorophyll-a concentrations ranged from 2.86 to 19.52 
mgl–1, 3.25 to 19.99 mgl–1, 3.08 to 17.14 mgl–1 and 
1.9 to 6.19 mgl–1 with the mean of 9.01±5.15 mgl–1, 
8.88±5.38 mgl–1,8.71±4.53 mgl–1 and of 3.59±1.32 
mgl–1 in site 1, site 2 site 3 and site 4 respectively 
(Table 2). Comparatively higher chlorophyll-a was found 
from January to April and lower during the rest of the 
year (Figure 10). Among the four sites, comparatively 
minimum chlorophyll-a was found in the Andhermanik 
River. Chlorophyll-a value is an indicator of productivity 
in the water body, which shows an inverse relationship 
with water transparency (Ahmed 1993). Chlorophyll-a 
varied significantly (p< 0.05) between Site 4 and the 
other three sites. 

3.2.2 Biological Assessment

Plankton population in the river
Six groups (families) of phytoplankton,namely 
Bacillariophyceae, Chlorophyceae, Cyanophyceae, 
Euglenophyceae, Dinophyceae, and Xanthophyceae 
comprising 58 genera and zooplankton including 
Copepoda, Cladocera, Rotifera, and Protozoa having 
18 genera were identified at Site 1 (Meghna River, 
Chandpur) whereas, five families of phytoplankton (such 
as Bacillariophyceae, Chlorophyceae, Cyanophyceae, 
Dinophyceae, Euglenophyceae and Xanthophyceae) 
comprising 44 genera and zooplankton including 
Copepoda, Cladocera, Rotifera and Protozoa 
with 17 genera were identified at Site 2 (Meghna 
River, Daulatkhan, Bhola) (Table 4). Five groups of 
phytoplankton comprising 43 genera and four groups 
of zooplankton with 17 genera were identified at 
Site 3 (Tetulia River). Plankton composition at Site 4 
(Andhermanik River) was to some extent different from 
the other three sites of the Meghna river basin and 
Tetulia River. 

There were four groups of phytoplankton comprising 
25 genera and three groups of zooplankton with 
seven genera. Chlorophyceae was the dominant 
group and Ulothrix was the dominant genus among 
the phytoplankton, however Rotifera was the dominant 
group and Keratella was the dominant genus in 
zooplankton in three sites (Site 1, Site 2 and Site 3), 
whereas Bacillariophyceae was the most abundant 
group and Coscinodiscuss was the dominant genus 
among phytoplankton and Copepoda was the dominant 
group in zooplankton in Site 4 (Table 4). Ahsan et al. 
(2012) reported the occurrence of 58 taxa of which 
19 were of phytoplankton and 39 were of zooplankton. 
A relatively lower abundance of plankton including 41 

genera of phytoplankton and 13 genera of zooplankton 
were recorded (Ahmed et al. 2005). It was observed 
from the present study that the number of plankton 
varied from 6,096 to 96,604 cells L–1, 5,925 to 
97,765 cells L–1, 6,023 to 85,733 cells L–1, and 2,210 
to 5,769 cells L–1, where phyplankton varied from 
5,277 to 92,655 cells L–1, 5,462 to 93,619 cells L–1, 
5,297 to 81,457 cells L–1, 1,530 to 5,145 cells L–1 and 
zooplankton ranged from 716 to 5,211 cells L–1, 463 
to 4,147 cells L–1, 727 to 4,276 cells L–1, 405 to 1,208 
cells L–1 in Site 1, Site 2, Site 3, Site 4 respectively. 
The mean plankton abundance were 36,996 cells 
L–1, 35,929 cells L–1, 32,556 cells L–1, 4,020 cells L–1, 
where, phytoplankton abundance were 34,795 cells 
L–1, 34,142 cells L–1, 30,612 cells L–1, 3,225 cells L–1, 
and zooplankton were 2,201 cells L–1, 1,787 cells 
L–1, 1,943 cells L–1, 795 cells L–1 in Site 1, Site 2, 
Site 3, Site 4 respectively (Table 3). But Ahmed et 
al. (2005) observed the mean plankton abundance 
as 23,031±9,555 cells L–1, with phytoplankton and 
zooplankton as 23,525±9,254 cells L–1 and 494±332 
cells L–1 respectively. Very minimum plankton abundance 
(194.05±82.58 individuals/l) was found in the Ganga-
Meghna river system (Ahsan et al. 2012), which differs 
from the present findings. In the present study, a higher 
percentage of phytoplankton (94.05 per cent, 94.84 per 
cent, 94.04 per cent, 80.22 per cent in Sites 1, 2, 3 and 
4 respectively), and a lower percentage of zooplankton 
(5.95 per cent, 5.16 per cent, 5.96 per cent, 19.78 per 
cent in Sites 1, 2, 3 and 4 respectively) were observed. 
The variations among different groups of plankton are 
shown in Figure 11 and Figure 12.

Similar results were found by other researchers (Ahmed 
et al. 2003; 2005 and Ahsan et al. 2012). In the Ganga-
Meghna river system, phytoplankton formed 90 per cent 
of the total plankton abundance (Ahsan et al. 2012). 
Shafi et al. (1978) reported a higher percentage of 
phytoplankton (76.0–93.6 per cent) from the Meghna 
River, whereas Ahmed et al. (2005) reported that the 
plankton biomass was relatively lower in the Meghna 
River comprising 96.74 per cent phytoplankton and 
3.26 per cent zooplankton of the total planktonic 
organisms, which is similar to the present findings. 

In the current study, Chlorophyceae was the dominant 
group and Ulothrix was the dominant genus among 
phytoplankton; however, Rotifera was the dominant 
group and Keratella was the dominant genus in 
zooplankton in all the sites except in the Andhermanik 
River (Site 4). Bacillariophyceae and copepoda 
were dominant in that site (Figure 11 and Figure 12). 
Bacillriophyceae and Rotifera were found second in 
position according to the abundance in the Meghna and 
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Tetulia river basin, while Chllorophyceae and Rotifera 
occupied the second position in accordance with 
abundance at the Andhermanik River. Similar findings 
were observed by Mahmud et al. (2007). The plankton 
abundance in quantity and genus composition is not 
similar in the major hilsa fishery areas of the Meghna, 
Tetulia and Andhermanik river basins. Maximum plankton 

abundance, both in number and texa, was observed 
in the Meghan and Tetulia Rivers. So, preferred food 
organisms for hilsa were available in the sanctuary 
areas, but the availability in terms of quality and quantity, 
was higher in the Meghna River basins (Daulatkhan 
and Chandpur sites) and Tetulia River compared to 
Andhermanik River (Kalapara, Patuakhali site). 

Figure 11. Phytoplankton composition in four sites
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Table 3. Plankton abundance in different rivers of the hilsa fishery areas

Mean, range of plankton ( cells L–1) in four sites
Group Meghna River, 

Chandpur 
(Site 1)

Meghna River, 
Daulatkhan 
Bhola (Site 2)

Tetulia River, 
Lalmohon 
Bhola (Site 3)

Andhermanik 
River, 
Kalapara, 
Patuakhali 
(Site 4)

Phytoplankton 34795 (5277–92655) 34142 (5462–93619) 30612 (5297–81457) 3225 (1530–5145)

Bacillariophyceae 12545 (1221–35317) 14165 (2449–38987) 11707 (2419–31707) 2353 (1166–3694)

Chlorophyceae 20007 (2799–52543) 18839 (2370–54048) 17929 (2425–47760)   397 (148–706)

Cyanophyceae   1964 (423–5744)     914 (493–1635)     840 (211–1724)   120 (24–228)

Euglenophyceae       83 (0–277)       82 (33–200)       79 (28–180)       0

Xanthophyceae       62 (0–277)         0         0       0

Dinophyceae     134 (0–653)     142 (0–443)       57 (0–167)   355 (192–537)

Zooplankton   2201 (716–5211)   1787 (463–4147)   1943 (727–4276)   795 (405–1208)

Copepoda     448 (155–1319)     327 (103–563)     530 (167–1026)   499 (253–740)

Rotifera   1260 (156–2965)   1136 (80–3184)   1017 (92–3017)   174 (91–229)

Cladocera     322 (0–884)     225 (90–443)     308 (64–1391)       0

Protozoa & 
others

    163 (0–431)       99 (27–200)       88 (27–251)   122 (0–274)

Total plankton 36996 (6096–96604) 35929 (5925–97765) 32556 (6023–85733) 4020 (2210–5769)

Values are means of 12 sampling dates and three locations (n=36). Ranges are given in parentheses.

Table 4. Plankton observed in different rivers (Meghna-Tetulia-Adhermanik Rivers)

Group Genus
Phytoplankton
Bacillariophyceae Amphora, Asterinella, Bacillaria, Biddulphia, Chaetoceros, Cosmorium, Cyclotella, 

Coscinodiscus, Diatoma, Fragilaria, Gomphonema, Gyrosigma, Melosira, Navicula, 
Nitzschia, Pleorosigma, Pinullaria, Rhizosolenia, Surirella, Synedra, Tabellaria, Triceratium 
and Thallassionema

Chlorophyceae Actinastrum, Ankistrodesmus, Botryococcus, Chlorella, Closterium, Coelastrum, 
Closteridium, Microspora, Micractinium, Muogeotia, Oedogonium, Oocystis, Pediastrum, 
Scenedesmus, Selenestrum, Spirogyra, Staurastrum, Stichococcus, Tetraedron, Ulothrix, 
Uroglena, Volvox and Zygnema

Cyanophyceae Anabaena, Aphanizomenon, Aphanocapsa, Chroococcus, Gomphosphaeria, 
Merismopedium, Microcystis, Nostoc, Oscillatoria and Spirulina. 

Euglenophyceae Euglena and Phacus

Xanthophyceae Botrydium

Dinophyceae Ceratium, Peridinium and Protoperidinium

Zooplankton
Copepoda Cyclops, Diaptomus, Naupleus and Mesocyclops

Cladocera Bosmina, Daphnia, Diaphanosoma, Moina and Sida

Rotifera Asplanchna, Brachionus, Filinia, Hexarthra, Keratilla, Poliarthra and Trichocerca

Protozoa Difflugia and Favella
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4 
Conclusions 
and policy 
recommendations

This assessment of the physical, hydrological, chemical 
and biological profile of the environment of the hilsa 
fishery areas in Bangladeshi waters provides information 
which is essential to the updating of the hilsa fisheries 
management action plan and to the sustainable 
management of hilsa fishery more broadly.

The outcomes of the study show that water quality 
parameters, such as water pH, DO, alkalinity, water 
nutrients (NO3-N, NO2-N, PO4-P) are within the 
ranges ‘suitable’ for fish in all the sites, except in the 
Andermanik River, where comperatively higher levels 
of ammonia-nitrogen were found. The largest quantity 
of plankton as a natural food (both in number and texa) 
was found in the Meghna river basin compared to the 
other rivers. The study also found that water quality was 
not the same in all the sites throughout the year, and this 
is likely to influence the migration of hilsa upsteam, as 
well as their feeding and spawning. 

We conclude that, from the ecological view point, 
the hilsa sanctuaries are characterised by ‘optimal’ or 
‘acceptable’ level of water quality. However, in some 
areas (particularly the Andermanik River) it was found 
to be unsuitable for hilsa fish. Therefore, efforts must 
be made to enforce existing pollution control policies – 
particularly pollution from industrial effluents. 

Several sub-merged islands or sand bars were found 
in the lower Meghna, Tetulia and Andhermanik Rivers 
which may disrupt the migration patterns of hilsa. 
Therefore, drastic efforts should be made to dredge the 
rivers and restore water flow and depth which is critical 
for hilsa migration and feeding. Efforts must be made 
to minimize, or where possible, eliminate non-fishing 
related stresses and integrate these recommendations 
in the overall hilsa management action plan. 
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