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Abstract: The Meghna river estuary has had substantial importance in supporting the coastal
community’s livelihood for decades, but the pressure on it is immense due to many anthropogenic
drivers. The present study aimed to assess its ecosystem services (ES) according to the framework of
the standard international classification of ecosystem services (CICES). This study also identified the
drivers, pressure, state, impact, and responses (DPSIR), and the factors responsible for ES changes in
the Meghna river estuarine ecosystems. By merging both quantitative and qualitative data, a total of
19 sub-categories of ES were found, among which eight are provisioning, seven are regulatory, and
four are cultural services, according to the CICES framework. From the results, it can be concluded
that food provisioning from the Hilsha fishery, the national fish as a part of cultural heritage, and
nursery habitat functions were the top provisional, regulatory, and cultural services to the society
in the study areas and beyond. However, several threats and stressors of both anthropogenic and
natural origins were identified as drivers of ES changes, such as overexploitation, destructive and
illegal fishing, heavy river bed siltation, and natural hazards such as extreme cyclonic events, floods,
and sea levels rising. This study underlines the urgency of research and policy attention to address the
challenges, and of transforming management regimes to an ecosystem-based approach, which is part
of nature-based solutions according to the International Union for Conservation of Nature (IUCN),
which refers to the present case, and particularly to fishery co-management. Creating alternative
income sources and raising community awareness regarding the importance of maintaining the
healthy condition of the river basins, and comprehensive compliance with the rules and regulations
are proposed in order to ensure these estuarine ecosystems’ sustainability.
Keywords: ecosystem services; Meghna River; estuarine systems; DPSIR; sustainability

iations.

1. Introduction
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Humans have attempted to rely on nature for the supply of goods and services [1].
Ecosystem services (ES) are aspects of ecosystems which are directly or indirectly used
for human well-being [2]. The Millennium Ecosystem Assessment identified provisional
services like food, timber, and fiber; cultural services like recreation and aesthetic beauty;
and regulating services like flood control and climate regulation, which together make
up ES [3]. While the ES concept provides a framework for organizing the evaluation
of ecological processes, this anthropocentric framework plays a vital role in managing
ecosystem processes by influencing human beneficiaries and explicitly linking ecosystem
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processes to human well-being [4]. Riverine and estuarine systems are well known for
their food and nutritional security, livelihood, and income contributions to society through
the provision of multiple ES. Despite the various benefits that river ecosystems provide to
human societies, these are among the world’s most anthropogenic environments. Their
importance to ecological, biological, and conservation perspectives is recognized at the
local, regional, national and global level, thereby emphasizing the importance of better
understanding and systematically scientifically monitoring them, and the fulfilling the
requirements of sustainable management [5–15]. The cumulative and interconnected
threats to coastal and marine ecosystems increase the reliance on these products and
services, as well [16].
Among freshwater ecosystems, rivers provide various ES, including freshwater and
fish supply, transport, waste assimilation, recreation and tourism services, and biodiversity
conservation. In this regard, deltas and coastal rivers have attracted human settlements
since their appearance. In Bangladesh, ES play an essential role in human well-being.
For example, the delta wetlands of Bangladesh—some of the most productive ecosystems
globally—support millions of people directly and indirectly by providing tangible and
intangible services. There are about 20 estuaries along the coastal area of Bangladesh,
and some of them are complex estuarine ecosystems in regions dominated by mangroves.
However, the respective ES and their use is little investigated [17–19]. The Meghna River
estuary is the largest river in Bangladesh [20]. The services provided by the river basin
make a significant contribution to the livelihood support of the local people. A total of
289 freshwater fish species are abundant [21], out of which 62 are present in the estuary,
along with many marine species such as hills, sardines, and shrimp which have moved
from the Bay of Bengal to tidal rivers [22]. A total of 107 species under 13 orders and
36 families from the Meghna River ecological community are present in Bangladesh, out of
which 21 have been declared threatened by the IUCN [23,24]. The species abundance found
in the Meghna river estuary with small numbers of species have a high ES contribution,
and other species’ contribution is negligible [24,25]. Therefore, the ES derived from the
Meghna River estuary are diminishing day by day due to both natural and anthropogenic
overexploitation. The present study aims to assess the ES, and to identify their drivers of
change in the Meghna River estuary. It was conducted in the Chandpur district, where
local communities—especially fishermen’s communities—utilize various ES.
Estuarine ES in Bangladesh have not yet been well studied. Still, some scattered
studies have focused on various biological aspects of the coastal estuarine system in
Bangladesh [26], and some of them examined the volume of resources, species diversity,
and population dynamics of the fish species. There are few references to ES assessment
in the Meghna River basin by the internationally recognized classification frameworks. A
part of the study aims to evaluate existing ES, their usage patterns, their annual production,
and their contributions to the national economy according to the Common International
Classification of Ecosystem Services (CICES), and particularly the CICES resources’ status
fishery services. Another part of the study aims to identify the interdisciplinary threats or
stress factors altering these ES and demonstrating them according to the Driver-PressureState-Impact and Response [27] framework. With the continued degradation of ecosystems
caused by various human-induced pressures, a better understanding of the degree of
human ES dependence is essential to ensure sustainable development.
2. Materials and Methods
2.1. Selection of the Study Sites
In order to obtain the empirical data base for this study, fieldwork was conducted (July–
December 2018) in six fishing villages of the Chandpur district in Bangladesh: Anondobazar,
Lalpur, and Loggimara (Chandpur Sadar Upazila); and West Char Krishnapur, North
Bagula, and South Bagula (Haimchar Upazila) (Figure 1 and Table 1).
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Table 1. Site features and spatial scenarios of the study areas [30].
Geographical Features of the Study Areas

Geographical
Features
of the *Study Areas
Chandpur
Sadar Upazila
Haimchar Upazila
Haimchar Upazila
Chandpur Sadar Upazila *
Administrative jurisdiction
Chandpur District
Chandpur District
Administrative jurisdiction
Chandpur
Chandpur
◦ 120 50.0400District
23
N
23◦ 040 0.1200 District
N
Location
◦
0
00
23°12′50.04′′
N
90 38 9.96 E
90◦23°04′0.12′′
380 15.0000 E N
Location
Study site covered
19 km
12 km
90°38′9.96′′
E
90°38′15.00′′
E
Main
rivers/estuary
Meghna
and
Dakota
Meghna
Study site covered
19 km
12
km
Study sites population density
1106/km2
628/km2
Main
rivers/estuary
Meghna
and
Dakota
Meghna
Union Parishad
14
6
2
Study sites population density
1106/km
628/km2
Fishery diploma institute,
Fishery training
Fisheries organization (Govt.)
None
institute, BFRI (riverine
station)
Union Parishad
14
6
Ecotourism site
Boro
Station
Mohona
Park
No
Fishery diploma institute, Fishery training
Fisheries
organization
None
Cultural
heritage (Govt.)
Hilsha
Hilsha
institute, BFRI (riverine station)
Coastal aquaculture
Not significant
Not significant
Ecotourism site
Boro Station
Mohona
No Upazila Nirbahi
Upazilla Fisheries
Officer;
UpazilaPark
Nirbahi Upazilla Fisheries Officer;
Cultural
heritage
Hilsha
Authorized
responsible
bodies of the
Officer, BangladeshHilsha
Fisheries Research
Officer, Bangladesh
Fisheries Research
fisheries
sector
Institute scientists,
Magistrate, Police,
Institute scientists,
Magistrate, Police,
Coastal
aquaculture
Not significant
Not significant
Navy, Coastguard
Navy,
Coastguard
Upazilla Fisheries
Officer; Upazila Nirbahi Upazilla
Fisheries
Officer; Upazila
*
An
administrative
region
in
Bangladesh.
They
function
as
sub-units
of
districts.
2.2.
Primary
data
collection.
Authorized responsible bodies of Officer, Bangladesh Fisheries Research In- Nirbahi Officer, Bangladesh Fisheries
the fisheries sector
stitute scientists, Magistrate, Police, Navy, Research Institute scientists, MagisQualitative tools—including
individual interviewstrate,
withPolice,
fishingNavy,
communities,
focus
Coastguard
Coastguard
group discussions (FGD) involving stakeholders from different groups (fishers and other
* An administrative region in Bangladesh. They function as sub-units of districts. 2.2. Primary data collection.
resource users, intermediaries), and key informants for cross-check interviews with varying
government experts—were utilized. A total of 120 fishers were interviewed using a semistructured questionnaire (Table 2). All of the respondents were directly or indirectly linked
to estuarine resource systems such as fishery resources. The questionnaire covered four
sections, focusing upon: (1) the socio-demographic and economic trends of the local fishers;

Sustainability 2021, 13, 4458

4 of 18

(2) the natural resources or ecosystem services of the Meghna river estuary, along with
their use pattern that people extract every day for a living; (3) the present status of the
resources and their changing trends. In order to cross-check and validate the information
gathered, ten focus group discussions (FGD) with 6–10 people within 30–90 min and 36 key
informative interviews (KII) with knowledgeable people were held with various local
stakeholders. The knowledgeable persons were the Upazila fisheries officer, scientists, and
staff members of the water development board, environmental agency, governing authority,
and local NGOs such as World Fish, the Center for Natural Resource Studies (CNRS),
schoolteachers, local government representatives, and members of the fishery associations.
Table 2. Primary data collection strategy, surveyed sites, tools used, and the number of Individual Interviews (II), Focus
Group Discussion (FGD), and Key Informant Interviews (KI) conducted in the study areas.
District (Upazila)
Chandpur
(Chandpur Sadar)
Chandpur (Haimchar)
Total

Study Sites
Union

Village

Tarpurchandi
Bishnupur
Rajrajeshwar
South Algi Durgapur

Anondobazar
Lalpur
Loggimara
West Char Krishnapur
North Bagula
South Bagula
6

Char Bhairabhi
5

The Distance of Each
Village from Upazila (km)
5
20
10
5
15
5

Sample Size (Number)
II
FGD KII
20
20
20
20
20
20
120

1
2
2
1
2
2
10

6
6
6
6
6
6
36

In order to collect commercially important fishery species—e.g., fish and shrimp/
prawn—eight fish landing centers, several retail markets, and two Chandpur Sadar and
Haimchar Upazilla were surveyed (Table 3). According to the expert knowledge, the fishery
species were identified based on morphometric characteristics and secondary scientific
document consultation e.g., the fish database [31].
Table 3. Surveyed fish landing centers in the Chandpur district, with their corresponding Global
Positioning Systems(GPS) location.
Sl.
01
02
03
04
05
06
07
08

Landing Centers (Name of the Place)
Lalpur Machghat, Bishnupur
Anando Bazar Machghat, Tarpurchandi
Boro Station Landing Center, Chandpur
Katakhali Machghat, Lamchori, Uttor Algi
Telir Mor/Kalikhola Machghat, Dakshin Algi
Haim Char Machghat, Uttar Char Bhairobi
Katakhal Machghat, Jaliar Char, Chorbhairobi
Habi Gazir Kandi Machghat, Molla Kandi, Haimchar

Location (GPS)
23◦ 170 56”

N; 90◦ 390 26” E
N; 90◦ 390 71” E
◦
0
23 13 81” N; 90◦ 380 52” E
23◦ 060 41” N; 90◦ 380 71” E
23◦ 050 31” N; 90◦ 380 55 ”E
23◦ 040 21” N; 90◦ 390 47” E
23◦ 010 0.1” N; 90◦ 390 35” E
23◦ 030 0.9” N; 90◦ 360 30” E
23◦ 140 74”

2.2. Collecting Secondary Data
The secondary data of the fish production were collected from the Department of
Fisheries (DoF), Chandpur. The meteorological data were collected from the Bangladesh
Government Meteorology Department. Various datasets were collected from open-access
internet and university libraries in order to validate the topics highlighted in the interview
(Tables 3 and 5).
2.3. Data Analysis
Content analysis methods were applied for the analysis of the qualitative data, while
the ecosystem services were classified according to the CICES framework. The identified
drivers of nature’s services’ changes are highlighted in relation to the drivers, pressures,
state, impacts, and response (DPSIR) framework, and their discussions [32]. For the
quantitative data analysis, Microsoft Excel (MS Excel) and SPSS (Statistical Package for
Analysis Social Science) programs were used.
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3. Result and Discussion
3.1. Socio-Demographic Features of the Study Areas
Local communities, especially fishermen’s communities, have extracted a wide range
of ecosystem services from the Meghna estuary for decades, as most of them lack alternative
income sources. As a result, they had to rely on estuary resources in order to sustain their
livelihood by extracting them daily. The primary occupation of the respondents was fishing,
and most of them (43.08% in Chandpur Sadar and 50.91% in Heimchar Upazila) were at
the age of 41 to 60 years (Table 4). The respondents’ literacy rate was meager; very few of
them could sign, or had primary education. Due to the lack of education and knowledge,
they did not even know their fishing rights, making the intermediaries rich and the fishers
poor. Mainly men are involved in the fishing, and most did not have their own fishing
boats and gear (Table 4), so they work on the boats of money lenders or intermediaries
(known locally as Arotdar or Dadondar) with advanced money. Most of the fishermen live
in their own houses made of tin shed walls and mud floor with asbestos roofs (Table 4).
Some changes were also found among fishers moving their livelihoods through alternative
income activities such as daily labor, pick-up and rickshaw hauling, tailoring, agriculture,
pet breeding, and aquaculture (mostly cage farming). Most of the fishermen possess no land
and mainly depend on estuarine resources, which is particularly challenging during the
fishing ban season. Their share is high (60–80%) in Chandpur Sadar Upazila and very high
(>80%) in Haimchar Upazila (Table 4). The results shows that 67.69% of fishers in Chandpur
Sadar earned USD 58.95–117.89/month, 24.62% made USD 117.90–176.83/month, and only
a few (7.69%) earned USD 0–58.94/month. At Haimchar Upazila, these percentages were
25.45%, 61.82%, and 12.73% (Table 4).
They are also trying to improve their life by practicing some alternative income
activities, such as day laboring, van and rickshaw pulling, tailoring, agriculture, domestic
animal rearing, and aquaculture (the cage culture of tilapia). The Government is helping
them (Table 5) by offering rickshaws, vans, sewing machines, rations in the ban periods of
fishing, domestic animals (goats, cows), and a fund for aquaculture (for constructing ponds,
cages, and pans) in order to minimize the pressure of utilizing the fisheries’ resources.
3.2. Ecosystem Services in the Meghna River Estuarine Systems
The Meghna River estuary forms the largest estuarine ecosystem in Bangladesh, and
is considered to be a vast aquatic ecosystem which supports numerous plant species, fish,
migratory birds, and other organisms [20]. Although there are several variations in the
diversity and abundance of the ecosystem services in different parts of the Chandpur area,
the locals benefit from the following ecosystem services. Due to the freshwater environment and the lack of the impact of salinity on the soil, various natural resources—including
mainly banana, coconut, and betel nuts—are grown from natural sources, including vegetables and fruits. Figure 2 illustrates the ecosystem services derived from the Meghna River
Estuary, which were recorded through varied expert group information sources, including
individual interviews, focus group discussions, and key informant interviews.
This study recorded eight provisioning ecosystem services (Table 6), seven regulatory
and maintenance (Table 7), and five cultural services (Table 8) in the Meghna river estuary,
according to the CICES framework.
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Table 4. Socio-demographic facts of the respondent fishers in the study areas.
Characteristics

Categories

Age

<20
21–40
41–60
>60

Main occupation
The trend of gender for fishing
Education

Religion
Marital status
Housing Structure
Roofing materials
Wall

Ownership of the house
Alternative occupation

Income (USD)

Electricity
Having fishing boats and gear
Road & Transport
Dependency on estuary

Haimchar (n = 55)
Frequency (%)

1 (1.54)
26 (40)
28 (43.08)
10 (15.38)
Fishery
Male
50 (76.92)
10 (15.38)
5 (7.7)
6 (9.23)
59 (90.77)
60 (92.3)
5 (7.69)

0
14 (25.45)
28 (50.91)
13 (23.64)
Fishery
Male
38 (69.09)
17 (30.91)
0 (0)
0 (0)
55 (100)
55 (100)
0 (0)

65 (100)
3 (4.62)
1 (1.54)
61 (93.85)
56 (86.15)
0
9 (13.85)
59 (90.77)
6 (9.23)
8 (12.31)
9 (13.85)
0
3 (4.62)
3 (4.62)
42 (64.62)
5 (7.69)
44 (67.69)
16 (24.62)
Available except Rajrajeswar
25 (28.46)
40 (61.54)
Well infrastructure of roads
except for Rajrajeswar union.
High (60–80%)

55 (100)
4 (7.27)
0
51 (92.73)
55 (100)
0
0
50 (90.91)
5 (9.09)

Illiterate
Can sign only
Primary
Hinduism
Muslim
Married
Unmarried
Tin shade (iron sheet)
Thatch
Wood and Bamboo
Tin (iron sheet)
Earthen
Wood
Cemented
Owned
Leased
Day laboring
Agriculture
Rickshaw pulling
Tailor
Rearing domestic animals
No other way of income
0–58.94
58.95–117.89
117.90–176.83

Floor

Chandpur Sadar (n = 65)
Frequency (%)

Yes
No

4 (7.27)
6 (10.91)
2 (3.64)
43 (78.18)
14 (25.45)
34 (61.82)
7 (12.73)
Available
20 (36.36)
35 (63.64)
Both road and water
transportation
Very high (>80%)

Table 5. Development and developmental activities of the fisheries sector in the Chandpur district implemented by the
Department of Fisheries in order to minimize the resource utilization pressure in the last ten years [21].
Developmental Achievement and Activities

Quantity/Amount

Hilsa production increased
Fisheries production increased
Fish fry stocking in open water bodies (to increase fish production of Meghna river/Meghna river estuary)
Establishment of nursery grounds in different beels
Construction of exhibition pond (modern technology-based aquaculture)
Giving training to fish farmers (modern technology-based aquaculture)
Successful enforcement of fisheries law/act to conserve mainly Hilsa fishery as well as other fishes
Construction of floating cages for cage culture in Dakatia river
Pan construction
Providing ID card to fishers to enlist them
Legal mesh sized fishing net providing to stop the use of gill net or current jal
To create alternative income source No. of distributed goats & cows
Sewing machines & Vans
Mobile application to stay connected with fishing communities and trace their activities

17,550.5 MT
38,668 MT
43.84 MT
28 beels
403 ponds
21,760 fishermen
7435
1962 cages
35 pans
51,190 fishermen
13,570 fishermen
1378, 402 (respectively)
3794, 250 (respectively)
369 fishermen
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This study recorded
eight provisioning ecosystem services (Table 6), seven regula3.2.1. Provisioning
Services

tory and maintenance (Table 7), and five cultural services (Table 8) in the Meghna river
The critical provisioning services available from the Meghna River Estuary were food
estuary, according to the CICES framework.

(fishing), freshwater for drinking, irrigation, aquaculture, feed, thatched roofs, firewood,
and medicines (Table 4). Captured fish are significant sources of food, animal protein,
and livelihoods for the fishermen’s communities in the study area. At the same time,
fishing is the main focus of the local fishing community. A total of 84 commerciallyimportant fish species (belonging to 10 orders and 28 families) and 19 crustaceans—
shellfish-shrimp/prawn taxa (one order, three families)—recorded from the eight surveyed
landing centers and retail markets in Chandpur Sadar and Haimchar Upazilla (Table 2)
were collected.
Many fodder plants (both terrestrial and aquatic) grow naturally in large numbers in
a moist estuary environment, and are easy to extract. They grow abundantly everywhere,
and are essential for raising cattle. Therefore, local people rearing cattle do not need to
purchase fodder (Table 6).
People living in the studied villages of Haimchar Upazila (Figure 1) use medicinal
plants (Amaranthus spinosus, Azadirachta indica, Colocasia esculenta, Centella Asiatica, Terminalia arjuna) as first aid for external injuries, and to cure for diarrhea and dysentery
(Table 6).
The Meghna River estuary serves as a nursery ground for Hilsha fishing. It is a
primary freshwater source for the local fishing community for various purposes, such as
drinking, cooking, laundry, other household activities, as well as irrigation (Table 5).
The wood that grows naturally on all of the islands, riverbanks, canals, waterways,
or other moist environments is mainly used as fuel. Many respondents collect floating
wood from river runoff and use it as fuelwood. The dried leaves and branches of bananas (Musa spp.), Supari (Areca catechu), and coconut (Cocos nucifera)—which are used as
flammable fuels—grow exceedingly abundantly on the island (Table 6).
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During the FGDs, the fishers said that 15 or 20 years ago, poor fishers and other local
communities made their homes using different types of thatching materials, including Khor
(rice straw), chon (wheat straw), ulobon (Saccharin spontaneum), Hogla (Typha elephantiana),
Dhol kolmi (Ipomoea carnea), and jute sticks. These thatching materials still exist in nature,
but people no longer use them to build their homes. People are building houses using
cemented pillars and tin for roofs and walls in order to withstand heavy rains, storms,
floods, hurricanes, and heavy land erosion. Although human houses are made of tin and
concrete, some thatched materials are still used to construct domestic animals’ homes and
hanging toilets.
Table 6. Provisioning ecosystem services and their use pattern and commercial importance in the Meghna river estuary, Bangladesh.
ES Categories

Food (Capture fisheries) [32]

Qualitative Description of the Ecosystem Services

•
•
•
•
•

Fish, shrimps, and prawns are the preferred food items.
Crab, mollusk, mammals, reptiles are also captured but not commercially significant
Hilsha (Tenualosa ilisha) is the most commercially exploited and marketable species
Fishers are highly reliable in the Hilsha fishery for livelihood and income
Both aquatic and semi-terrestrial plants, including Hogla (Typha elephantian), Water Cress
(Enhydra fluctuations), Water spinach (Ipomoea Aquatica), Betel nut (Areca catechu), white water
lily (Colocasia esculenta), coconut (Cocos nucifera), also contributes as a source of food.

•

Cage culture of Tilapia, Oreochromis niloticus Linnaeus, 1758), Nile tilapia and Pangas,
Pangasianodon hypophthalmus Sauvage, 1878) Striped catfish is currently the dominant water
use pattern of the Meghna Estuary.

•

A prominent source of freshwater for riverside settlers for drinking, cooking, bathing, other
household activities, and irrigation

•

Korka (Phragmites karka), Switchgrass (Panicum virgatum), Hogla (Typha elephantine),
Ulobon/khaulla/kashful (Saccharum spontaneum), Dhol kolmi (Ipomoea carnea), Jute stick
(Corchorus olitorius and Corchorus capsularis), and dhoincha (Sesbania bispinosa), used as a fuel
source that grows naturally on islands, riverbanks, and canals
Branches and leaves of other terrestrial plants (such as hijol Barringtonia acutangula); fruit
shells, and leaves of coconut (Cocos nucifera) are also used as fuel

Food (Aquaculture) [33,34]

Source of Freshwater [35]

Fuel wood [36]

•
•

Hijo (Barringtonia acutangula), Tomal (Garcinia xanthochymus), Mahogany (Swietenia
macrophylla), Jarul (Lagerstroemia speciose), Jam (Syzygium cumini), Kathal (Artocarpus
heterophyllus), Akasi, Kodom (Neolamarckia cadamba), Koroch (Pongamia pinnata), Gamar (Ficus
hispida), Dumur (Ficus hispida), Raj koroi (Albizia richardiana), Raintree (Samaria saman), Babla
(Vachellia nilotica), Mandar (Erythrina fusca) are well known for making boats, paddles of boat,
and furniture.

•

Dried leaves of Hogla (Typha elephantine) are used to make walls and roofs of domestic
animal’s house, Murta (Schumannianthus benthamianus) used to make different kinds of mats,
Global/kashful: making walls of houses, dried leaves are suitable to fuel, and raw leaves are
good fodder.
Khara and Kaicchamura are used for making walls of houses and fences of houses
Rice and wheat straw were also used to roofing the houses.

Timber [37]

Thatching materials [38]

•
•
•
•
•

Medicine [39–41]

•
•
•

Khudrakata (Amaranthus spinosus) & Aam khudra (Amaranthus Viridis) used for jaundice and
diarrhea remedy.
Various parts of Neem (Azadirachta indica) are used as a well-known treatment for gum
inflammation, sores, fever, spleen complaints, tumors, smallpox.
Arjun (Terminalia arjuna) is used for heart, liver, and kidney problems.
Leaves of Tulshi (Ocimum sanctum) is a good remedy for fever,
Leaf of Thankuni pata (Centella Asiatica, Hydrocotyle sibthorpioides) is highly used as a cure for
diarrhea, dysentery, edema, fever, throat pain, and heal bone fractures.

The national fish, Hilsha (Tenualosa ilisha), has been declared the Geographical Indicator (GI) for Bangladesh, while livelihoods of about 0.5 million traditional Hilsha fishers
(38% of the total catch fisheries employment) are directly dependent on the Hilsha catch [42].
More than 0.45 million fishermen rely directly on the Hilsha fishery through shipping,
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marketing, and exports [43]. An increasing trend in production over the past decade in
Chandpur is found from 2007 to 2012. With a decreasing trend from 2013 to 2016, in the
fiscal year 2016–2017, the Hilsha production increased. The annual fish production of
Chandpur was 80,976.1 MT, and the country’s total fish production was 4,384,221 MT
in 2018–2019 (Figure 3) [44]; as a single species, about 12.15% of the country’s total fish
production comes from Hilsha, with a growth rate of 3.02% [44]. In the Chandpur district
(known as the Hilsha city of Bangladesh), the annual Hilsha production was 14,583 MT,
and in 2018–2019, it was 30,684 MT [45]. Many fishers in the Chandpur district are involved
in harvesting the Hilsha shad and other related ancillary activities, including icing, drying,
salting,
Sustainability 2021, 13, x FOR PEER
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Figure 3. Like the whole country’s fishery production (MT), Chandpur district also showed an increasing trend during the
the past decade. (a) Production of all of the fishery items, and (b) the production of Hilsha shad (Tenualosa ilisha) over the
past decade.
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[44].and (b) the production of Hilsha shad (Tenualosa ilisha) over the last
ten fiscal years, from 2008–2009 to 2016–2017 [44].
3.2.2. Regulatory and Maintenance Services

Of the Meghna River Estuary’s seven regulatory and maintenance services, fishery
nursery and habitat functions were noted as the most prominent ES in the study area (Table 7).
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3.2.2. Regulatory and Maintenance Services
Of the Meghna River Estuary’s seven regulatory and maintenance services, fishery
nursery and habitat functions were noted as the most prominent ES in the study area
(Table 7).
The Meghna river estuary is quite well-known for its hilsha production, and serves as
a nursery ground for hilsha. Hilsha swim up to 500 km for migration in Bangladeshi rivers
(referred to as anadromous), showing a diadromous pattern as they frequently migrates
between freshwater and the sea. The young hilsha (<25 cm sized) are reared in the river
channels and estuaries before descending to the sea in order to further feed and grow. Many
mysida (Neomysis integer) and some freshwater palaemonids (Macrobrachium spp.) require
full larval development in either saltwater, brackish water, or near-coastal habitats [46].
Some palaemonids release larvae in freshwater, which drift to the estuary’s saline water
habitat for nursing [46,47]. The recently-introduced sixth estuary was announced in the
Meghna estuary of Barisal province by the Fisheries Department (DoF), the meeting place
of the Lota (a place) from Hizla Upazilla Noya Vangani and the Mehendigonj Upazila
district in the Barisal district of the Dhormogonj River [48].
Table 7. Regulatory and maintenance services in the Meghna river estuarine systems, Bangladesh.
ES Category

Qualitative Description of the ES

•

Feeding, breeding, and spawning ground

•

•

The deposited sediments trap organic matter, heavy metals, surface
runoff waste, inorganic pollutants and can degrade and detoxify
various pollutants, including heavy metals and trace elements.

•

Various biotic (organisms, microbes, decomposers) and abiotic
(sediments, water, forces) components contribute to the Meghna
river basin’s water purification functions, enhancing the
environment’s quality.
The Meghna River conveys the confluence of the Ganges and
Brahmaputra rivers and flows about 1.2 million m3 of water
annually, with a catchment area of 1.52 million km2

Pollution abatement

Water bioremediation

Protection from sedimentation

•

•

Annually Meghna river estuarine systems carried approximately
1100 million tons of sediments to the Bay of Bengal.

•

Continuous mixing of the heavy freshwater load from different
river systems such as Buriganga, Sitalakkha, Karnaphuli, Kushiara,
Padma, Jamuna, and upper Meghna facilitates the desalination of
the river water.

•

The estuary is a highly productive zone for both primary and
secondary production due to the large amounts of sediments
containing organic and inorganic nutrients.

•

Sediments containing organic and inorganic nutrients are heavily
loaded, and retaining these nutrients strengthens the system and
increases productivity.

Protection from salt intrusion

Maintenance of primary and secondary production

Nutrient retention

The estuary supports a wide range of brackish, marine, and
freshwater species (such as both residents and migratory species)
for feeding, breeding, and spawning.
Two of the most important commercial species, such as Hilsha
(Tenualosa ilisa), move from the deep sea to the estuary. Golda
(Macrobrachium rosenbergii) moves from freshwater habitats to the
estuary to complete their breeding and life cycle.

The Bangladeshi government has declared five hilsha sanctuaries in the Ganges–
Meghna delta. Three are in the Meghna River’s lower stretch, which supports riverine
and estuarine species conservation [49]. The remaining circulation traps the river water
to some extent at the Meghna River’s mouth, which is one reason for the relatively low
salinity in the estuary, even in the dry season [50]. The Meghna River estuary is an essential
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habitat for many native and migratory birds, such as cormorants, gulls, egrets, heron, terns,
waterfowl, plovers, sandpipers, and bitterns.
The Meghna River estuary is also used as a landscape for agriculture, and as space
for fish processing (e.g., fish drying) and ancillary fishery activities. The environment of
Chandpur is very different in many ways from other coastal districts due to its freshwater
environment, with no soil and water salinity, heavy siltation, and intense land erosion,
because of which the estuarine basin is considered a highly productive zone for agricultural
production. According to a key informant of the Chandpur district, “each year during
monsoon, a huge amount of silt and other organic matters are deposited in those lands
make them very fertile”.
People can travel in every coastal district and port from these terminals, through
internal riverine systems and the Bay of Bengal. Because of the Meghna estuary, the
capital Dhaka City, the port cities of Chittagong to Mongla, and the 19 coastal districts
are commercially interlinked. Moreover, historically speaking, many civilizations have
developed at the Meghna river estuary bank based on its resources and navigational
benefits. More than 20 launch and ferry terminals are in Chandpur. Of these, Chandpur
water terminal, Poran Bazar ghat, Icholi ferry terminal, Dhali ghat, Matlab ferry terminal,
Kanudi ghat, CHD-Chandpur terminal, Bangladesh Inland Water Transport Authority
(BIWTA) terminal, Char Bhairabi launch ghat, Haimchar launch terminal, Horina ferry
ghat, and Katakhali launch terminal are the busiest terminals.
3.2.3. Cultural Services
The Meghna River Estuarine Systems’ five essential cultural services are ecotourism
and recreation, aesthetics, educational value, and cultural heritage (Table 8). During
interviews, a respondent stated the cultural services as such. Every year during the tourist
season (January, February, and March), thousands of students from different schools,
colleges, and universities of the nearest districts come to Chandpur for study tours and
other academic tours. Local people said, “Because of Meghna River scenic beauties, it is
also popular for shooting dramas, cinemas, short-films, and documentary films.”
Table 8. Cultural ecosystem services in the Meghna river estuarine systems in Bangladesh.
ES Category

Qualitative Description of the ES

•

•

Ecotourism

•
•

Chandpur is not well known for historical places, but there is a place called
‘Mohona Park’ beside the Boro station launch terminal where hundreds of
people with family and children gather every day in the afternoon
for recreation

•

Naturally wonderful and green environment of many islands in the estuary
pleases people.
Nature-loving people make a boat trip to islands and enjoy a great time.

Recreational Place

Aesthetic value

•
Hilsha shad as a part of cultural heritage
Education, research, and knowledge

A place for the study tours and other academic tours via water transport to
different places of Bangladesh, especially in the Sundarbans and Kuakata
sea beach
Convenient infrastructure and water transportation facilities offer people a trip
by boat from Chandpur to elsewhere through the estuary.
The place situated at the riverbank is getting popular day by day to both local
people and tourists

•

Hilsha shad is the national fish of Bangladesh and is now being a part of the
cultural heritage in Chandpur.

•

Meghna river estuary is itself a vast resource with lots of opportunities for
scientific research and fisheries-related education.

Chandpur is known as ‘The City of Ilish’, whereas people who visit Chandpur for
tours, business trips, and other reasons cannot think of leaving without having a meal
with Hilsha for its fantastic taste, odor, and nutritional value. Thus, the Hilsha has become
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part of the Chandpur region’s cultural heritage. The three-day Hilsha Festival is held
each year, with various cultural programs exhibiting different aspects of Hilsha. There are
three institutes, including the Fishery Diploma Institute, Fishery Training Institute, and
Bangladesh Fisheries Research Institute (BFRI) riverine station, which are highly dependent
on the Meghna river estuary to carry out their research.
3.3. Drivers of Ecosystem Service Change from Community Perceptions
3.3.1. High Dependency on Natural Resources Due to the Lack of Alternative
Income Opportunities
Fishing communities are usually marginalized groups with poor economic status.
According to the respondents, their household size is getting bigger and bigger, but the
resources and their income are still the same or less, driving them to live under the
poverty line.
3.3.2. Unsustainable Practices
Overexploitation
The unsustainable practice is exceptionally threatening for both the resource and
resource users. In the case of Hilsha fishery, there are two fishing ban periods; one is for
eight months from November to June every year on catching, carrying, and selling jatka.
The other ban is against the catching of brood Hilsha for 22 days during the peak breeding
season in October, before and after the full moon [36]. The respondents claimed that they
did not collect fish for more than four months (March, April, May, and October), and had
no alternative income sources during the prohibition period. This phenomenon causes the
Meghna river estuary to be intensely overfished during the prohibition periods, which is a
significant threat to biodiversity.
Illegal Fishing during the Breeding and Spawning Season
The Meghna river estuary is essential as breeding, spawning, and nursery grounds
for various fish (Table 2) and crustacean (Table 3) species. There are ban periods only for
Hilsha fish in Bangladesh, and no regulation for other fishes. This gap in the law facilitates
poor fishers to harvest fish regularly, even during the breeding season. Therefore, illegal
fishing is a serious threat to fish biodiversity, and many species have already undergone
threatened conditions, and according to [23], this number is 21. Due to the provision of
incentives during the government’s ban periods, the local fishing community started to
change their attitudes towards ban periods and develop positive responses to conservation
laws. However, some fishers do not follow the rules and go fishing at night, as was evident
during the interviews with fishers and key informants.
Destructive Fishing
The introduction of modern fishing vessels with different fish detecting devices such
as SONAR, RADAR, refrigerators for preservation, modern fishing gear, transportation,
and marketing facilities made fishing more comfortable. Even the traditional boats in
Chandpur are now installed with motor engines. Though no practices of poison and
explosive fishing were found there, modern destructive fishing gear, especially gill nets,
and ber jal were found to be heavily used, and do not allow the escape of fish ranging from
fry to brood [51]. The gear used in the Meghna River estuary were categorized into three
groups, such as nets (gill nets, seine nets, push catches, lift nets, fixed purse net, cast net),
traps, and wounding gear [52]. During the key informant interview with the local fishery
officer, it was said that almost all fishers use the illegal monofilament gill nets (current jal),
which have been blamed for biodiversity loss in the Meghna river.
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3.3.3. Lack of Administrative Workforce and Other Facilities to Enforce the Laws
Non-Compliance and Poor Law Enforcement
The
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3.3.6. Dredging
Unscrupulous silt and sand excavation in the Meghna river estuary has increased
(Figure 6). Several commercial dredging companies (licensed and unlicensed) excavate
silt and sand as a construction material from the Meghna river estuary. This dredging is
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several decades earlier. However, these ES have been found to have undergone notable
changes due to the locals’ indiscriminate use of resources.
The local fishing communities’ perceptions and key respondents call for an ES assessment at the Meghna River estuary in order to see how changes are supported by a
variety of natural and anthropogenic factors and stressors. Population growth, poverty,
overfishing in legal fisheries, illegal fishing during bans, destructive fishing, pollution,
natural disasters, excessive burial, dredging, and navigational obstacles are about to undergo substantial ES changes. However, the government’s response was concerned that
it would face considerable challenges in addressing multiple threats and stressors due to
a lack of administrative support, violations of the law, and weak enforcement measures.
This study showed that motivating people to find alternative income, financial support
to stakeholders, and strict regulations responding to illegal fishing, destructive gear, and
other destructive activities need to be considered in order to cause positive impacts on the
ES in the already-degraded Meghna river estuary. Raising community awareness about
the importance of keeping water basins in a healthy condition and effective compliance
with rules and regulations may ensure the future estuarine ecosystems’ sustainability.
There is an urgent need to address the Meghna River estuary’s challenges through
research and policy attention, including the transformation of the existing management
regimes to an ecosystem-based approach, particularly fishery co-management. Furthermore, other types of nature-based solutions according to the IUCN framework should also
be taken into consideration in order to mitigate the existing threats and keep or restore
the healthy condition of these estuarine ecosystems, such as ecosystem restoration and
ecological engineering.
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