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Abstract

The haor basin ecosystem in northeastern Bangladesh is a natural hotspot of inland

fish diversity, which significantly contributes to country’s small-scale fisheries.

Small-scale fisheries provide food security and employment for the millions of

fishers in the haor region. However, the decline in fish diversity has become a

major concern in the basin due to several natural, social, and governance-related

drivers. Using the I-ADApT framework as the analytical lens, this chapter assesses

fish species diversity and responsible stressors impacting the natural, social, and

governing systems. The chapter concludes with a presentation of major problems

accountable for declining small-scale fisheries production of the basinwith possible

conservation measures. The consolidated information of this chapter might be

helpful to drive effective national policies and programs for safeguarding the haor

fish diversity and small-scale fisheries of Bangladesh.

Introduction

In physical terms, haors are saucer-like or bowl-shaped, shallow marshy

wetland ecosystems covering almost one-fourth (25 percent) of northeastern

Bangladesh (Alam et al., 2015; Pandit et al., 2015; DoF, 2019). The haor

basin is a natural combination of low-lying wetland habitats comprising

rivers, streams, large areas of seasonal floodplains, irrigation canals, and

hundreds of interconnected beels (CEGIS, 2012; Pandit et al., 2021). About 411

haors, comprising more than 8,000 km2, are distributed over seven districts:

Sylhet, Sunamganj, Moulvibazar, Habiganj, Kishoreganj, Brahmanbaria, and

Netrakona (Pandit et al., 2015; Sunny et al., 2020). Duringmonsoon season,

the haor basin receives massive discharges from various rivers streaming

down from Assam andMeghalaya’s hills, transforming it into a vast inland

sea.

The haor basin of Bangladesh is enriched with many potential fisheries

resources andprovides feeding, breeding, nursing, andoverwintering grounds
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for numerous resident and migratory fish species (Sunny et al., 2020).

However, the haor ecosystems are threatened due to several anthropogenic

and naturally induced causes (Pandit et al., 2015, 2021). Destruction of fish

habitat caused by roads, embankments, drainage, flood control, pollution,

aquaculture, siltation alongwith overfishing, dewatering of certain vital areas,

use of unauthorized and destructive gears, and climate change are some of

the main causes leading to a reduction of fish and other aquatic resources

(CEGIS, 2012; Alam et al., 2015; Aziz et al., 2021). These activities contribute

to the disappearance of many fish from the natural waters, leading to genetic

erosion and a threat to indigenous fish species (Alam et al., 2015).

The I-ADApT framework (Assessment based on Description and responses

and Appraisal for a Typology) was used to identify the natural, social, and

governance aspects and select suitable responses for sustainability (Bundy

et al., 2016). Using the I-ADApT framework, we worked on the main issue,

stressors and their impacts, vulnerabilities, responses, and appraisal, where

the decline in fish diversity affects small-scale fisheries that link the natural

properties of the haor ecosystem with the social and governance systems.

The present status of the natural, social and governance systems, factors or

stressors affecting these systems, and their impacts on natural resources are

discussed in this chapter.

Description of the drivers and their impacts

Natural system

The haor ecosystem is unique due to its vast wetlands, wide river-fed flood-

plains, ample amounts of rainfall, and suitable temperature, all of whichmake

it most suitable for supporting high fish diversity. A total of 154 indigenous

fish species from35 families and 12 orders inhabit these areas, with Cyprinidae

and Cypriniformes being the dominant family and order, respectively (Table

1). Themost dominant species include Puntius sophore,Mystus tengara, Chanda

nama, Parambassis ranga, and Esomus danrica. Among the identified fish

species, 35 percent are threatened, of which 16 percent are endangered, 14
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percent are vulnerable, and 5 percent are critically endangered. The remaining

65 percent of species is comprised of near threatened (16 percent), least

concern (44 percent), and data deficient (5 percent). Cypriniformes is the

most vulnerable order with a maximum number of threatened fish species

(27), representing half of the haor basin’s total number of threatened species.

Table 1: The present status of fish in the haor basin.

Status code: CR-Critically Endangered, EN-Endangered, VU-Vulnerable, NT-

Near Threatened, LC- Least Concern, DD- Data Deficient, NE- Not Evaluated.

Small-scale fishers often claim that overfishing is the main threat to fish di-

versity in the haor basin. According to the experienced fishers, themain issues

of concern include increased fishing frequency, a higher number of fishers, an
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increased number of destructive fishing gears, and a rise in the usage of small

mesh-sized nets. Additionally, the connecting channels between the beels

and rivers are blocked by constructing flood control embankments, roads,

and dams. As a result, the migratory routes for the fry/fingerlings and brood

fish become blocked (Pandit et al., 2015; Talukder et al., 2021). On the other

hand, the construction of sluice gates, bridges, and culverts facilitates fish

migration. These structures also help fishers to catchmore fish by fencing and

setting traps within gates or bridges, leading to reduced biodiversity (Sunny

et al., 2020). Further, irrigation in agricultural fields adversely affects haor

ecology and fisheries resources in the winter season (Aziz et al., 2021).

Aquatic plants and reeds provide necessary feeding, breeding, and nursery

grounds for fish and other aquatic organisms in haor basin. De-weeding and

deforestationaremainlypracticed forfishing, navigational, and fuel collection

purposes. For example, about 61 percent of people of the Tanguar Haor area

in Sunamganj argue that the destruction of swamp forests led to the depletion

of fish and other resources (Haque & Kazal, 2008). Likewise, an absence of

aquatic plants in the Hakaluki Haor caused fish biodiversity reduction (Islam

et al., 2011). In this way, unsustainable use and destruction of swamp forests

and reeds negatively affect fisheries resources (Alam et al., 2015).

Haor basin faces water and sediment pollution as it repeatedly receives

discharges from untreated sewage, industrial run-off, agricultural run-off,

stone crushing waste, polyethylene, and plastics. Poison fishing, agrochem-

icals, navigation, and tourism directly impact water quality, affecting the

aquatic ecosystem. Fish and other aquatic resources have been depleted due to

agrochemicals used in the agricultural fields adjacent to the beels (Islam et al.,

2011, 2013). In addition, thousands of mechanized boats pollute the aquatic

environment through the noise, oil spills, and open dumping into the haors

(Alam et al., 2015). Water pollution in the haor basin also occurs due to the

storage and transportation of coal (Alam et al., 2015) and coal mine drainage

from the upstream via transboundary rivers such as Jadukata, Someshwari,

and Shari-Goyain (Talukder et al., 2021). Moreover, the soil texture of the

haor bottom has been gradually degrading due to the deposition of chemical

fertilizers, pesticides, polyethylene, plastics, and other contaminants.
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In recent years, climate change has become one of the biggest threats to the

haor ecosystem of Bangladesh (Sunny et al., 2020; Aziz et al., 2021; Pandit et

al., 2021). Temperature fluctuation, the erratic patterns of rainfall, droughts

or prolonged dry spells, and frequent flash floods are commonly observed in

the haor basin (Majumder et al., 2013). All these factors significantly affect

ecological andphysiological processes viz. feeding, breeding, disease outbreak,

etc., of fish, whichmight accelerate the loss of fish species diversity in the haor

basin (Aziz et al., 2021). Furthermore, during the breeding season, the erratic

behavior of rainfall leads to failure in fish reproduction due to insufficient

water supply in the rivers and beels of the haor basin. Although some small

indigenous fish species can breed in such extreme environmental conditions,

larval development is hampered due to water scarcity (Aziz et al., 2021).

Due to heavy rainfall, frequent flash floods in the haor basin are responsible

for increase in bank erosion, water turbidity, siltation and sedimentation, as

well as changes in sediment texture and reduction in water depth. Generally,

water depth changes seasonally, but the depth of the wetlands in some places

of the haor basin has been permanently reduced through deposition of silt

and sediment. Therefore, the upper basin of the haors becomes dry during

winter. Most of the haor region (except some deepest parts, known as beels)

remains dry from January to March every year. This is one of the significant

threats to fish biodiversity. For example, the water covering the area of the

Hakaluki Haor has been remarkably reduced due to siltation (Aziz et al., 2021).

In addition, an increase in water turbidity affects herbivore and planktivore

fish in their search for food.

Social system

In the haor basin, small-scale fishing was one of the main occupations for

many households, followed by agricultural farming, day labor, fish trading,

fish farming, boating, fishing gear making, and boat making. Population

increase, unemployment, poverty, illiteracy, and lack of alternate income

sources, directly and indirectly, impact fisheries’ status. The demand for

indigenous fish harvested from the inland open waters like haors, beels, rivers,
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and canals is generally higher than farm-produced fish. However, small-scale

fishers are deprived of receiving a fair price forfishdue to exploitivemarketing

systems, which forces them to harvest more fish to support their minimum

income for subsistence living. Small-scale fishers are further marginalized

through the lack of modern fishing equipment, fishing restrictions put in

place by the leaseholders, and the competitionwith non-traditional part-time

fishers who possess modern equipment. In addition, because of the high lease

value in revenue-oriented management regimes, poor fishers hardly get the

right of access to the waters, though only valid fishers have the right to obtain

a lease of the jalmohals (government-owned water bodies in Bangladesh).

To seize the lease of the jalmohal from actual traditional fishers, powerful

leaseholders often organize a dummy association of fishers from different

villages adjacent to jalmohal. Thus, wealthy, influential individuals or local

elites (e.g., politicians) become leaseholders under the guise of fishers. About

96 percent of fishers in the Hakaluki Haor cannot access the jalmohals in the

present leasing system. Some fishers only get the chance to work in these

leased beels as day laborers (Islam et al., 2011). The leaseholders harvest all the

fish by completely dewatering the wetlands during the dry season. Since most

of the leaseholders are influential elites preoccupied with securing a profit,

they hardly consider the value of conserving and restoring fisheries resources

in the haor ecosystem.

In 1996, the Bangladesh government decided to transfer management

responsibility of smaller and closed beel to the local administration. It started

the transfer of smaller water bodies (up to 20 acres) to the Ministry of Youth

and Sports to create employment for the youth in the rural area. However, the

local youth societies did not use this government initiative; rather, some other

vested groups formed so-called youth societies and took possession of all

smaller water bodies (Haque &Kazal, 2008). Thus, local young fishers have no

access right to the jalmohals. This phenomenon creates social conflicts, which

sometimes lead to bloody violence. To survive, poor localfishers are compelled

to extract non-fish resources such as aquatic vegetation, snails, mussels, and

birds indiscriminately. As a result, aquatic and terrestrial ecosystems of the

haor basin have drastically degraded.
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Wetlands of the haor basin are losing their water area on an ongoing basis

due to the conversion of open water wetlands to agricultural lands, fish farms,

cattle grazing grounds, and human settlements. Simultaneously, fish habitat

destruction and fragmentation have occurred due to urbanization, develop-

ment of unplanned infrastructures (i.e., construction of dams, embankments,

roads, sluice gates), sand mining, stone mining, irrigation, deforestation,

and overexploitation of swamp forests, riverbank erosion, and siltation.

Furthermore, changing the traditional crops to high-yielding varieties has

drastically altered the land use pattern in haor catchment, ultimately affecting

the breeding of small indigenous species of fish (Islam et al., 2013). Besides,

using different chemicals in crop fields to control pests, insects, aquatic

weeds/vegetation, and other plant disease-producing agents has had direct

and indirect effects on fish diversity. Acute toxicity resulting from using these

poisons leads tofishmortality. In addition, insectivorefishhave beendeprived

of a portion of their food when insecticides are applied. Fish eggs may also be

damaged by the toxicity of poisons, whereas soil fertility can be decreased.

Years ago, very few people lived in the haor areas. Nowadays, many people

from different parts of the country permanently reside here. New villages

have been developed by filling in marshy lands, swamps, ponds, and beels.

As a result, the production and ecological function of the Hakaluki Haor

is threatened by an expansion in human settlement, resulting in serious

degradation of the country’s rich, distinctive ecosystem (Islam et al., 2011).

Governing system

A hierarchical management system governs the haor ecosystem. The Depart-

ment of Fisheries practices top-down management of the wetlands where

local fishers have minimal or no involvement. Bangladesh Haor andWetland

Development Board manages and regulates wetlands and haors in Bangladesh.

The Department of Bangladesh Haor and Wetlands Development is also

responsible for managing the aquatic resources of the haor basin. The goal

of these institutions is to establish an effective management system for the

aquatic biodiversity of the haor basin (i.e., fishes, crustaceans, andmollusks),
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safeguard vulnerable species, and promote sustainable exploitation of fish-

eries resources. Besides, the Local Government Engineering Department also

works to promote sustainable fisheries activities, biodiversity conservation,

and improvement of the socio-economic standard offishers in thehaor area by

implementing community-based fisheries management programs, including

rehabilitation and construction works.

To facilitate breeding of species, a seasonal ban on the exploitation of

some commercially important fish species has been imposed. A policy that

restricts catches during the breeding season prohibits fine-meshed gears

and the harvesting of brood fish. All fixed gears that obstruct water flow

or fish migration are permanently banned. Many fish sanctuaries have

been established in the haor wetlands, but fishers hardly care about these

regulations inmost cases. Indeed, a dewatering technique forfishing activities

practiced in the Hakaluki Haor led to the extinction of the fish population

(Islam et al., 2011). Despite the size and species, any fish that accumulates in

the katha (a fish aggregating device) is caught by fencing and seining during

the dry season (Pandit et al., 2015, 2021). Fishing by bamboo fencing (bana) or

nets with fixed fishing gears across sluice gates, canals, rivers, or other waters

is common during the post-monsoon season when water flows down to the

deepest parts. Researchers found that Hakaluki Haor was losing nearly 32

out of 107 fish species because of overfishing done by the lessee compounded

with other drivers (Islam et al., 2011; Aziz et al., 2021). Thus, introducing a

revenue-based jalmohal leasing system, i.e., non-compliance with fishery

laws and regulations of Bangladesh and jalmohal policy, has become one of

themost severe threats to fish diversity and the fishing community in the haor

wetlands (Sunny et al., 2020).

Finally, a top-down planning approach to technical assistance and a lack

of local participation in management activities are also significant problems

for haor ecosystem. Most of the jalmohals in the haor basin are affected by

random changes in policy. For this reason, actual traditional fishers are not

satisfied with the government. Interdisciplinary coordination problems and

weak linkages among various government disciplines, reluctance and weak

enforcement of fisheries laws and regulations, weakness in leasing system
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management and lack of regular monitoring of haorswere recorded as major

problems (Islam et al., 2011).

Vulnerability

Haor basin is situated in a fertile, low-lying region characterized by high

vulnerability to floods, tropical storms, earthquakes, and climate change

impacts. Alteration of environmental conditions can affect natural fish

migration reproduction of populations, reduce the nursery and feeding

grounds for juvenile fish, and ultimately prevent stocks from spawning. The

haor region was nearly free from exotic fish species about three decades ago.

Exotic fish species can harmnative fish species diversity, leading to extinction

and disrupting natural ecosystems (Pandit et al., 2021). However, ten non-

native fish species, including Aristichthys nobilis, Barbonymus gonionotus,

Ctenopharyngodon idella, Cyprinus carpio (var. communis & specularis), Clarias

gariepinus, Hypophthalmichthys molitrix, Mylopharyngodon pisceus, Oreochromis

niloticus, Oreochromis mossambicus, and Pangasionodon hypophthalmus, have

been recorded to date. These species are present in these wetlands either

because they escaped from aquaculture during heavy flooding or through

intentional stocking. Exotic fish species threaten indigenous fish species by

competing for food and ecological niche.

Fishery-dependent households in the northeastern haor region are one

of the most vulnerable communities in Bangladesh because of a lack of

education, low assets, weak social networks, food scarcity, and restricted

access to common property resources. Frequent flooding is one of the leading

causes of livelihood vulnerabilities, which directlyworsen the socio-economic

condition of the small-scale ormarginal fishers and social development in the

haor region of Bangladesh. The extreme, unpredictable characteristics of the

rivers and high rainfall, especially in comparison to other parts of the country,

cause frequent flash floods in the area (CEGIS, 2012). Frequent flash flood

causes loss of physical assets, including houses, loss of crops, loss of income

and livelihoods, the devastation of the local educational institutions, damage

of transportation facilities, food shortage, and malnutrition, among other
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things. Thus, flash flood poses severe threats to the occupation and income

of the poor peoples and forces them to change their occupations. During

natural disasters, fishers take shelter in swamp forests to protect themselves

from colossal loss. However, the percentage of swamp tree-covered areas is

rapidly decreasing. Landslides result in the migration of many inhabitants

and the development of new villages, which causes enormous economic losses.

Additionally, some fishers work as day labor in the agricultural fields, but

seasonal fluctuations in demand for agricultural labor sometimes descend

abruptly due to flash-flooding and other causes. The wage rate (per day)

varies from USD 3 to USD 5, but women get a lower wage rate than their

male counterparts for the same amount of work. Other significant problems

include extortion by the local brokers, inadequate credit facilities, lack of

marketing facilities, insufficient fishing knowledge, lack of appropriate gear,

and disturbances by criminal gangs and local people.

Responses of the systems

Social system

Due to a decline in fish diversity and limited access to the leased jalmahals

(available only in the monsoon season), many fishers have to catch fish from

distant places with open access to wetlands. As fish production decreased,

many fishers switched their profession (e.g., day laborer, working at agricul-

tural farms, etc.). Fishers who still fish have reduced the amount of purchased

food and compromised their food consumption by having fewer meals per

day. Other responses include eating less quality food, foraging natural foods

in the swamp forest to supplement typical diets, using any savings they have

to fulfill their needs, and borrowing money from NGOs and money lenders.

Even though community responses were primarily local, their implications

were seen at the regional and national levels.
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Governing system

For addressing the current challenges of haor capture fishery, different min-

istries of the Government of Bangladesh, especially the Ministry of Fisheries

and Livestock, Department of Fisheries (DoF), and different non-government

organizations (NGOs), are actively involved in reducing overexploitation

of fisheries resources. They create public awareness, provide training on

aquaculture, handicraft, and sewingmachine operation, and involve fishers

in alternative income-generating activities. Along with these, various unique

programs aimed at increasing productivity have been introduced in the recent

past. These include community-based fisheries management, restoration

of fish habitats to facilitate breeding and migration, establishment and

management of beel nurseries, stocking of fingerlings, establishment and

maintenance of sanctuaries for the conservation of biodiversity, expansion of

cage and pen fish farming in feasible water areas, issuing of fishers’ identity

card, ensuring access right of fishers to the jalmohals, and adoption of climate-

smart technologies (CEGIS, 2012; DoF, 2019; Talukder et al., 2021). The

governing system responses are designed to improve the haor basin’s social

and natural system resilience.

Different collaborations between NGOs and DoF show that NGOs can

organize effective participatory institutions of fishers for collective manage-

ment, which leads to a flexible community-based approach. Consequently,

in collaboration between DoF and the WorldFish, the Community Based

Fisheries Management-1 (CBFM-1) played a vital role in inland small-scale

fisheries management in Bangladesh. The CBFM-1 began in late 1995

and ran until July 1999 to empower fishing communities and ensure an

equal distribution of benefits. The CBFM-1 has been shown to be effective

in promoting participatory fisheries management and equitable benefit

distribution. However, questions about the community groups’ long-term

viability and coordination over vast inland floodplains and acceptable social

and environmental models remain unaddressed. The CBFM-2 was developed

with financing from the Department of International Development (DFID)

in response to these lessons, needs, and policy challenges. The CBFM-
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2 project aimed to improve the livelihoods of poor fishers who rely on

inland fisheries resources by evaluating and testing user-based (community-

based) fisheries management arrangements across a wide range of inland

fisheries in Bangladesh and informing and facilitating appropriate policy

changes. Hundreds of CBOs (community-based organizations)were formed to

manage the wetlands. DoF, WorldFish, and 11 non-government organizations

collaborated to develop the CBFM-2.

Appraisal: evaluating the responses

Natural system

In the case of short-term response, there is a positive impact on the natural

system. Due to some project activities, natural habitats were somewhat

restored, several red-listed indigenous fish species were revived, and fish

productionwas increased (DoF, 2019). Law enforcement, enabling policy, gov-

ernment funding, and intensive monitoring are the factors that contributed

to the successful short-term result. However, in the long run, projects found

the CBO’s to be a failure due to overexploitation of natural resources after

completionof the project, resulting in a decline infishdiversity, thus reversing

the initial gains. Overall, increased fish production from the haor ecosystem

(DoF, 2019) and decreased fish diversity (Aziz et al., 2021) seem contradictory,

but this is the practical situation of the haor region of Bangladesh. Due to

beel nursery and other stocking programs, fries of carps and other fishes are

released in the haor wetlands, distributed to all adjacent waters, increasing

the fish production. The establishment of fish sanctuaries showed positive

and effective impacts on the conservation of fish species and turtles in the

jalmahals. Local fishers stated that some indigenous species had reappeared

in the water body due to better management (van Brakel et al., 2021).
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Social system

A series of community development initiatives, particularly rural infrastruc-

ture and flood protectionmeasures are implemented by different government

departments. These infrastructure projects had a positive impact on people

and livelihoods. Therefore, people who participated in the project experienced

the benefits. However, after project completion, the failure of CBOs occurred

due to a lack of social cohesion or increased social conflicts (van Brakel

et al., 2021). Furthermore, illiteracy, the dominance of influential and

political misconduct, lack of thoughtful and transparent local leadership,

minimal community participation in discussion and decision-making, lack

of efficiency for managing risks and conflict resolution accelerated the risk

of sustainable management of these ecologically sensitive haor wetlands

(Sunny et al., 2020). Ecological benefits far outweighed the costs because they

enhance long-term ecosystem services to the communities. Few attempts of

livelihood improvement projects have diversified their livelihood activities

at a medium level. However, the level of success in livelihood diversification

and improvement varied based on the age of fishers, access to credit and

savings, mode of land ownership, distance from the nearestmarket, and value

of household assets. Some training provided to women and men offering

alternative livelihood activities, including rearing poultry and cattle, also

improved their livelihood status at a certain level.

Governing system

The responses of the governing system are inadequate for enhancing the

resilience of the social and natural systems. Poor governance with top-

down policy implications, inter conflict over ownerships, non-transparent

socio-political representation of managerial roles amongMinistry of Land,

Ministry of Environment, Forests and Climate Change, Department of Forest,

Department of Environment, DoF, Bangladesh Water Development Board,

Local Government Engineering Department (LGED), Department of Haor and

Wetland Development, legislative bindings of district public administration,
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and poor linkages with lack of collaborative efforts, make the scenario more

complex (Sunny et al., 2020). Nevertheless, the impacts and outcomes

associated with fisheries co-management implemented in the haor region are

generally positive across a range of social, ecological, and governance mea-

sures. Because co-management arrangements for fisheries are widespread,

diverse, dynamic, and supported by various institutional structures and

organizations.

There is no specific management measure for aquatic ecosystem conserva-

tion and restoration except fish sanctuary establishment andmanagement

(Talukder et al., 2021). Notably, sanctuaries are not adequately monitored or

governed as permanently protected areas. WorldFish, International Union

for Conservation of Nature (IUCN), Center for Natural Resource Studies

(CNRS), Bangladesh Fisheries Research Institute (BFRI), different public

and private universities, several national and international NGOs, and other

international organizations are still working to improve the current situation.

Still, their efforts have not been very successful due to limited funds, short-

term operation period, weaknesses of the operational system, and/or lack of

coordination among NGOs and between NGOs and Govt. for efficient use of

these funds.

Conclusion

The decline is fish diversity has become a significant issue in the haor

basin, which threatens small-scale fisheries of the basin. Several natural,

social, and governance drivers are responsible for this situation. The main

problems of haor small-scale fisheries include the lack of access to the

jalmohals, overexploitation of resources, fish habitat destruction, and weak

governance. In this situation, ecosystem-based fisheries management with

active community participation, fishing gear maintenance, the establishment

of sanctuary and its management, proper implementation of fish acts and

regulations, and raising public awareness can play a great role in conserving

fish diversity in the haor basin. In addition, creating alternate livelihood

options for fishers, dredging of canals and beels, stocking of indigenous fishes
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in thehaor basin, seedproductionof small indigenous species (SIS) and release

in the haor waters through pen culture techniques can be effective to conserve

aquatic biodiversity and enhance small-scale fisheries production in the haor

region of Bangladesh.
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