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25.1

Introduction

Bangladesh is a country deeply connected to water, dominated by extensive flood plains, a complex network of rivers, and a dynamic system of
estuaries and islands, and a major coastal sea. A significant dependence on
aquatic resources also results in growing pressures on coastal ecosystems
and added risks from environmental change: the population of Bangladesh
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in its coastal region has doubled since the 1980s. The dependence is further challenged by significant environmental variability, often experienced
as a set of cyclones, floods and other hazards.
The dependence on aquatic ecosystems extends to its resources, such as
fish and fisheries, which contribute significantly to Bangladeshi culture,
economy and tradition. Fisheries supplies more than 60 per cent of the
country’s protein intake (DoF 2013) at an average per capita consumption of approximately 20 kg/year (DANIDA-DFID 2003). The sector
contributes approximately four and a half per cent to the national gross
domestic product (GDP), and provides direct employment to two million people on a full-time basis (DoF 2002) and indirect employment to
a further 13 million people (Alam et al. 2012; World Bank 2015). Such
is its fisheries dependence that Bangladesh is both the fourth largest
inland capture producer in the world (2003–2012) and the sixth largest
aquaculture producer (FAO 2016). Since independence in 1971 the fisheries industry has seen steady growth with production tripling in the last
two decades (Alam et al. 2012). Between 1984 and 2009 annual average
growth in fish production was more than five per cent largely driven by
the expansion in inland aquaculture fisheries, which grew at a rate of
almost ten per cent per year (Golub and Varma 2014).
This chapter explores how climate change will affect marine fisheries in
Bangladesh, and how management interventions can minimise or exacerbate such impacts. It will demonstrate that the marine ecosystem of
Bangladesh will remain productive but that the species benefiting from
this production may change. This is illustrated by investigation of the
specific impacts of climate change on Hilsa shad (Tenualosa ilisha) and
Bombay duck (Harpadon nehereus), two of the fish that contribute the
most to food security and nutrition in Bangladesh.

25.2

Structure of Fisheries Sector

The fishery of Bangladesh includes marine, inland and aquaculture sectors
(Fig. 25.1), each one with its own specific stressors and production trends.
In 2012–2013 the full fisheries sector produced 3.4 million tonnes of fish.
Marine and inland fisheries are connected because both target in particular
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Fig. 25.1 Fisheries production (expressed in tonnes) in Bangladesh 1950–2012:
marine catches, inland catches and aquaculture production (Based on data from
the FAO Global database)

Hilsa shad, a fish that spends part of its life cycle in the sea and part of it
in rivers. Aquaculture activities are also connected with capture fisheries
because they depend on the provision of larvae and juveniles from rivers
and marine ecosystems (Kathun 2004). However, there are many processes
involved in the development of aquaculture as an industrial activity,
beyond the availability of natural fish and shellfish resources. Fisheries has
been continuously growing in Bangladesh since 1950 (Fig. 25.1), with
aquaculture providing the majority of production in recent years.
The marine-based fishery in particular, which relies entirely on natural
production processes, is subdivided into subsistence, artisanal and industrial. The artisanal sector is the most productive with circa 500,000
tonnes of fish landings in 2012 (94 per cent of volume of landings).
Subsistence fisheries are of greatest importance for national food provision, and focuses on catches of species of lower commercial value. The
only industrial fishing developed in Bangladesh operates out of Chittagong
on the east coast and comprises two distinct industrial fisheries: shrimp
trawl and bottom trawl (FAO 2006).
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 arine Fish Catches and Their
M
Management

Freshwater habitats in Bangladesh are inhabited by 260 fin fish species,
25 species of prawn and 25 species of turtles (Ali 1999), as well as 23
exotic fin fish species that were introduced for aquaculture purposes
(Hossain 2010). Marine waters are habitat to 475 species of fin fish, of
which 65 are of economic importance, and host 38 species of marine
shrimps (Ali 1999).
Hilsa shad is the biggest fishery and the national fish of Bangladesh.
Locally known as ilish or ilisha, it is a euryhaline anadromous fish found
in marine, coastal and freshwater environments. A significant part of its
catch is exported to India, where it is especially consumed in religious
holidays and by Bangladeshis living in a number of outside countries. In
2012–2013, Hilsa contributed singlehandedly about ten per cent of the
total fish production of Bangladesh, with a market value of US$2250
million, about one per cent of Bangladesh’s GDP. In the last two decades,
Hilsa production from inland waters has declined by about 20 per cent,
whereas marine water yield has increased threefold (Kathun 2004).
Bombay duck supplies the second largest fish catch in the Bangladesh
coastal region and is the most popular subsistence fishery, representing
over 12 per cent of the catch (1.7 million tonnes), and consumed fresh or
dried. In addition to its food provision role, it is a lucrative fishery in the
Bay of Bengal despite its price being six times lower than Hilsa (65 BDT.
kg-1 versus 430 BDT.kg-1; 1US$=79 Bangladesh Taka (BDT)).
Bangladesh has a centralised fisheries management system under the
Department of Fisheries of the Ministry of Livestock and Fisheries. The
present Fisheries Policy was adopted in 1998 to enhance resources and production, reduce poverty through self-employment in the sector, supply the
need for animal protein, achieve economic growth and earn foreign
exchange while maintaining ecological balance, biodiversity and public
health. In 2006, the Ministry of Fisheries and Livestock adopted a Fisheries
Strategy pushing further towards poverty reduction, co-management and
conservation of resources. But even though the Hilsa fishery is regulated
through some technical management measures, such as reduction in mesh
size and fishing closures, the overall management of fishery resources in
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the country is currently insufficient to control effort. This is primarily due
to the lack of funding and resources committed to sustainable fisheries
management (FAO 2003).

25.4

 stimating the Effects of Climate
E
Change on the Marine Ecosystems
and Fisheries of Bangladesh

In fish-dependent economies such as Bangladesh (Toufique and Belton
2014), the combination of climate change, population growth and protein consumption patterns is a significant amplifier of pressures on critical national resources (Delgado et al. 2003; Merino et al. 2012). Yet there
are no major studies that have projected the structure and availability of
aquatic resources and ecosystem services into the future accounting for
the impacts of climate change. This research analyses the prospects for
fisheries maintaining its critical role in providing employment and provisioning ecosystem services and nutrition across the delta region.
Previous analyses have predicted a decrease in the productive potential
of fisheries in South and Southeast Asia as a result of climate change
(Barange et al. 2014). Understanding how this impact translates into the
future provision of fish products is crucial for the sustainability of
fisheries-dependent communities in coming decades (see Chap. 23). In
previous work based on simpler models, Merino et al. (2012) concluded
that marine fisheries production in Bangladesh may be reduced by five
per cent by 2050, leaving aquaculture to produce between 0.3 and 3.8
million tonnes of fish to achieve national fish consumption targets of
between 13 and 31 kg fish/capita, accounting for expected human population growth. In order to better quantify how climate change will change
the marine fish production potential in Bangladesh, a combination of
atmospheric, hydrological, ocean circulation and ocean biogeochemical
models is used (Fig. 25.2). A full description of these models is detailed
in Fernandes et al. (2016): here, a summary of these models is provided.
Climate data were taken from the UK Met Office regional climate
model (RCM) HadRM3P, which is dynamically downscaled from the

2050s-2000s

SST

net PP

river flow +10%
N -1% P +2%

river flow -15%
N -20% P -17%

river flow +8%
N -12% P +13%
80°E 85°E 90°E 95°E 100°E

0.8

1.2

1.6

–200 –150 –100 –50

2.0
0

80°E 85°E 90°E 95°E 100°E

Change in temperature(°C)
50

100

150
–2

Change in net primary production (mg C m

200

day–1)

Fig. 25.2 Changes in sea surface temperature (SST) and net primary production
(net PP) projected for the Bay of Bengal by 2050s, compared to baseline of values
for the 2000s. The rows show results for the three climate ensemble runs Q0 (top
row), Q8 (middle) and Q6 (bottom row). Changes in river flow volume, nitrate (N)
and phosphate (P) loads of the GBM rivers are shown in the left-hand panel of
each pair (Reproduced with permission from Fernandes et al. 2016 – Published by
Oxford University Press)
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global circulation model HadCM3 (see Chap. 11 and Caesar et al. 2015).
As delta regions are particularly sensitive to precipitation and river run-
off, outputs from an integrated catchment model (see Chap. 13 and
Whitehead et al. 2015a, b) were used to determine run-off and associated
nutrient loadings from the delta rivers into the Bay of Bengal. The model
took account of both climatic scenarios (Q0, Q8, Q16) and patterns of
upstream water use according to three socio-economic scenarios (Less
Sustainable (LS), Business As Usual, (BAU), More Sustainable (MS)) scenarios (Whitehead et al. 2015a, b). The results of the Q0-BAU, Q8-LS
and Q16-MS were used in further simulations.
A regional POLCOMS-ERSEM coupled model (Holt et al. 2009;
Butenschön et al. 2016) was used to project both the physical state of the
ocean (temperature, salinity, currents, light level), as well as the biogeochemistry and plankton production in the Bay of Bengal (see Chap. 14).
The model simulates the dynamics of nutrients (C, P, N and Si), phytoplankton, zooplankton and bacteria, as well as particulate and dissolved
organic matter. The model domain covers the entire coastal area of
Bangladesh up to 200 km beyond the edge of the continental shelf, with
a horizontal resolution of 0.1° and 42 vertical levels. For each climate
dataset, the model was run continuously for 1971–2099.
Outputs from the POLCOMS-ERSEM model were then used to drive
a dynamic marine ecosystem model that predicts potential production by
size class of fish, taking into account food availability, predation effects
and temperature effects on feeding and mortality (Blanchard et al. 2012).
Size-based methods like this are useful in that they capture the basic metabolic properties and dynamics of marine food webs, describing energy
flux and production by size class, independent of species’ ecology
(Blanchard et al. 2012). To make specific projections for key species,
however, a second model, called SS-DBEM, was used (Fernandes et al.
2013, 2016, 2017), which projects changes in species distribution and
abundance over time while explicitly considering changes in production,
dispersal and physiology as a result of changing ocean conditions, as well
as species interactions (Fernandes et al. 2013). The size-spectrum model
was applied to explore potential changes in the total productivity of the
Bangladesh Exclusive Economic Zone under both climate change and
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fishing scenarios and the SS-DBEM for the two target species (Hilsa shad
and Bombay duck), for up to 2099.
In order to estimate potential fish catches not only need to project
production potential is required but also management interventions.
Fisheries management in Bangladesh is limited to technical measures that
are insufficient to control and limit overfishing practices. In order to
understand the importance of management interventions, three plausible
fisheries management scenarios were defined, based on specific levels of
fishing pressure in relation to the species’ maximum sustainable yield
(MSY). MSY is defined as the highest average theoretical equilibrium
catch that can be continuously taken from a stock under average environmental conditions (Hilborn and Walters 1992). It aims to maintain the
population size at the point of maximum growth rate by harvesting the
individuals that would normally be added to the population, allowing the
population to continue to be productive indefinitely. The three scenarios
are based on adjusting fishing mortality, the parameter that determines
the amount of fish that is removed from the stock through fishing. These
scenarios are named ‘Sustainability’, ‘Business As Usual’, and ‘OverFishing’.
The sustainability scenario (MSY) involves adjusting the fishing mortality
(FMSY) to ensure the population remains at levels of biomass consistent
with their maximum Sustainable Yield. This is a theoretical value that
results in maximum catches while maintaining the population at their
productivity peak. The Business As Usual scenario (BAU) represents fishing mortality that is consistent with the average estimates of fishing mortality in the country (FBAU), which as illustrated later are below long-term
sustainability. The average fishing mortality for Hilsa shad in recent years,
the largest fishery in the country, is 1.86, or three times the fishing mortality consistent with MSY (FMSY). Hilsa shad and many of the brackish
species in the Bay of Bengal are considered to be being exploited at that
rate for the purpose of the BAU scenario. The OverFishing scenario (FOF),
on the other hand, involves the highest level of exploitation and corresponds to a scenario where management is not a constraint to the fishery.
Initial runs indicate collapse of catches and biomass at 4 * MSY (Fm of
2.4). The three scenarios are therefore consistent with status quo (BAU),
inaction (OF) and active management (MSY).
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25.5 C
 limate Change Impacts on the Bay
of Bengal Ecosystem
Projections of change by the middle of the twenty-first century show a
steady rise in sea surface temperature throughout the Bay of Bengal but a
more mixed picture for river flows, nutrients and net primary production
(Fig. 25.2). The temperature rise is greatest for the Q16 climate run,
which has the highest climate sensitivity. River flows vary between
increases of ten per cent to decreases of 15 per cent, depending on the
climate projection. Similar variability is observed in the nutrient loading.
There is a consistent fall in net primary production across most of the
northern Bay of Bengal under Q0. Primary production in the Exclusive
Economic Zone (EEZ) of Bangladesh rises in both of the warmer runs,
Q8 and Q16, and is greatest for Q8. The EEZ is the zone prescribed by
the UN Convention on the Law of the Sea over which a state has special
rights regarding the exploration and use of marine resources.
Figure 25.3 shows how these changes in environmental conditions and
primary production affect the overall fish production potential of the
Bangladeshi EEZ. The results indicate that all three climate runs result in
declines in fish productivity. Averaging the results per decade shows that

Fig. 25.3 Time series of changes in projected total fisheries production potential
in the Bangladesh EEZ according to the three climate ensemble runs (Q0, Q8 and
Q16) and in the absence of fisheries extractions. Values are expressed as a percentage deviation from the 2000 production for each ensemble run (Reproduced with
permission from Fernandes et al. 2016 – Published by Oxford University Press)
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the total fish productivity would decline between 1.3 per cent and 4.9 per
cent by 2050, and between 2.6 per cent and 8.3 per cent by 2100,
depending on the climatic ensemble run considered. These are not very
significant changes in potential production, and close to the error margins of such a modelling exercise.

25.6

The Role of Management Interventions

In order to explore the impact of particular fisheries, management scenarios model runs using the species-based model for Hilsa shad and
Bombay duck were undertaken. For this exercise, averaged outputs of the
three climate ensembles were calculated to enable a focus specifically on
the relative impacts of fisheries management decisions. The results are
presented relative to the year 2000 model outputs (not the actual catches),
but the different management interventions are implemented at year
1980, as the model needs to settle and reflect the interventions before the
period of analysis. For this reason, by 2000 the three management trajectories already diverge from the actual recorded catches. Results conclude
that both Hilsa shad and Bombay duck catches will decline over time
regardless of the fisheries management regime, but to different degrees
(Fig. 25.4). For Hilsa the decline stabilises under MSY management at
175,000 t by 2035, while it virtually collapses around the same period
under the OF scenario. A significant inter-annual variability is also
observed (Fig. 25.4). By the 2050s the decline in catches is between 39
per cent (under MSY) and 87 per cent. For Bombay duck inter-annual
variability is reduced (Fig. 25.4), and while catch potential declines continuously under all management scenarios, they do not lead to biological
collapse. By the 2050s this decline is around 35 per cent for all management scenarios. Potential catches are on average higher in the more sustainable scenarios (MSY) than in the BAU scenario for both species (91
per cent in Hilsa Shad and 37 per cent in Bombay duck by the 2050s).
It is useful to compare the outcomes of the BAU scenario in the 2000s
decade with those of a more sustainable scenario in coming decades. The
results indicate that a change to sustainable management would result in
a very minor decline in potential catches by the 2020s but a still s ignificant
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Fig. 25.4 Time series of catch potential projections (t) in the Bangladesh EEZ for
Hilsa shad (a) and Bombay duck (b) under different fisheries management scenarios (MSY or Sustainable exploitation, BAU or Business As Usual and OF or
OverFishing scenario). Error bars indicate variability between the three climate
ensemble runs (Q0, Q8 and Q16) and associated river run-off and nutrient loadings (Reproduced with permission from Fernandes et al. 2016 – Published by
Oxford University Press)

(25 per cent) decline by the 2050s (Table 25.1). Conversely, a future that
follows BAU with an OF scenario will bring catches by 2050s almost 95
per cent lower than in the BAU scenario for the start of the twenty-first
century (Table 25.1). For Bombay duck, potential catches by 2020s
under an MSY scenario will produce over 20 per cent more fish than
under BAU at the start of the century, with a decline of less than 20 per
cent by the end of the projection period (Table 25.1). Conversely, maintaining BAU fishing to the end of century would result in 40 per cent
decline in catch potential. What this demonstrates is that management

Bombay
duck

Hilsa shad

MSY
BAU
OF
MSY
BAU
OF

2050s–2000s
Δ catch (%)
−39.0 ± 20.1
−42.1 ± 7.6
−87.2 ± 11.1
−37.2 ± 4.0
−32.4 ± 7.0
−33.5 ± 7.3

2020s–2000s

Δ catch (%)

−20.6 ± 14.5
−30.7 ± 12.7
−29.3 ± 8.8
−7.4 ± 4
−13.9 ± 1.9
−19.2 ± 1.7

221.7 ± 14.9
156.7 ± 19.7
116.9 ± 13.0
114.7 ± 10.2
84.4 ± 19.5
65.0 ± 17.3

Average catch (‘000
tonnes/year)

Average catch (‘000
tonnes/year)
283.0 ± 30.0
227.9 ± 14.0
165.6 ± 3.0
124.2 ± 15.6
98.2 ± 23.7
80.3 ± 20.7

2020s

2000s

168.5 ± 35.3
101.3 ± 11.9
15.7 ± 13.6
77.8 ± 11.4
57.3 ± 15.4
43.5 ± 13.6

Average catch (‘000
tonnes)

2050s

Table 25.1 Change in catch potential for Hilsa shad and Bombay duck in the 2020s and 2050s, referenced to the 2000s
decade (in per cent), and average catch in each of the three decades (tonnes/year), according to three fisheries management scenarios. The reported values are the mean and standard deviation across Q climate scenarios (Reproduced with
permission from Fernandes et al. 2016 – Published by Oxford University Press)

480
M. Barange et al.

Marine Ecosystems and Fisheries: Trends and Prospects

481

interventions have the capability to mitigate or exacerbate the effects of
climate change on ecosystem productivity.

25.7

Implications and the Prospects
for Fisheries

In spite of the slight increase in primary production in Bangladeshi waters
by the mid twenty-first century, projections indicate some decreases in
the potential fish production. The complex relationship between temperature and primary production change may result in a higher proportion of fish biomass of smaller size, despite lower total fish biomass.
Marine and inland fish catches in Bangladesh have doubled since 1995
reaching 1.6 million tonnes per year (Fig. 25.1), of which Hilsa has contributed ca. 350,000 tonnes. The analysis in this chapter indicates no
evidence of increased productivity, and hence it is likely that the reported
increase in catches is driven directly by growing demand for fish products
rather than increase productivity of the Bangladesh EEZ. Increases in
Bangladesh population from 120 million to 158 million people since
1995 (World Bank 2015) and growing protein consumption (from
42.1 in 2005 to 49.5 in 2010, grammes per capita per day, BBS 2011) are
putting additional pressure on resources whose productivity is limited.
Managing this growth in demand, including better use of not just marine
but also inland and aquaculture resources (Bene et al. 2015) would be
important as climate change impacts start to make themselves felt.
The analysis here suggests larger decreases are projected for the two
main species compared to the total fisheries productivity change: decreases
in Hilsa and Bombay duck may provide ecological space for other species
to replace the main targets of the fishery. Possible replacement could
include Chacunda Gizzard Shad (Anodontostoma chacunda) and Toli
Shad (Tenualosa toli) for Hilsa Shad. It is well known that the complexity
of ecological interactions in the marine food web makes it difficult to
extrapolate studies on individual species to community or ecosystem level
(Walther et al. 2002). Thus, it is quite possible to observe differential
impacts at the community level compared to species patterns.
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The analysis also demonstrates that the management options to be followed in coming decades are crucial for the sustainability of fisheries and
their role as a nutritional and economic resource for the country (see
Chaps. 23 and 27). The implementation of sustainable management
practices for Hilsa would stabilise the marine catch to approx. 170,000
tonnes by the 2050s, but that continuing with current fishing mortalities
would reduce this to around 100,000 tonnes. A decrease in Hilsa shad
catch would have important consequences for a species with intrinsic
cultural value, and may cause a shift in the workforce from fishing to
other livelihood options (Hossain et al. 2015; Nicholls et al. 2015).
Bombay duck productivity is around half that of Hilsa shad, but the
catches and biomass are more stable. The projections here indicate that
catches of Bombay duck may not collapse as a result of unsustainable
fishing practices and climate effects by 2060, contrary to projections
for Hilsa. The reason for the different response compared to Hilsa relies
on its different sensitivity to environmental and climate conditions and
a broader range of feeding options (Fernandes et al. 2016; Zhang and
Jin 2014).
The impact that changes in the extension and composition of mangroves would have on fish production are not included in the model.
Although the importance of mangroves as fish habitats and nursery
grounds is well recognised (Islam and Haque 2004; Hutchison et al.
2014), the exact impacts of changes on fish populations are still uncertain
and unquantified.
Although this chapter focuses explicitly on marine environments and
their resources, climate change impacts do include coastal zones and their
associated inland fisheries. Drought coupled with siltation and lowering
water level is reducing overwintering habitat for indigenous fish species,
resulting in reduced fish recruitment. Lower dry season flows in major
rivers have and will continue to deplete riverine fisheries. Due to a
decrease in groundwater and surface water, extreme pressure has been
exerted on floodplains to convert them to crop fields, brick kiln and other
infrastructures, resulting in worrying declines in fish diversity and production. Erratic and irregular rainfall as well as temperature change will
affect the readiness, maturity and gonad development of fishes in the
breeding season. Higher water temperature brings changes in physiology
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and sex ratios of fish species, altered timing of spawning, migrations, and
peak abundance, changes in timing and levels of productivity across
marine and freshwater systems and increased invasive species, diseases
and algal blooms. Thus, the effects quantified here are not comprehensive
for other inland fisheries.
Since fishing is the second most important source of livelihood in
coastal Bangladesh, exploring plausible future trajectories of the resources
will allow the exploration of alternatives futures comparing the use of all
natural ecosystem services of Bangladesh as a tool to aid sustainable
resource management and regional development planning.

25.8

Conclusions

Results show that the impacts of climate change, under greenhouse emissions scenario A1B, are likely to decrease the potential total fish production in the Bangladesh EEZ by less than ten per cent. However, these
impacts are larger for the two major species (Hilsa shad and Bombay
duck), even under sustainable management practices.
It is demonstrated that sustainable management practices would stabilise the marine catch of Hilsa around 170,000 tonnes by the 2050s
decade, approximately 70 per cent of current catches. However, failure to
implement sustainable management practices, combined with climate
effects could reduce Hilsa catches by 2050 by up to 90 per cent of current
catches. On the other hand, catches of Bombay duck may not collapse as
a result of unsustainable fishing practices and climate effects by 2060.
Sustainable management measures would maintain current catches to a
large extent. The reasons for the different response rely on the fact that
Hilsa has slightly higher estimated intrinsic population growth rates and
adult movement rate compared to Bombay duck, allowing it to track
environmental changes more closely.
Hilsa shad is the largest fishery by volume in Bangladesh and a species
with very significant economic and cultural value. Bombay duck is the
second highest catch in Bangladesh and is a much cheaper fish than Hilsa
Shad. The analyses indicate that environmental and climate change
would impact negatively Bangladesh fisheries. However, it is demonstrated
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that good management can mitigate catches losses, while bad or no management can exacerbate the impacts of climate change.
The results of this research should allow for the exploration of future
sustainable trajectories of the fishery sector through testing plausible scenarios. These could be used as a tool to aid sustainable resource management and regional development planning.
Fish is critically important to food security and good nutrition
(Beveridge et al. 2013), and fisheries a crucial provisioning ecosystem
service in Bangladesh. Fisheries not only provide food but also livelihoods and economic trade, particularly important for coastal communities who are often among the poorest in society. Ensuring the sustainability
of the underlying marine and inland resources, in the face of climate
change is crucial (see Chap. 2). This research has demonstrated that this
ecosystem service can be maximised through responsive and effective
management, for the purpose of feeding and supporting coastal communities. Inaction has a cost, and in the context of climate change, this cost
would be too high in terms of food provision alone to be forgotten.
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