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ABSTRACT
The shrimp industry of Bangladesh is well experienced and
almost the sole contributor to fish export. The rapid growth
of pangasius aquaculture has emerged as a new opportunity
for export but the export path is uneven for a new species. This
article identifies areas where the pangasius industry can use
knowledge obtained from the development of the shrimp
industry to develop its own export opportunities. The shrimp
industry has developed infrastructure and a specific legal fra-
mework in the form of e-traceability and licensing to comply
with food safety and certification requirements of its global
buyers. The pangasius industry can also learn from the mis-
takes of the shrimp industry, particularly those concerning
planned ponds and dike systems. The experience of the shrimp
industry is a new school of learning for the pangasius industry
to get access to the global market.

KEYWORDS
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Introduction

Global demand, production and consumption of seafood have increased
over the last two decades and aquaculture is currently the fastest growing
animal food producing industry in the world (Food and Agricultural
Organization of the United Nations [FAO] 2016b). With inequalities in
regional supply and demand, fish is a highly traded good worldwide. In
2014, one-third of total fish production was exported and developing
countries’ share was 67%, with China, Vietnam and Thailand being
among the top five exporters globally (FAO 2016a). Bangladesh ranks
sixth for aquaculture production globally (FAO 2016b), and despite
a significant volume of fish production, ranks only 41st among fish
exporters (FAO 2016a). The country’s fish exports depend on its shrimp
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industry, which accounts for almost all of Bangladesh’s fish export rev-
enue (Bangladesh Frozen Food Exporters Association 2016).

Bangladesh produced 3.5 million metric tons fish in 2014, of which approxi-
mately 2 million tons came from aquaculture (Department of Fisheries 2016).
From 1984 to 2014 farm fish production in the country increased sixteen-fold
(Hernandez et al. 2018), but fish exports did not follow this growth. According
to a report by the Department of Fisheries (2014), Bangladesh has 807 available
fish species, but shrimp alone contributed 91% of fish export revenue
(Bangladesh Frozen Food Exporters Association [BFFEA] 2016). The brackish
water tiger shrimp (Penaeus monodon) and freshwater prawn (Macrobrachium
rosenbergii) are first and second important export crop of the shrimp industry
(Belton 2016). The shrimp and prawn contribute 50% and 41% to the total of 122
thousand tons of farmed shrimp/prawn production in 2018 (Department of
Fisheries in Bangladesh 2018) and both are considered in this study. Besides
shrimp, production and sales of pangasius have grown rapidly since 2008 in
Bangladesh and there is a high potential for further growth. Almost all ponds
and rivers in Bangladesh are suitable for pangasius culture. Therefore, pangasius
has the potential to overtake shrimp as Bangladesh’s leading frozen food export
item (Alam 2011).

Pangasius (Pangasianodon hypothalamus) production increased thirteen-fold
in Bangladesh bewteen 2006 and 2015 (Department of Fisheries in Bangladesh
2016), and is widely accepted among consumers in Bangladesh as a cheap fish. In
Europe, it is seen as a cheap alternative to marine fish, with markets for pangasius
being integrated with cod, saithe and pollack in Germany (Bronmann, Ankamah-
Yeboah, andNielsen 2016), and to domestically farmed catfish in theUnited States
(Belton, Haque, and Little 2011a). Moreover, pangasius exports are largely non-
existent and prices in global markets are inflexible to the growing supply, indicat-
ing that an expansion of global exports would not lead to a substantial price
reduction (Thong et al. 2017). Pangasius aquaculture and the pangasius value
chain in Bangladesh are, however, in their current states, far from being organized
into an export-oriented commercial industry.

Over the last 45 years, the shrimp industry faced a lot of challenges to
become an export oriented industry, including on infrastructure, input sup-
ply, legal framework, product quality and food safety and management
practices to comply with international requirements (Dey, Alam, and Bose
2010). The industry is, however, still struggling on environmental degrada-
tion and the Early Mortality Syndrome (EMS) diseases that started in 2011.
The shrimp industry in Bangladesh is, therefore, not able to take a strong
sustainability position in the global shrimp market. Though the industry is
struggling against these challenges, it is the only fish exporting industry in
the country and the only example development of farming of other species
for export. The success, failure and continuous struggling of the shrimp
industry in Bangladesh is a learning topic for developing the pangasius
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industry. Shrimp and pangasius are different in production, but both indus-
tries are conducted in the same socio-economic environment, where chal-
lenges faced by the pangasius industry today are similar to those earlier faced
by the shrimp industry. It is argued that the transfer of knowledge, skill and
experience from the shrimp industry can help the pangasius sector to accel-
erate its transition from a purely domestic, scattered and unreliable industry
to a commercially viable value chain with global market access.

The purpose of this article is to investigate the lessons that the emerging
pangasius industry can learn from the experienced shrimp industry in
Bangladesh, with a focus on the whole value chain. The article also investi-
gates the phases, processes and struggles that the shrimp industry has been
through and overcome, as the pangasius industry may face similar challenges
in getting access to the international market. To our knowledge, species-wise
diversification of aquaculture production in developing countries has not
been studied previously.

Despite different species and aquaculture practices, the two industries are
likely to face similar barriers and challenges to export growth, the reason is
that the both of the industries are operating within the same country, under
similar socioeconomic, demographic, legal, natural, and political environ-
ments. It is argued that while successful exports of a species in one country
can hint at the market potential and feasibility of another country developing
its own export industry for that species, the successful export of a species
within the same country can provide guidance for developing a new aqua-
culture industry for a different species. Furthermore, economies of scope may
be exploited, for example, by using the excess capacity of one aquaculture
industry for developing another.

The current status of the pangasius and shrimp industries, including the
respective aquaculture practices, production, value chains, challenges and
prospects, is described in sections 2 and 3. Section 4 identifies and analyzes
the lessons that the pangasius industry can learn from the experiences of the
shrimp industry and is followed by a conclusion.

Current status of pangasius in Bangladesh

Production and growth

Pangasius (Pangasianodon hypothalamus) was imported from Thailand in
1990 by the Bangladesh Fishery Research Institute (BRFI). In 1993, the
BRFI’s scientists successfully spawned pangasius in their laboratory (Sarker
2000). The fish was broadly accepted by farmers because of several features: it
is well adapted to the weather conditions in Bangladesh, it is easy to culture,
has good survival rates, is capable of fast growth, is able to reproduce with
high stocking densities and has high market demand because of its low

JOURNAL OF APPLIED AQUACULTURE 3



market price (Ali, Haque, and Belton 2013). Pangasius was first cultivated in
homestead ponds, and when it achieved high productivity, agricultural land
was converted into commercial pangasius farms (Ali and Haque 2011).
Figure 1 shows that pangasius farming is spread over different parts of the
country, while shrimp production is concentrated in the coastal region.

The production of pangasius dramatically increased from 2011, comparing
to shrimp the volume of pangasius production in Figure 2.

Value chain structure

The pangasius value chain begins with the production of seed. Hatcheries, which
produce fry and grow up hatchlings up to 2–3 cm long in their own pond, are the
main source of pangasius seeds. The fry is then purchased by nurseries or
farmers and is reared to a size called fingerlings – approximately 5–12 cm in
length (Ali, Haque, and Belton 2013). Nurseries sell fingerlings to farmers
directly, sometimes through middlemen as well. The aquaculture on the farms
begins betweenMarch–May and the average culture period (Belton et al. 2011b).
65% of farmers use commercially made feed of different brands and the remain-
ing 35% use uncooked sun-dried feed made by small and medium-scale produ-
cers (Ali, Haque, and Belton 2013). The food conversion ratio is approximately
2.0 (Belton et al. 2011b). Most farms comprise a polyculture of pangasius and
carp because carp eats unused pangasius feed (Ali, Haque, and Belton 2013).

From the farm gate, pangasius is sold with fish, such as carp and tilapia,
through the same value chain. Besides the input supplier and farmer, four other
intermediaries are involved in the downstream value chain: brokers, wholesalers,
commission agents and retailers (Alam et al. 2012). The broker works as an
informant and establishes a connection between the farmer and wholesaler,
receiving a fee from the farmer. In some cases, input suppliers also act as brokers.
Figure 3 shows that multiple wholesalers may be involved when the distance is
large between production and consumption area. The wholesalers purchase 96%
of the fish from farms either through direct contact with farmers or by using
brokers or commission agents in the production areas. The wholesaler in the
production area sells one-third of the fish to local retailers and transports the rest
to the big cities and towns that are the main consumption areas. Fifty-seven
per cent of the product is purchased by the retailers in the cities, with the rest
purchased by another type of wholesaler, who sells the fish to suburban retailers;
their share is only 5%.

The price is determined by both bidding and contract. Most transactions
go through commission agents and they have a market in every area. The
commission agents arrange auctions at fixed shaded places where farmers,
wholesalers, and retailers gather. The commission agents call the price,
working as a bargaining agent in favor of the seller, from whom they receive
3–5% commission (Alam et al. 2012). Only 4% of the fish is sold directly by
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farmers to retailers. The remainder of the fish will have passed through two
(broker or commission agents and wholesaler, 34%) or 57% goes through
three intermediaries (broker or commission agent, wholesaler, and commis-
sion agent) before being sold to retailers. In extreme cases, the fish will have
passed through four intermediaries: two commission agents and two whole-
salers (5%). Commission agents first connect farmers and wholesalers,
and second, they connect wholesalers and retailers through their auctions,
both in the production and consumption areas.

Figure 1. Major areas of shrimp and pangasius aquaculture in Bangladesh.
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Retail fish markets are usually larger shaded areas where individual retai-
lers use large bamboo crates to store and display pangasius. Some retailers
wander by foot from door to door carrying an aluminum bowl to sell directly
to households. The price is set through open market negotiations between
the retailers and consumers. Retailers create greater value and receive the
highest marketing margin compared to other middlemen (Alam et al. 2012).
Consumers usually buy both live and iced fish and pangasius is usually sold
unprocessed in the local market.

Figure 2. Bangladesh’s yearly pangasius and shrimp/prawn production (Metric tons).

Figure 3. Pangasius value chain in Bangladesh with value and volume flow.
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Challenges

The environmental degradation and product quality are significant challenges
for this industry. The conversion of agricultural land to pangasius farms has had
multiple effects on food production and biodiversity (Ali and Haque 2011), and
production practices have led to a number of problems with food quality. The
pangasius flesh produced in Bangladesh is yellow and often characterized by off
flavors. This poses a barrier to export markets, where a white or light pink flesh is
desired (Edwards and Hossain 2010). The optimum white color can be attained
by increasing the frequency of water exchange (Belton, Haque, and Little 2011a)
and reducing the maize content in the feed (Edwards and Hossain 2010). Hoque
et al. (forthcoming) identified color component (carotenoids and astaxanthin)
and nutrient compositions (protein, oxidized fat, vitamin, and mineral pre-
mixes) of feed as influential drivers of the yellow color of the fillets. Moreover,
they found that some chromotophore cells, physiological phases (fish size, age,
sex, internal hormones and enzymes) and post-harvest handling were respon-
sible for the yellow color of the flesh, which are all controllable. Changing the
water more frequently can reduce problem with the flavor, too. However, water
exchange is practiced only at a minimum level in Bangladesh, and 15% of
farmers never change their water (Anka et al. 2014). Alam (2011) identifies the
technical efficiency of an average pangasius farm as being 86%, the allocated
efficiency 62%, and the cost efficiency 54%. He adds that pangasius farmers are
aware of input prices, but not on the proper use of inputs. There is a need to train
pangasius farmers on input use. Some regional demonstration ponds like the
Adarsha Pangas Pukur (Ideal Panagas Pond) could help to increase quality
pangasius supply. A comprehensive program for the development of the panga-
sius industry needs to be formulated, focusing mainly on environment and feed.
Good farm management practices in relation to the environment and the use
quality feed may enhance the acceptability of pangasius in home and abroad.
The stakeholders of the pangasius value chain need knowledge on the require-
ment of international markets, quality, certification, trading method, and policy
to make the industry export-oriented.

Export opportunities

The low cost of pangasius production in Bangladesh make the fish compe-
titive in export markets (Belton, Haque, and Little 2011a). Vietnam produces
more than 75% of pangasius globally (Globelfish 2015) and in 2017 Vietnam
exported for US$1.8 billion. The production of pangasius in Bangladesh
varies between 38 and 70 tons per hectare (Table 1), because of the mixed
culture of carp and pangasius, feed, seed, water quality, and farm manage-
ment. In comparison, Vietnam produces 370 tons per hectare of pangasius.
Intensive and scientific pangasius culture practices in Vietnam are the main
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reason for the larger production. The cost of production and the mortality
rates are lower in Bangladesh than in Vietnam. Belton, Haque, and Little
(2011a) claim that pangasius production in Bangladesh is not as resource-
intensive as in Vietnam. That reveals the expansion opportunity of
Bangladeshi pangasius. Generally, diseases in fish can be a challenge for
exporters, but for pangasius, diseases are limited and the mortality rate is
less than 2% of a production cycle (Ali, Haque, and Belton 2013).

The simultaneous use of artificial propagation techniques, pond depth,
regular water exchange, large commercial farming, organized infrastructure,
structured legal framework, farming experience and efficiency leads to the
huge production. The United States of America, China, and European Union
are main market of pangasius and Chinese market is growing fast.

Current status of shrimp in Bangladesh

Production and growth

Shrimp farming in Bangladesh started in the late 1960s in peripheral lands
near the mouth of coastal rivers in inundated saline water in the Chittagong
and Khulna regions. From the late 1970s to the early 1980s the industry grew
gradually, with farms expanding rapidly in the early 1990s (Ito 2002). In
2014, shrimp farming covered 275,000 ha (Department of Fisheries 2016),
increasing from just 20,000 ha in 1980 (Deb 1998). Bangladesh produced
203,000 tons of shrimp in 2015. After significant growth in the early years,
shrimp production has remained constant since 2011 (Figure 2). Early
Mortality Syndrome (EMS) and other diseases have restricted production
growth in recent years, a problem common among all the leading exporter
countries, including Ecuador, Indonesia, and Thailand.

Low lying coastal areas are preferred for shrimp farming in Bangladesh
because of the inundation of tidal water (Ito 2002). At the beginning, farmers
tapped tidal water in low lying inter-tidal lands which carried wild seeds of
shrimp and finfish and allowed growth without any form of management
(Rahman andHossain 2009). The shrimp were then harvested after 3–4 months.
Knowing the economic return, the farmers built traditional shrimp ponds –
earthen ponds or rice fields situated in areas impounded by dykes – and kept the
arrangement of tidal water exchange for shrimp (Paul and Vogl 2011). Usually,

Table 1. Aquaculture practice in Vietnam and Bangladesh.
Vietnam Bangladesh

Production cost (US$/kg) 0.75 0.66
Production (ha/ton) 370 38–70
Pond depth (m) 4 1.15–1.64
Survival rate (%) 75–80 90

Source: Belton, Haque, and Little (2011a, 2011b); Ali, Haque, and Belton (2013).
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the ponds are used to grow rice from August to January and to culture fish from
February until July or August (Deb 1998). The ponds are not always
a monoculture, and sometimes farmer stock finfish together with shrimp.
However, the culture system has changed over time, with farmers having
moved from traditional to intensive farming. This has led to an increase in
production of 50 times that of the traditional practices (Primavera 1993). Today
the shrimp aquaculture in Bangladesh is classified into four categories: tradi-
tional, extensive, semi-intensive and intensive (Paul and Vogl 2011).

Value chain structure

There are six to eight actors working in the shrimp value chain, including
input suppliers, farmers, traders, processing plants and exporters (Islam et al.
2014) that define in Figure 4.

The hatcheries and the wild post-larva collectors are the main sources of
shrimp seeds. Shrimp brood is collected from the deep sea and sold to the
hatcheries. The hatcheries hatch eggs from the collected brood and produce
post-larva. The majority of shrimp farms in Bangladesh are located in the
Khulna region, but the water there is not suitable for hatcheries. There are 56
hatcheries in Cox’s Bazar and 27 in the Khulna region. Long distances
between the hatcheries and the farms add to the costs of transportation
and increase the mortality of the post-larva. Sixty percent of post-larva is
transported by air and the remaining 40% on land by truck (United States
Agency for International Development 2006). Large hatcheries use their own

Figure 4. Shrimp value chain in Bangladesh with volumes and value flow.
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distribution channels to sell the fry, whereas small hatcheries distribute theirs
through fry traders.

The industry depends on both hatcheries and wild post-larva, although
wild post-larva collection is banned by the government (United States
Agency for International Development 2006). Post-larva collectors sell their
goods to accumulators and wholesalers who then sell them to post-larva
traders to sell to the farmers. Ready-made feed, locally crushed feed, and
farm-made feed are available in the market. Figure 4 shows that there are
more middlemen involved in the export value chain than in the local market.
None of the actors involved are locked into contracts and they prefer
commission agents for receiving instant payments. Sometimes commission
agents, who are financially strong enough, buy shrimp from depots and sell
to exporters (United States Agency for International Development 2006).
Most exporters have their own processing plants and set their prices based on
the supply and demand on the international markets. Table 2 describes the
key performances of the relevant actors. Besides trading, some actors work as
informal creditors and information providers.

Figure 4 presents the general shrimp value chain of Bangaldesh, although some
variation arise in the value chains across local communities and districts. From two
separate studies in khluna district, Washim et al. (2015) and Omar et al. (2014)
evidence the presence of another commission agent, called account holders. These
are financially strong and work to bridge depot (collection center) and processing
plant or export firm.Moreover, two types of value chains are operating in the new
prawn farming district Noakhali; the traditional one with many middlemen and
another run by a community-based organization with farmers and local people.
The organization purchase prawn from farmers directly and sell to processing
plant, thereby eliminating all middlemen (Ahmed et al. 2016).

The marketing margin comes from subtracting the selling price from the
total cost of shrimp. Due to the absence of cost data of seed suppliers and
exporters, we could not show the exact figures for the marketing margin and
value addition of the two actors in Table 3.

The value addition is achieved by deducting the buying price from the
selling price. The value addition is at its highest (US $ 5.53) in the processing
stages (Table 3). However, the gross margin is only US $0.92 due to the
removal of shrimp heads, tails, and claws which results in 30% loss of weight
loss for the shrimp. This weight loss translates into US $3.50 shrinkage cost
per kilogram of shrimp.

Role and challenges

Shrimp is the second largest export good in Bangladesh, and in 2014 the
export was worth the US $50 million (Bangladesh Frozen Food Exporters’
Association 2016). According to United States Agency for International
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Development (2006), approximately 1.2 million people are directly involved
in shrimp production in Bangladesh and approximately 5 million people are
supported by the industry. Bangladesh’s shrimp exports are highly concen-
trated in the European Union markets (Rahman and Hossain 2009), and
frozen and iced shrimp are the main export items. In the European Union,
shrimp from Bangladesh is competing with farmed shrimp mainly of the
Paneaus Monodom and Paneaus Vannemei species from countries such as
Ecuador, Indonesia, and Thailand. The market for farmed shrimp is perfectly
integrated with wild-caught, cold-water shrimp in five European countries
(Ankamah-Yeboah, Staahl, and Nielsen 2017); however, Nielsen, Smit, and

Table 2. The main tasks of the actors in the shrimp value chain.
Actor Activities

Input supplier Hatches eggs from the brood and collects wild post-larva.
Manufactures and distributes feed.
Organizes training for farmers and promotes fish feed brands.

Shrimp farmer Stocks post-larva and culture in grow-out farms.
Uses the land for agriculture crops in the dry seasons.
Takes trade credit from input suppliers and credit from middlemen, and sells fish at
specific prices to the lender.
Sells the harvested products to wholesalers, commission agents or depots.

Broker Collects shrimp from farmers and sells to wholesalers, commission agents or depots.
Gives conditional loans to farmers that require the farmers to sell the shrimp to them at
an agreed price.
Borrows money from commission agents and is contractually bound to sell to them.
Sometimes supplies input equipment, such as lime, fertilizer, oil cake and bamboo, to
farmers.

Wholesaler Purchases in bulk and performs only trading activities.
Purchases from commission agents and sells to depots for the export market and to
inter-district commission agents for the local markets

Commission
agent

Organizes auctions.
Sometimes gives short-term credit to other actors.
Financially strong commission agents purchase from depots and sell to the exporter.

Depot Gathers shrimp to be used for exports through the processing plants.
Conducts some pre-processing activities such as grading, cleaning, and icing

Processing plant Collects shrimp from depots and processes shrimp for exports.
Does processing activities, include cleaning, beheading, packaging, warehousing,
processing and shipping.

Source: Islam et al. (2014) and the USAID (2006).

Table 3. Marketing margin and value addition of shrimp value chain actors (US dollar/kg).
Fry catcher/
hatchery

Fry
traders Farmer

Wholesaler/Commission
Agents

Processing
plant Export

Buying price 1.02 1.69 6.99 8.08 13.61
Other costs 0.07 2.48 0.09 1.11
Shrinkage 3.50
Marketing
margin

0.60 2.82 1.00 0.92 1.00

Selling price 1.02 1.69 6.99 8.08 13.61 14.61
Value addition 0.67 5.30 1.09 5.53 1.00

Source: Authors’ representation from USAID (2006).
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Guillen (2009) were unable to identify market integration between shrimp
and several different fish species in Europe. Hukom et al. (submitted) further
shows that consumers in one European market, Denmark, people are willing
to pay a premium price for the large farmed shrimp, and that fresh farmed
shrimp receives higher prices than frozen shrimp and sale under private
labels induce higher prices too.

Initially, the industry faced challenges in meeting the food safety and
quality standards required in foreign markets and needed to rectify this
(Alam and Pokrant 2009). Now the industry has a well-structured value
chain, established infrastructure and legal framework. But the industry is
still suffering on outbreak of Early Mortality Syndrome (EMS) diseases that
damage production and induce loss of market shares internationally. In
recent years, patterns of land use, environmental degradation and unethical
labor practices have become issues of concern (Ahmed et al. 2017; Rahman
and Hossain 2009; United States Agency for International Development
2006). The demand of the export market is shifting from raw to processed
and prepared shrimp. Hence, Bangladesh can gain from focusing on value-
added shrimp products (Ferdous and Ikeda 2015).

Lessons from the shrimp industry for the pangasius industry

Despite its different production nature, the sources of feed and medicine are
common for pangasius and shrimp. Transportation, infrastructure and the
value chain structure also have many similarities, as well as the main markets
and potential markets are the United States of America and the European
Union for both of the species. The pangasius industry, similar to the shrimp
industry before it, needs to develop products and processes that meet buyer
requirements in these markets. The pangasius industry may face export
challenges similar to those faced by the shrimp industry and thus can learn
from the experiences of the shrimp industry in the areas described below.

Production

Traditional shrimp farms increased production substantially by converting to
intensive farming with high stocking densities (Deb 1998). Pangasius farming
can be intensified and economies of scale can be achieved by excavating
deeper ponds, to 4–6 meters. Currently, the average depth of ponds used for
pangasius farming in Bangladesh is 1.64 meters in the rainy seasons and 1.15
meters in the dry seasons (Ali and Haque 2011; Ali, Haque, and Belton 2013).

The experiences from the shrimp industry also reveal the importance of
appropriate planning for scaling up. The water exchange infrastructure is
essential but was not sufficiently planned in the early stages of shrimp farming.
The initially unplanned and randomly established shrimp ponds did not have
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sufficient space between them for irrigation canals, and to save on labor costs,
the farmers just erected dikes around the ponds. Consequently, today the farm-
ers need to compensate regularly by using pumps to achieve the necessary water
exchange (Ito 2002). The failure of the shrimp industry guides the pangasius
industry to develop proper drainage system for water exchange early.

Input supply

Shrimp seed comes from both wild and hatchery sources. The wild shrimp
fry collection affect the wild shrimp stock negatively, while pangasius seed
comes from hatchery sources only. Across Bangladesh, there are 285 panga-
sius hatcheries in operation (Department of Fisheries in Bangladesh 2016).

Until the 1990, there was a shortage of ready-made supplementary shrimp
feed in the country and farmers had to import it from abroad; however, it
was difficult to receive the imported feed before its three-month shelf life
expired, which was detrimental to shrimp farming (Hussain 1994; Karim
1995). Now, more than 100 companies are producing fish feed locally (Belton
et al. 2011b). The average growth of commercial fish feed per year is 25–32%
and it continues to grow (Mamun-Ur-Rashid et al. 2013). The ingredients of
the fish feed industry is import dependent. There are some allegations and
rumors on the quality of pangasius feed that creates the negative impression
among pangasius consumers. The shrimp comply with the quality require-
ments of importers, but pangasius need not to follow any prescribed quality
standard. The strong monitoring of feed quality, enforcement of current fish
and fish product act and positive publicity can help to overcome the negative
image. Pangasius are exported as fillets and the by-product can be used for
making fish meal and fish oil which may support the fish feed industry.

The feed mills are operating at only 55% of their production capacity
(Bangladesh Fishery Research Institute [BFRI] 2011). The unused portion of
the production capacity could be used to meet the future demand of a rapidly
growing pangasius industry, which could thereby further increase its efficiency.

Infrastructural development

Bangladesh has developed the infrastructure for the shrimp industry gradu-
ally over the last four decades. Since 1997, Bangladesh has made significant
developments in the infrastructure, processes and human resources of the
whole shrimp value chain (Alam and Pokrant 2009). Rahman (2001) quan-
tifies the cost of this significant development as $18 million USD. However,
Alam and Pokrant (2009) and Bose identify an over-investment in the
shrimp processing industry compared to shrimp production: only 20–30%
of the processing capacity is being used. Given this gap, the pangasius
industry could benefit from using the remaining 80% of processing capacity,
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saving the need for large capital investment because the basic infrastructure
and main machineries are the same for the both species.

The shrimp processing plants are located in southern part of the country
near the seaports of Chittagong and Khulna, where all exported fish need to
come for shipment. The distance from the main pangasius production area of
Mymensingh (Figure 1) to the shrimp processing plants of Chittagong is
355 km (travel time of approximately 7 hours) and from Comilla to
Chittagong is 146 km (travel time of approximately 3 hours). The pangasius
produced in the Bogra and Barisal in the western and southern parts of the
country may use the shrimp processing plants of the Khulna regions where
the greatest distance is 300 km. Live pangasius can be transported for four to
eight hours, which allows sufficient time to reach a processing plant. Live
pangasius is already transported in plastic drums from Comilla, and some-
times from Mymensingh, to Chittagong for local consumption.

For shrimp, the inappropriate temperature of transportation is a common
reason for poor quality. The Government of Bangladesh and the BFFEA, with
the help of funding agencies and importers, invested heavily in the issue, and
the Department of Fisheries received monitoring authority to supervise the
issue. The problem was overcome by implementing Hazard Analysis and
Critical Control Point rules, reducing the time from farm to processing plant
by shifting pre-processing activities to the processing plant, and using ice and
insulated vans. Live pangasius, however, can be transported with minimal
water and refrigerated or insulated vans are not always required when
transporting them to the processing plant. This indicates a comparative
advantage of the pangasius industry over the shrimp industry.

Food safety

The significant development of the shrimp industry in Bangladesh was fostered
by the Bangladesh Government in response to two major shrimp export bans,
one by the European Union and the other through self-exemption by the
Bangladesh Government. In 1997, the European Union banned the imports of
shrimp from Bangladesh for six months. Rahman (2001) estimated the cost of
this ban to be US $65million . In response, the BangladeshGovernment invested
heavily and introduced new rules for quality control of fish and fish products
which adopted all the Hazard Analysis and Critical Control Point rules as well as
other food safety requirements of buyers (Islam 2008). The industry’s whole
value chain underwent significant reform, resulting in investments in human
resources, infrastructure and backward linkage development for the seed and
feed industries. The relevant parts of the reforms are explained in Table 4.

The Government strengthened, equipped and gave sole authority to the
Department of Fisheries to monitor, evaluate and sanction licenses to actors in
the value chain. Alam and Pokrant (2009) reported that between 1999 and 2004,
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427 depots were approved by the Department of Fisheries, and 127 depots were
closed for failing to comply with required standards. Processing plants were
required to keep unprocessed or semi-processed shrimp at a temperature of −5
degrees celsius, and to keep processed shrimp at a temperature between −12 and
−20 degrees celsius in a warehouse. Furthermore, the Department of Fisheries
was empowered to introduce nation-wide training for fish food safety monitor-
ing and quality control. This move was highly appreciated by importers (Dey,
Alam, and Bose 2010).

Belton et al. (2011b) describe the Bangladesh Government resuming
shrimp exports to the European Union at the end of 2010 for eight months,
which resulted from the Department of Fisheries identifying nitrofuran
compounds in shrimp. The Department of Fisheries became a skilled stake-
holder through its extensive dealing with the shrimp industry and the
European Union. This experience, skill and efficiency would also be applic-
able to the pangasius industry.

Certification and trace-ability

Bangladesh was listed as one of the European Union’s source countries for fish
and fishery products in 2004 (Dey, Alam, and Bose 2010), which indicated its
improvement and subsequent competency on food quality and safety standards.
The European Commission developed and launched a “Hygiene package” in
January 2006, aiming to merge and simplify its detailed and complex hygiene
requirements. The Department of Fisheries has adopted the package. When
exporting pangasius to the European Union, the exporter needs to comply with
six standards (Belton, Haque, and Little 2011a). Similar to the actions taken for
the shrimp industry, Bangladesh should ensure that the pangasius industry
meets all the requirements of pangasius buyers, even if this means amending

Table 4. Shrimp value chain reforms.
Actors Corrective measures

Shrimp farmers Improved icing after harvests.
Set sanitary toilets instead of hanging toilets in the farm areas.

Middlemen A greater consciousness of hygiene, sanitation and ice use.
Banned open spaces for piling products and processing activities, including de-
heading and grading,.
Introduced traceability.

Depots Operate under the DOF’s license arrangements.
License arrangements ensure compliance with the required standards of hygiene,
sanitation, legal issues, labor rights and traceability.
The government established a shrimp landing and service center.

Processing plants Investment in infrastructure and human resource to meet the Hazard Analysis and
Critical Control Point rules and European Union standards.
Plants require approval from the DOF and the European Union.

Source: Compiled from Alam and Pokrant (2009) and the BFFEA (2016)
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the fish and fish food rules of 1997 or promulgating new rules with the
responsibilities for implementation given to the Department of Fisheries.

Traceability is a major requirement of buyers, and the Bangladesh govern-
ment and the Bangladesh Frozen Food Exporters Association introduced
paper-based traceability for shrimp in 2009. Its implementation as a pilot
project resulted in large volumes of information, time-consuming paperwork,
and much inconvenience. Documentation, data mining and data analysis
were challenging and it was difficult to get the optimum outcomes. In
January 2016, they launched an e-traceability system. If this electronic trace-
ability project is successful, it may be usable in the pangasius industry too.

Environmental challenges

Environmental and social scientist Primavera (1997, 2006) criticized the
unplanned, unregulated, commercial expansion of shrimp farms globally.
The shrimp industry is still dependent on wild shrimp fry. Selim (1994)
explains that during the wild fry collection, up to 99 species of shrimp and
finfish can be destroyed. The Bangladesh government banned wild fry collec-
tion but its weak implementation has brought little success.

The cultivation of shrimp spread from brackish water coastal ponds to
inland paddy fields and resulted in the destruction of many natural inhabi-
tants and threatened the ecosystem of the mangrove forest Sundarban
(Ahmed et al. 2017; Paul and Vogl 2011). Mangrove deforestation is the
major reason for blue carbon emissions which contributes to climate change
(Ahmed et al. 2017). Considering its adverse effects, Primavera (1997) and
Deb (1998) doubt the sustainability of shrimp culture. In response to the
criticism, Paul and Vogl (2011) and Wahab et al. (2012) make the point that
sustainable shrimp farming can be developed by implementing good aqua-
culture practices and the best management practices.

Eco-hydrology-based shrimp farming can recover degradation of the
coastal ecosystem (Sohel and Ullah 2012). To handle the adverse effect of
shrimp cultivation on the environment, the Bangladesh government pro-
mulgateed ‘Environment Conservation Rules, 1997ʹ to protect the natural
resources and ensure eco-friendly development. The industry is now oper-
ating under a common guideline, The National Shrimp Policy, 2014, which
highlights the protection of mangrove forests, common canals and water
bodies, agricultural production and the maintenance of eco-diversity.

The allegations of environmental degradation leveled at the pangasius
industry in Bangladesh are a result of its high stocking density, conversion
of croplands to ponds, huge feeding rate, unused feed, intake of polluted
water, and frequent water exchange (Anka et al. 2014; Belton, Haque, and
Little 2011a). Converting agricultural land to ponds for pangasius farming
has an adverse effect on rice production, the natural habitat and the
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ecosystem (Ali and Haque 2011). The decomposed mud on the bottom of
ponds for pangasius farming is responsible for generating a distasteful flavor
in water and harmful gases that deplete oxygen. If the sediment remains on
the bottom of the pond for three years, the pond will no longer be fit for use.
Removing the mud from bottom of the pond not only healthier for the fish
but also good for the corps production. The sediment is rich in nutrients and
can be used as fertilizer for crop production (Haque et al. 2016). Ali and
Haque (2011) go on to state that sometimes untrained farmers make indis-
criminate use of chemicals, fertilizers and antibiotics that are harmful to
human beings and the environment, a situation exacerbated with water
exchange. No planned drainage system has been developed to discharge
farm water and, in the current practice, most of the polluted water released
goes to agricultural land and common water bodies such as rivers and canals,
as shown in Figure 5.

The pangasius industry require an appropriate drainage system as well as
an available sources of water to re-fill the ponds. The current practices of
discharging polluted water are a threat to the environment. The farm itself is
going to suffer from shortage of clean water, implying that co-existence of
farms become difficult. However, operation of pangasius farm under an
industry cluster increase efficiency (Rahman, Nielsen, and Khan 2019),
reduce costs and make farms more competitive. Furthermore, efficient use
of inputs especially stocking density, feeding and labor increase effective
production (Ali et al. 2018) and reduce pollution. These problems can be
overcome by introducing best farm management practices in the pangasius
industry. It is, however, difficult for poor and marginal farmers to cope with
environmental challenges, where financial and regulatory support from gov-
ernment is essential.

Figure 5. The sources of water for pangasius farming and the areas to which polluted water is
drained in the current water exchange practice in Bangladesh.
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Like the shrimp industry, the pangasius industry needs its own policies,
essential laws and awareness among stakeholders, initiatives and implemen-
tation. The Government and the BFFEA may take the initiative to handle the
environmental problems by promulgating a national policy on pangasius
farming, empowering the Department of Fisheries and giving it a licensing
authority. The Department of Fisheries will issue licenses to all the stake-
holders who meet environmental requirements and food safety standards.

Legal framework and government policy

In 1983, the Bangladesh Government passed the Fish and Fish Product
(Inspection and Quality Control) law, mainly for the export-oriented shrimp
industry. The Shrimp Cultivation Tax Act, 1992 was passed to impose
a higher tax on the land used for shrimp farming. However, the laws were
insufficient for the shrimp industry that did not cover the quality and
environmental aspects. After the European Union’s ban in 1997, the govern-
ment realized the limitations of the law of 1983 and wanted to bring all the
quality issues together in a single package, so it enacted the Fish and Fish
Product (Inspection and Quality Control) Rules, 1997. The new law, adopted
the Hazard Analysis and Critical Control Point rules, European Union
standards on food quality, as well as other quality guidelines, and introduced
rules for the quality control of fish and fish products which covered most
requirements of foreign buyers. In addition to rules for the quality of
products, the industry needed guidelines on land tenure, land allocation,
human rights, labor rights, and backward and forward linkage.

The National Shrimp Policy, 2014 was announced as a complete set of
policies and guidelines for the shrimp industry. Although the shrimp indus-
try has some separate laws, it still suffers for lack of a good legal framework
because some of the laws are outdated and inconsistent with present shrimp
aquaculture practices, and poor implementation of the laws exacerbates the
situation (Alam and Ahammad 2017). Ultimately, there needs to be inte-
grated coastal zone management (ICZM) in Bangladesh where policy, func-
tion and system will be considered in decisions relating to coastal zones
(Afroz and Alam 2013).

In contrast to the shrimp industry, there is no legislation enacted for the
pangasius industry in Bangladesh yet. Rules and policies should be developed in
stages to protect the industry as it grows. . This will allow a well-planned and
well-regulated industry to develop. Primavera (2006) and Ali and Haque (2011)
express urgency for specific legislation for the pangasius industry, claiming that
it will face similar problems and consequences to those that faced shrimp
farming in coastal areas. Being aware of the requirements from all stakeholders,
and based on the experience of the shrimp industry, the government should
prepare policies, rules and laws for the pangasius industry.

18 I. ISLAM ET AL.



Conclusion

Over the last 25 years, pangasius farming has evolved and developed strong
linkages that provide livelihoods for a wide range of stakeholders. The fish is
popular for its productivity, for being easy to culture, and for being cheap. The
pangasius industry has some challenges, however: inadequate water exchange,
an unpleasant flavor of the fish, a yellow tinge to the color of the flesh due to
poor aquaculture practices, little knowledge on food safety and certification, and
the absence of industry-specific policies, rules and laws. But the pangasius
industry also has some opportunities to embrace: a favorable natural environ-
ment that permits country-wide culture, low land and labor costs, minimal
disease resulting in low mortality rates in the fish and huge export potential.

Over time, the shrimp industry have had many successes, failures and it
continue to struggle. The shrimp industry overcame a range of challenges,
including the unavailability of inputs; poor knowledge of food safety, quality
and certification; the lack of good aquacultural practices; insufficient policies
and rules; and poor infrastructure in the value chain, including in the
processing plants. In 2004, Bangladesh was included in the EU’s list of
countries that it considered suppliers of quality shrimp and shrimp became
the largest contributor to Bangladesh’s revenue from fish export.

While shrimp and pangasius are different species, both species exists within
the same socio-economic environment, faces the same general legal framework
and are located in the same geographical areas. The pangasius industry has
similar challenges to those faced by the shrimp industry, but it has many
opportunities, too. The pangasius industry needs to develop planned pond
and drainage systems, something that has not happened in the shrimp industry.
The unused capacity of the shrimp industry’s feed and processing plants can be
used for pangasius without requiring any capital investment. Furthermore, the
by-product of the pangasius fillet could be used as a fish meal and contribute to
the import-dependent fish feed sector. With the development of infrastructure
for the shrimp industry, the government, businesses and researchers have gained
expertise which will ensure compliance with foreign buyers’ requirements on
issues such as food safety, certification, labor laws and human rights. The
improved logistics, the legal structure, governance practices and experienced
personnel of the shrimp industry is an asset for Bangladesh and can easily be
used to assist the development of the pangasius industry.

Like the shrimp industry, the pangasius industry needs separate policies
and laws that can provide common guidelines on land use, aquaculture
practices, trade, food safety, certification and meeting the quality require-
ments of foreign buyers. In contrast to the shrimp industry, establishing
policies and laws for the pangasius industry in this growth stage would be
advantageous as it would ensure development of a well-formed and well-
regulated industry. Establishment of good governance in pangasius industry
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is essential that learns from the weak implementation of policies and laws in
the shrimp industry became a barrier to solving problems of environmental
degradation and land use.

Most knowledge generated in the development of the shrimp industry can
be transferred straightforward, although some of it only become relevant
when the pangasius industry grow larger. The gains from economies of scale
and scope of the pangasius industry can also be achieved by using unused
capacity of the shrimp industry. These findings can serve as a guide for value
chain actors and policy makers to develop a pangasius policy founded on
shrimp experiences in entering international markets.

Finally, this shrimp-pangasius study, which shows how one aquaculture
industry with growth potential can learn from another experienced aqua-
culture industry, can guide other developing countries that plan to diversify
their aquaculture production in Asia, Latin America and Africa.
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