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ABSTRACT

The study tested market integration between cultured fish (tilapia and pangasius) against captured fish (hilsa,

swampbarb, prawn, wallago, and long-whiskered catfish) in the domesticmarket of Bangladesh. The Johansen

cointegration framework was applied to identify market integration between cultured and captured species

using monthly wholesale price data for the period January 2010 to May 2017. The study showed that the law

of one price was rejected in all market pairs except the pangasius and long-whiskered catfish pair, suggesting

imperfectly integrated markets. The study revealed mixed evidence of weak exogeneity tests, including cul-

tured and captured led markets as well as bidirectional relationships. Given the fact that cultured fish accounts

for a substantial market share, the implication is that the supply growth of aquaculture, all other things being

equal, reduces captured fish prices and, subsequently, reduces overexploitation, overcapacity, and the number

of fishers in a situationwhere overexploitation is prevalent. This appears to lead to a double gain in the long run,

with fish farmers producing and fishers catching more fish.

Key words: Captured fish, competition, cultured fish, error correction model, law of one price, market integration,

vector.
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INTRODUCTION

Fish is a core item of the diet in Bangladesh, as reflected in the Bangla saying, “Rice and fishmakes
one a Bengali.” The per capita fish consumption in Bangladesh has increased from 11.3 to 19.7 kg
in the period from 1964 to 2015. Per capita fish consumption is thus slightly higher than the av-
erage of other developing countries, which was 19.3 kg in 2015 (FAO 2018; Needham and Funge-
Smith 2015; WorldFish 2019). Fish plays important role by being a source of calories and animal
protein. Fish alone contributes 52% of animal calories (Toufique, Farook, and Belton 2018) and
almost 60% of the human intake of animal protein in Bangladesh (Sapkota et al. 2015). It is also
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the most important supplier of essential fatty acids and different micronutrients (Roos et al.
2007). Therefore, fish consumption is an important dietary component in Bangladesh.

Historically, fish in Bangladesh has been supplied mostly from inland capture fisheries that
consist mainly of freshwater fish (Bartley et al. 2015; Fernando 1994). While supplying fish
through inland capture fisheries remains prevalent today, farming of seafood (fish and crusta-
ceans) grew by 9.2% annually over the period between 1996 and 2016 (FAO 2019a) and is now
the main source of seafood with approximately 57% share (DoF 2017). Inland capture fisheries
production has decreased by 15% from 2009 to 2016 because of overexploitation (FAO 2019b).
On the other hand, the contribution of aquaculture has doubled at the same time (FAO 2019a,
2019b). With the increases in per capita fish consumption, the growth of aquaculture has filled
the gap of captured fish landings. Therefore, market integration between captured and cultured
fish species is expected in the Bangladeshi fish market. This study examines the effects of con-
tinuous aquaculture growth on inland fisheries in Bangladesh by testing the market integration
between the two cultured species, pangasius and tilapia, and the five captured species, hilsa,
swamp barb, prawn, wallago, and long-whiskered catfish.

Specifically, this study tests market integration between cultured and captured species in dif-
ferent wholesale markets in Dhaka, Bangladesh, to infer the effects of aquaculture supply growth
on inland fisheries. The study is relevant because in a developing country like Bangladesh, cap-
ture fisheries are often overexploited because of open-access or regulated open-access (Homans
and Wilen 1997) along with the additional efforts inducing extra costs. This leads to reduced
catches in the long run and encourages the development of aquaculture since only supplies of
farmed fish are able tomeet demand. If market integration exists, growth in aquaculture, all other
factors being equal, induces price reductions not only in aquaculture, but also in fisheries. This
has benefits such as increased long-term sustainable harvests of the regulated open-access fish-
eries by reducing overexploitation, overcapacity, and the number of fishers. Income of fishers
may increase or decrease, dependent on the size of the price reduction. If price reductions are
small, income ceteris paribus grows with the larger catches. If price reductions are sufficiently
large, income will fall. Own price flexibilities of demandmeasure the effect on prices when catches
change.While no inverse demand studies are known from the Bangladeshi fish market, own price
flexibilities on fish in other countries are identified in the range between –1 and 0 (Barten and Bet-
tendorf 1989; Burton 1992; Ioannidis and Whitmarsh 1987; Jaffry, Pascoe, and Robinson 1997;
Nielsen 2005). If that applies in Bangladesh, income of fishers ceteris paribus grows with increased
catches. Fishers do not leave the industry unless the profit of the marginal fishers is zero. In the
absence of market integration, inland fisheries remain unaffected by aquaculture.

Aquaculture and inland capture fisheries are important in Bangladesh, contributing a total of
3.2 million tonnes of seafood in 2016. Of the total seafood supply in Bangladesh, 27% came from
inland capture fisheries and 56% from aquaculture (FAO 2019a, 2019b). Globally, Bangladesh is
ranked third and sixth position, respectively, in inland fisheries and aquaculture (FAO 2019a,
2019b), with largely no seafood imports and other than shrimp, largely no seafood exports. Inland
fisheries supply at least 15% of total fish catches (likelymore as the numbers are underreported) of
the world (FAO 2018). Thus, inland fisheries are important both in Bangladesh and in a global
context. Knowledge of the stakeholders in developing inland fisheries is, therefore, important.

The issue of fish market integration in developing countries is interesting because fish is
an important part of the diet and studies of fish market integration in developing countries are
mostly nonexistent. Bangladesh, in particular, is an interesting case because only 15% of the total
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seafood production is exported, and almost no export of the species is analyzed in the study.Hence,
Bangladesh presents a strong domestic market, supplied by both fisheries and aquaculture, for
analysis.

Three different strands of literature prevail in studying market interactions between captured
and cultured fish species. One strand of literature encompasses theoretical studies on market
integration between cultured and captured fish. Anderson (1985) and Valderrama and Ander-
son (2010) studied the effects of aquaculture growth on commercial fisheries, and Jensen, Niel-
sen, and Nielsen (2014) examined whether aquaculture may be influenced by improved fisheries
management.

Anderson (1985) used a bioeconomic model in his study assuming that there is a perfect sub-
stitution between farmed fish and wild fish. He found that when farmed fish have noticeable mar-
ket shares, growth in aquaculture reduced the prices of wild fish, thereby reducing overexploita-
tion, overcapacity, and the number of fishers. Hence, this results in both growing production at
fish farms and growing steady harvest. With many inland fisheries in developing countries, in-
cluding Bangladesh, being open-access or regulated open-access in the form of regulated open-
access, it is expected that when cultured fish have a noticeable market share, aquaculture supply
growth will result in this double gain, if the markets for captured and cultured species are inte-
grated. This paper contributes to the literature by showing market integration between farmed
and wild fish markets in Bangladesh and thereby identifying an example where the theoretical
finding of Anderson (1985) applies.

A second strand of literature is concerned with empirical studies of market integration be-
tween farmed fish and wild fish in developed countries. Virtanen et al. (2005) found that there
is market integration between imported salmon from Norway and farmed salmon and salmon
trout in the Finnish fish market. Nielsen et al. (2007) studied integration between farmed trout
and five other fish in Germany. The study found that the market for trout is integrated with all
captured fish except salmon. Nielsen, Smit, and Guillen (2009) investigated market integration
for several fresh and frozen fish species in Europe and found that markets are integrated, except
for shrimp, whereas Norman-Lopez (2009) and Norman-Lopez and Asche (2008) investigated
the market integration between farmed and wild fish in the US market. Norman-Lopez found
that there is market integration between farmed tilapia and wild fish and stated that the tilapia
market is different from those of other farmed fish. Asche, Bjørndal, and Young (2001) found
market integration between farmed and wild salmon in the European Union and the United
States. Nielsen et al. (2011) also identified market integration between farmed and wild fish in
Germany. Ankamah-Yeboah, Ståhl, and Nielsen (2017) showed that market integration has been
confirmed in most of the cases analyzing cold- and warm-water shrimp in the European value
chain, whereas Nielsen et al. (2018) investigated the northern shrimp value chain and found
nodes of the shrimp value chain to be integrated. Ankamah-Yeboah and Bronnmann (2018)
identified market integration for shrimp and lobster in the German crustacean market. Bjørndal
and Guillen (2017) foundmarket integration between wild and farmed conspecifics for blackspot
seabream and Atlantic cod in Spain. For middle-income countries, Bayramoglu (2019) found
market integration between farmed sea bream and wild sea bream in Turkey, while Pincinato
and Asche (2016) found market integration between wild and farmed shrimp in Brazil. To the
knowledge of the authors, this study is the first to identify market integration between captured
and cultured fish species in a developing country. Furthermore, it is the first to study and identify
market integration between cultured species and fish caught in inland fisheries.
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In the next section, we provide a case of inland fisheries and aquaculture in Bangladesh. We
then present the methodology of this study, followed by presentation and discussion of data and
the results. We end with conclusions of this study.

A CASE ON INLAND FISHERIES AND AQUACULTURE IN BANGLADESH

Bangladesh has achieved remarkable growth in the aquaculture and fisheries sector since its in-
dependence in 1971, as revealed in figure 1. In 2015, more than 18 million people depended on
the fisheries sector for their daily livelihood (DoF 2016). This sector constitutes 4% of the GDP
of Bangladesh, compared with 13% from the remaining agriculture sector (BER 2018).

In Bangladesh, there are three types of fishery resources: marine, and two types of inland fish-
eries: capture and aquaculture. Inland fish catches (from both capture and aquaculture) contrib-
uted 83% of the total supply of fish in Bangladesh in 2016, whereas marine fishery resources
contributed only 17% (FAO 2019a, 2019b). Inland fishers work at the rivers, estuaries, beels,
floodplains, Sundarbans, and Kaptai Lake. The total area of inland fisheries is 4.7 million hectares
(DoF 2018).

Two hundred and sixty freshwater fish species are caught in inland fisheries in Bangladesh; the
major ones are carp, catfish, snakehead, and hilsa. In addition, 25 species of prawn and shrimp are
caught in inland and marine areas (DoF 2016) by various types of fishing gear such as gill nets,
drag nets, and traps (Islam, Jahan, and Al-Amin 2016).

The most prominent species of fish caught inland is hilsa (Tenualosa ilisha), the national fish
of Bangladesh. In 2017, inland fisheries reported catches of approximately 217,000 tonnes (DoF
2017). Catches of hilsa have tripled since 2002, as shown in figure 2.

Other important species for inland fisheries include swamp barb (Puntius chola), with total
catches of 89,000 tonnes in 2017 on an upward trend, and prawn (Macrobrachium lamarrei)
with 64,000 tonnes. Catches of long-whiskered catfish (Sperata aor) and wallago (Wallago attu)
Figure 1. Fisheries Production (in tonnes) in Bangladesh, 1970–2016. A color version of this figure is avail-

able online.

Source: Authors’ representation based on data from FAO (2019a, 2019b).
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have fluctuated over time, but the species remain important with a total contribution of just over
60,000 tonnes in 2017.

Shamsuzzaman et al. (2017) presented a biological stock assessment from Bangladesh, but
this only includes marine fish stocks. To the knowledge of the authors, a biological assessment
of inland fish stocks does not exist in the literature. Moreover, while time series data for the
number of inland fishers do not exist, the number was 3.3 million in 2017 and 3.1 million in
2005 (DoF 2017). With the substantial increase in catches of hilsa, as well as increases in catch-
ing swamp barb and fluctuations for long-whiskered catfish and wallago, and with most fish sold
in the market being immature (Amin et al. 2008; Islam et al. 2017), overexploitation may prevail.
Hence, despite the lack of detailed information, there are weak indications of overexploitation of
hilsa and swamp barb, and possibly of other species, implying that initial fishing effort may cor-
respond to a level above the maximum sustainable yield.

At present, 12 laws on aquaculture and fisheries prevail in Bangladesh, some of which are im-
plemented to manage the fisheries sector. The Protection and Conservation of Fish Act (1950)
with an Amendment Ordinance (1982) forms the legal framework for inland fisheries in Bangla-
desh, together with the implementation rules, Protection and Conservation of Fish Rules (1985).
The implementation rules basically protect certain carp species and promote their production
and growth. Since inland capture fishery in Bangladesh is poorly managed and lacks licensing
requirements, output limitations, and property rights, fishers try to capture more fish with addi-
tional efforts that induce extra costs. Thereby, price reductions resulting from growing aquacul-
ture imply that fishers earn less in the long run and that some fishers therefore leave the fishery.
The result is reduced overcapacity and reduced overexploitation. Furthermore, the Bangladesh
government in 2016 adopted a program to conserve and protect juvenile/immature hilsa of up
to 25 cm and mother hilsa during the spawning season of February to May (DoF 2016). The pro-
gram prohibits mesh sizes less than 4.5 cm, introduces a minimum size limit of hilsa (i.e., 25 cm),
and bans fishing of hilsa at their spawning grounds (six hilsa fish sanctuaries) during this period.
Catching, carrying, transporting, offering, selling, bartering, exposing, or possessing is also pro-
hibited. In return, the government provides fishers with an allowance of 40 kg of food grain per
Figure 2. Catches of the Main Inland Fish Species (in tonnes) in Bangladesh, 2002–17. A color version of this

figure is available online.

Source: DoF (2002–17).
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household per month during this period (MoF 2015). The government recently declared that all
the fishing nets used without obeying the protection and conservation rules (Protection and Con-
servation of Fish Rules 1985, 12[b]) will be confiscated. A person is punishable by fines and im-
prisonment for one to three years if caught violating these rules. Hence, while some conservation
measures are in force, they cover only hilsa fishery, and the absence of licensing requirements and
output restrictions makes regulated open-access the most proper characterization of the fishery
among the four types of regulations (open-access, regulated open-access, restricted open-access,
and optimal management, mentioned by Homans and Wilen [1997]). Aquaculture in Bangla-
desh started in the late 1960s with large-scale carp cultures in ponds and lakes (FAO 2019c).
Aquaculture includes fish farming in ponds, seasonal water bodies, oxbow lakes, gher, and pen
and cage cultures. It covers 800,000 hectares. Only freshwater and coastal aquaculture is carried
out in Bangladesh. Freshwater aquaculture consists of mainly pond aquaculture, whereas coastal
aquaculture consists of mainly shrimp farming. Pond aquaculture is polyculture in nature, where
native and exotic species are farmed. Aquaculture is operated all over the country, with the largest
production being carried out in Mymensingh, Jessore, and Comilla. About 15 million people are
involved in this sector (Hossain 2014). Generally, extensive production systems are used, but
semi-intensive and intensive systems also exist.

In 2015, the per capita fish consumption in Bangladesh increased up to 19.7 kg, which is very
close to the global average of 20.2 kg (FAO 2018). This increase was possible only because pro-
duction of fish from aquaculture grew by 121% in nine years (Toufique, Farook, and Belton
2018). Moreover, consumption of fish from aquaculture is higher than that of any other category
of fish because of its cheaper price. According to Hernandez et al. (2018), the farmed fish market
grew by 25 times in the last three decades. Pangasius (Pangasius pangasius or Pangasianodon
hypopthalmus) and tilapia (Oreochromis mossambicus or Oreochromis niloticus) are, economi-
cally, the most important species of aquaculture production (Alam 2011). The aquaculture pro-
duction of pangasius and tilapia were 510,000 tonnes and 370,000 tonnes, respectively, in 2017
(DoF 2017), with respective annual growth rates of 22% and 23% since 2010.

Fish markets are available both in the large cities and in the countryside in Bangladesh. Basi-
cally, the four types of domestic seafood markets in Bangladesh are primary markets (markets
that are located at the source of production), secondary markets (markets that are located usually
in the subdistrict headquarters), higher secondarymarkets (markets that are located in big cities),
and retail markets. The bulk of the fish sold in these markets is unprocessed (Sapkota et al. 2015).

About 97% of fish supplied from both aquaculture and inland fisheries are sold for domestic
consumption (Hasan 2001). The market for freshwater fish caught in Bangladesh, therefore, ap-
pears disconnected from international fish markets. The lack of exports is due to minimum qual-
ity requirements at the large whitefish markets in Europe, the US, and Japan (Dey et al. 2005).
However, since exports may target other countries, international prices may set an upper thresh-
old for the prices in Bangladesh.

METHODS

This study assesses the price competition between cultured and captured species (caught in sea-
sonal water bodies and rivers) based on a time series econometric model of market integration.
Market integration is a popular test for examining the relationship between prices and detecting
competition between different products in a market. In simple terms, market integration reveals
whether price changes in two ormore products follow each other over time. The economic theory
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behind market integration is found in the definition of a market: “the area within which the price
of a good tends to uniformity, allowance being made for quality differences and transportation
costs” (Stigler and Sherwin 1985, 555). Following this, the relationship between two prices (pi, ip
1, 2) at time periods t can be investigated with the following equation:

log p1t p a 1 b log p2t 1 εt , (1)

where a is a constant term that may be interpreted as transportation costs and quality differences
between the prices of product one and two. The error term ɛt is assumed to reflect measurement
errors. The term b is the long-run coefficient between the prices, where bp 0 indicates that there
is no relationship between the prices of product one and two and bp 1 indicates that the law of
one price (LOP) holds and the relative prices are stable. In the latter case, the goods are perfect
substitutes. If 0 ! b ! 1, then the prices follow each other over time, but not perfectly. According
to Ravallion (1986), lags can be introduced into equation 1 for its dynamic adjustment processes.
However, the equation is valid only if the price series data are stationary. Hence, cointegration is
mandatory for the nonstationary price series data (Asche, Gordon, and Hannesson 2004). The
principle of the cointegration analysis is that a linear combination of time series integrated of or-
der one is stationary.

To test for market integration, it is necessary to conduct the unit root test. It is used to check
whether the series is stationary to avoid spurious regression results. This is often done with the
standard augmented Dickey-Fuller (ADF) test (Dickey and Fuller 1979, 1981) for each series with
restricted or unrestricted deterministic terms for price series in level and differences.

In this setting, the Johansen cointegration test (Johansen 1988; Johansen and Juselius 1990)
was adopted to test for cointegration. The Johansen’s cointegration test is based on an error cor-
rection model (ECM) representation of the vector autoregressive (VAR) model with the I(0) vec-
tor Dpt containing the prices given by the following:

Dpt p o
k–1

ip1
GiDpt–i 1 Ppt–1 1 m 1 εt , (2)

where the symbolD indicatesfirst-difference operator. ThematrixP contains the parameters in the
long-run relationships. If the cointegrationmatrix has reduced rank (i.e., r! n), where n is the num-
ber of variables included in the model and r is the rank of the matrix, then there exists n # r
matrices a and b, each with rank r such that P p ab0 where a is the speed of adjustment, b is a
matrix of the long-run coefficient, and b0pt is stationary. The test for weak exogeneity is a p 0;
in this case, if p1 is weakly exogenous to p2 (a1 p 0), then p1 does not adjust to changes in p2
and p1 can be considered a market leader. The Johansen test for cointegration is based on two like-
lihood ratio statistics, namely the trace test and the maximum eigenvalue test. The null hypothesis
of the two tests is that there are at most r cointegration vectors, such that 0 ! r ! n. A rank of rp 0
indicates no cointegration, and rp n indicates full rank, meaning that the series are stationary. For
inference asmarket integration, rp n – 1 from the cointegration test is expected. The LOP is tested
by imposing restrictions on b (Juselius 2006). The presence of cointegration in this bivariate system
with rankPp 1 implies that the cointegrated VECMof equation 2 can be decomposed as follows:

Dp1t
Dp2t

� �
p m1

m2ð Þ 1 a1
a2ð Þ p1t–1 – a – bp2t–1
� �

1
v1j ϑ1j

v2j ϑ2j

 !
Dp1t–j
Dp2t–j

� �
1 et1

et2ð Þ, (3)
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where mi p the deterministic components (including monthly dummies and the intercept
terms). The ai is the decomposition of the loadingmatrix as defined above for the respective mar-
kets. The parameters vij capture the effect of the short-run price changes. The error term, et, is
assumed to be independent, to be identically distributed, and to have zero mean. The selected
number of lags j p1, 2, ... , k is selected based on a well-specified model that ensures that there
is no autocorrelation and heteroskedasticity. As shown in Emerson (2007), the cointegration
model is sensitive to the number of lags chosen. To complement the ADF unit root test, we em-
bark on a multivariate unit root test as shown in Hjalmarsson and Österholm (2010). This test
can show whether the price variables in the model of cointegration have unit root at the same
selected number of lags. The test is implemented by imposing the following restrictions on the
b under the presence of bivariate cointegration: �b p (1   0) and �b p (0   1). This is a likeli-
hood ratio test where rejection of the restrictions indicate nonstationarity of price one and two,
respectively.

DATA

For the time series econometricmodeling, data of a total of 89 observations onmonthly wholesale
prices in Dhaka during the period January 2010 to May 2017 were used. The data were collected
from the website of the Department of Agricultural Marketing, Ministry of Agriculture of Ban-
gladesh (DAM 2017). The nationwide terminal market of fish is located in Dhaka, the capital of
Bangladesh. Every day, thousands of trucks supply fish products to the market from all over Ban-
gladesh. Auctions of fish usually take place among aratdars, wholesalers, and retailers, beginning
late at night and ending before sunrise. The most popular cultured fish, pangasius, is marketed
live in water drums, while the other species examined in this study are marketed as both live
whole fresh and on ice.

Table 1 presents the descriptive statistics of the nominal prices of seven fish species with av-
erage monthly prices in USD per kilogram. Hilsa is the most expensive fish of the chosen species
on the Bangladeshi fish market, with an average price of $6.53/kg. Swamp barb, prawn, wallago,
and long-whiskered catfish, with similar variations in prices, can be labeled as the ones from the
middle price segment. The long-whiskered catfish price is the most volatile, with a coefficient of
variation of 31%. This is followed by hilsa, with a price volatility explained by its seasonal nature.
The majority of the five captured species are caught from June to October, which is considered
the rainy season in Bangladesh. In this season, prices of these fish are lower than during the rest of
the year. The cultured species, tilapia and pangasius, are the cheapest fish species and come with
Table 1. Summary Statistics of Nominal Prices (in USD/kg)

Pangasius Tilapia Hilsa Swamp Barb Prawn Wallago Long-Whiskered Catfish

Mean 1.16 1.73 6.53 2.62 3.34 3.46 3.66
Median 1.21 1.72 6.29 2.94 3.47 3.24 4.05
Maximum 1.48 3.01 10.47 3.87 7.13 5.66 5.46
Minimum 0.82 1.01 2.30 0.68 2.14 1.66 0.97
Std. dev. 0.16 0.36 1.80 0.71 0.80 0.90 1.14
CoV (%) 14.03 20.99 27.58 27.18 24.09 25.90 31.45
Obs. 89 89 89 89 89 89 89
Source: Authors’ estimation based on Department of Agricultural Marketing (2017).
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the lowest price volatility because of the level of control in fish farming. All the species are chosen
from among the highly preferred and consumed fish in Bangladesh. The species are also very
common fish in the studied market of Bangladesh (Needham and Funge-Smith 2015).

Figure 3 presents the price development of the cultured fish species, pangasius and tilapia, in
panel A and the five captured fish species, long-whiskered catfish, wallago, prawn, swamp barb,
and hilsa, in panel B. The prices of the cultured species follow a similar trajectory over time with
minor fluctuations. The prices of the captured species follow a general upward trend, with the
trajectory of hilsa being much steeper than the rest. The reason for this trajectory remains spec-
ulative, but since hilsa is a luxury good, perhaps demand increased with the fast growth of GDP
and income in Bangladesh.

Without foreign trade, prices are determined by domestic supply and demand. Increasing
supply of inland capture fish induces, all other things equal, a downward pressure on the prices.
If market integration exists, increased supply from aquaculture also induces a downward pres-
sure on inland capture fish prices. Moreover, the simultaneous increases in supplies of inland
capture fish and aquaculture, as well as in prices of inland capture fish (see figures 1–3), reveal
increasing demand. This follows with both population and income growth, where income growth
is reflected in the continued large growth rates of GDP.

The lack of foreign trade further implies that fish are both produced and consumed in Ban-
gladesh and sold without competing imports. With the species sold unprocessed, the value chain
is short and the wholesale prices analyzed reflect revealed demand from the final market.

RESULTS

To test for cointegration, the ADF test was used to check the unit roots on each of the price series.
The ADF test specifications included models without trends (none), models with intercepts only,
and models with intercepts and trends.

Table 2 presents the results of ADF test on log prices in level and in first difference. The val-
ues reported under different test specifications are the probability values of the ADF test statis-
tics and their corresponding lags. As the first column of table 2 shows, the test for unit root failed
to be rejected for all variables with the specification of “none” in levels, and was rejected at the
5% level for all in first differences. Similar results were found for the specification of “intercept
Figure 3. Price Development of Farmed andWild Species (inUSD/kg). (A) Farmed fish. (B)Wild fish. A color

version of this figure is available online.

Source: Authors’ representation based on Department of Agricultural Marketing (2017).
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only,” with the exception of tilapia, and for the specification of “intercept and trend,” with the
exception of hilsa, swamp barb, and wallago. Consequently, there is some evidence of unit roots.
On this basis, the cointegration test will reveal whether the series are driven by stationary or
nonstationary processes.

Table 3 presents the results of Johansen cointegration rank tests and the likelihood ratio (LR)
test of the law of one price. The lag length used was selected with the modified Hannan-Quinn
Table 2. Unit Root Test of Log Prices Using the Augmented Dickey-Fuller Test

Series

None Intercept Intercept 1 Trend

Prob. Lag Prob. Lag Prob. Lag

Level
LPangasius 0.963 1 0.765 1 0.445 1
LTilapia 0.555 3 0.028 0 0.088 0
LHilsa 0.865 0 0.670 8 0.017 0
LSwamp barb 0.740 2 0.159 3 0.011 0
LPrawn 0.904 3 0.250 8 0.538 10
LWallago 0.780 0 0.655 5 0.002 0
LLong-whiskered catfish 0.892 1 0.080 1 0.450 1

First difference
D(LPangasius) 0.044 10 0.000 0 0.000 0
D(LTilapia) 0.000 1 0.000 1 0.000 1
D(LHilsa) 0.000 0 0.000 0 0.000 0
D(LSwamp barb) 0.000 0 0.000 0 0.000 0
D(LPrawn) 0.000 0 0.000 0 0.000 0
D(LWallago) 0.000 0 0.000 0 0.000 0
D(LLong-whiskered catfish) 0.000 1 0.000 1 0.000 1
Note: Reported values are the probability values of the ADF t-statistic. Optimal lags selected with modified
Hannan-Quinn criterion. Source: Authors’ estimation.
Table 3. Johansen Cointegration Rank Test

Markets Specification

Trace Max
LR-Stat

LR-Stat (Unit Root)

r p 0 r p 1 r p 0 r p 1 b b p 1 b0 p (1 0) b0 p (1 0)

Tilapia vs.:
Hilsa 1MD(9) 15.25** 1.45 13.80** 1.45 0.76 7.34* 5.25** 5.69**
Swamp barb 3MD(4) 36.66* 0.97 35.69* 0.97 0.49 21.97* 23.12* 34.65*
Prawn 1MD(10) 13.74** 0.02 13.73** 0.02 0.87 13.36* 11.62* 11.91*
Wallago – – – – – – –

Long-whiskered catfish 1MD(9) 22.45* 0.82 21.63* 0.82 0.85 20.77* 20.50* 20.62*

Pangasius vs.:
Hilsa 2M(10) 80.26* 7.76 72.50* 7.76 0.29 37.84* 7.23* 22.96*
Swamp barb 1M7(1) 33.88* 2.28 31.60* 2.28 0.85 27.57* 29.31* 29.30*
Prawn 1M(5) 15.57** 2.71 12.86** 2.71 0.81 10.08* 10.14* 10.15*
Wallago 1M(10) 17.84* 2.36 15.47* 2.36 0.82 9.88* 11.13* 10.91*
Long-whiskered catfish 2MD(4) 26.55* 2.16 24.39* 2.16 1.38 2.23 21.77* 7.81*
Note: The LR-stat column is the likelihood ratio (LR) statistic. Subscript 7 indicates that only month 7 was
included in the model and is the only significant month. ** and * indicate statistical significance at the 5% and
10% levels, respectively. Source: Authors’ estimations.
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information criteria. In the column labeled “specification,” the numbers indicate one of the five
deterministic trend specifications.1 The M indicates the inclusion of monthly seasonal dummies,
and the D represents the inclusion of outlier dummies. The lags used are in parentheses. For ex-
ample, 1MD(9) indicates a model estimated without intercept and trend in the cointegration
equation and in the vector autoregressive model, with seasonal and outlier dummies, using a
lag length of 9. The selection of lags is based on a length that ensures a well-specified model with
the absence of serial correlation and heteroskedasticity. At the selected lags, a multivariate unit
root test was implemented to complement the ADF unit root test; these are shown in the last two
columns of table 3 with the restrictions �b p (1 0) and �b p (0 1). As can be seen, these restric-
tions are significantly rejected at the 5% level, indicating that the prices are nonstationary. This
result implies that using cointegration under the assumption of nonstationary price series is jus-
tified despite the minor conflicting evidence for some variables emerging from the intercept and
trend ADF specification.

The cointegration test is based on a pairwise analysis of two cultured species against five cap-
tured species (10 pairwise combinations). Results show that the first null hypothesis, r p 0 (no
cointegration), is rejected for all pairs and the second null hypothesis, r p 1 (cointegration), is
not rejected in any of the cases, except for tilapia and wallago. This indicates that there is a
cointegration relationship between the respective species. Therefore, market integration exists
in the bivariate model (Nielsen, Smit, and Guillen 2009). Tilapia is found to be integrated with
four of the captured species, with the sole exception of wallago where a cointegration relationship
between tilapia and wallago is not identified. The same results were found for pangasius. On this
basis, it is concluded that the Bangladesh terminal fish market can be categorized by integration
between cultured and captured fish species. The implication is that the price of hilsa is reduced
when supply is large during the hilsa season. So, the consumers of pangasius and tilapia may
substitute with hilsa because of its reduced price. A similar conclusion can be drawn for long-
whiskered catfish. Finally, the growth of pangasius and tilapia farming also induces price reduc-
tions of long-whiskered catfish, implying that consumers buy this fish instead.

The value of the LR test statistic of the LOP is shown in the third column of table 3 from the
right. The LOP is used to describe the degree of market integration. Results show that LOP is re-
jected for all market pairs at the 5% significance level, except for the pairing of pangasius and long-
whiskered catfish. On this basis, it can be concluded that, with the exception of pangasius and
long-whiskered catfish, the price series of all the fish species develop to be relative equal over time,
but their relative prices are not constant. Pangasius and long-whiskered catfish are perfect substi-
tutes, while the remaining pairs are imperfect substitutes. Nielsen et al. (2007) found markets for
farmed trout and captured cod to be perfectly integrated, because there is a similarity between
these two species in size and color. On the other hand, Norman-Lopez (2009) found imperfect
market integration between farmed tilapia and wild fish species in the United States.

Table 4 presents the results of the vector error correction model and misspecification tests.
The first column, labeled a, shows the speed of adjustment parameters. The final three columns
show results of VECM and misspecification tests. Misspecification tests include serial correla-
tion (denoted LM) and autoregressive conditional heteroskedasticity (ARCH) with the null of
1. In this column, the initial numbers denote the following specifications in the cointegration equation and vector error cor-
rection model: 1p without intercept or trend, 2p with intercept and no trend, 3p with intercept and no linear trend, 4p with
intercept and linear trend, and 5 p with intercept and quadratic trend.
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constant variance (j2e,t p j2). The LM test of serial correlation is reported at the 12th lag. The
probability values reported for LM and ARCH show no evidence of misspecification. The level
of significance identifies weak exogeneity tests of the respective markets. Based on the a results
found in table 4, three patterns of relationship are formed between cultured and captured fish
species. The first is that the cultured species are weakly exogenous if the speed of the adjustment
parameter is insignificant. The second is that the captured species is weakly exogenous. The
third is that significant interaction occurs from both markets. For the existence of cointegration,
at least one of the figures in a must differ significantly from zero.

Considering pairs between cultured tilapia and the captured species, it is observed that both
tilapia and hilsa have significant speed of adjustment parameters, indicating that the prices in each
market are determined by each other. Thus, each market reacts to shocks from the other. Tilapia
is, however, weakly exogenous to prawn and long-whiskered catfish. This implies that the prices of
tilapia do not respond to shocks from these captured species, and that the prices are determined on
the tilapia market. Between tilapia and swamp barb, it can be observed that swamp barb is weakly
exogenous and is the market leader because it determines the prices of tilapia.

Again, considering pairs between cultured pangasius and the captured species, it is seen that
the adjustment parameter is significant for pangasius but not for wallago (pair 9). It indicates that
wallago is weakly exogenous. Wallago is the market leader and pangasius is the market follower.
Thus, prices of pangasius are determined based on the wallago market. In pair 7 (pangasius and
swamp barb) and pair 8 (pangasius and prawn), it appears that pangasius is the market leader,
while swamp barb and prawn are market followers. In pair 6 (pangasius and hilsa) and pair 10
(pangasius and long-whiskered catfish), there is bidirectional feedback from both markets. In
Table 4. Results of the Vector Error Correction Model and Misspecification Tests

Market Pairs a

X2 Stat P-Value P-Value
(DLvij) (LM (12)) (j2e,t p j2)

1 Tilapia –0.10** 5.79 0.21 0.09
Hilsa 0.11* 31.88*

2 Tilapia –0.54* 3.33 0.11 0.15
Swamp barb 0.04 7.18

3 Tilapia –0.07 19.41** 0.26 0.10
Prawn 0.31* 9.84

4 Tilapia – – – –

Wallago – – – –

5 Tilapia –0.12 3.55 0.33 0.12
Long-whiskered catfish 0.28* 24.73*

6 Pangasius –0.18* 10.79 0.06 0.16
Hilsa –0.51* 11.42

7 Pangasius –0.01 0.00 0.57 0.67
Swamp barb 0.54* 0.02

8 Pangasius –0.07 4.25 0.48 0.30
Prawn 0.63* 2.64

9 Pangasius –0.18* 8.09 0.50 0.42
Wallago 0.17 4.29

10 Pangasius –0.14* 4.00 0.09 0.48
Long-whiskered catfish 0.17* 13.65*
Note: ** and * indicate statistical significance at the 5% and 10% levels, respectively. Source: Authors’
estimations.
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these pairs, however, the prices of the captured species adjust faster than those of the cultured spe-
cies. Of the nine pairs identified for market integration, the cultured species led in four cases, the
captured species led in two cases, and there was a bidirectional relationship in three cases.

DISCUSSION

The adjustments to price changes following supply and demand shocks in the interrelated mar-
kets are mixed and can be characterized in three structures. The first is where the prices of both
captured and cultured species are determined by each other; this occurs in three pairs: tilapia
and hilsa, pangasius and hilsa, and pangasius and long-whiskered catfish. The implication in this
structure is that growth in the cultured species would reduce or limit any substantial increase in
prices of the captured species. Likewise, any shock in the captured species output would be re-
flected in the markets for the cultured species. This is the case of farmers and fishers operating in
a competitive market. The second occurs where the cultured species determine the market prices
for the captured species in the long run. This structure is the most common; it is identified for
tilapia and prawn, tilapia and long-whiskered catfish, pangasius and swamp barb, and pangasius
and prawn. The implication of this structure is that any shock, whether from the supply or the
demand side, that leads to changes in the prices of the cultured species would be transmitted to
the captured species markets, but not vice versa. As a result, increases in pangasius and tilapia
output would limit price increases in the respective captured species markets, but not vice versa.

The third structure is where the captured species determine the market prices for the cultured
species. This structure is identified for tilapia and swamp barb, as well as for pangasius and
wallago. Here, shocks in the cultured species markets can hardly be felt in the captured species
markets. However, shocks in the captured species markets are transmitted to the culturedmarket.
This can be thought of as the case of partial linkage, with captured species trying to create a niche
market in the long run. In these areas, fishers can gain a competitive edge over fish farmers. As the
analysis is based on wholesale prices, the results are found on upstream price transmission. Al-
though not tested, this is apparent because the fish are sold unprocessed at the wholesale market.

The main finding of market integration implies that the prices of captured and cultured spe-
cies in the Bangladeshi fish market follow each other over time and are formed within the same
market. Since the market share of cultured species is substantially larger than the market share of
captured species, the implication is that the aquaculture supply growth reduces prices of both the
cultured and the captured species and consequently decreases fishers’ income in the short run.
With regulated open-access, fishers may lose their incentives because of low prices, which ulti-
mately cause the fall in captured fish supply in the short run. Since inland fishers leave, overex-
ploitation is reduced, thereby increasing steady harvest in the long run. Fishers’ income may in-
crease or decrease, depending on how much catches increase and prices decrease. The profit of
the active fishers, however, remains zero in the long run in regulated open-access, since fishers
leave or enter until total revenue equals total costs.

Fisheries management can ensure that the gains from reduced overexploitation are not lost
when reaching a new equilibrium. At the same time, it can ensure a further gain, through a reduc-
tion in the number of fishers. In developed countries, individual transferable quotas are becoming
more commonly applied to achieve this purpose (Merayo et al. 2018; Nielsen, Smit, and Guillen
2012), although other fisheriesmanagement systemswith different forms of regulated open-access
and restricted open-access also continue to be used. Individual transferrable quotas generally gen-
erate rents, but the system also often reduces the number of vessels and employment, for example
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as reflected in the Danish case (Merayo et al. 2018). It may be difficult to change to a different
management system. Doing so may cause unequal allocation of gains from common resources,
an outcome that may not be desired, and may, like other quota systems, induce waste (Merayo
et al. 2018).

In developing countries, however, the institutional framework of such a management system,
including enforcement and control, may be weak. Transaction and enforcement costs oftenmake
it too expensive. Under such circumstances, community management may present a way to
achieve further gains on a free market. In these systems, fishers cooperate on the exploitation
of fish stocks and agree on the level of their activity, either in relation to the level of effort used
in the fishery or in relation to the level of catches. Fishers commonly decide on a target for their
activity; the target may correspond to the maximum economic yield, to maximization of employ-
ment in the long run, or to any other purpose. If some fishers are not willing to comply with the
decisions agreed to by the community, social sanctions may result (Ostrom 2000). Hence, the
system can theoretically ensure fulfillment of targets for the fish stocks commonly agreed on
and simultaneously prevent or reduce overinvestment and overcapacity. However, lack of infor-
mation may lead to a low quality of common decisions. Furthermore, it assumes that common
decisions reflect the long-run perspective and do notmaximize short-run gains. It also claims that
all or most fishers accept the decisions of the group. Finally, the prerequisite for such a system to
work is that it include everybody that fish on the stocks, which is often difficult when fishing vil-
lages are scattered. For inland fisheries in Bangladesh, community management may be advan-
tageous when it is possible to define clear boundaries for exploitation of the fish stocks. For ex-
ample, it is possible with stocks that stay in the same water systems: swamp barb, prawn, wallago,
and long-whiskered catfish. Hilsa, however, is a species that migrates between freshwater river
systems and marine areas, and hence it relies on public fisheries management.

CONCLUSIONS

This study examined market integration between captured and cultured fish in Bangladesh using
monthly wholesale prices collected in different wholesale markets in Dhaka. Johansen’s coin-
tegration approach was used for the analysis. A bivariate analysis was conducted between two
important species of cultured fish (tilapia and pangasius) and five species of captured fish (hilsa,
swamp barb, prawn, wallago, and long-whiskered catfish). With the exception of tilapia and wal-
lago, market integration was confirmed between all species. This indicates that there is significant
market interaction between cultured and captured inland fisheries. The degree of market integra-
tion was, however, largely partial, except for pangasius and long-whiskered catfish where the LOP
holds. The prices of the cultured and captured species are, therefore, partially linked and deter-
mined in a common seafood market system. Weak exogeneity tests provided mixed evidence on
market leadership by revealing cases in which captured fish prices led the prices of cultured fish
and vice versa. Cases of bidirectional market leadership were also revealed.

The large market share of cultured fish (70%) and the presence of market integration between
cultured and captured fish except for tilapia and wallago have implications for producers, traders,
consumers, and other actors in the value chain; that is, aquaculture supply growth reduces prices
of captured fish, all things being equal (Anderson 1985). Reduced prices of cultured fish will also
cause a reduction in the price for captured fish. As a result, fishers’ income may, all other things
equal, fall in the short run, which ultimately leads to fishers’ exit from fishery. This consequently
reduces overexploitation, overcapacity, and the number of fishers in the long run, given that we
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are in an initial situation of overexploitation. Hence, the result in the long run is that aquaculture
supply growth leads to fewer fishers that catch more. A double gain in terms of aquaculture sup-
ply growth and increased catches in the captured species, therefore, may appear in the long run.

On top of the double gain, management of inland fisheries—to reduce overexploitation and
the number of fishers—in developing countries can be obtained. Community management offers
a way to achieve this when there is a lack of institutional fishery management or when the trans-
action costs are large. In this regard, the government should find ways to implement the regula-
tions of the current fishery policies, and it also needs to initiate the regulations as early as possible
in order to reduce the pressure on fisheries resources. Moreover, government can support poor
fishers to develop alternative livelihoods through skill development, training, and credit support.

The main result implies that aquaculture supply growth can reduce the pressure on inland
open-access or regulated open-access fish stocks when markets are integrated in Bangladesh.
It may account for both inland open-access or regulated open-access fisheries and aquaculture
growth in other countries like India, Myanmar, and Indonesia, as well as in other developing
countries with large freshwater lake and river systemswhere growth of aquaculture is also expected
to prevail. Hence, to achieve sustainablemanagement of water bodies, sanctuaries, control of fish-
ing effort, habitat restoration, and stocking, community planning and management institutions
are needed.

This study provides new knowledge on interactions between inland fisheries and aquaculture
in developing countries. However, there is ample scope for generating further knowledge with
future analyses. First, the study departs from a weak knowledge on biological status of the inland
fish stocks in Bangladesh. While this may be the situation in many and probably in most of the
developing countries, more and better biological data can improve the reliability of the findings.
Second, this study revealed only the existence and direction of fishers’ gain, but did not identify its
volume. Empirical bioeconomic models of inland fisheries can do that. Third, this study focused
only on market interactions and did not consider other interactions. Such interactions may in-
clude cases of cultured fish escaping enclosures and competing with captured fish stocks for feed,
or cases of inland fish entering the seasonally flooded cage areas and being captured there when
the water levels fall. Bioeconomic modeling and studies of migration patterns can provide more
knowledge on the biological and economic aspects of other interactions. Finally, this study de-
parts realistically from the current situation of regulated open-access close to open-access in
the inland fisheries in developing countries. If fisheries management is introduced, it will be im-
portant to obtain knowledge on interactions under simultaneous conditions of aquaculture
growth and transition to inland fisheries management.
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