Aquaculture characterization in Bangladesh

Executive summary
Bangladesh is an important economy critical for the sustainability of global livelihoods as it contributes significantly to global fish production. It is ranked as the 5th top fish producer in the world. Nationally, the aquaculture sector contributes significantly to employment of close to 11 percent of people in Bangladesh. Production now stands at 2.4MT representing 60 percent of national fish production. The enormous fish production has contributed to the recorded high proportion of animal protein consumed nationally: 60 percent of animal protein. In fact, there is a strong domestic demand for fish, powered by a growing middle-class which presents an opportunity to boost fish production and consumption, with clear benefits on income generation. In the midst of this opportunity are many challenges including climate change impacts, deficient management for inland fisheries production, etc. The importance of this sector has attracted the attention of policy makers and other stakeholders like NGOs to implement policies and interventions to drive the development of the sector. Such endeavors require a strong evidence-base to support implementation and effective targeting. In response to this, a characterization study with a focus on production households was conducted by WorldFish in collaboration with institutions including the University of Tokyo and DRI, between November and December, 2021. The characterization study was conducted based on three main rationale:
i. to identify patterns and group characteristics for effective targeting in policy development and intervention programming
ii. Provide good benchmarking information as a reference point for subsequent and future performance and impact assessments With the introduction of new carp strains in Bangladesh aquaculture, there is the need to conduct baseline survey to understand preferences and inform possible strain introduction approaches
This involved conducting a household survey of 4540 respondent farmers growing fish in aquaculture ponds using structured questionnaires. The questionnaire contained several modules including socio-economic characteristics, pond production characteristics of the different cultivated ponds, open water production, income sources, marketing and other auxilliary models (disaster preparedness, food security, etc).
Using the Principal Component Analysis and Hierarchical Clustering Method, we identified four different production clusters described below:
	Characteristics
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4

	Commercialization
	Moderately Commercial
	Highly commercial
	Low commercialization
	Very low
commercialization

	Dominant labour type used
	Hired labour
	Hired labour
	Family labour
	Family labour

	Dominant species
	Carp dominated
	Tilapia/Catfish dominated
	Carp dominated
	Carp dominated

	Yield intensity
	Intensive
	Intensive
	Semi-intensive
	Semi-intensive

	Data distribution
(percent)
	31
	8
	50
	11



Cluster 1: This cluster is characterized by moderate commercialization, relatively high use of hired labour, carp dominated and intensive production. This cluster reveals  very good carp polyculture system with high levels of yield, usually emanating from high feed use and stocking density.
Cluster 2: This group is characterized by high level of commercialization, relatively high use of hired labour, tilapia/catfish dominated and intensive system of production. This cluster presents a unique case of commercialization where even though recording low pond sizes, farmers apply high levels of commercial feed use with high stocking density. This results in very fish sales and has very good implicatiosn for other socio-economic outcomes such as food security.
Cluster 3: This group is made of farmers with low level of commercialization, high dependence on family labour, carp dominated production and semi-intensive system of production. . As a cluster comprising 50 percent of the farmers, it gives an indication where most farmers are likely to fall. It however highlights the importance of certain critical production resource such as feed use among farmers which is also reflective of farmer yields.
Cluster 4: Similar to cluster 3, this group is made of farmers with very low level of commercialization, high dependence on family labour, carp dominated production and semi-intensive system of production. This cluster may be cluster close to subsistence aquaculture with a heavy reliance on family labour and low commercial feed use. Unfortunately, such practices leads to reduced yield and lower incomes.
These groups have been identified with different production and socioeconomic characteristics. Key among these characteristics identfied are:
i. Aquaculture farmers in Bangladesh are basically intensive (4.0-10.0MT/ha) and semi-intensive (1.5-4.0MT/ha), however, with a greater concentration of semi-intensive production (more than 60 percent)
ii. Inland aquaculture production in Bangladesh is dominated by Carp polyculture
iii. High intensity farmers are characterized by high commercial feed use and higher stocking density which is also reflective of increased incomes and food security. 
iv. Within the broader spectrum of polyculture dominated ponds, there is a minute group of tilapia/catfish dominated farmers who are producing in intensive systems and receiving increased incomes relative to other clusters.
v. Family labour is an important labour source in Bangladesh aquaculture
vi. Average pond fish sales per ha is USD4,580.00
vii. Percentage of commercial feed use in Bangladeshi aquaculture is very low
viii. Aquaculture extension is very low among aquaculture farmers in Bangladesh
ix. There is also a very low adoption of Better Management Practices in Bangladesh
x. Aquaculture farmers in Bangladesh are rarely part of a cooperative society which may be a critical avenue for knowledge transfer in the face of low extension service delivery.


Recommendations for sector improvement
From the findings of the characterization study, we make the following recommendations for sector improvement:
i. There is the need to focus on sustainable intensification of aquaculture production rather than pond size expansion. This is because it may yield better outcomes much more than large sized ponds (eg. Cluster 2).
ii. There is a need to educate farmers on the benefits of commercial/formulated feed use as well as providing solutions to the factors militating their adoption. In addition, it is important to extend interventions that target socio-technical barriers that preclude farmers from adopting improved feeding regimes.  
iii. Extension service delivery needs to be bolstered by stakeholders including NGOs, private sector and government agencies by adopting effective approaches.
iv. In the midst of the varied options for knowledge transfer such as through respected peers, input retailers and extension agents, cooperative societies could be viable option for disemminating information to farmers.   With the lower participation in such groups, it may be increasingly difficult to extend knowledge to farmers. Hence, it is important to push a strategy to drive cooperative formation for easy extension delivery
v. Stakeholders such as NGOs should train farmers on Better Management Practices as well as intervene in areas that prevents adoption of improved technologies.
vi. It is also recommended that with the identification of different production groups in the aquaculture sector, programming, projects and policy development must take into consideration the differences for effective impact delivery.

Background
[bookmark: _Hlk120183690][bookmark: _Hlk120183703][bookmark: _Hlk120183716][bookmark: _Hlk120183744]Aquaculture production is an important livelihood activity in bangladesh (DamLam, 2022) contributing to about 11 percent of employment activities (DoF, 2018). The country is ranked as the 5th top fish producer in the world (FAO, 2020) and contributes about 3 percent of global fish production (FAO, 2020). Cultured fish contributes about 2.4 Metric MT representing 60 percent of total national fish production. GDP contribution: close to 4 percent (DoF, 2018). Inland ponds contribute to about 80 percent of aquaculture output (DoF, 2018). Among the different fish species produsced in Bangladesh, carp is the most produced fish species (DoF, 2018). The enormous fish production has contributed to the recorded high proportion of animal protein consumed nationally: 60 percent of animal protein (FAO, 2020). As a result of the critical role of aquaculture to livelihoods, various stakeholders have implemented policies, programmes and projects to drive further the growth of the sector and its sustainability. The population of Bangladesh stands at more than 167Million people (BBS, 2021) with an expected growth rate of more than 1 percent. This expected increase in population requires proportionate increase in fish production to meet the domestic demand for fish. In fact, there is a strong domestic demand for fish, driven by a growing middle-class which presents an opportunity to boost fish production and consumption, with clear benefits on income generation. In the midst of this opportunity are many challenges including the effect of climate change and other anthropogenic activities leading to negative environmental impacts such as eutrophication as well as deficient management for inland fisheries production. Hence, the growth of inland aquaculture requires new policy options and technologies to ensure sustainable aquaculture intensification.  This borders on forging new effective strategies to support different production systems (smallholder and medium-to-large scale). This means that policies and programmes implemented in Bangladesh should reflect current trends and characteristics of the aquaculture sector in Bangladesh in order to safeguard the production system and sustain livelihoods. Such endeavours requires strong evidence-base to guide policy development and intervention programming.

Characterization rationale 
Based on the foregoing background, the rationale of this study is outlined below: 
i. to identify patterns and group characteristics for effective targeting in policy development and intervention programmingii. Provide good benchmarking information as a reference point for subsequent and future performance and impact assessmentsiii. With the introduction of new carp strains in Bangladesh aquaculture, there is the need to conduct baseline survey to understand preferences and inform possible strain introduction approaches

Methodology
The data collection for the characterization followed three main steps: i) Expert workshop, ii) Suitability assessment and iii) Data collection.
i) Expert worshop: The characterization study commenced with an expert workshop to gather the perspectives of key experts and stakeholders in Bangladesh aquaculture. A primary output was to identify different hotspots and coldspots of aquaculture production in different Upazillas. The workshop ended with the development of a document capturing the different perspectives on aquaculture production in different Upazillas.
ii) Suitability assessment: The workshop was followed by a suitability assessment using three key variables including water quality, soil quality and infrastructure factors. The key output from this exercise was the development of suitability maps for different Upazillas. This was done to triangulate the results from the expert workshop to identify hotspot and coldspot of aquaculture areas. 
iii) Data collection: The workshop report was triangulated with the expert workshop outcome and led to a random sample of 54 Upazillas consisting 30 aquaculture hotspots and 24 coldspots. Following this selection, a thorough farmer listing exercise was conducted in each Upazilla which resulted in identifying a total of 7850 aquaculture farmers. Using an even distribution, a total of 4540 aquaculture farmers were selected from the sample frame (7850 respondents) and interviewed between November and December, 2021.
Data cleaning: The data collection exercise was followed by a thorough data cleaning to correct/remove errors. Overall, 329 outliers were removed the data sample using upper bound and lower bound method. A total of 4211 data samples was used in the final analysis.
Data analysis: The characterization study was conducted using a combination of Principal Component Analysis (PCA) and Hierarchical Clustering Approach (HCA) (Aidoo et al., 2021, Lu et al., 2011; StataCorp, 2017). Different production variables were selected in the clustering approach including feed, seed, species, assets, information access, labour characteristics, location characteristics as well as other key variables (such as cooperative membership) influencing aquaculture production. These variables come in different dimensions as such, the Principal Component Analysis was used to reduce the dimensionality of the different variables. The Hierarchical Clustering Approach was used to cluster the aquaculture farmers into different clusters/groups. Variables used in the cluster are presented in the table below: 

	Variables
	Form used
	Measurement
	Description

	Production area
	Number
	Hectares (ha)
	Total pond size used for aquaculture production

	Yield
	Number
	Kilogram/hectare (kg/ha)
	Fish output per hectare of pond

	Feed frequency
	Number
	Times per day
	Number of times of fish feeding per day

	Distance to the market
	Number
	km
	Distance from home to the nearest market

	State of road
	Dummy
	Dummy (good condition=1, otherwise=2)
	Condition of the main road to the nearest major town

	Stocking density
	Natural log
	Number/ha
	Number of fingerlings per hectare 

	Amount of money borrowed for aquaculture
	Natural log
	USD
	Amount of money borrowed for aquaculture

	Production cycle
	Number
	Number
	Number of months of aquaculture production in the production season

	Family labour hours
	Number (percent)
	Number
	Family labour hours as a percentage of total farm labour use

	Better Management Practice adoption
	Number
	Average score
	Average score of BMPs adopted

	Carp dominated production
	Dummy
	Carp dominated=1, 0=otherwise
	Whether output is dominated by aquaculture quantities

	Total cost of assets
	Natural log 
	USD
	Total cost of assets used in aquaculture production

	Weight of fingerlings
	Natural log
	Number
	Measured as the average weight of fingerlings 

	Commercial feed use
	Number
	Kg/ha
	Quantity of commercial mixed feed use per hectare

	Cooperative membership
	Natural log
	Number
	Months of membership in aquaculture cooperatives

	Commercialization index
	Index
	Index
	Measured as % sold+ % of income from aquaculture+% of feed from commercial mixed feed) (equal weight of 0.333)


	Aquaculture expenditure per pond
	Natural log 
	Monetary value (USD)
	Total amount spent per pond

	Commercial mixed feed use
	Number
	Kg/ha
	Quantity of commercial mixed feed used per hectare



This was followed by a oneway ANOVA analysis to estimate the differences between production and related socio-economic characteristics for each cluster/group.
Robustness of the results
The results of the study is highly robust as various measures of robustness were used. First, consultations were held with key experts from WorldFish to identify appropriate variables for effective characterization, which were also confirmed from the literature. Second, a correlation was conducted to see the level of relationship between each variable. If two variables were highly correlated one was excluded from the analysis. Third, the Kaiser-Meyer-Olkin indicator (StataCorp, 2017) which is a measure of sampling adequacy is 0.7642. KMO measures below 0.5 shows that variables have little in common to warrant a PCA. In this analysis, the KMO shows that the variables selected are appropriate for the analysis. Finally, Calinski/ Harabasz pseudo-F index and Duda and Hart Je(2)/Je(1) index was used to determine the number of clusters adequate enough to classify the dataset (Statacorp, 2017). In this study, four (4) clusters were identified for the Bangladesh aquaculture sector.

Results of the study
The hierarchical cluster analysis shows that there are four clusters/groups within Bangladesh’s aquaculture production sector, with different production and socioeconomic characteristics.  The results of the analysis shows four (4) distinct groups of farmers.
	Characteristics
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4

	Commercialization
	Moderately Commercial
	Highly commercial
	Low commercialization
	Very low
commercialization

	Dominant labour type used
	Hired labour
	Hired labour
	Family labour
	Family labour

	Dominant species
	Carp dominated
	Tilapia/Catfish dominated
	Carp dominated
	Carp dominated

	Yield intensity
	Intensive
	Intensive
	Semi-intensive
	Semi-intensive

	Data distribution
(percent)
	31
	8
	50
	11



Tilapia/catfish dominated aquaculture farms make up a minute percentage (7.5 percent) of farmers in Bangladesh. This means that more than 92 percent of Carp farmers concentrate on carp species production, consistent with data from DOF (2018).

Pond operation characteristics
The analysis shows that the highest pond production area is recorded for Cluster 1 (1.16ha), with lowest production area recorded for Cluster 4. In all clusters, farmers operate approximately one pond with the exception of group 2 that record about 2 ponds. Ponds in cluster 2 are the most intensive with yield of 7106kg/ha and the lowest yield recorded for cluster 4. Estimations by the Department of Fisheries Bangladesh shows that ponds in each cluster may either be intensive or semi-intensive, suggesting the intensity of resources used and the priority of aquaculture production (DoF, 2018). Consequently, more intensive clusters also record the highest production expenditure per hectare.
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Yield (kg/ha)
	4721.05 a1b1c1
	7106.02a1 d1e1
	3159.00b1d1f1
	2744.83c1 e1f1
	3892.06
	327.73
	***

	Cost of aquaculture (USD/pond)
	2002.71a1b1c1
	3051.02a1 d1e1
	467.15b1d1
	117.92c1e1
	1097.11
	122.09
	***

	Cost of aquaculture (USD/ha)
	4300.39 a1b1c1
	8257.03a1 d1e1
	2083.48b1d1f1
	1224.28 c1e1f1
	3135.84
	248.97
	***

	Total pond production area (ha)
	1.16a2b1c1
	0.58a2
	0.30b1
	0.19c1
	0.58
	23.71
	***

	Number of operated ponds (ha)
	1.42a2b1c1
	1.52a2d1e1
	1.22b1d1f1
	1.09c1e1f1
	1.29
	65.56
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Feed characteristics
The analysis shows that all clusters have different degrees of commercial fertilizer use. Cluster 2 recorded the highest percentage of commercial fertilizer feed use (85 percent), the lowest feed use recorded for cluster 4. This is also reflected in quantity of commercial feed use for each group. The use of commercial feed may be linked to the increased intensity of aquaculture as higher commercial feed use clusters also record higher yields
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Feed frequency (Times per day)
	1.55a1b3
	1.67c2 
	0.81a1c2
	0.82 b3
	1.10
	6.95
	***

	Quantity of commercial feed use per ha (kg/ha)
	3552.77a1b1c1
	12407.64a1d1e1
	1539.13b1d1
	1205.20c1 e1
	2940.69
	360.90
	***

	Percentage of commercial feed use
	60.55a1b1c1
	84.60a1d1e1
	42.95b1d1f2
	37.28c1e1f2
	50.88
	157.83
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Seed characteristics
The maximum stocking seed weight is recorded for Cluster 1 (236.76g) and the minimum stocking weight being 148g. The largest stocking density recorded for Bangladesh farmers is 11580 fingerlings per ha. On average, the length of aquaculture production cycle is about 9 months with maximum weight at harvest being 912g per fish.
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Weight at stocking (g)
	236.76a1b1
	227.14c1d1
	159.77a1c1
	148.12b1d1
	187.35
	33.09
	***

	Stocking density (number per ha)
	8043.027
	11580.20
	3293.048
	929.32
	5117.526
	2.01
	ns

	Length of production cycle (months)
	8.16a1
	8.74
	10.62a1b2
	8.09b2
	9.43
	7.01
	***

	Weight at harvest (g per fish)
	912.46a1b1c1
	757.15a1d1
	706.18b1e1
	574.16c1d e1
	758.88
	72.53
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Capital/asset
On average, aquaculture farmers spend relatively less on acquiring aquaculture assets compared to other costs incurred in production. The maximum expenditure for aquaculture assets is USD55.26. The value of carp in aquaculture income is relatively high compared to other fish species produced. On average, close to 80 percent of aquaculture income is generated from aquaculture. This indicates the dominance of carp production in the Bangladesh aquaculture landscape.
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Total cost of aquaculture assets (USD)
	55.26a2b1c1
	37.54a2d1e1
	16.13b1d1
	7.11c1e1
	28.84
	60.31
	***

	Carp as a share of generated value (percent)
	83.99a1
	32.41a1b1c1
	83.63b1
	82.54c1
	79.79
	430.90
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Species cultivated
The results of the cluster show the polyculture nature of aquaculture systems in Bangladesh. The average number of fish species cultivated per pond is 5 with the least being 4 species. Most ponds in Bangladesh are dominated by Carp species with the exception of cluster 2 which is dominated by Tilapia and Catfish.
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Number of species
	5.08a1b1c1
	4.59a1d2
	4.41b1
	4.27c1d2
	4.61
	52.42
	***

	Carp dominated aquaculture (yes=1)
	0.99a1b1c1
	0.21a1d1e1
	0.90b1d1
	0.91c1e1
	0.88
	756.34
	***

	Tilapia dominated aquaculture (yes=1)
	0.0061 a1b1c1
	0.34 a1d1e1
	0.069b1d1
	0.06c1e1
	0.07
	165.52
	***

	Catfish dominated aquaculture (yes=1)
	0.0084 a1b1c1
	0.45a1d1e1
	0.027b1d1
	0.023c1e1
	0.052
	485.06
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Labour use
The results of the study shows that family labour is a critical asset to aquaculture production in Bangladesh. An average of 71 percent of family labour hours is recorded for Bangladesh’s aquaculture farmers. Cluster 4 recorded the highest use of family labour. Typical of commercial farmers, Cluster 1 and 2 have the highest hired labour use. This is also reflected in the high cost associated with hiring labour for production activities. 
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Total labour hours (hours/ha)
	1988.77a1
	3091.52a1 b1c1
	1803.90b1
	1662.56c1
	1941.71
	25.10
	***

	Total labour cost (USD/ha)
	1602.66 a1b1
	1644.65 c1d1
	582.55a1 c1e2
	4.74b1d1 e2
	912.53
	33.15
	***

	Family labour (percent labour hours)
	55.70a1b1
	56.46c1d1
	75.57 a1c1 e1
	98.61 b1d1 e1
	70.60
	457.89
	***

	Permanent hired labour (percent labour hours)
	44.15a1b1
	43.54c1d1
	24.29a1c1 e1
	1.39 b1d1 e1
	29.28
	459.54
	***


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Other key production variables
Farmers cover an average of 2.82km, with the maximum distance covered for Cluster 1 in order to access their ponds. The results shows that extension support is quite rare in Bangladesh as farmers receive approximately 1 visit throughout the production year. The average amount of money borrowed for aquaculture is USD369.34. Better Management Practices adoption is very low among all groups of farmers (average=0.20). The results also shows that farmers are rarely part of production cooperatives. All farmer groups exercise some level of commercialization but the highest is recorded for cluster 2 farmers, who are characterized by a mix of tilapia and catfish dominated farmers (79%).
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Distance to the market (km)
	3.45a3b3c2
	2.08a3
	2.69b3
	2.18c2
	2.82
	4.11
	***

	State of road (good=1)
	1.19
	1.22
	1.17
	1.22
	1.19
	2.60
	*

	Number of times receiving aquaculture information per year
	1.03a1b1c1
	0.51 a1
	0.55b1
	0.51c1
	0.69
	12.99
	***

	Total amount borrowed (aquaculture)
	774.45 a1b1
	986.93 c1d1
	106.47 a1c1
	16.88 b1d1
	369.34.
	69.34
	***

	BMP adoption (average score of BMP)
	0.24a1b1c1
	0.19 a1d1
	0.19b1e1
	0.15c1 d1e1
	0.20
	221.60
	***

	Group membership (months)
	0.18a3
	0.12a3b2
	0.18b2
	0.17
	0.17
	2.92
	**

	Commercialization index* 
	68.535a1b1c1
	78.866 a1d1e1
	50.58 b1d1f1
	39.08c1e1 f1
	56.96
	531.85
	***


*(Commercialization index calculated based on % sold, % of income from aquaculture, % of feed from commercial mixed feed)
Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Socio-economic characteristics of different clusters
The results shows that the average fish sales per ha is 4,580usd/ha which is lower than the fish sales (6068USD/ha) recorded in (Khor et al., 2022). Cluster 2 which is basically catfish and tilapia dominated aquaculture yielded the highest sales compared to other groups. At the same time ponds cultivating greater quantities of catfish and tilapia recorded the highest fish consumption per household compared to other groups, similar to the results seen in Khor et al (2022). The food security estimation using Food consumption Score shows that all farmers are food secured (ie scores >35).
[bookmark: _GoBack]
	Clusters
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Total
	F-value
	P-value

	Pond fish sales per ha (USD/ha)
	6237.87 a1b1c1
	9847.12 a1d1e1
	3290.29 b1d1f1
	2275.32 c1e1 f1
	4580.10
	462.15
	***

	Quantity consumed (kg)
	128.37a2b1
	145.27a2c2d1
	91.81b1c2
	64.01d1
	103.98
	7.01
	***

	Food security (FCS)
	71.318a1b1
	69.90c2d1
	67.186a1 c2
	66.13b1d1
	68.55
	24.91
	***

	Total household income (USD)
	
	
	
	
	
	
	


Superscript 1, ***=1% significance; Superscript 2, **=5% significance; Superscript 3, *=10% significance, ns= not significant; similar letters shows significant difference between clusters; same letters shows significant difference comparison

Conclusion
Bangladesh is an important economy critical for the sustainability of global livelihoods as it contributes significantly to global fish production. It is ranked as the 5th top fish producer in the world. Nationally, the aquaculture sector contributes significantly to employment of close to 11 percent of people in Bangladesh. Production now stands at 2.4MT representing 60 percent of national production. With aquaculture being an important livelihood activity, we conducted this characterization study to drive effective targeting and policy making and also serve as a good benchmarking data to measure performance of interventions. It can be concluded from the results that forging appropriate extension strategies as well as promoting sustainable aquaculture intensification with an efficient feeding regime responsive to local socio-technical needs.
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