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ABSTRACT 

Shrimp farming has the potential to create jobs and improve the livelihoods of Sri 

Lanka’s rural poor.  With past disease outbreaks having caused production losses, farm 

abandonment, and unemployment among smallholder shrimp farmers, growth in this 

industry must be ecologically, socially, and economically sustainable.  We evaluated 

sustainability statuses of farms in two Sri Lankan provinces and assessed management 

practices associated with lower disease prevalence.  Farms in the more established North 

Western Province, despite having disease problems, had higher sustainability scores than 

farms in the Eastern Province.  Variables such as disease outbreaks and poor water 

quality may therefore drive increased implementation of sustainable practices.  

Additionally, farms that followed more best management practices were less likely to 

report disease.  Implementation of best management practices should be encouraged, 

particularly practices associated with lower disease prevalence.  This thesis may help 

target education and policy programs to improve sustainability of smallholder Sri Lankan 

shrimp farms. 
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CHAPTER ONE:   

INTRODUCTION 

 

1.1 Significance 

As the global population continues to grow to an expected nine billion by the middle of 

this century, the demand for increased food production must be balanced with competing 

interests for land, water and energy, an uncertain effect of climate change on global food 

production, and the need to protect the environment (Tilman et al., 2001; Tilman et al., 

2002; Millennium Ecosystem Assessment, 2005; Pretty, 2008; Godfray et al., 2010).  

Despite a large growth in food production (FAOSTAT, 2012) over the last few years, 

recent reports have estimated that approximately 925 million people are undernourished, 

or 16% of the total population (FAO, 2010).  This number is 27%  higher than the target 

set by the United Nations Millennium Development Goal, which attempts to reduce the 

proportion of people who suffer from hunger by half from 1990 to 2015 (Millennium 

Development Goals, 2008).  As the majority of the world’s undernourished and poverty-

stricken population lives in rural areas, depending either directly or indirectly on 

agriculture and/or aquaculture (World Bank, 2008; Hazell and Wood, 2008), increasing 

food production in low- or middle-income countries shows great promise as a means of 

reducing rural poverty and meeting growing global demands for increased food 

production (World Bank, 2008). 

 

Amidst growing concerns that agriculture will not be able to meet consumption demands 

and that most capture fisheries are fully exploited, if not over exploited (Godfray et al., 
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2010), aquaculture is being promoted as a means to improve global food security and 

economic growth (FAO, 2012).  Similar to the remarkable achievements in agricultural 

productivity due to research, development, and technology transfers that was termed the 

Green Revolution, the aquaculture industry has recently emerged as a highly productive 

activity that may help to satiate the increasing demand for protein (Ahmed et al., 2010; 

Bosma and Verdegem, 2011).  This growth in the aquaculture industry has been termed 

the Blue Revolution (Soluri, 2011).  From 1961 to 2009, the world seafood supply has 

grown 3.2% per year, while the world’s population increased 1.7% per year during the 

same period (FAO, 2012).  Of the 79 million tonnes produced by global aquaculture in 

2010, with an estimated worth of US $125 billion, 89% was produced by Asia (FAO, 

2012).   Employment in the aquaculture sector grew faster than that in capture fisheries 

and agriculture in 2010, and has been estimated to support the livelihoods of 

approximately 10-12% of the world’s population (FAO, 2012).  While the link between 

poverty reduction and increased food security through aquaculture has been recognized 

and promoted in many low- and middle-income countries (Walker and Mohan, 2009), 

this sector has developed at a time where there is increased global pressure for investment 

in technology and strategies that preserve natural resources (Boyd et al., 2007; FAO, 

2012).  Decision makers, therefore, must balance economic growth and human well-

being with the need for policies that address the stability and health of ecosystems to 

ensure demand for food production can be met for many years. 

 

Sri Lanka is one of many countries that can benefit from increasing production in 

aquaculture, both in terms of income generation and improved food security.  Until 
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recently, Sri Lanka was stricken by a twenty-six year civil conflict between a separatist 

faction of the Tamil minority, located primarily in the north and east regions of the 

country, and the Sinhalese majority, resulting in a significant displacement of people and 

a large number of deaths (UNHCR, 2012).  These conditions were only further 

exacerbated by the tsunami of 2004.  The civil conflict and the tsunami are at least 

partially responsible for an alarming poverty rate, with 14% of Sri Lankans living on less 

than $1 US per day (Millennium Development Goals, 2008; World Bank, 2008).  Of Sri 

Lanka’s poor, approximately 90% live in rural areas, where greater than 40% of the 

population is employed as smallholder subsistence farmers and fishers (World Bank, 

2008).  Since declaring an end to the civil conflict in 2009, the Sri Lankan government 

has looked to aquaculture, specifically brackish-water shrimp (Penaeus monodon) 

farming, to help alleviate rural poverty and stimulate other economic sectors, particularly 

in the war-torn north and east.  Historically, this industry has grown rapidly in Sri Lanka, 

with few regulations and little regard for environmental degradation (Dayaratne et al., 

1995; Weerakoon, 2007).  There is also a general lack of the knowledge and training 

necessary to allow for more controlled, sustainable growth (World Bank, 2006; 

Bergquist, 2007).  These factors, in part, have led to disease outbreaks, abandonment of 

farms, and unemployment among smallholder shrimp farmers (Siriwardena, 1999; 

Weerakoon, 2007).  There is therefore a need to assess the farm-level sustainability of the 

Sri Lankan shrimp industry to identify gaps in the implementation of sustainable farming 

practices that can be improved with policy and educational programs. 

 

  



4 
 

1.2 Defining sustainability 

Although the importance of implementing sustainable aquaculture practices has been 

widely acknowledged in the literature (e.g., Folke and Kautsky, 1992; Corea et al., 1995; 

Flegel and Alday-Sanz, 1998; Godfray et al., 2010), little has been done to measure and 

determine practical indicators of sustainability at the farm level.  This is due in part to the 

existence of numerous definitions and interpretations of sustainability at different spatial 

and temporal levels (Bosshard, 2000; Rigby et al., 2001).  One of the first and perhaps 

most widely recognized definitions of sustainability is from the report of the World 

Commission on Environment and Development: Our Common Future, otherwise known 

as the Brundtland report, which states that “sustainable development should meet the 

needs of the present without compromising the ability of future generations to meet their 

own needs” (WCED, 1987).  This report focused largely on the environment and on 

incorporating strategies for decision makers in the international community to improve 

environmental protection.  Partly as a result of this report, researchers and decision 

makers placed a large emphasis on research and policy development at the global, 

national, and regional levels to include environmental recommendations and regulations 

for industries (e.g., Cattermoul and Devendra, 2002; Niemeijer, 2002; Pauly et al., 2002; 

Boyd et al., 2007; Best Aquaculture Practices Certification Standards, 2007; Binder et 

al., 2010; Phong et al., 2010). 

 

While the Brundtland report has resulted in an increased awareness of the importance of 

the environment and conserving natural resources, there has been a tendency for some 

ecological indices to be biased in favor of developed countries, which may lead to 
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criticism of industries in low and middle-income countries for not emphasizing 

environmental sustainability (Niemeijer, 2002).  This can lead to the perception in high-

income countries that poor people are less able to contain or reverse natural resource 

degradation and are therefore not sustainable (Hazell and Wood, 2008).  This perception, 

however, is not supported by research which finds that poverty is not a clear driver of 

resource degradation (Hazell and Wood, 2008).  Rather, behaviors and perceptions of 

individual farmers, regardless of wealth, play a more important role in how natural 

resources are managed (Hazell and Wood, 2008).  While it is important to understand 

how behaviors and perceptions of individuals affect management of natural resources, it 

is also important to understand the different interpretations of sustainability used in high- 

and low-income countries. 

 

Interpretations of agricultural sustainability in high-income countries are often focused on 

ecological consequences of increased food production, as these countries often have food 

surpluses (Hansen, 1996).  In low-income countries battling poverty and hunger, and 

which experience frequent food shortages, concerns regarding sustainability are focused 

more on increasing productivity to meet the more immediate need to alleviate hunger and 

poverty (Hansen, 1996).  It is therefore recognized that sustainability should be 

interpreted with regard to economic and social needs, in addition to ecological 

preservation of natural resources.  Consequently, the term sustainability, regardless of the 

specific interpretation or definition used, should include these three main pillars 

(economic, social, and environmental) for a more holistic assessment (Hansen, 1996; 
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Andreoli and Tellarini, 2000; Lopez-Ridaura et al., 2005; Van Cauwenbergh et al., 2007; 

Gomez-Limon and Sanchez-Fernandez, 2010). 

 

In the years since the release of the Brundtland report, the concept and definitions of 

sustainability have expanded to include sustainable livelihoods, where people are the 

focus of development goals rather than resources or the government (Chambers and 

Conway, 1992; Scoones, 1998; IFAD, 2011).  Sustainable livelihoods approaches are 

often used to understand relationships between factors affecting the livelihoods of poor 

people, and tend to focus on the priorities of farmers, their access to social, human, 

physical, financial, and natural capital, and the context in which they live (IDS, 2012). 

 

For this thesis, we draw on concepts of both sustainable development and sustainable 

livelihoods, but rather than focusing primarily on people, we consider the farm to be the 

unit of focus.  In Sri Lanka, many smallholder shrimp farmers have historically faced 

large amounts of uncertainty and instability over short periods of time, with farmers 

continuously entering and leaving the industry (Wijegoonawardena and Siriwardena, 

1996).  Throughout this thesis, we therefore equate farm-level sustainability with farm 

survival.  For a farm to be sustainable, it must survive through many challenges, such as 

crop failure, political instability, environmental degradation, and changing market 

demands (Dierberg and Kiattisimkul, 1996; Weerakoon, 2007).  Most individual farmers 

cannot directly influence factors such as government policies and market demand, but 

they can change and adapt management practices to enable their farms to survive.  As a 

result, our sustainability assessments primarily examine modifiable practices and 
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behaviors that farmers can influence to improve the chances of their farms’ survival in a 

changing environment. 

 

1.3 Measuring sustainability 

1.3.1 Constraints to measuring sustainability 

Regardless of the definition used, there is a general consensus that to be considered 

sustainable, the unit of interest must include all three dimensions (pillars) of 

sustainability: social, ecological, and economic (Pope et al., 2004; Pretty, 2008; Gomez-

Limon and Sanchez-Fernandez, 2010).  However, just as there are many different 

definitions of sustainability, there are also many differing viewpoints on appropriate ways 

to measure and assess sustainability.  Part of the controversy surrounding sustainability 

assessments lies in the attempt of these assessments to measure multi-dimensional, 

dynamic, and complex systems with multiple levels of organization using only a few, 

easily measured indicators of sustainability.  As a result, there will inevitably be missing 

information that may be critical to our understanding of sustainability.  This, in turn, may 

lead to poor policy development. 

 

Assessments of sustainability will necessarily differ depending on the management 

system, the time frame, and the spatial scale over which indicators are measured (Hansen, 

1996; Rigby et al., 2001; Speelman et al. 2007; Gomez-Limon and Sanchez-Fernandez, 

2010).  As well, the definition of sustainability is subject to change as a function of 

society, and measures and evaluations of sustainability cannot therefore be expected to 

remain static over differing geographical and temporal conditions (Bosshard, 2000; 
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Gomez-Limon and Sanchez-Fernandez, 2010).  Measures of sustainability, or indicators, 

must therefore incorporate the context in which indicators are being developed and 

measured.  Sustainability indicators must be reformulated for each new situation to which 

they are applied (Pannell and Glen, 2000; Lopez-Ridaura et al., 2005; Van Cauwenbergh 

et al., 2007; Gomez-Limon and Sanchez-Fernandez, 2010), and as a result there are no 

generally accepted indicators of sustainability that can be applied across industries, or 

countries. 

 

 Indicators tend to be proxies for complex, poorly understood processes, and the 

interpretation and validation of indicators depend on how they fit with our understanding 

of interactions between the three pillars of sustainability and the context in which they 

were measured (Rigby et al., 2001).   Because of this, there will always be inherent 

subjectivity in assessments of sustainability.  Despite the problems associated with 

defining sustainability and developing indicators to measure sustainability, sustainability 

assessments still have value for decision makers, provided researchers clearly specify the 

context in which they are performing the assessment.  Farm-level assessments of 

sustainability can allow for comparisons between regions, and can help to identify gaps in 

management practices that can be targeted for policy or education programs.  In addition, 

initial assessments of sustainability provide baseline information that can be re-assessed 

over time for further refinement and adjustment of the measurement tool.   

 

1.3.2 Overview of frameworks  

Multiple tools have been developed to evaluate sustainability, including life cycle 

assessments, ecological footprint assessments, and cost-benefit analyses.  Life cycle 
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assessments quantify environmental impacts based on incoming (e.g., food, water, 

energy) and outgoing (e.g., effluents) activities throughout the life cycle of the production 

process (Boyd et al., 2007; Samuel-Fitwi et al., 2012).  This type of assessment is 

intended to describe environmental impacts of a collective activity or industry, and does 

not assess the impacts in specific locations or farms (Boyd et al., 2007).  Ecological 

footprint assessments attempt to assess the ecosystem area required to produce resources 

and absorb wastes for the system of interest (Kautsky et al., 1997; Samuel-Fitwi et al., 

2012).  This type of assessment is typically used to assess carrying capacity of a specific 

area and relies on a very good understanding of the ecosystem of interest, which can be a 

limitation for aquaculture systems as they are poorly understood compared to agricultural 

systems (Samuel-Fitwi et al., 2012).  Cost-benefit analyses generally assign monetary 

values to indicators to evaluate costs and benefits of a management system, and have 

recently begun to include environmental costs and benefits (Gunawardena and Rowan, 

2005).  Many of these tools have been developed to assess only one dimension of 

sustainability, typically at the regional or national level, and do not provide multi-

dimensional, holistic views of sustainability (Speelman et al., 2007).  As well, many 

sustainability indicators focus mainly on national or international targets and fail to 

discuss assessment at the farm level, where many policy measures are implemented 

(Consensus, 2005; Esty et al., 2008; OECD, 2008; WWF, 2010). 

 

More holistic, interdisciplinary methodological approaches have recently been developed 

for evaluating sustainability of natural resource management systems (NRMS), 

particularly in low-resource countries.  Peasant NRMS are typically characterized by 
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poor living conditions of producers where diversification of activities is an important 

strategy to reduce risks (Speelman et al., 2007).  These natural resource management 

systems often have low input use and are generally located in fragile environments, 

where natural resources are under high pressure (Speelman et al., 2007).  These systems 

are highly complex, and conventional one-dimensional sustainability evaluations do not 

adequately measure sustainability in these areas (Lopez-Ridaura et al., 2002; Speelman et 

al., 2007).  Frameworks that incorporate multiple dimensions of sustainability are 

therefore required for appropriate selection of sustainability indicators.   

 

Several frameworks have been developed to aid in selecting appropriate indicators for 

assessing the sustainability of systems of interest.  In general, indicators should select the 

most significant information, be practical and cost-effective, simplify complex 

phenomena, and quantify and communicate information (Rigby et al., 2001; Barg et al., 

2003).  In addition, Roy and Chan (2012) state that indicators should be scientifically 

valid, measurable, and have data easily available.  As we are unaware of any published 

studies evaluating a multi-dimensional framework for measuring farm level sustainability 

in aquaculture, they must be adapted from those in the agriculture industry.  

  

Frameworks for selecting indicators of sustainability at the farm level can be divided into 

two main types: content- and system-based frameworks (Von Wiren-Lehr, 2001; Van 

Cauwenbergh et al., 2007). Content-based frameworks enable researchers to develop 

indicators that characterize single parts of the system of concern (CIFOR, 1999; Van 

Cauwenbergh et al., 2007).  Most content-based frameworks are hierarchical in nature, 
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related to the functions of the agro-ecosystem (de Groot et al., 2002) and tend to be based 

on principles, which are general conditions for achieving sustainability; criteria, which 

are specific objectives related to the state or aspect of the agro-ecosystem; and indicators, 

which are qualitative or quantitative variables that can be measured to determine 

compliance with the criterion (Van Cauwenbergh et al., 2007).   These indicators are 

typically arranged by the social, ecological, and economic pillars of sustainability.  In this 

study, for example, our principle in the economic pillar was to maximize economic 

viability.  Criteria included maximizing farm income, minimizing dependence on external 

finance, and optimizing knowledge and market activities.  Example indicators for 

maximizing farm income were net income from shrimp farming and the number of other 

income sources on the farm.  The benefit of this type of framework is that it is easier to 

determine specific objectives and quantifiable parameters; however, this type of 

framework only allows for evaluation of specific components, and thus does not provide 

an evaluation of the whole system (Van Cauwenbergh et al., 2007). 

 

System-based frameworks enable researchers to evaluate the sustainability of a system 

based on general attributes of the system, regardless of the hierarchical level or 

disciplinary bias (Conway, 1994; Lopez-Ridaura et al., 2005).  These frameworks 

incorporate principles of the pillars of sustainability, but do not explicitly divide 

indicators by their pillars.  Attributes used in a system-based framework are generally 

grouped into two categories: those that describe the functioning of the system 

independent of changes in other systems and those that describe the ability of the system 

to continue functioning when faced with changes in other systems (Lopez-Ridaura et al., 
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2005).  Some examples of attributes that describe the existing system include 

productivity, which involves production of goods and services and stability, which 

involves prevention of self-deterioration of the resource base.  Examples of attributes that 

describe the ability of a system to continue to function when faced with external changes 

include reliability of the system when facing normal variations, resilience of the system 

when faced with extreme or abrupt variations, and adaptability of the system when faced 

with permanent variations (Lopez-Ridaura et al., 2002; Lopez-Ridaura et al., 2005; 

Speelman et al., 2007).  A criticism of system-based frameworks is that, due to a lack of 

a specific content for the different attributes being measured, extensive knowledge of the 

system is required (Van Cauwenbergh et al., 2007). 

 

Both framework types might identify similar sets of indicators for a system of interest if 

using a questionnaire as the only measurement tool; however, indicators would be 

aggregated differently according to specific attributes or pillars.  These differences in 

aggregation might therefore enable different interpretations of the sustainability of a 

particular system.  This has initiated debates over whether assessments of sustainability 

should be performed using composite indicators aggregated into either sub-indices or a 

single index, rather than assessing each individual indicator separately (Niemeijer, 2002). 

 

1.3.3 Assessment of individual indicators versus indices 

There are many opinions as to whether indicators should be assessed individually or in 

aggregate form (Lopez-Ridaura et al., 2005; Gomez-Limon and Sanchez-Fernandez, 

2010).  The answer to this question ultimately depends on the objectives of a particular 
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study, the questions being asked, and the intended recipient(s) of the results.  Individual 

assessment of indicators is best when attempting to study a single system, such as a farm, 

for application of results by a farmer.  To help identify themes where a group of farms 

may be relatively more sustainable, aggregation of indicators into sub-indices helps to 

highlight areas where gaps in sustainability may be more evident.  If the purpose of a 

study is to compare farms or management systems, or to use sustainability as an outcome 

variable for identifying additional variables that may affect sustainability, a single 

sustainability score may be most useful. 

 

The primary benefit of assessing individual indicators is the ability to evaluate whether 

management practices are deficient and assess the feasibility of alternate management 

strategies, particularly at lower hierarchical levels such as the farm or household 

(Andreoli and Tellarini, 2000; Lopez-Ridaura et al., 2005).  Assessing individual 

indicators is less subjective and more transparent than the use of indices as it does not 

include an additional step involving aggregation into a single or a few values, and thus is 

less likely to lead to misleading or simplistic conclusions (Saisana et al., 2005).  The 

largest disadvantage to assessing individual indicators, however, is that this approach 

does not allow for an overall assessment and comparison between geographical areas, 

management systems, or different time frames, which poses a problem for decision 

makers attempting to make practical decisions (Gomez-Limon and Sanchez-Fernandez, 

2010). 
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Composite indicators aggregate individual sustainability indicators into single values or 

indices, of which there are several farm-level examples in the agricultural literature 

(Rigby et al., 2001; Nambiar et al., 2001 Gomez-Limon and Sanchez-Fernandez, 2010).  

Aggregating indicators into a single score aids in the overall comparison of relative 

sustainability of farms in different areas, with different systems, and at different times 

(Rigby et al., 2001, Gomez-Limon and Sanchez-Fernandez, 2010).  Composite indicators 

can summarize complex data into values that are easy to interpret and can facilitate 

communication with decision makers and the general public to increase accountability 

(Saisana et al., 2005).   However, while a single value is appealing for continuing further 

analyses using the score as an outcome variable, for ranking farms, and for comparing 

farms across time, there are important limitations to composite indicators.  For example, 

indicators are often weighted differently within an index, often subjectively, and thus 

possibly biased by a given researcher’s discipline (Lopez-Ridaura et al., 2005).  

Additionally, a single number does not allow for deeper examination of specific areas of 

deficiency, and thus the use of a single value for designing or promoting more sustainable 

farming practices is of limited value (Lopez-Ridaura et al., 2005; Speelman et al., 2007).  

While there are costs and benefits to both methods of interpretation, either method can be 

used depending on the goals of researchers and the intended use of results.   

 

1.4 Sri Lanka  

Sri Lanka is an island nation with a population of 21.5 million, covering an area of 

65,610 square kilometers (CIA, 2012).  The country is situated in the Indian Ocean south 

of India, with its center located at 7°N and 81°E (CIA, 2012).  Sri Lanka has a tropical 

climate, with a mean annual temperature of 27.5°C and four different climate seasons: the 
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first inter-monsoon season (March to April), characterized by increased rainfall primarily 

in the southwest part of the country; the southwest monsoon (May to September), which 

primarily affects the southwest part of the country while the eastern side of the country 

remains dry; the second inter-monsoon season (October to November), which is 

characterized by increased rainfall in the northern part of the country; and the northeast 

monsoon (December to February), which primarily affects the northeast part of the 

country (Dept. of Meteorology, 2012).  Sri Lanka is divided into three main climatic 

zones: the dry zone, the intermediate zone, and the wet zone (Punyawardena, B.V.R., 

2011).  All of our study areas were in the dry zone, which is characterized by annual 

precipitation of less than 1,750mm. 

 

Administratively, Sri Lanka is divided into nine provinces which are further divided into 

25 districts.  These districts are then divided into Divisional Secretariats (DS).  Each DS 

is further divided into several Grama Niladhari (GN) divisions.  Our study was focused 

on the Puttalam district in the North Western Province, which was not directly affected 

by fighting during the civil war but where many internally displaced people have settled, 

and the Batticaloa district in the Eastern Province, which has endured over two decades 

of war and where there has been a large amount of rural poverty.   

  

Shrimp farming in Sri Lanka began in the early 1980’s in both the Eastern and North 

Western Provinces, although it was subsequently abandoned in the Eastern Province as a 

result of the civil war.  The industry in the North Western Province grew rapidly during 

the 1980s and 1990s and currently contributes over 50% of total export earnings from the 
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fisheries sector (FAO, 2004).  This industry, however, was decimated by disease 

outbreaks, primarily from white spot disease (WSD), in the mid-to late 1990s and again 

in 2003 (FAO, 2004; Weerakoon, 2007).  At its peak, the shrimp farming industry 

provided approximately 40,000 employment opportunities, however, that number 

dropped to approximately 8,000 jobs after disease outbreaks caused a large number of 

farmers to abandon their ponds (Siriwardena, 1999; FAO 2004). 

 

Shrimp farmers in Sri Lanka typically practice brackish-water monoculture of black tiger 

prawns (Penaeus monodon).  More than 90% of shrimp harvested are exported, primarily 

to Japan and the United States (FAO, 2004).  In the North Western Province, 

approximately 600 farms were recently identified as being in operation along 120 km of 

coastline (Munasinghe et al., 2010).  Of these farms, 492 were identified as smallholder 

farms, which we define as farms containing five or fewer shrimp ponds, where the farmer 

was actively working on the farm, and where there was no delegation of decision-making 

to a manager or any other person.  Farms in the North Western Province are all connected 

by a single water source, the Dutch canal, which connects the three lagoons used for 

shrimp farming: the Puttalam lagoon, the Mundal lagoon, and the Chilaw lagoon.  There 

are approximately 60 farms in the Eastern Province, which are clustered in the Batticaloa 

administrative district and share a common water source. 

 

Most farms in Sri Lanka have semi-intensive production systems, which are defined as 

farms that use formulated feed, fertilization, water exchange systems, and have stocking 

densities of approximately 10-20 post-larvae/m
2
 (Corea et al., 1995; Kautsky et al., 
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2000).  The smallholder farms on which our study was focused culture shrimp in earthen 

ponds.  Post-larvae are supplied by hatcheries that are generally located in close 

proximity to the farms in the North Western Province.  In contrast, the Eastern Province 

does not yet have infrastructure in place for local hatcheries.  Post-larvae are typically 

provided by a single company located in the North Western Province, and are shipped in 

refrigerated trucks so as not to degrade considerably in quality.  Stocking times vary 

depending on rainfall, which affects water salinity, and are staggered in the North 

Western Province to ensure an adequate supply of post-larvae, relieve some pressure on 

the water supply, and to help prevent disease spread to other farms (Weerakoon, 2007).   

Harvested shrimp are typically bought by a middleman who visits the farm to buy 

shrimp, and who then exports the final product. 

 

1.5 Constraints to farm-level sustainability in Sri Lanka 

1.5.1 Disease outbreaks 

One of the key constraints for smallholder shrimp farmers in the North Western Province 

is disease, primarily white spot disease (WSD), which has historically caused many 

shrimp farmers, particularly smallholder farmers, to abandon their farms (Siriwardena, 

1999; Weerakoon, 2007).  White spot syndrome virus, the only member of the genus 

Whispovirus within the Nimaviridae family, is the etiologic agent of white spot disease in 

shrimp (Funge-Smith and Briggs, 1998; Lo and Kou, 1998; Tsai et al., 1999; Wu et al., 

2001; OIE, 2011).  Infected shrimp are often diagnosed based on characteristic white 

spots embedded within the exoskeleton, lethargy, and reduced food consumption; 

however, environmental stressors such as high salinity or bacterial disease can also cause 
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white spots to develop and shrimp infected with WSD may not always exhibit white spots 

(OIE, 2011).  A two-stage polymerase chain reaction (PCR) test is recommended for 

diagnosis of white spot syndrome virus (Lightner and Redman, 1998; OIE, 2011).  This 

virus has an extremely wide host range, and can infect multiple species of penaeids, 

crabs, lobsters, copepods, and insect larvae (Flegel and Alday-Sanz, 1998).  Virus 

transmission can occur vertically or horizontally, by consumption of infected tissue 

through predation or cannibalism, and through free virus in water (Walker and Mohan, 

2009; OIE, 2011).  Additionally, there have been reports of seabirds transmitting virus 

through ingestion of infected tissue and excretion of virus in feces but this has not been 

demonstrated experimentally (Sanchez-Paz, 2010).   

 

White spot disease prevalence on farms varies widely depending on environmental 

stressors, but can be up to 100% in captive populations with poor management practices 

(Lo and Kou, 1998).  It can cause mortality rates of 80-100% within five to ten days of 

the first appearance of clinical signs (Chou et al., 1995).  As a result, farmers often 

perform early emergency harvests if WSD is suspected, thus leading to lower incomes 

from smaller yields (Thongrak et al., 1997; Kautsky et al., 2000).  Previous research has 

determined that environmental stressors, often as a result of poor management practices, 

particularly by small-scale, unauthorized shrimp farmers (Weerakoon, 2007), play a large 

role in the presentation of the disease as presence of the virus alone is not sufficient to 

cause development of clinical signs (Funge-Smith and Briggs, 1998; Lo and Kou, 1998; 

Tsai et al., 1999; Wu et al., 2001 MPEDA/NACA, 2003; OIE, 2011).  Additionally, as 

there are currently no treatments or vaccines for this disease, farmers must rely on proper 
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husbandry practices to reduce environmental stress for disease prevention and control 

(Corsin et al., 2001; Corsin et al., 2005; Lightner, 2005; Subasinghe, 2005; Walker and 

Mohan, 2009; OIE, 2011).   Consequently, implementation of practices that have been 

developed to reduce or prevent disease outbreaks is a very important component to 

increasing the sustainability of smallholder shrimp farms in this province. 

 

1.5.2 Social constraints 

As shrimp farming has been promoted as a means for improving income, many 

traditional agriculture lands, such as paddy fields and coconut lands, have been converted 

either fully or partially into shrimp farms (Siriwardena, 1999).  This has not only caused 

a loss of traditional livelihoods, but may also lead to diminishing food security for 

smallholder farmers as the majority of shrimp is exported rather than consumed by 

households.  If farmers generated less income as a result of lower than expected yield or 

lower market prices, their households would have fewer funds to purchase food and other 

necessities.  Previous disease outbreaks have historically led to a large number of 

abandoned ponds (Siriwardena, 1999; Weerakoon, 2007) that are often not reclaimed or 

reused (Dierberg and Kiattisimkul, 1996).  As many smallholder shrimp farmers have 

partially converted traditional agricultural lands to shrimp farms, it is important to ensure 

these livelihoods are sustainable to avoid periods of low income and reduced food 

security. 

 

An additional concern for shrimp farmers in Sri Lanka is conflict with community 

members and neighbouring shrimp farmers.  New pond construction near agricultural 
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lands and villages can create salt water intrusion into other farmers’ domestic wells and 

agricultural lands (Siriwardena, 1999; Bergquist, 2007).  Some shrimp farms have also 

posed restrictions on fishing activities near the farms for security reasons.  This has 

limited access to fishing grounds for others in the community (Siriwardena, 1999).  As 

well, shrimp farmers often experience losses due to poachers, and are required to either 

hire security or spend large amounts of time watching over their ponds, which may 

prevent farmers from diversifying income through additional livelihoods.  This can lead 

to distrust in the community, and shrimp farmers may feel more inclined to hire workers 

from more distant communities (Bergquist, 2007). 

 

During its inception, shrimp farming in the North Western Province was largely 

unregulated and unplanned (Corea et al., 1995; Weerakoon, 2007).  Because of a lack of 

regulations and limited access to brackish water in the area, inlet and outlet canals of 

adjoining farms are closely located such that the discharge of effluent water from one 

farm can become another farm’s intake water (Corea et al., 1995).  In addition to poor 

water quality, this may transmit disease from one farm to another.  This has the potential 

to incite conflict between neighbouring farmers, particularly if the management practices 

of one farm are perceived to be poor by a neighbouring farm.  

 

1.5.3 Ecological constraints 

Poor water quality is an increasingly important constraint to farm survival as it is an 

environmental risk factor for disease development.  Elevated pollution levels in water 

bodies used for shrimp farming may result in lower growth and general poor health in 

shrimp, particularly without good management practices (Chien, 1992).  Farms in the 
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North Western Province primarily rely on the Dutch Canal for their brackish water 

supply (Arulananthan et al., 1995; Corea et al., 1995), which, for a number of reasons, 

has become increasingly polluted.  Water residence times, which are the lengths of time a 

given volume of water remains in the system of interest, in the Dutch Canal are relatively 

long at approximately 40 to 60 days, suggesting that effluents are unlikely to be diluted 

by incoming oceanic water (Arulananthan et al., 1995; Corea et al., 1995).  This problem 

is exacerbated by recent deforestation and erosion, which has caused sea access to be 

blocked by sandbars and disruptions to the continuity of the canal due to drying during 

the dry season, both of which increase water residence times (Corea et al., 1995).  

Additionally, as there is limited access to brackish water in this area, farmers all 

discharge effluents into the same water body, further exacerbating pollution problems.  

Water quality management is one of the most important management practices, 

particularly in semi-intensive and intensive culture systems (Chien, 1992), and 

implementation of management practices promoting good water quality is essential 

amidst concerns of increasing self-pollution of the water body. 

 

An additional ecological concern related to the development of shrimp ponds is the 

destruction of ecologically sensitive mangrove habitats (Dayaratne et al., 1995; 

Primavera, 1995; Siriwardena, 1999; Neiland et al., 2001; Alongi, 2002).  In Sri Lanka, 

an estimated 22% of mangrove deforestation can be directly attributed to shrimp farming 

(Siriwardena, 1999).  Mangroves enhance the productivity of coastal environments by 

acting as nurseries for aquatic organisms, reducing pollution, reducing coastal and 

riverbank erosion, and protecting coastal areas from typhoons (Dayaratne et al., 1995; 
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Neiland et al., 2001; Alongi, 2002).    While the destruction of mangrove areas is an 

important constraint to sustainability of the industry, and education of the importance of 

mangroves should be promoted, this is a difficult aspect to include in a farm-level 

assessment of sustainability and was therefore not directly measured in this study.  In Sri 

Lanka, mangroves are also used for firewood and tanning of beach-seine nets, as well as 

for other land development purposes (Dayaratne, 1995; Siriwardena, 1999).  Depletion of 

mangrove forests is not solely an issue for the shrimp industry and should therefore be 

managed at the regional or national level as part of coastal zone management (Neiland et 

al., 2001). 

 

1.5.4 Economic constraints 

Initial start-up costs for shrimp farms are high, and many smallholder farmers require 

bank loans with interest rates of 18-24% to cover initial input costs (Siriwardena, 1999; 

Jayasinghe, 2001).  Due to large initial debt loads and high costs of production, farmers 

rely on high yields and good market prices to pay their loans and generate profits.  One of 

the most important constraints to achieving high yields for smallholder shrimp farmers is 

high mortality resulting from disease outbreaks (Weerakoon, 2007).  As previously 

described, good management practices are an important way to help prevent and control 

disease outbreaks and ensure increased economic gains.  In addition to disease, farmers 

have also experienced power shortages and shortages of post-larvae, both of which affect 

final yields (Jayasinghe, 2001). 
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While production costs have continually risen in recent years, the prices that farmers 

receive for their shrimp have declined (Munasinghe et al., 2010).  This has led some 

farmers to harvest early when the market price is favorable, ultimately resulting in lower 

overall income.  In recent years, the export price for shrimp has also declined, causing 

some farmers to sell shrimp to the local markets, where they can receive an equivalent 

price for smaller shrimp (Munasinghe et al., 2010).  Economic constraints resulting from 

lower prices in addition to a lack of technical knowledge have been a significant barrier 

for farmers in implementing some of the practices recommended to improve 

sustainability (Barg et al., 2003; MPEDA/NACA, 2003; ASEAN, 2005; FAO et al., 

2006; Bosma and Verdegem, 2011), which may contribute to disease, loss of livelihoods, 

and abandonment of farms. 

 

1.5.5 Best management practices 

In response to some of the aforementioned constraints, the Sri Lankan government, in 

conjunction with researchers and experts in the shrimp farming industry, encouraged, 

and, in some cases in the North Western Province, mandated the implementation of some 

best management practices (BMPs) in an attempt to improve sustainability of the industry 

(Weerakoon, 2007).  BMPs have been developed in both agriculture and aquaculture as a 

means for farmers to both improve economic gains and reduce negative impacts on the 

environment (Engle and Valderrama, 2004; Rahelizatovo and Gillespie, 2004; Bene, 

2005).  In the aquaculture industry, many BMPs were derived from the Food and 

Agriculture Organization (FAO) Codes of Conduct for Responsible Fisheries (Barg et al., 

2003; Bene, 2005).  Many of the BMPs promoted by the industry are based on published 
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studies on the biology and epidemiology of WSD, empirical observations, and provincial, 

national, and international regulations (Corsin et al., 2001; Engle and Valderrama, 2004; 

Corsin et al., 2005; Lightner, 2005; Subasinghe, 2005; Walker and Mohan, 2009).  BMPs 

are also intended to help smallholder producers increase productivity by decreasing the 

risk of disease, reducing impacts of shrimp farming on the environment, improving food 

safety of the final product, and improving the social benefits derived from shrimp 

farming (Walker and Mohan, 2009).  To our knowledge, no studies have examined the 

effects of implementing multiple BMPs on disease prevalence.   

 

The BMPs promoted in Sri Lanka relate to farm management, hatchery management, 

brood stock collection, feed and chemical imports and their usage (Weerakoon, 2007).  

These BMPs are not specific to Sri Lanka, and were based on general recommendations 

for the shrimp farming industry to minimize disease outbreaks and maximize social, 

ecological, and economic sustainability (Allan et al., 1995; Kautsky et al., 2000; 

MPEDA/NACA, 2003; ASEAN, 2005; FAO et al., 2006; Stark and Bocquillet, 2009).  

At the farm level, BMPs are often related to farm management practices, such as proper 

pond preparation filling, seed selection and stocking, water quality management, and 

disease outbreak control.  Farmers in the North Western Province began implementing 

some recommended BMPs, primarily testing post-larvae for WSD and filtering inlet 

water, approximately four years after a 1996 WSD outbreak (Jayasinghe, pers. comm., 

2012).  Since then, BMPs have steadily gained favor among policy makers and some 

farmers as a means of reducing disease, improving income, and enabling farm survival 

and success.   
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1.6 Objectives 

The primary goal of this thesis was to evaluate farm-level sustainability of smallholder 

shrimp farms in the North Western and Eastern Provinces of Sri Lanka.  Our goal was not 

to make definitive judgments regarding which farms will persist or leave the industry.  

Rather, this study attempted to assess differential implementation of practices and 

perceptions likely to affect relative sustainability of farms, to identify areas where 

improvements can be made, and to identify areas where farmers can modify practices to 

improve the likelihood of farm survival.  To address some of these goals, Chapter Two 

compares and contrasts the relative sustainability of shrimp farms in the North Western 

and Eastern Provinces.  To do this, farm-level sustainability indicators relevant to the Sri 

Lankan shrimp farming industry were selected using two different frameworks adapted 

from the agricultural literature.  Chapter Three builds on the previous chapter by utilizing 

the overall sustainability index score to determine if farms are clustered by geographical 

region and to determine additional variables associated with farm level sustainability.  

Both of these objectives are addressed using a multi-level modeling approach.  By 

identifying potential links between demographic and geographic indicators and 

sustainability, we will generate insights regarding specific groups to target for improved 

knowledge transfer.  As disease has been an important constraint to farm survival in Sri 

Lanka, Chapter Four identifies which best management practices were associated with 

reduced white spot disease prevalence.  Chapter Five summarizes the key messages and 

discusses limitations, recommendations, and directions for future research. 
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The outcomes from this thesis will provide baseline information regarding farm-level 

sustainability of the shrimp industry in Sri Lanka.  We intend to identify gaps in 

knowledge or practices that are likely to affect farm survival, as well as geographic and 

demographic variables that may affect farm-level sustainability.  This information 

provides direction for future work and may be used to assist decision makers to more 

effectively target groups for improved education and policy programs to improve 

sustainability of smallholder shrimp farms. 
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CHAPTER TWO: 

ASSESSING AND COMPARING RELATIVE FARM-LEVEL SUSTAINABILITY OF 

SMALLHOLDER SHRIMP FARMS IN TWO SRI LANKAN PROVINCES USING 

INDICES DEVELOPED FROM TWO METHODOLOGICAL FRAMEWORKS 

 

2.1 Introduction 

Having recently emerged from a prolonged civil war, Sri Lanka is turning to brackish-

water shrimp (Penaeus monodon) farming to help stimulate its economy and improve the 

livelihoods of its rural poor.  Aquaculture, specifically shrimp farming, is an important 

means of income generation in Sri Lanka, where more than 40% of the rural poor are 

employed as smallholder subsistence farmers and fishers (IFAD, 2007).  Shrimp farming 

in Sri Lanka grew rapidly during the 1980s and 1990s, and presently contributes over 

50% of total export earnings from the fisheries sector (FAO, 2004).  The North Western 

Province of Sri Lanka has been continuously farming shrimp since the 1980s (FAO, 

2004), but near-collapses of the industry from white spot disease (WSD) outbreaks in the 

mid- to late 1990s (Siriwardena, 1999), and again in 2003 (Weerakoon, 2007), have 

caused production losses, abandonment of farms, and widespread unemployment, 

particularly among smallholder shrimp farmers (Subasinghe, 2005).  A recent study in 

this province also found that farmers on large and medium scale farms have decreased 

their scales of production, perhaps due to economic constraints (Munasinghe et al., 

2012).    These disease outbreaks were believed to be due, in part, to lack of education 

and poor management on the part of shrimp farmers, as well as uncontrolled and 

unregulated growth of farms (Siriwardena, 1999; Bergquist, 2007; Weerakoon, 2007). 
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The impacts of disease outbreaks are often prolonged, particularly for smallholder 

farmers in developing countries who may lack the knowledge and/or ability to respond to 

outbreaks in a timely manner (Bergquist, 2007; Walker and Winton, 2010).  Often these 

farmers do not have adequate measures in place to prevent disease, resulting in severe 

consequences when outbreaks occur.  The disease outbreaks in the North Western 

Province have served as an impetus for encouraging shrimp farmers to implement more 

sustainable practices, and best management practices (BMPs) have been developed by 

industry experts to minimize disease outbreaks and maximize ecological, social, and 

economic sustainability (Allan et al., 1995; Kautsky et al., 2000; MPEDA/NACA, 2003; 

ASEAN, 2005; FAO et al., 2006; Stark and Bocquillet, 2009).  These BMPs are 

generally recommended for farmers in the shrimp farming industry and are not 

specifically tailored to Sri Lanka.  Implementation of some BMPs, such as ensuring post-

larvae are disease free, and preparing ponds appropriately, are enforced by government 

agencies in this province, although there is variation in compliance (Jayasinghe, pers. 

comm., 2012). 

 

Shrimp farming began in the Eastern Province of Sri Lanka in the late 1970s but was 

abandoned due to civil conflict (Wijegoonawardena and Siriwardena, 1996; FAO, 2004).  

There has been a recent revival of the industry in this area since the end of the civil war, 

and at present there are approximately 60 farms in operation in the Eastern Province 

(FAO, 2004).  Policy makers hope to learn from the issues encountered in the North 

Western Province and develop the industry more sustainably by planning sites for 

potential farms based on carrying capacity, existing land use, access to saline water, and 
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examining water quality, soil pH, and distribution of mangrove areas, which they have 

outlined in a five-year zonal plan (Gunaratne, 2008).  One possible oversight to the zonal 

plan is that while sites may be more regulated, there is currently no educational or farm-

level training plan to encourage farmers to adopt best management practices. 

 

While the need to promote sustainable growth of the shrimp farming industry has been 

noted in the literature (e.g., Folke and Kautsky, 1992; Corea et al., 1995; Flegel and 

Alday-Sanz, 1997; Bene, 2005; Bergquist, 2007; Godfray et al., 2010), little has been 

done to determine and measure practical indicators that may affect farm-level 

sustainability, where farmers’ individual perceptions and behaviors with respect to 

sustainability are likely reflected in their management practices.  This is partially due to 

the existence of numerous definitions of sustainability and the recognition that the 

parameters governing sustainability differ between societies (e.g., Hansen, 1996; 

Bosshard, 2000; Pannell and Glenn, 2000; Rigby, 2001; Gomez-Limon and Sanchez-

Fernandez, 2010).  Regardless of the definition used, however, there is a general 

consensus that to be considered sustainable, the unit of interest must include all three 

dimensions, or “pillars”, of sustainability: social, ecological, and economic (Pope et al., 

2004; Pretty, 2008; Gomez-Limon and Sanchez-Fernandez, 2010).  It is also recognized 

that assessments of sustainability will differ depending on the management system, time 

frame, and spatial scale over which indicators are measured (Hansen, 1996; Rigby et al., 

2001; Speelman et al. 2007).    Measures of sustainability, or indicators, must therefore 

incorporate the three pillars of sustainability as well as the context in which the indicators 

have been developed and measured.  As a result, sustainability indicators must be 
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reformulated for each situation to which they are applied (Pannell and Glen, 2000; 

Lopez-Ridaura et al., 2005; Van Cauwenbergh et al., 2007; Gomez-Limon and Sanchez-

Fernandez, 2010).  In Sri Lanka, for example, farms must navigate challenges such as 

conflicts over land use, water pollution, high debt loads, and low incomes in order to be 

sustainable.  Additionally, as disease is a critical constraint to the survival and well-being 

of smallholder shrimp farms in Sri Lanka, any study assessing farm-level sustainability 

must also emphasize and assess disease risk and implementation of biosecurity practices. 

 

As we are unaware of any published studies evaluating multi-dimensional frameworks 

for measuring farm-level sustainability in aquaculture, frameworks must be adapted from 

those used in agriculture.  Frameworks for designing farm-level sustainability indicators 

can be divided into two main types: content- and system-based (Von Wiren-Lehr, 2001; 

Van Cauwenbergh et al., 2007). Indicators developed using content-based frameworks 

characterize individual parts of the system of concern (CIFOR, 1999; Van Cauwenbergh, 

2007).  Most content-based frameworks are hierarchical, related to agro-ecosystem 

function (de Groot et al., 2002), and are based on principles, which are general conditions 

for achieving sustainability; criteria, which are specific objectives related to the state or 

aspect of the agro-ecosystem; and indicators, which are qualitative or quantitative 

variables that can be measured to determine compliance with a given criterion (Van 

Cauwenbergh et al., 2007).  These indicators are typically arranged according to the three 

pillars of sustainability.   
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System-based frameworks use general attributes of a system, regardless of the 

hierarchical level or disciplinary bias, to evaluate the sustainability of that system 

(Conway, 1994; Lopez-Ridaura et al., 2005).  These frameworks incorporate the pillars 

of sustainability in a general sense, but indicators are not explicitly divided according to 

pillar.  Some examples of attributes used in system-based frameworks include 

productivity, which involves production of goods and services; stability, which involves 

prevention of self-deterioration of the resource base; reliability of the system when facing 

normal variation; resilience of the system when facing extreme or abrupt variations; and 

adaptability of the system when facing permanent variations (Lopez-Ridaura et al., 2002; 

Lopez-Ridaura et al., 2005; Speelman et al., 2007).  Both types of frameworks are likely 

to identify similar indicators for a given system if information is collected solely using a 

questionnaire and a cross-sectional study design; however, each would aggregate 

indicators differently according to each framework’s specific attributes or pillars.  Using 

multiple frameworks would thus enable potentially different interpretations of 

sustainability. 

 

The goals of this study were to create a baseline farm-level sustainability index of 

smallholder shrimp farms in Sri Lanka, to identify similarities and differences in farm-

level sustainability between the more established North Western Province and the newly 

developing Eastern Province, and to explore the implications of those similarities and 

differences.  Additionally, as few frameworks have been formulated for use in 

aquaculture systems, we elected to use both content- and system-based frameworks 

adapted from the agricultural literature to determine whether arranging indicators within 
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different frameworks can be used to glean additional insight into relative farm 

sustainability.   

 

For the purposes of this study, we equated farm-level sustainability with farm survival, as 

smallholder shrimp farmers in Sri Lanka have historically experienced large amounts of 

uncertainty in the industry, primarily due to lowered incomes as a result of disease 

outbreaks, and farmers have frequently entered and left the industry over short periods of 

time (Wijegoonawardena and Siriwardena, 1996).  While individual farmers cannot 

directly influence external factors such as government policies and market demand, they 

can change and adapt management practices to help enable their farms to survive.  This 

cross-sectional study will identify areas where sustainable farming practices are deficient, 

and will aid efforts to create informed, region-specific policies and education programs to 

improve sustainable practices and behaviors at the farm level. 

 

2.2 Materials and Methods 

2.2.1 Study area 

This study was conducted in the North Western and Eastern Provinces of Sri Lanka 

(Figure 2.1).  The North Western Province is in the administrative district of Puttalam, 

and is divided into administrative units known as Divisional Secretariats (DS) and Grama 

Nilhadan (GN) (Figure 2.2). There are approximately 472 smallholder farms 

(Munasinghe et al., 2010) along 120km of the coastline of the North Western Province.  

Farms in the North Western Province are all connected by a single water source, the 

Dutch canal, which connects the three lagoons used for shrimp farming; the Puttalam 
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lagoon, the Mundal lagoon, and the Chilaw lagoon.  There are approximately 60 farms in 

the Eastern Province, all of which are clustered in the Batticaloa administrative district 

and share a common water source.  Most farms in Sri Lanka employ semi-intensive 

production systems, which are defined as farms that use formulated feed, fertilization, 

water exchange systems, and have a stocking density of approximately 10-20 post-

larvae/m
2
 (Corea et al., 1995; Kautsky et al., 2000).  

 

Topography and mean average temperatures are similar for both provinces, with average 

rainfall being slightly higher in the Eastern Province (1500-2000 mm/year compared with 

1000-1500 mm/year in the North Western Province; Dept. of Meteorology, 2012).  The 

majority of rainfall in both study areas generally occurs during the second inter-monsoon 

season (October through November), with the Eastern Province experiencing an 

additional rainy season between December and February (Dept. of Meteorology, 2012).  

As stocking times are planned around the rainy seasons, stocking occurs asynchronously 

in the two provinces; however, both provinces share similar climates at the time of 

stocking. 

 

2.2.2 Indicator development and model comparison 

Farm-level indicators of sustainability were developed based on both the aquaculture and 

agricultural literature (e.g., Kautsky et al., 2000; MPEDA/NACA, 2003; ASEAN, 2005; 

FAO et al., 2006; Boyd et al., 2007; Consensus, 2008; WWF, 2010).  We primarily 

examined modifiable practices and behaviors that farmers can influence to improve the 

chances of their farms’ survival in a changing environment.  Indicators were developed 
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using two different frameworks as guidelines (Lopez-Ridaura et al., 2005; Lopez-Ridaura 

et al., 2007; Van Cauwenbergh et al., 2007).  As disease outbreaks are an important 

factor in short-term survival of smallholder farms, emphasis was placed on best 

management practices and disease control measures (Table 2.1).  Indicators and questions 

were refined and adapted to the shrimp farming industry in Sri Lanka after discussions 

with local experts.  

 

2.2.3 Questionnaire design and validation 

A questionnaire comprised of approximately 200 questions relating to sustainability was 

created based on the indicators described in the previous section (Appendix A).  The 

questionnaire was designed to be administered as a face-to-face interview, and questions 

were generally closed or semi-closed with multiple choice or Likert scale responses 

(Streiner and Norman, 2008; Dohoo et al., 2009).   Some questions were differently-

worded versions of the same question (e.g., question 139 and question 140; Appendix A), 

and were included to increase internal validity.   

 

A pilot study with nine smallholder shrimp farmers was performed to pre-test the 

questionnaire.  The preliminary questionnaire was administered by a local expert in 

aquaculture who also assisted in selecting the farmers.  The preliminary questionnaire 

was written in English and was translated into the local language by the interviewer while 

at the farm.  The duration of each interview along with farmers’ comments were noted.  

The order of the questions, skip patterns, and questions themselves were adjusted based 

on the pilot study.  The final version of the questionnaire was assessed for content 
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validity (Streiner and Norman, 2008) by consulting with experts in the shrimp industry in 

Sri Lanka to remove irrelevant questions and ensure there were no gaps in our objectives 

that required additional questions. 

 

The final version of the questionnaire was translated into the two major languages, 

Sinhala and Tamil, by a professional translator and the Dean of Science at the Eastern 

University, respectively.  Translation of the questionnaire closely followed published 

guidelines in an attempt to preserve equivalence across cultures (Guillemin et al., 1993; 

Behling and Law, 2000).  The questionnaire was then back-translated into English by two 

different professional translators (one for each language).  The English back-translated 

copies were compared to the original English versions and discrepancies were then 

corrected by the professional translators.  Additional corrections to the Sinhala and Tamil 

versions were made based on suggestions from team members with subject knowledge at 

subsequent training sessions for the interviewers. 

 

2.2.4 Study participants and inclusion/exclusion criteria 

A cross-sectional survey of 225 smallholder shrimp farms in the North Western (165 

farms) and Eastern (60 farms) Provinces was conducted during the period of June 

through September, 2011.  For the purposes of this study, “smallholder” was defined as a 

farm containing five or fewer shrimp ponds, where the farmer was actively working on 

the farm, and where there was no delegation of decision-making to a manager or any 

other person.  The person selected for the interview was the person on the farm who 

made the majority of operational decisions.  For 217 (96%) of the 225 farms, the person 
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interviewed was the head of the household.  On eight of the 60 farms (13%) in the 

Eastern Province, the farmer was unavailable for the interview and delegated a farm 

worker to be interviewed.  These eight farms were included in the analysis but specific 

questions regarding opinions and hypothetical decisions were excluded.  A farm was 

considered to be operational provided that the farmer was either currently culturing or 

intending to culture shrimp during the next production cycle. Farmers were excluded 

from the study if they were unable or unwilling to participate in the interview. 

 

2.2.5 Sampling framework 

Using data from a recent study of shrimp farms in Sri Lanka (Munasinghe et al., 2010), 

472 smallholder farms were identified as being in operation in the North Western 

Province.   From this population, a sample size of 173 farms was calculated based on a 

population size of 472, an estimated percent frequency of the outcome factor of 50%, a 

desired precision of 5%, and a 90% confidence level (Dean et al., 2011).  Due to 

anticipated logistical difficulties involved in finding, approaching, and interviewing a 

large sample of farmers (Corsin et al., 2002), and as the purpose of this study was 

exploratory rather than predictive, a 90% confidence interval was used rather than the 

standard 95% confidence interval.  Due to logistical constraints, farms were located based 

on knowledge from people familiar with each area, as well as by acquiring names from 

shrimp society lists.  This solicitation was not performed randomly.  A total of 165 

farmers were interviewed in the North Western Province, representing 35% of all known 

farms still in operation.  The number of shrimp farms surveyed within individual GNs 

varied from one to 32, and was approximately proportional to the total number of farms 
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within each GN (i.e., ~35% of farms within each GN).  As the shrimp farming industry is 

newly developing in the Eastern Province, all 60 farmers were approached to be 

interviewed, and the response rate was 100%.   

 

2.2.6 Data collection - recruitment 

Teams of two interviewers able to speak the local language in each region and familiar 

with the study area were recruited to administer the questionnaire, along with supervisors 

to ensure consistency and quality of the data collection process.  All interviewers 

participated in an intensive five-day training session prior to collecting data to increase 

inter-rater reliability. 

 

Written informed consent was obtained from each participant in the study and data was 

collected confidentially.  Ethics approval for this study was obtained from the Conjoint 

Faculties Research Ethics Board at the University of Calgary. 

 

2.2.7 Analysis – variable reduction 

Questionnaire data were entered into a Microsoft Access 2007 (Microsoft Corporation, 

2007) database.  Data entry was checked for accuracy by examining outliers individually 

to ensure correct entry, examining selected responses to 100 questions selected using a 

random number table, and examining the entirety of twelve questionnaires (5% of all 

questionnaires), also selected using a random number table.  The overall error rate was 

0.59% (17 errors in a total of 2865 questions examined) and identified errors were 

corrected.   
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A total of 134 sustainability indicators were originally included prior to examination of 

missing data, variation, and correlation.  As the indicators were to be used to generate 

indices for individual farms, it was important to ensure high response rates.  Questions 

with <80% response rates were therefore considered for removal from the analysis.  

There were four questions retained in the analysis with <80% response rates in the 

Eastern Province (response rates were 67%-72%) as they were deemed by literature or 

expert opinion to be important for sustainability.  There was one question retained in the 

analysis with 78% response rate in the North Western Province that was deemed close 

enough to the pre-determined cut-off to remain in the analysis.  Questionnaire 

completeness for each farm was assessed and farmers who answered <80% of the 

questions used to assess sustainability were considered for removal from the analysis.  

There were two farms with response rates of 74% and 76% that were deemed sufficiently 

close to the predetermined cut-off to remain in the analysis.   

 

As the indices were intended to assess relative sustainability and variability among farms, 

questions with minimal variation (answered the same way by >80% of respondents in 

both the Eastern and the North Western Provinces) were generally removed from the 

final analysis.  Some questions that were deemed by experts or previous studies to be 

important for sustainability were retained in the final analysis despite lacking variation.  

For example, responses to a question regarding separate areas for water inflow and 

outflow lacked variation in both provinces, with 98% and 88% of farmers in the North 

Western and Eastern provinces, respectively, responding in the affirmative (Question 25; 
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Appendix A).  This variable was retained in the final analysis as previous studies found it 

to be important for reducing pollution and disease spread (Corea et al., 1995; 

Wijegoonawardena and Siriwardena, 1996; MPEDA/NACA, 2003).    

 

Finally, in cases where questions were highly correlated (correlation coefficient >0.70; 

Munro, 2005), one question was used as a proxy for the other question (OECD, 2008).  

The question removed was generally the one for which we were less confident in the 

accuracy of responses (e.g., if the wording caused some confusion during the training 

sessions).  If one question was identified as being more important for sustainability by 

either expert opinion or previous studies, however, that question was retained.   

 

2.2.8 Analysis – index creation 

The final 44 variables remaining in the analysis were normalized using “min-max” 

normalization, where a score of zero was assigned for the least sustainable option and a 

score of one was assigned for the most sustainable option for each question (Andreoli and 

Tellarini, 2000; OECD, 2008; Ceyhan, 2010; Gomez-Limon and Sanchez-Fernandez, 

2010) to allow for equal weighting and comparison of each indicator.  The decisions 

regarding the least and most sustainable options were provided by previous studies in the 

literature or industry guidelines for sustainable shrimp farming and were then 

corroborated by expert opinion.  Variables with uncertainty regarding a positive or 

negative association with sustainability (i.e., if studies were contradicting, if a logical 

argument could be made for an opposite effect in shrimp farming, or if experts either did 

not know or disagreed with previous studies or each other) were removed from analysis 
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and associations were further examined in Chapter Three.  For Likert scale questions, 

which were initially rated from one to five in the questionnaire, one (1) was subtracted 

from the response rating and the resulting integer was then divided by four to obtain a 

final score between zero (least sustainable) and one (most sustainable).  Responses to 

continuous and categorical questions were either scored on a binary scale (i.e., a score of 

zero for not following the recommended practice and one for following 

recommendations), or were divided into biologically plausible categories.  This was done 

to allow for equal weighting amongst indicators.  When examining stocking density, for 

example, overstocking is a risk factor for disease, slow growth, and environmental 

contamination.  While understocking of ponds does not lead to the more severe 

consequences of disease that can affect both the farm of interest as well as other farms, it 

can lead to reduced incomes from reduced yields.  As a result, farms that overstocked 

their ponds received scores of 0, farms that understocked their ponds received scores of 

0.5, and farms with an ideal stocking density for their production system received scores 

of 1.  

 

To gain a better understanding of Sri Lankan smallholder shrimp farm sustainability, we 

categorized indicators according to two different methodological frameworks designed to 

assess sustainability of agricultural systems (Lopez-Ridaura et al., 2005; Lopez-Ridaura 

et al., 2007; Van Cauwenbergh et al., 2007).  The framework used is an important 

consideration when aggregating information from many indicators into composite 

indices, as interpretation of results may vary depending on how indicators are organized 

and weighted
 
(Lopez-Ridaura et al., 2005; Gomez-Limon and Sanchez-Fernandez, 2010).  
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Our first model was adapted from the Sustainability Assessment of Farming and the 

Environment (SAFE) model described by Van Cauwenbergh et al. (2007), which is a 

content-based hierarchical framework where indicators characterize single parts of the 

system of concern based on the three pillars of sustainability (Table 2.2).  The second 

model was adapted from the Framework for Assessing the Sustainability of Natural 

Resource Management Systems (MESMIS) model described by Lopez-Ridaura et al. 

(2005), which is a system-based framework where indicators describe key attributes of 

systems as a whole (Table 2.3).  The MESMIS model is based on the functioning and 

behavior of the system and its ability to return to a new equilibrium in a changing 

environment (Lopez-Ridaura et al., 2002; Lopez-Ridaura et al., 2005).  In the original 

MESMIS model, the ability to return to a new equilibrium is separated into reliability 

(when facing normal variations), resilience (when facing extreme or abrupt variations), 

and adaptability (when facing permanent variations).   Due to the limitations of 

conducting a cross-sectional study exclusively at the farm level, however, we elected to 

assess these attributes together.    

 

Sub-indices were created for each pillar in the SAFE-based model (Table 2.2) and each 

attribute in the MESMIS-based model (Table 2.3).  For each farm, sub-indices were 

generated by summing the scores for indicators grouped within each pillar/attribute, 

dividing by the total number of responses to questions grouped within that pillar/attribute, 

and multiplying by 100 to get a score between 0 and 100 (OECD, 2008; Gomez-Limon 

and Sanchez-Fernandez, 2010).  This scaling allows for comparisons between farms even 

if they did not answer equivalent numbers of questions within each pillar/attribute.  To 
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our knowledge, there have been no previous sustainability studies using indicators for the 

Sri Lankan shrimp farming industry.  We therefore decided not to assign weights to the 

individual indicators within each sub-index as it was unclear which indictors to weight 

more heavily (OECD, 2008; Gomez-Limon and Sanchez-Fernandez, 2010).  An overall 

index was created for each model by adding the scores for each pillar/attribute and 

dividing by the number of pillars or attributes to generate a score between 0 and 100.   

 

2.2.9 Analysis – comparison between provinces 

All analyses were performed using the statistical software package Stata 12 (StataCorp, 

2011).  Between-province comparisons of mean index scores for both the sub-indices and 

the overall indices were assessed using Student’s t-test.  All scores for each province 

were assessed for the assumptions of normality and equal variances.  Where the 

assumption of normality was violated, the Mann-Whitney U test was used.  Unequal 

variances were adjusted in Student’s t-test for two sub-indices.  

 

2.3 Results 

2.3.1 General study participant and farm characteristics  

A total of 165 farmers in the North Western Province, representing 35% of total known 

smallholder farms still in operation, were interviewed.  As the shrimp farming industry is 

newly developing in the Eastern Province, all 60 farmers were approached to be 

interviewed, and the response rate was 100%.  Three farms answered <40% of the 

questionnaire, and were removed from the analysis to avoid biasing final results.  Two 

additional farms answered 74% and 76% of the questionnaire, which was deemed to be 
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sufficiently close to the pre-determined cut-off of 80%, and were included in the final 

analysis.  The final sample size was 222 (59 farms in the Eastern Province and 163 in the 

North Western Province). 

 

All participants interviewed were male, which is consistent with the shrimp farming 

industry in this area. Only six women, all located in the North Western Province, are 

known to make the majority of decisions with regard to farm operation and management 

(Hanifa; North Western Province Ministry of Fisheries, pers. comm, 2011). The majority 

of participants surveyed in the North Western Province were Sinhalese (Table 2.4), with 

23% of respondents identifying themselves as Tamil and 22% of respondents identifying 

themselves as Moors.  In the Eastern Province, approximately half of the participants 

were Tamil and approximately half were Moors. 

 

In the North Western Province, all farmers interviewed had completed some formal 

education.  The majority of participants (55%) had completed from grades one to ten, and 

45% of participants had completed high school or had some form of higher education.  In 

the Eastern Province, the majority of respondents (59%) had completed at most some 

school from grades one to ten, 34% of respondents had completed high school exams or 

some form of higher education, and 7% of respondents did not have formal education 

(Table 2.4).  In the North Western Province, 57% of respondents reported shrimp farming 

as their main livelihood, as compared with 33% in the Eastern Province (Table 2.4).  The 

mean age of participants was 41.3 years (range: 18-73) in the North Western Province 

and 46.1 years (range: 19-70) in the Eastern Province. 
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Descriptive statistics for general farm characteristics are shown in Table 2.5.  All 222 

participants employed semi-intensive production systems.  The average farm size was 1.6 

hectares in the North Western Province and 2.2 hectares in the Eastern Province.  The 

average number of ponds was 2.5 in the North Western Province and 3.4 in the Eastern 

Province.  Farmers had an average of 1.5 and 1.1 production cycles in 2010 in the North 

Western and Eastern Provinces, respectively.  The length of the last production cycle in 

2010 was approximately 91 days in the North Western Province and 122 days in the 

Eastern Province.  

 

2.3.2 Descriptive statistics of indicators  

After excluding the low-participating farms, participants responded to an average of 

95.4% of the final variables selected (standard deviation: 4.5%; range 74% – 100%).  

Descriptive statistics for indicators used in the final index creation are listed in Table 2.6.   

 

One of the most significant differences between the Eastern and North Western Provinces 

was disease prevalence.  In the Eastern Province, 59/60 (98.3%) farmers reported no 

disease in 2010, as compared with only 45.5% of farmers in the North Western Province.  

More farmers in the Eastern Province generated net profits from shrimp farming, and 

they also harvested greater yields (Table 2.6).  Farmers in the Eastern Province were also 

more likely to culture species other than shrimp in their ponds as compared with farmers 

in the North Western Province.  A greater proportion of farmers in the North Western 

Province, however, followed more than half of best management practices, had access to 
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training courses, and felt they were able to make the majority of decisions both on their 

farms and when selling their shrimp (Table 2.6). 

 

The majority of the farmers in both provinces reported problems with poaching, a large 

perceived debt burden, and low self-rated knowledge (Table 2.6). 

 

2.3.3 Index results using the SAFE model 

The overall mean sustainability index score for farms in the North Western Province was 

59.7 (95% CI: 58.5 – 60.9), which was significantly higher (p<0.001) than the overall 

mean score in the Eastern Province (54.3; 95% CI: 52.3 – 56.4).  The least sustainable 

farm in the North Western Province had a score of 35.2, while the most sustainable farm 

had a score of 78.6. The least sustainable farm in the Eastern Province had a score of 

39.5, while the most sustainable farm had a score of 75.4.   

 

Mean overall and individual pillar sustainability index scores for farms in the North 

Western and Eastern Provinces are shown in Figure 2.3.  Mean index scores for the 

social, ecological, and health pillars were all significantly (p<0.01) higher in the North 

Western Province than in the Eastern Province, despite the North Western Province 

having more disease problems (Figure 2.3).  Farms in the Eastern Province scored higher 

in the economic pillar sub-index, but this difference was not statistically significant 

(p=0.32). 
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2.3.4 Index results using the MESMIS model 

The overall mean sustainability index score for farms in the North Western Province was 

58.3 (95% CI: 56.8 – 59.8), which was significantly higher (p=0.015) than the overall 

mean score in the Eastern Province (54.8; 95% CI: 52.6 – 57.1).  The least sustainable 

farm in the North Western Province had a score of 26.9, while the most sustainable farm 

had a score of 79.1.  The least sustainable farm in the Eastern Province had a score of 

30.4, while the most sustainable farm had a score of 77.1.   

 

Mean overall and individual attribute sustainability sub-index scores for farms in the 

North Western and Eastern Provinces are shown in Figure 2.4.  Mean sub-index scores 

for the communication and stability attributes were significantly (p<0.01) higher for 

farms in the North Western Province than for the farms in the Eastern Province (Figure 

2.4).  Farms in the Eastern Province scored higher in the perceptions affecting decisions 

and productivity sub-indices, but these differences were not statistically significant 

(p=0.14 and 0.77 respectively) (Figure 2.4). 

 

Overall mean sustainability scores for the SAFE and MESMIS models were not 

significantly different (p=0.293).  

 

2.4 Discussion 

Similar themes were gleaned from both the content-based (Van Cauwenbergh et al., 

2007) and system-based (Lopez-Ridaura et al., 2005) sustainability frameworks, and we 

found no significant difference between mean overall sustainability scores for the two 
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different frameworks.  Farms in the North Western Province scored significantly higher 

on the overall sustainability indices of both models.   In addition to evaluating a single 

overall score of sustainability for farms, we also evaluated sub-indices for both models to 

avoid the potential of biasing interpretation of the results due to our aggregation methods 

(Morse et al., 2001; OECD, 2008).  We found that farms in the North Western Province 

generally scored higher in the different pillar or attribute sub-indices compared to farms 

in the Eastern Province for both models.  Our findings are consistent with a study 

performed by Gomez-Limon and Sanchez-Fernandez (2010), which compared different 

techniques for aggregating and weighting indicators into composite indices and found 

similar results regardless of the aggregation or weighting technique used.   

   

2.4.1 Overall sustainability index score 

It is surprising that farms in the North Western Province had significantly higher overall 

sustainability scores than farms in the Eastern Province, as the North Western Province 

has been plagued by white spot disease since the 1990s and the Eastern Province has not 

yet encountered problems with disease.  As white spot disease causes significant 

mortality within a short time frame (Chou et al., 1995), farmers are often forced to 

perform emergency harvests and sell the shrimp at a lower price (Thongrak et al., 1997; 

Kautsky et al., 2000).  Historically, many smallholder farmers have been forced to leave 

the industry due to persistent disease resulting in insufficient income to support their 

livelihoods (Walker and Winton, 2010).   
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As disease has historically been the primary limiting factor in the short-term survival of 

farms in the North Western Province, farmers and government agencies have changed 

many of their practices and regulations in an attempt to improve farm and regional 

sustainability (Weerakoon, 2007).  These practices have included implementation of a 

crop calendar, which staggers stocking times for farmers and thus helps to contain disease 

outbreaks to specific areas, and the implementation of best management practices, which 

have been developed by industry experts to help prevent disease and to improve overall 

farm-level sustainability (Weerakoon, 2007).  Eighty percent of farmers in the North 

Western Province have implemented more than 50% of best management practices, 

compared with only 51% of farmers in the Eastern Province (Table 2.6).  This may be 

partly due to enforced implementation of some BMPs by government agencies in the 

North Western Province, where farmers must demonstrate proper pond preparation and 

have disease-free post-larvae prior to stocking their ponds.  Similar regulations have not 

yet been implemented in the Eastern Province.  Farmers in the North Western Province 

are also more aware of the significance of disease outbreaks on their farms, and may 

therefore have more incentive to implement practices intended to help prevent or control 

disease outbreaks.  Disease may therefore have been a stimulus for the North Western 

Province farmers remaining in the industry to take steps to ensure more sustainable 

livelihoods, which was subsequently reflected in their sustainability scores.  

 

2.4.2 Pillars (sub-indices) of the SAFE-based model 

After assessing overall sustainability scores, we examined the sub-index scores for 

indicators aggregated into each specific pillar or attribute to determine if farms in the 
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North Western Province were consistently higher in all areas of sustainability.  We also 

examined individual indicators within each sub-index to identify areas for improvement 

in both provinces.  Farms in the two provinces had similar scores in the economic sub-

index of the SAFE-based model.  The economic sub-index is primarily comprised of 

indicators relating to maximizing income, reducing dependence on external sources of 

finance, and optimizing knowledge of the industry for improvement in economic gains.  

The majority of farmers in both provinces had at least one additional income source and 

did not feel they earned enough money from shrimp farming alone to pay off debts and 

live comfortably.  The ability to diversify incomes is particularly important for the 

sustainability of smallholder farmers as it reduces the uncertainty and risk should one 

income source, such as a reduced shrimp yield, fail (Speelman et al., 2007).   Farmers in 

the Eastern Province had higher shrimp yields and were more likely to make a profit than 

farmers in the North Western Province, likely due to less mortality from white spot 

disease.  Farmers in the North Western Province, however, had less perceived debt, had 

more options for selling shrimp, and had greater access to training courses.  As a result, 

differences between the provinces in terms of individual indicators were offset in overall 

scores for the economic sub-index.  

 

Farms in the North Western Province scored significantly higher in the social, ecological, 

and health sub-indices.  The higher social scores obtained by the North Western Province  

may appear counterintuitive, given that farms in the Eastern Province reported a greater 

sense of community, as measured by knowledge and sharing with neighbours.  This 

greater sense of community may be due the relative lack of experience farmers in the 
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Eastern Province have in the shrimp farming industry.  Farmers in this province may not 

feel they have sufficient knowledge or technical training, and may not initially have the 

equipment necessary to run their operations.   This may result in more communication 

with neighbours.  The majority of farmers in both provinces did not feel that their 

neighbours were situated so close to their farms that they posed a risk to their farms’ 

survival through pollution or spread of disease.  We had expected to find the opposite 

response in the North Western Province, as previous research indicated problems with 

poor planning of farm sites such that one farm’s effluent pump is another farm’s intake 

pump (Corea et al., 1995).  Farmers in this province may not perceive that proximity to 

neighbours would affect water pollution and disease spread, or may have felt that these 

issues were common to all shrimp farmers in the industry regardless of proximity. 

 

Farmers in the North Western Province reported more sustainable practices and behaviors 

in the social sub-index.  More than 80% reported that they had the ability to make most or 

all of the decisions on their farms. Only 64% of farmers in the Eastern Province felt the 

same.  There are currently no local hatcheries to supply post-larvae and likely fewer 

options for marketing shrimp in the Eastern Province, which may contribute to farmers’ 

perceived relative lack of decision-making ability in this province.  Considerably more 

farmers in the North Western Province were members of a shrimp farmers’ society as 

compared with those in the Eastern Province (86% versus 51%).  Social organization of 

farmers into shrimp farming societies may help to improve farm-level sustainability by 

increasing technical knowledge and minimizing the cost of inputs by collectively buying 

feed, post-larvae, and water monitoring equipment (MPEDA/NACA, 2003).  The 
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difference in membership between provinces may be a reflection of different regulations 

in the provinces.  Because disease has historically resulted in great economic losses for 

the shrimp farming industry in the North Western Province, farmers have been required 

to join shrimp societies, rather than joining voluntarily (Jayasinghe, pers. comm., 2012).        

 

Farms in the North Western Province scored higher than farms in the Eastern Province 

for most indicators in the ecological sub-index of the SAFE-based model.  The majority 

of farmers in both provinces reported that they did not use feed supplements from the 

wild, which is the more sustainable option (Ahmed et al., 2010; WWF, 2010).   Shrimp 

farmers who use protein sources from the wild can cause a decline in species biodiversity 

which has been an issue in other countries such as Bangladesh, where snail populations 

have become extinct in many areas due to over-harvesting for shrimp feed (Ahmed et al., 

2010).  Farmers in the North Western Province reported less reliance on chemicals (e.g., 

antibiotics, pesticides, fungicides) despite their greater experience with disease.  While 

antibiotics do not treat viral infections such as white spot disease, chronic bacterial 

infections can also occur as a result of poor management practices (OIE, 2011), and thus 

farms with poor management practices may have problems with both bacterial and viral 

diseases.  Chemical use to kill crabs and other organisms that may be carrying white spot 

syndrome virus can decrease the risk of transmission of white spot disease (ASEAN, 

2005).  However, farmers in the North Western Province may be using physical means, 

such as crab fences and appropriate filtration of water through a net, to prevent predators 

and competitors from entering their shrimp ponds rather than chemical means.  Based on 

the survey, we found that 29% of famers in the North Western Province (compared with 
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3% of farmers in the Eastern Province) were using crab fences as a deterrent and 87% of 

farmers in the North Western Province (compared with 86% of farmers in the Eastern 

Province) were filtering incoming water through a net.  Farmers affected by disease may 

not have had funds to spend on chemicals, or may have realized that chemicals do not 

treat viral infections as suggested by Munasinghe et al. (2012) and therefore focused on 

improving management practices rather than resorting to chemicals.    

 

In addition to increased reliance on chemicals, farmers in the Eastern Province reported 

problems with shrimp escaping from ponds during times of flooding.  This occurs when 

the sides of a pond are not high enough to contain the cultured shrimp during heavy rains, 

and can have implications for disease spread if shrimp are infected (Hishamunda and 

Ridler, 2002).  Species diversity of wild shrimp may also be affected by influxes of 

cultured shrimp into the natural environment (Samuel-Fitwi et al., 2012), and farmers 

lose income from reduced yields at harvest.  Finally, less than half of the farmers in the 

Eastern Province reported following more than 50% of ecological best management 

practices (e.g., treating waste water prior to discharge, separating water inflow and 

outflow), compared with 72% of farmers in the North Western Province.  Based on these 

results, farmers in the Eastern Province are less sustainable in almost all aspects of the 

ecological sub-index, which could be an area for targeted education and policy programs.   

 

We had hypothesized that farms in the North Western Province would have lower mean 

scores in the health sub-index due to their struggles with disease.  We found, however, 

that farms in the North Western Province, perhaps because of previous disease problems, 
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had higher mean sustainability scores in the health sub-index of the SAFE-based model 

than farms in the Eastern Province.  Farmers in the North Western Province were more 

likely to notify neighbours and government in case of a hypothetical outbreak, and were 

also more likely to follow best management practices, thus causing higher overall scores 

in this sub-index.  Perhaps disease outbreaks in this province, while initially causing short 

term “unsustainability”, served as a driver of sustainability for those farmers remaining in 

the industry.  One possible limitation to this sub-index may be the way questions were 

asked.  The Eastern Province has not historically had problems with disease, so the 

interviewers were instructed to ask the questions as if there were a hypothetical outbreak 

to determine if farmers knew what they should do in this situation.  This may have 

confused some farmers, and others did not answer these questions, potentially resulting in 

measurement bias if farmers did not answer the questions if they were uncertain what 

they would do during a hypothetical outbreak.  This might have then led to an over-

representation of farmers in the Eastern Province having good management practices in 

this area.   Less than half of the farmers in both provinces followed >50% of biosecurity 

practices, which are practices designed to help prevent disease spread (MPEDA/NACA, 

2003; ASEAN, 2005; FAO et al., 2006; Perera et al., 2008).  Disease outbreaks and lack 

of implementation of biosecurity practices continue to be issues affecting sustainability in 

the North Western Province.  While farmers in the Eastern Province do not have disease, 

best management practices are also designed to improve overall sustainability and 

implementation of BMPs should be emphasized for policy adjustments and education 

programs in this area.  
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2.4.3 Attributes (sub-indices) of the MESMIS-based model 

In examining only the sub-indices of the MESMIS-based model, it appears that the two 

provinces are much more similar in terms of relative sustainability than the SAFE-based 

model as the majority of the attributes are not significantly different.  Only by examining 

individual indicators are we able to make similar interpretations to the SAFE-based 

model. 

 

Farms in the North Western and Eastern Provinces had similar scores in the productivity, 

learning, perceptions affecting decisions made, and baseline farm and pond conditions 

sub-indices of the MESMIS-based model.  The productivity sub-index is comprised 

primarily of indicators relating to maximizing income and crop yield.  Interpretation of 

results for individual indicators is similar to that of the economic sub-index in the SAFE-

based model, in that farmers in the Eastern Province had higher incomes and yields, but 

also had higher debt burdens relative to farmers in the North Western Province.  The 

learning sub-index primarily relates to knowledge of the industry, years of experience, 

and access to training courses.  While farmers in the North Western Province scored 

higher in all but one of the indicators in this sub-index, this trend was not significant 

(p=0.09).  The indicators comprising the perceptions sub-index include satisfaction with 

life, interest in shrimp farming, and decision making ability.  As described for the social 

sub-index, farmers in the Eastern Province had a greater sense of community and more 

respondents reported an interest in shrimp farming than farmers in the North Western 

Province, but were less sustainable in the other indicators.   Farmers in both provinces 
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had similar scores for the majority of the indicators comprising the sub-index relating to 

baseline farm and pond conditions. 

  

Farms in the North Western Province had significantly higher scores in both the 

communication and stability sub-indices of the MESMIS-based model than farms in the 

Eastern Province.  Indicators within the communication sub-index consisted mainly of 

notification of disease outbreaks, membership in a shrimp farming society, and collective 

bargaining for selling prices.  While more farmers in the Eastern Province reported that 

they bargained collectively for selling prices, which can increase farm income 

(MPEDA/NACA, 2003), fewer farmers reported other indicators of communication 

compared with the North Western Province.  Farms in the North Western Province scored 

higher in the majority of indicators within the stability sub-index of the MESMIS-based 

model, which consisted primarily of those promoting best management practices, as well 

as practices involved in promoting environmental conservation and worker safety to help 

long-term sustainability of farms.  

     

2.4.4 Conclusions, limitations, and recommendations 

The overall sustainability index provides a single score for each province representing an 

overall evaluation of sustainability at the farm level.  Based on this index, which was 

similar for both frameworks, farms in the North Western Province had significantly 

higher scores than farms in the Eastern Province.   The overall index is useful as a 

baseline measure for monitoring changes in sustainability over time.  Its use is limited, 

however, when attempting to identify gaps in sustainable management practices and 
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behaviors and to provide practical information for farmers and stakeholders to improve 

farm-level sustainability.  Sub-indices (pillars or attributes, depending on the model) and 

individual indicators can provide more detailed information for targeted policy and 

education programs.  However, aggregating indicators into pillars or attributes (sub-

indices) can affect how we interpret the models.  The limitation in examining only sub-

indices without examining individual indicators is that important differences within 

certain indicators may be cancelled out by other indicators.  For example, although scores 

are not significantly different between provinces in the economic pillar of the SAFE-

based model, more farmers in the Eastern Province reported net profits and higher yields 

than farmers in the North Western Province.  These farmers also had higher debt burdens, 

however, and may be at risk for losing their livelihoods as a result of disease outbreaks or 

other causes of crop failure.  It is therefore important to evaluate individual indicators in 

addition to sub-indices and the overall index scores when making recommendations or 

identifying gaps in sustainable practices. 

 

There are some important limitations to this study.  There was opportunity to introduce a 

selection bias (Rothman et al., 2008; Streiner and Norman, 2008) into the study because 

participants in the North Western Province were not selected randomly.  To find potential 

participants, supervisors consulted with known smallholder shrimp farmers and shrimp 

societies.  It is possible that selection was biased towards farms that tended to implement 

more (or less) best management practices than the norm.  It is also possible that farmers 

who were not well connected to shrimp farming societies or social networks were 

underrepresented in the survey.   
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Sustainability indicators in this study were measured by responses to survey questions.  

We did not attempt to validate these responses against other evidence of actual 

implementation.  Because there was a regulatory requirement for farmers in the North 

Western Province to incorporate some BMPs, there is the possibility for self-reporting 

bias (Adams et al., 1999) to have occurred.  We attempted to reduce this potential bias by 

assuring farmers that individual responses would not be shared with government officials 

and that only aggregated results from clusters of farms would be presented. 

 

We elected not to weight any indicators in this assessment due to limited sustainability-

related outcome data for Sri Lanka and, more specifically, for the shrimp farming 

industry.  While it could be argued that the presence of disease should have been 

preferentially weighted as it has historically decimated the industry in the North Western 

Province and is one of the limiting factors to farm survival in this area, there is no 

existing information on the degree to which it should be weighted.   If too great of an 

emphasis were to be placed on this one indicator, it could potentially mask important 

information (e.g., the lack of implementation of best management practices in the Eastern 

Province) which could affect long-term farm survival.  

 

Our indices and indicators were not validated (Meul et al., 2009) and as such, we cannot 

conclude with certainty that higher scores on the index were the equivalent to being more 

sustainable.  In using a “min-max” normalization method, we risk some information 

being lost, particularly when assigning continuous variables to scores between zero and 
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one.  When this is considered, the numerical scores of the overall index and sub-indices 

are relatively close and despite the statistical significance, one must be cautious in 

interpreting higher scores with being more sustainable.  It would be more appropriate to 

conclude that farms within the provinces with higher sustainability scores acted in a 

manner more consistent with expectations for sustainability. 

 

Previous studies assessing sustainability have used various indices of homogeneity such 

as Cronbach’s alpha, mean inter-item correlations, and item-total correlations to assess 

the internal reliability of the questionnaire (Asah, 2008; OECD, 2008; Jalilian, 2012).  

These tests, however, are only appropriate when the measured variables reflect the effects 

of an underlying construct (Streiner and Norman, 2008).  For example, when anxiety is 

measured as an underlying construct, the various symptoms of anxiety should 

theoretically all be correlated (Streiner and Norman, 2008).  When sustainability is 

measured as the underlying construct, however, the indicators define (i.e., contribute to) 

the construct rather than being defined by (i.e., reflections of) it, and there is no a priori 

reason to believe that items should correlate as they measure different aspects of the 

construct.  It is therefore not appropriate to assess homogeneity of indicators for 

sustainability (Streiner and Norman, 2008). 

 

Assessing sustainability using only a questionnaire restricts the assessment both spatially 

and temporally to assessing farm-level practices and behaviors implemented at a 

particular point in time.  This is a problem in complex, dynamic systems (such as shrimp 

farming), where higher-level factors such as climate, water pollution, market demand for 
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shrimp, and government involvement are likely to affect sustainability at the farm-level.  

As a result of this limitation, results cannot be extrapolated to definitive judgments 

regarding which farms will persist or leave the industry.  Rather, this study aimed to 

assess differential implementation of practices and perceptions likely to affect relative 

sustainability, to identify areas where improvements can be made, and to identify 

indicators that can be modified by farmers to improve the likelihood of farm survival. 

 

We have identified gaps in sustainable management practices in both the North Western 

and Eastern Provinces that could be used to inform targeted policy or education 

programs.  While disease outbreaks in the North Western Province may have served as an 

impetus for farmers to implement more sustainable practices and behaviors, disease 

outbreaks continue to limit economic aspects of sustainability from reduced yields and 

lower incomes. In addition to continuing to implement best management practices, 

emphasis should be placed on improving biosecurity practices as less than half of farmers 

in this province were implementing more than half of biosecurity practices.  This also 

applies for the farms in the Eastern Province.  Farmers in the North Western Province 

could increase profits, and therefore sustainability, by collectively bargaining for higher 

prices.  Farmers in the North Western Province may also want to consider culturing other 

species in addition to shrimp to further diversify income sources and reduce financial 

burdens should disease outbreaks significantly reduce economic gains.   

 

The primary constraint to farm level sustainability in the Eastern Province is the lack of 

implementation of best management practices.  These practices should be promoted to 
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maximize sustainability and minimize disease outbreaks should they occur.  Farmers in 

the Eastern Province would be unprepared for disease outbreaks due to a lack of 

implementation of biosecurity and best management practices, and should one occur, 

could face the same devastating consequences experienced in the North Western 

Province.  Farmers in the Eastern Province have identified a lack of access to training 

courses and have stated that they feel they have little technical knowledge (Table 2.6).  

As a result, education and training programs for farmers would be beneficial as this 

industry grows and develops. 

 

As both content- and system-based models resulted in similar assessments of overall 

sustainability, it may be possible to structure future assessments according to particular 

research interests without fear of biasing results, provided that individual indicators are 

assessed in addition to main sub-index themes.  Sub-indices and overall sustainability 

index scores allow one to identify broad categories for targeting policy, education, and 

enforcement, to rank farms, and to gain a general idea of relative overall sustainability.  It 

is also important to examine individual indicators to fully understand farm-level 

sustainability and to make appropriate policy, education, or management decisions. 

 

Further work using geographic information systems (GIS) to analyze individual farm 

scores relative to geographical and topographical features would be beneficial for 

targeting policy and education programs by identifying clusters of more or less 

sustainable farms.  Re-interviewing farmers remaining in the industry and, ideally, 

comparing their responses with those of farmers who have left the industry would allow 
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for comparisons of individual sustainability scores.   Re-interviewing may also help 

determine which indicators are most important for the longer-term sustainability of 

individual shrimp farms, as well as the smallholder shrimp farming industry as a whole.  

To effectively tailor policy and education programs to specific areas, it is important to 

identify geographic and demographic factors that influence overall sustainability scores.  

The results from this study, in addition to providing practical information for farmers to 

improve upon, provide baseline information for future work and comparisons over time. 
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Tables 

Table 2.1 Best management practices included in the development of sustainability 

indices 

Category Best Management Practice 

Ecological Separate inflow and outflow 

 Waste water treated prior to discharge 

 Effluent parameters measured 

 Check water and/or soil pH prior to adding lime 

 Check pH or discuss with consultant to determine amount 

of lime to add 

Shrimp Health Harvest based on weight of shrimp 

 Appropriate water quality parameters measured for shrimp 

health 

 Frequency of water quality parameters measured 

 Change in management practices based on water quality 

parameters 

 Presence of a reservoir 

 Ability to follow water quality guidelines 

 Amount of water exchanged is ideal 

 Evidence of aeration 

 Use of feed trays 

 No use of animal products as supplement to feed 

 No overfeeding as evidenced by Feed Conversion Ratio 

(FCR) 

 Purchase decisions made based on health of post-larvae 

(PL) 

 Certificate of disease free status 

 PLs stocked are of uniform size 

 Length of transport of post-larvae 

 Evidence of acclimatization 

Biosecurity No use of uncooked protein as feed 

 Sludge is deposited away from the farm 

 Vehicles from other shrimp farms are not allowed 

 Disinfection for visitors 

 Disinfection of the PL transport vehicle 

 No sharing of equipment 
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Table 2.2 Conceptual model of sustainability adapted to the context of Sri Lankan 

smallholder shrimp farms utilizing a hierarchical framework based on the Sustainability 

Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar (Sub-

index) 

Principle Criteria Indicators 

Social Maximize 

quality of life 

Sense of 

community 

Membership in a shrimp 

farming society 

   Knowledge of neighbours’ 

practices 

   Importance of sharing 

equipment with neighbours 

  Minimize potential 

for conflict 

Perception of neighbours 

not being too close that they 

are a risk to the farm’s 

survival (e.g. through 

pollution or spread of 

disease) 

   No evidence of poaching 

   No pollution by others 

  Happiness Satisfaction with life 

   Ability to make decisions 

on the farm 

   Interest in shrimp farming 

  Worker 

satisfaction and 

safety 

Safety standards for 

workers 

   Evidence of farmer’s trust 

in workers 

Ecological Minimize 

environmental 

degradation 

Minimize chemical 

use 

Reliance/importance of 

chemical use 

   Decisions on chemical use 

are based on consultation 

with experts 

  Minimize water 

use 

Water use index (m
3
/kg 

produced) 

  Maintain diversity 

of aquatic species 

No problems with shrimp 

escaping during times of 

flooding 

   No feed supplements from 

the wild 

  Compliance with 

best management 

practices related to 

the environment 

Number of ecological best 

management practices 

followed 
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Table 2.2 (continued) Conceptual model of sustainability adapted to the context of Sri 

Lankan smallholder shrimp farms utilizing a hierarchical framework based on the 

Sustainability Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar (Sub-

index) 

Principle Criteria Indicators 

Economic Maximize 

economic 

viability 

Maximize farm 

income 

Net income from 

shrimp/total pond area 

   Number of other income 

sources 

   Culture species other than 

shrimp 

   Perception of enough 

money to buy essential 

personal items 

 

   Ideal feed conversion ratio 

(kg feed used/kg shrimp 

produced) 

   Amount of shrimp 

harvested/ total pond area 

  Minimize 

dependency on 

external finance 

Sources of funding used 

   Amount of perceived debt 

   Perception of ability to pay 

off debts and live 

comfortably 

  Optimize market 

activities 

Perceived choice in 

decisions regarding selling 

of shrimp 

   Amount of control over 

who buys shrimp 

   Evidence of selling to 

multiple buyers 

   Satisfaction with prices 

received 

   Evidence of collective 

bargaining for selling prices 

  Optimize 

knowledge of the 

industry 

Previous experience in 

shrimp farming 

   Number of years in the 

industry 

   Access to new techniques 



65 
 

Table 2.2 (continued) Conceptual model of sustainability adapted to the context of Sri 

Lankan smallholder shrimp farms utilizing a hierarchical framework based on the 

Sustainability Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar (Sub-

index) 

Principle Criteria Indicators 

Economic 

(cont.) 

Maximize 

economic 

viability (cont.) 

Optimize 

knowledge of the 

industry (cont.) 

Access to training courses 

   Self-rated knowledge 

  Land security Land ownership 

   Possession of an operating 

license 

   Land acquisition by legal 

means 

Shrimp Health Minimize 

disease 

outbreaks 

Early recognition 

and control of 

disease 

Evidence of record keeping 

   No evidence of disease in 

2010 

   Notification of disease 

outbreaks to neighbours 

   Notification of disease 

outbreaks to government 

  Compliance with 

best management 

practices related to 

shrimp health 

Number of shrimp health 

best management practices 

followed 

   Number of biosecurity 

practices followed 
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Table 2.3 Conceptual model of sustainability adapted to the context of Sri Lankan 

smallholder shrimp farms based on the Framework for Evaluating Natural Resource 

Management Systems (MESMIS, its Spanish acronym)
a
 

Attribute (Sub-index) Criteria Indicators 

Productivity Maximize income Net income from shrimp/total pond 

area 

  Perception of enough money to buy 

essential personal items 

  Perception of ability to pay off debts 

and live comfortably 

  Satisfaction with prices received for 

shrimp 

  Amount of perceived debt 

 Maximize crop yield Ideal feed conversion ratio (kg feed 

used/kg shrimp produced) 

  No problems with shrimp escaping 

during times of flooding 

  No evidence of disease in 2010 

  Amount of shrimp harvested/total 

pond area 

  No evidence of poaching 

Stability Maximize good 

management 

practices 

Number of best management 

practices followed 

  Number of biosecurity practices 

followed 

  Evidence of record keeping 

 Conserve natural, 

human, and 

economic resources 

Decisions on chemical use are based 

on consultation with experts 

  Water use index (m
3
/kg shrimp 

produced) 

  No feed supplements from the wild 

  Culture species other than shrimp 

  Safety standards for workers 

  Amount of control over who buys 

shrimp 

  Evidence of selling to multiple buyers 

Reliability, Resilience, 

and Adaptability - 

Learning 

Maximize knowledge Previous experience in shrimp 

farming 

  Access to training courses 

  Access to new techniques 

  Self-rated knowledge 

  Number of years in the industry 
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Table 2.3 (continued) Conceptual model of sustainability adapted to the context of Sri 

Lankan smallholder shrimp farms based on the Framework for Evaluating Natural 

Resource Management Systems (MESMIS, its Spanish acronym)
a
 

Attribute Criteria Indicators 

Reliability, Resilience, 

and Adaptability - 

Communication 

Demonstrate good 

communication with 

colleagues and 

authorities 

Knowledge of neighbours’ practices 

  Evidence of farmer’s trust in workers 

  Membership in a shrimp farmer’s 

society 

  Evidence of collective bargaining for 

selling prices 

 

  Notification of disease outbreaks to 

neighbours 

  Notification of disease outbreaks to 

government 

Reliability, Resilience, 

and Adaptability – 

Perceptions affecting 

decisions made 

Perceptions conform 

with potential for 

decision making that 

will increase 

productivity and 

stability 

Importance of sharing equipment with 

neighbours 

  Satisfaction with life 

  Ability to make decisions on the farm 

  Interest in shrimp farming 

  Reliance/importance of chemical use 

  Perceived choice in decisions 

regarding selling of shrimp 

Reliability, Resilience, 

and Adaptability – 

Baseline Farm and 

Pond Conditions 

Maximize land, legal, 

and income 

conditions 

Possession of an operating license 

  Land acquisition by legal means 

  Number of other income sources 

  Sources of funding used 

  Land ownership 

  No pollution by others 

  Perception of neighbours not being 

too close that they are a risk to the 

farm’s survival (e.g., through 

pollution or spread of disease) 
a
Adapted from a systems-based framework based on the functioning and behavior of the 

system and its ability to return to a new equilibrium in a changing environment
 
(Lopez-

Ridaura et al., 2005).  In the original model, the ability to return to a new equilibrium is 
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separated into reliability (when facing normal variations), resilience (when facing 

extreme or abrupt variations), and adaptability (when facing permanent variations), but 

due to limitations inherent in a cross-sectional study conducted exclusively at the farm 

level, we elected to assess these attributes together. 
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Table 2.4 Demographics of smallholder shrimp farmers surveyed in the Eastern and 

North Western Provinces of Sri Lanka 

Variable
a
  No. of 

respondents  in 

the Eastern 

Province (EP) 

Percent of 

respondents 

in the EP 

No. of 

respondents in 

the North 

Western 

Province 

(NWP) 

Percent of 

respondents 

in the NWP 

Main Source of 

Income 

    

Shrimp farming* 19/57  33.3 93/163  57.1 

Ethnicity     

Sinhalese* 1/57  1.8 91/165  55.2 

Tamil* 27/57  47.4 38/165  23.0 

Moors* 29/57  50.9 36/165  

 

21.8 

Education     

No School* 4/59  6.8 0/165  0.0 

Grade 1-10 35/59  59.3 91/165  55.2 

High school 

exams completed 

or higher 

education 

20/59  33.9 74/165  44.9 

a
 Variables that are significantly different (p<0.05) between the Provinces using Fisher’s 

Exact test are denoted with *  



70 
 

 

Table 2.5 General farm characteristics of smallholder Sri Lankan farms surveyed in the 

Eastern and North Western Provinces of Sri Lanka
a 

 Eastern Province North Western Province 

Farm 

Characteristic  

Number 

of 

Responses 

Mean Standard 

Error 

Number of 

Responses 

Mean Standard 

Error 

Farm size 

(hectares)* 

 

58 2.2 0.34 163 1.6 0.10 

Number of 

ponds* 

 

59 3.4 0.31 163 2.5 0.10 

Number of 

production 

cycles in 2010* 

57 1.1 0.11 158 1.5 0.05 

 

 

 

Length of  last 

complete 

production 

cycle (days)* 

60 121.5 2.2 161 90.5 2.55 

a
 Variables that are significantly different (p<0.05) between the provinces are denoted 

with *
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Table 2.6 Descriptive statistics of indicators used in the final index creation on 

smallholder Sri Lankan shrimp farms in both the Eastern and North Western Provinces
a 

Indicator Variable No. of affirmative 

responses (%) in 

Eastern Province 

No. of affirmative 

responses (%) in North 

Western Province 

Membership in a shrimp farmer’s 

society* 

29/57 (50.9) 

 

141/165 (85.5) 

 

Knowledge of neighbours’ 

practices*
b
 

41/43 (95.4) 117/164 (71.4) 

Importance of sharing equipment 

with neighbours*
b
 

44/54 (81.5) 

 

55/162 (34.0) 

 

Perception of neighbours not being 

too close that they are a risk to the 

farm’s survival (e.g., through 

pollution or spread of disease) 

28/40 (70.0) 117/161 (72.7) 

No evidence of poaching* 18/60 (30.0) 78/165 (47.3) 

No pollution by others* 39/56 (69.6) 147/165 (89.1) 

Satisfaction with life
b
 39/60 (65.0) 110/164 (67.1) 

Ability to make most or all the 

decisions on the farm*
b 

38/59 (64.4) 137/165 (83.0) 

Interest in shrimp farming*
b 36/58 (62.1) 75/165 (45.5) 

Safety standards for workers* 33/59 (55.9) 104/135 (77.0) 

Evidence of farmer’s trust in 

workers 

39/60 (65.0) 89/128 (69.5) 

Chemicals are not at all or not very 

important to the operation of the 

farm
b 

50/60 (83.3) 124/165 (75.2) 

Decisions on chemical use    

No chemicals used 33/59 (55.9) 116/164 (70.7) 

Based on consultation with 

experts 

6/59 (10.2) 29/164 (17.7) 

Water use index (m
3
/kg shrimp 

produced) is less than 13.5*
 

47/54 (87.0) 115/158 (72.8) 

No problems with shrimp escaping 

during times of flooding* 

10/60 (16.7) 

 

121/162 (74.7) 

 

No feed supplements from the 

wild 

37/60 (61.7) 105/162 (64.8) 

a
 Variables that are significantly different (p<0.05) between the provinces are denoted 

with * 

b
 Questions with a Likert scale response from one to five, respondents who answered 4 

(quite a bit; very important) or 5 (a very large amount; extremely important) were 

considered affirmative responses. 
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Table 2.6 (continued) Descriptive statistics of indicators used in the final index creation 

on smallholder Sri Lankan shrimp farms in both the Eastern and North Western 

Provinces
a
 

Indicator Variable No. of affirmative 

responses (%) in 

Eastern Province 

No. of affirmative 

responses (%) in North 

Western Province 

>50% of ecological best 

management practices followed* 

27/59 (45.8) 118/163 (72.4) 

Net profit from shrimp/total pond 

area is greater than average*
 

37/51 (72.6) 87/155 (56.1) 

Number of other income sources
 

  

0 8/56 (14.3) 28/163 (17.2) 

1 35/56 (62.5) 105/163 (64.4) 

2 12/56 (21.4) 26/163 (16.0) 

3 1/56 (1.79) 4/163 (2.5) 

Culture species other than shrimp* 26/60 (43.3) 19/164 (11.6) 

Feed conversion ratio (kg feed 

used/kg shrimp produced) in ideal 

range (0.9-1.5)*
 

16/50 (32.0) 

 

78/151 (51.7) 

 

Amount of shrimp harvested/total 

pond area is greater than average* 

34/54 (63.0) 54/159 (34.0) 

Sources of funding used (no loan 

required)* 

16/60 (26.7) 

 

17/164 (10.4) 

 

No or a small amount of perceived 

debt*
b 

19/60 (31.7) 

 

83/165 (50.3) 

 

Perception of ability to pay off 

debts and live comfortably
 

25/56 (44.6) 

 

74/149 (49.7) 

 

Perceived choice in decisions 

regarding selling of shrimp* 

9/58 (15.5) 

 

105/163 (64.4) 

 

Amount of control over who buys 

shrimp 

24/58 (41.4) 

 

74/164 (45.1) 

 

Evidence of selling to multiple 

buyers* 

25/58 (43.1) 103/163 (63.2) 

Satisfaction with prices received*
b 

34/58 (58.6) 70/163 (42.9) 

Evidence of collective bargaining 

for selling prices* 

50/56 (89.3) 

 

91/163 (55.8) 

 

Previous experience in shrimp 

farming 

30/60 (50.0) 66/162 (40.7) 

a
 Variables that are significantly different (p<0.05) between the provinces are denoted 

with * 

b
 Questions with a Likert scale response from one to five, respondents who answered 4 

(quite a bit; very important) or 5 (a very large amount; extremely important) were 

considered affirmative responses. 
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Table 2.6 (continued) Descriptive statistics of indicators used in the final index creation 

on smallholder Sri Lankan shrimp farms in both the Eastern and North Western 

Provinces
a
 

Indicator Variable No. of affirmative 

responses (%) in 

Eastern Province 

No. of affirmative 

responses (%) in North 

Western Province 

Number of years in the industry   

0-8 years 27/52 (51.9) 62/162 (38.3) 

9-16 years 16/52 (30.8) 68/162 (42.0) 

17-20 years 7/52 (13.5) 25/162 (15.4) 

>20 years 2/52 (3.85) 7/162 (4.3) 

Access to new techniques 35/60 (58.3) 106/162 (65.4) 

Access to training courses* 16/60 (26.7) 87/160 (54.4) 

Self-rated knowledge
b 

21/60 (35.0) 78/165 (47.3) 

Land ownership* 40/42 (95.2) 114/162 (70.4) 

Possession of an operating license 30/57 (52.6) 113/164 (68.9) 

Land acquisition by legal means* 27/60 (45.0) 112/163 (68.7) 

Evidence of record keeping* 39/60 (65.0) 77/165 (46.7) 

No evidence of disease in 2010* 59/60 (98.3) 75/165 (45.5) 

Notification of hypothetical 

disease outbreaks to neighbours* 

7/43 (16.3) 

 

118/164 (72.0) 

 

Notification of hypothetical 

disease outbreaks to government* 

1/43 (2.3) 

 

65/164 (39.6) 

 

>50% of shrimp health best 

management practices followed* 

 

30/59 (50.9) 131/163 (80.4) 

>50% of biosecurity practices 

followed 

24/59 (40.7) 71/164 (43.3) 

a
 Variables that are significantly different (p<0.05) between the provinces are denoted 

with * 
b
 For questions with a Likert scale response from one to five, respondents who answered 

four (quite a bit; very important) or 5 (a very large amount; extremely important) were 

considered affirmative responses. 
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Figures 

 

Figure 2.1 Map of Sri Lanka adapted from www.worldofmaps.net (public domain). Study 

sites in the North Western and Eastern Provinces are circled. 

  



75 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Shrimp farming zones of the North Western Province of Sri Lanka, roughly 

corresponding to Divisional Secretariat administrative divisions.   
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Figure 2.3 Mean index scores for the Eastern and North Western Provinces of Sri Lanka 

for each of the sustainability pillar sub-indices, and the overall sustainability index, for a 

framework based on the Sustainability Assessment of Farming and the Environment 

(SAFE) model.  Error bars are equal to one standard error. An asterisk (*) denotes 

significance at p<0.05. 
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Figure 2.4 Mean index scores for the Eastern and North Western Provinces of Sri Lanka 

for each of the sustainability attribute sub-indices, and the overall sustainability index, for 

a framework based on the Framework for Evaluating Natural Resource Management 

Systems (MESMIS).  Error bars are equal to one standard error. An asterisk (*) denotes 

significance at p<0.05. 
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CHAPTER THREE:   

IDENTIFYING DEMOGRAPHIC AND GEOGRAPHIC VARIABLES AFFECTING 

FARM-LEVEL SUSTAINABILITY OF SMALLHOLDEER SRI LANKAN SHRIMP 

FARMS USING A MULTI-LEVEL MODELING APPROACH 

 

3.1 Introduction 

Shrimp farming is an important means of income generation in Sri Lanka, as it comprises 

over 50% of total export earnings from the fisheries sector (FAO, 2004).  In an effort to 

stimulate the economy and improve the livelihoods of its rural poor, Sri Lanka is looking 

to promote and expand this industry, particularly in the Eastern Province where shrimp 

farming was abandoned due to civil conflict (Wijegoonawardena and Siriwardena, 1996; 

FAO, 2004).  The North Western Province of Sri Lanka has been continuously farming 

shrimp since the 1980s (FAO, 2004), but the industry has been devastated by disease 

outbreaks which have caused production losses, abandonment of farms, and widespread 

unemployment (Siriwardena, 1999; Subasinghe, 2005; Weerakoon, 2007).  These effects 

have often been disproportionately experienced by smallholder shrimp farmers (Walker 

and Winton, 2010), who do not have the financial capital or technical ability to cope with 

disease.  As a result, emphasis has been placed on reducing disease outbreaks and 

improving sustainability in the North Western Province in the form of regional and 

national policies to improve water quality, replant mangroves, curb uncontrolled 

expansion of shrimp farms, and encourage more sustainable practices at the farm level 

(Weerakoon, 2007).  Decision makers are hoping to learn from the experience of the 
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North Western Province to develop the nascent shrimp farming industry in the Eastern 

Province more sustainably. 

 

The necessity for promoting sustainable growth of the shrimp farming industry has been 

noted in the literature (e.g. Folke and Kautsky, 1992; Corea et al., 1995; Flegel and 

Alday-Sanz, 1998; Godfray et al., 2010); however, little has been done to determine and 

measure farm-level variables affecting shrimp farm sustainability, particularly in low and 

middle-income countries.  To do this, the concept of sustainability must first be defined 

within the context of the Sri Lankan shrimp farming industry (Pannell and Glen, 2000; 

Lopez-Ridaura et al., 2005; Van Cauwenbergh et al., 2007; Gomez-Limon and Sanchez-

Fernandez, 2010).  As smallholder shrimp farmers in Sri Lanka have historically faced 

large amounts of uncertainty and instability over short periods of time, with farmers 

continuously entering and leaving the industry (Wijegoonawardena and Siriwardena, 

1996), and as farmers presently continue to struggle with disease, we equate farm level 

sustainability in Sri Lanka with farm survival.   

 

Previous work in this thesis has attempted to develop a baseline farm-level sustainability 

index of smallholder shrimp farms in Sri Lanka (SAFE-based model, Chapter Two).  

This index primarily examines modifiable practices and behaviors that farmers can 

influence to improve the chances of their farms’ survival in a changing environment.  

There are, however, factors such as pond number, farmer age, land size, and formal 

education level that may influence farm-level sustainability that were not included in the 

index due to uncertainty about how they affected sustainability scores in the Sri Lankan 
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shrimp farming industry.  Additionally, sustainability index scores did not account for 

geographical variation, which could be important as farm sustainability scores may be 

clustered by region.  There is some evidence that farm location can affect white spot 

disease development (Corsin et al., 2001; Karim et al., 2012).  If farms in different 

geographical locations experienced differences in rainfall, proximity to a water source, 

soil type, or water pollution, farm-level sustainability scores might be expected to cluster 

accordingly.  As well, it is plausible that there may be geographic clustering of farm-level 

sustainability scores as a result of the differential influences of communities in adopting 

similar management practices. 

 

Another factor that may influence farm-level sustainability is farm density.  High farm 

densities have been identified as an important constraint to sustainability in aquaculture 

(Dierberg and Kiattisimkul, 1996).  The closer farms are to one another, the more they 

tend to be influenced by their neighbours’ management practices.  For example, farms in 

close proximity to each other may have higher risk of disease spreading from farm to 

farm through infectious virus in water, spread by wild animals, or sharing of equipment 

and personnel (Flegel and Alday-Sanz, 1998; Corsin et al., 2005).  In Sri Lanka, many 

farmers also discharge their effluent water into the same body of water from which their 

influent is pumped, degrading water quality in the lagoon (Corea et al., 1995).  Farms 

that are close to one another are therefore more likely to have their water intake 

contaminated with effluent from other farms (Corea et al., 1995).   Combined with 

substandard management practices, this may result in slower growth, increased disease, 

and lower yields, thus leading to decreased income, increased social conflicts with 
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neighbours, and relatively lower overall farm-level sustainability as compared with farms 

in lower-density areas.   

 

Social factors such as age and education may influence behaviors and perceptions 

affecting the implementation of more sustainable management practices.  While 

measures, or indicators, of shrimp farming experience are included in the sustainability 

index, it is unclear whether level of formal education unrelated to shrimp farming would 

affect overall farm-level sustainability.  For example, it is plausible for a shrimp farmer 

with no formal education to have high sustainability scores due to increased technical 

knowledge of raising shrimp, which may lead to the implementation of more sustainable 

practices and behaviors.  Previous studies in agriculture, however, have shown that more 

sustainable farms tend to have farm managers with higher levels of formal education 

(Anley et al., 2007; Van Passel et al., 2007; Prokopy et al., 2008).  This is presumably 

due to a better understanding of the importance of long-term sustainability, and thus 

farmers with higher education may be more amenable to implementing more sustainable 

practices and behaviors (Anley et al., 2007).  As well, while the number of years of 

experience in the shrimp farming industry is incorporated in the sustainability index, it is 

uncertain whether farmer age might separately affect sustainability.  While it might be 

generally assumed that farmer age would correlate with experience, this is not necessarily 

true in Sri Lanka, where large numbers of farmers enter and leave the industry over short 

periods of time.  Previous studies in agriculture have given some indication that younger 

farmers may be more likely to implement more sustainable practices and behaviors, as 
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they are believed to be more cognizant of longer-term sustainability (Rahelizatovo and 

Gillespie, 2004; Anley et al., 2007; Van Passel et al., 2007; Prokopy et al., 2008). 

 

Certain farm-level characteristics that were not included in the sustainability indices 

created in Chapter Two, such as land size and number of ponds, may also influence 

overall sustainability.  Increased land size may allow farmers to build and operate more 

ponds, which may lead to higher yields and improved economic sustainability (Alvarez 

and Arias, 2004; Karagiannis and Sarris, 2005; Prokopy et al., 2008).  Alternatively, 

farmers with more land and ponds may also hold more debt, and the social and economic 

costs resulting from a given production cycle producing lower than expected yields, and 

consequently lower than anticipated income, may be higher, thus leading to lower 

sustainability.  In addition, possession of less land or fewer ponds may lead to higher 

overall economic sustainability if farms are well managed, as less money may be invested 

initially, resulting in less debt. 

 

This study was intended to identify variables affecting farm-level sustainability index 

scores (described in Chapter Two).  These factors were not included in the sustainability 

index as it was unclear if they would positively or negatively affect farm-level 

sustainability, but it is plausible that they may influence the adoption of sustainable 

practices and behaviors.  We also aimed to identify any geographic clustering of farm-

level sustainability scores to account for the hierarchical nature of the data and to 

determine the hierarchical level where interventions would be most effective.  The results 
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from this study are expected to help provide baseline information for further research 

intended to aid in developing more effective policy and regulatory decisions. 

 

3.2 Materials and Methods 

3.2.1 Study area 

This study was conducted in the North Western and Eastern Provinces of Sri Lanka 

(Figure 3.1).  There are approximately 472 smallholder farms along 120km of the 

coastline of the North Western Province (Munasinghe et al., 2010), and approximately 60 

farms in the Eastern Province.  The North Western Province is in the administrative 

district of Puttalam, and is further divided into sixteen administrative units known as 

Divisional Secretariats (DS), of which six are involved in shrimp farming, and 548 

Grama Nilhadan (GN) (Figure 3.2).  There are between 17 and 52 GNs within each DS in 

the North Western Province.  The vast majority of shrimp farms in the province pump 

brackish water from one of three lagoons: the Puttalam lagoon, the Mundal lagoon, and 

the Chilaw lagoon.  These lagoons are connected by a narrow canal, called the Dutch 

Canal.  The farms in the Eastern Province are clustered in the Batticaloa administrative 

district and share a common water source.  The Batticaloa administrative district is 

divided into fourteen Divisional Secretariats (DS), of which four are involved in shrimp 

farming, and 348 GNs.  There are between eight and 48 GNs within each DS in the 

Eastern Province.  Most farms in Sri Lanka employ semi-intensive production systems, 

defined as using formulated feed, fertilization, and water exchange systems, and having 

stocking densities of approximately 10-20 post-larvae/m
2
 (Corea et al., 1995; Kautsky et 

al., 2000).  
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3.2.2 Data collection 

A questionnaire comprised of approximately 200 questions relating to sustainability was 

created based on the indicators described in the previous section (Appendix A).  The 

questionnaire was pre-tested in a pilot study and questions were refined based on expert 

opinion and results from the pilot study.  The questionnaire was then translated into the 

local language, as described in detail in Chapter Two.   

 

A total of 165 smallholder shrimp farmers, representing 35% of all known farms still in 

operation, were interviewed in the North Western Province.  Sample size calculations and 

sampling methods are described in detail in Chapter Two.  For the purposes of this study, 

“smallholder” was defined as a farm containing five or fewer shrimp ponds, where the 

farmer was actively working on the farm, and where there was no delegation of decision-

making to a manager or any other person.  As the shrimp farming industry is newly 

developing in the Eastern Province, all 60 farmers were approached to be interviewed, 

and the response rate was 100%. 

 

Teams of two interviewers able to speak the local language in each region and familiar 

with the study area were recruited to administer the survey, along with supervisors to 

ensure consistency and quality of the data collection process.  All interviewers 

participated in an intensive five-day training session prior to collecting data to increase 

inter-rater reliability.  Interviews of the 225 smallholder shrimp farmers in the North 

Western and Eastern Provinces were conducted from June through September, 2011.    

The person selected for the interview was the person on the farm who made the majority 
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of operational decisions.  A farm was considered to be operational provided that the 

farmer was either currently culturing or intending to culture shrimp during the next 

production cycle. Farmers were excluded from the study only if they were unable or 

unwilling to participate in the interview. 

 

Written informed consent was obtained from each participant in the study and data was 

collected confidentially.  Ethics approval for this study was obtained from the Conjoint 

Faculties Research Ethics Board at the University of Calgary. 

 

3.2.3 Analysis – variable selection 

Survey data were entered into a Microsoft Access 2007 database (Microsoft Corporation, 

2007).  Data entry was checked for accuracy by examining individual outliers to ensure 

correct entry, examining selected responses to 100 questions selected using a random 

number table, and examining the entirety of twelve questionnaires (5% of all surveys), 

also selected using a random number table.  The overall error rate was 0.59% (17 errors 

in a total of 2865 questions) and identified errors were corrected.   

 

A farm-level sustainability index was created and described in Chapter Two using 44 

indicators and two methodological frameworks.  Each indicator was normalized using a 

“min-max” normalization, where a score of zero was the presumed least sustainable 

option and a score of one was the presumed most sustainable option for each question 

(Andreoli and Tellarini, 2000; OECD, 2008; Gomez-Limon and Sanchez-Fernandez, 

2010).  The decisions regarding the least and most sustainable options were provided by 
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previous studies in the literature or industry guidelines for sustainable shrimp farming 

and were then corroborated by expert opinion.  An overall index was created for each 

model by adding the scores from each pillar or attribute, dividing by the number of pillars 

or attributes, and multiplying by 100 to obtain a score between 0 and 100 for comparison 

purposes.  As we found no significant differences between the overall index scores for 

the two methodological frameworks, we opted to use the sustainability index scores 

aggregated according to sustainability pillar and adapted from the Sustainability 

Assessment of Farming and the Environment (SAFE) model described by Van 

Cauwenbergh et al. (2007) (Table 3.1).  This framework was chosen over the alternate 

framework assessed in Chapter Two as we felt it more accurately reflected our goals of 

assessing primarily modifiable practices and behaviors of the farmer.  

 

Factors that were thought to affect sustainability but were not included in the index 

included geographical location, total area of land owned or rented, farm density of each 

DS, pond number, age, and education level.  As the farm-level data were clustered within 

44 Grama Nilhadans (GN), 10 Divisional Secretariats (DS), and two Provinces, and as we 

included a DS-level variable, we elected to use a multi-level linear mixed model to 

account for the presumed hierarchical nature of the data and to evaluate effects of these 

variables at the different levels of the hierarchy.  Farm density was included as a 

predictor at the DS level, and was calculated by dividing the number of farms in each DS 

by the total area of the DS in hectares.  Farm density was not included at the GN level 

due to a lack of information regarding the total area of each GN.  The number of farms in 

each DS in the North Western Province was determined based on results from a previous 
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study (Munasinghe et al., 2010), and the number of farms in each DS in the Eastern 

Province was determined from information collected while conducting the current 

survey.  All other predictor variables were included at the level of the farm.   

 

3.2.4 Statistical analysis – model building 

MLwiN 2.25 (Rasbash et al., 2012) and Stata 12.0 (Statacorp, 2011) were used to 

develop a multi-level linear mixed model using restricted maximum likelihood estimation 

to identify variables influencing sustainability scores.  The sustainability index score 

outcome variable was examined for normal distribution and equal variances.  

Correlations among variables were assessed to ensure that no two predictor variables 

were strongly correlated.  The linearity of each continuous predictor variable was 

assessed by examining graphs of the outcome variable plotted against each predictor 

variable.  If a variable did not have a linear relationship with the outcome variable, the 

variable was dichotomized at the mean into high (coded one) and low (coded zero) 

categories.  The decision to dichotomize the variables at the mean was based on the 

variables having normal distributions and no natural breaks in the data that would be 

more conducive to categorizing the variables.  As well, we elected to dichotomize the 

variables rather than performing transformations or adding a polynomial model (Dohoo 

et al., 2009) as our goal was to examine the nature of the associations between the 

predictor variables and sustainability scores to generate hypotheses for further research, 

rather than develop a predictive model.   
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As one of our objectives was to assess variation in sustainability scores among different 

geographical clusters, we began the model building procedure with a null model, where 

only the hierarchical categories were present without any fixed effects.  The hierarchical 

categories, or random effects, included Province, Divisional Secretariat (DS), Grama 

Nilhadan (GN), and farm.  Once variation in sustainability scores was assessed, all of the 

predictor variables were added as fixed effects.  Province was included as a fixed effect 

as there were only two levels and no province-level predictor variables.  Two-way 

interaction terms were added individually to the main effects model and were removed if 

they were not statistically significant at p<0.05.  If main effects were not statistically 

significant (p<0.05) and were not involved in an interaction term, they were also removed 

from the model provided they were not acting as confounders.  We considered a variable 

to be a confounder if it caused at least a 20% change in a statistically significant variable 

when it was removed from the model (Dohoo et al., 2009).  Multicollinearity was 

assessed by examining the variance inflation factor for each variable individually as well 

as assessing the overall value.  Residuals were assessed for homoscedasticity and 

normality as well as for outliers that may have influenced interpretation of results. 

 

3.3 Results 

3.3.1 Descriptive statistics 

All participants interviewed were male, which is consistent with the shrimp farming 

industry in this area. There are only six women, all within the North Western Province, 

known to make the majority of the decisions with regard to farm operation and 
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management (Hanifa; North Western Province Ministry of Fisheries, pers. comm., 2011).  

All participants employed semi-intensive production systems. 

 

Three farms answered <40% of the questionnaire, and were removed from the analysis to 

avoid biasing final results.  Two farms answered 74% and 76% of the questionnaire, 

which was deemed to be sufficiently close to a pre-determined cut-off for inclusion of 

80%, and were included in the final analysis.  The final sample size was 222 (59 farms in 

the Eastern Province and 163 in the North Western Province). 

 

The average farm size was 1.78 hectares (95% CI: 1.55 – 2.00), and the average number 

of ponds per farm was 2.77 (95% CI: 2.54 – 2.99).  Production cycles lasted an average 

of 99 days (95% CI: 95 – 103) in 2010.  The average age of farmers was 43 years, and 

ranged from 18-73 with a normal distribution.  Forty-two percent of respondents (94/224) 

stated that they had completed either their high school exams or some form of further 

education. 

 

The number of farms per DS area is shown in Figure 3.3.  In the Eastern Province, the 

mean farm density was 102 farms/10,000 hectares.  The highest farm density was in 

Koralaipattu West (171 farms/10,000 hectares) and the lowest farm density was in 

Manmunai West (1 farm/10,000 hectares).  In the North Western Province, the mean 

farm density was 101 farms/10,000 hectares.  The highest farm density was in 

Arachchikattuwa (143 farms/10,000 hectares) and the lowest farm density was in 

Vanatha Villu (1 farm/10,000 hectares). 
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All predictor variables were offered to the model as they had correlation coefficients less 

than 0.6 (Munro, 2005).  As none of the predictor variables met the assumption of 

linearity, all were dichotomized at the mean (Table 3.2). 

 

The mean overall sustainability index score for all farms was 58.3 (SD = 8.2, range = 

35.2-78.6).  Scores were normally distributed and had equal variances.   

 

3.3.2 Variation in geographic parameters – null model 

The total unexplained variance in the sustainability index scores in the null model was 

77.2.  Approximately 18% of the variance was between provinces, 5% of the variance 

was between DS, 0.2% of the variance was between GN, and 78% of the variance was 

within GN (i.e., between farms; Table 3.3).  The intra-class correlation for farms in the 

same DS was 0.22 and the intra-class correlation for farms in the same province was 0.18 

(Table 3.3). 

 

3.3.3 Variables influencing sustainability scores 

As there was little variation between GNs and there were no GN-level predictors, this 

level was removed prior to adding predictor variables.  The results of the final 

multivariable model are shown in Table 3.4.  Farmer age and pond number were not 

significantly associated with sustainability scores, were not involved in any interactions, 

and were not considered to be confounders.  As a result, these variables were removed 

from the model. 
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Farmers possessing larger areas of land tended to have higher sustainability scores 

(p=0.01).  Farmers who completed high school exams or other higher education also 

tended to have significantly higher sustainability scores (p=0.012).   

 

There was a significant interaction between province and farm density.  In the Eastern 

Province, high farm density increased farm-level sustainability scores by approximately 

4.5 points relative to low farm density.  In the North Western Province, high farm density 

increased farm-level sustainability scores by approximately 6.4 points, and low farm 

density increased scores by approximately 7.7 points, both relative to low farm density in 

the Eastern Province.  While sustainability scores were generally higher in the North 

Western Province, the effect of farm density on sustainability scores (lower density 

resulting in increased scores) was opposite to that observed in the Eastern Province 

(higher density resulting in increased scores).  

 

Multicollinearity was assessed by examining the variance inflation factors of the 

variables (Table 3.5).  The variance inflation factor was less than ten for all variables, and 

thus no variables required centering (Dohoo et al., 2009).  Assumptions of 

homoscedasticity and normality of residuals were both satisfied, and no extreme 

observations were discovered in the data. 

 

3.4 Discussion 

One of the goals of this study was to determine whether farm-level sustainability scores 

were clustered by geographical region before accounting for other potential predictor 
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variables which may explain some of the variation.  We used a null model, including only 

the outcome variable (sustainability score) and hierarchical levels, to look for clustering 

within the hierarchy.  This allowed us to determine whether sustainability scores were 

clustered by administrative region, as adding predictor variables to a multi-level model 

can redistribute the variation across hierarchical levels (Dohoo et al., 2009).   We wished 

to determine how much variation in sustainability scores was attributed to each 

hierarchical level, and to have a baseline for determining whether adding the predictor 

variables to the model altered the hierarchical variance distribution.  As there was 

minimal clustering of sustainability index scores at the DS or GN level in the null model, 

we concluded that there was little similarity between farms in a GN or DS.  There was 

also little differentiation of variance at the DS and GN levels.  This may be partly due to 

a lack of statistical power at the GN level given the fact that farms were sampled 

disproportionately within each GN, resulting in few farms being sampled in some GN 

levels.  For example, in the DS Arachchikattuwa, 70 farms were interviewed in eight 

GNs, but 54 of these farms (77%) were in only three GNs and only a few farms were 

interviewed in the other GNs.  As a result, it was difficult to determine the difference in 

variance between the DS and GN levels.  We had expected more clustering at the DS or 

GN levels, as we had hypothesized that farms in close proximity to each other would 

have similar environmental conditions, adopt similar management practices, and have 

similar perceptions and behaviors with respect to shrimp farming (Karami and Rezaei-

Moghaddam, 2005; Subasinghe, 2005; Gutierrez et al., 2011).  While there was some 

similarity between DSs in a province, most of the unexplained variation was at the farm 

level.  With the exception of the significant differences in sustainability scores between 
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provinces, farm-level sustainability scores are seemingly not clustered by administrative 

region.   This may suggest that regional environmental conditions may not influence 

farm-level sustainability scores; however, it is possible that geographical clustering may 

not follow administrative regions and may occur across administrative borders. 

 

The final multivariable linear mixed model contained four significant fixed effect 

predictor variables and a significant interaction term.  Because there was minimal 

clustering at the hierarchical levels, random slopes and contextual effects were not 

required in the model (Dohoo et al., 2009).  Farmers with more land (≥1.78 hectares) 

tended to have higher sustainability scores than farmers with smaller amounts of land 

(<1.78 hectares).  This finding is consistent with other studies published in the 

agricultural literature (Rahelizatovo and Gillespie, 2004; Karagiannis and Sarris, 2005; 

Anley et al., 2007; Van Passel et al., 2007; Prokopy et al., 2008; Gomez-Limon and 

Sanchez-Fernandez, 2010).  This trend may be at least partially due to increased ability to 

operate a larger number of ponds and resulting economies of scale.   More land would 

increase potential shrimp yields, thereby increasing profit margins and economic 

sustainability (Alvarez and Arias, 2004; Karagiannis and Sarris, 2005; Prokopy et al., 

2008).  Land area and pond number were moderately correlated (ρ=0.5), but the 

interaction between land area and pond number was found to be non-significant (p=0.79).  

As such, it seems that there are other reasons, in addition to allowing farmers to operate 

more ponds, through which having access to more land increases sustainability scores.  

Farmers with more land may be more invested in sustaining their livelihoods for as long 

as possible, and may therefore have greater motivation to implement more sustainable 
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practices.  Additionally, farmers with more land may have more opportunities to diversify 

their incomes by growing crops or raising animals.  Larger farms may also have greater 

financial flexibility to implement more ecologically sustainable practices and to 

participate in environmental programs, as higher yields may allow them to make greater 

investments in new techniques or equipment and still be profitable (Karagiannis and 

Sarris, 2005; Gomez-Limon and Sanchez-Fernandez, 2010; Karim et al., 2012).  

Alternatively, farmers with less land may lack the financial capital to invest in more 

sustainable equipment or practices.  

 

While a positive association was observed between larger land sizes and sustainability 

scores, one aspect of sustainability that was not adequately captured in the questionnaire 

related to social conflicts between small- and larger-scale shrimp farmers.  In the 1990’s 

in Sri Lanka, large areas of land suitable for shrimp farming were leased to entrepreneurs 

(Siriwardena, 1999).  This, in turn, caused a large amount of conflict between 

smallholder farmers, non-shrimp farmers in the village, and large-scale farms due to loss 

of land for smallholder expansion, conflicts over traditional land use, and salinization of 

agricultural lands and domestic wells (Siriwardena, 1999).  In an attempt to resolve these 

conflicts, the Ministry of Fisheries and Aquatic Resources placed a ceiling on the amount 

of land that could be allocated to a single farmer; however, this restriction did not become 

a regulation (Siriwardena, 1999).  Due to the possibility that there may be negative social 

implications for farmers who have larger amounts of land and that these social conflicts 

were not adequately measured in the sustainability index scores, we cannot confidently 

state that farmers with larger land areas are more sustainable. 
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Farmers who had completed high school exams or higher education were more likely to 

have higher sustainability scores as compared with less educated farmers (no formal 

education or did not complete high school).  This is consistent with agricultural studies of 

farm-level sustainability (Anley et al., 2007; Van Passel et al., 2007; Prokopy et al., 

2008).  Farmers with higher education levels may be more cognizant of long-term 

consequences of poor management practices, and therefore be more motivated to 

implement more sustainable practices and behaviors (Anley et al., 2007).  Coelli and 

Battese (1996) and Phillips (1994) found that higher education levels were associated 

with more technically efficient farms.  A number of other studies have also observed 

positive associations between education level and farm-level income, particularly in 

resource-poor countries (e.g., Lockheed et al., 1980; El-Osta et al., 2007; Hanjra et al., 

2009).   

 

We found a significant interaction between province and farm density, whereby farm 

density was positively associated with sustainability scores in the Eastern Province and 

negatively associated with sustainability scores in the North Western Province.   Scores 

in the North Western Province were higher than those in the Eastern Province regardless 

of farm density.  We initially hypothesized that farms in high farm density areas would 

have lower sustainability scores (Dierberg and Kiattisimkul, 1996), as areas with higher 

farm densities tend to have increased local water pollution, disease spread, and conflicts 

between farmers (Folke and Kautsky, 1992).  As disease and poor water quality may be 

important limiting factors in sustainability, particularly combined with poor management 
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practices, many variables related to implementing practices to reduce or control disease 

outbreaks and maximize sustainability were included in the development of the index.   

We therefore expected that farms with lower sustainability scores, partly due to increased 

disease, increased conflicts with neighbours, and relatively poor management practices, 

would occur more frequently in higher farm density areas.  This hypothesis appeared to 

hold true for the farms in the North Western Province.  

 

 Farms located in higher farm density areas of the Eastern Province, however, tended to 

have increased sustainability scores.  This may be a reflection of the newly developing 

shrimp farming industry in this province.  While the shrimp farming industry in the North 

Western Province has been continuously operating since the 1980s, shrimp farming was 

abandoned in the Eastern Province due to the civil war, and has only recently been 

revived (FAO, 2004).  Farms in the Eastern Province may not yet have issues with self-

pollution and poor water quality, where the implementation of best management practices 

is more important for ensuring good water quality and high growth in shrimp.  

Additionally, farmers in the Eastern Province do not currently have problems with 

disease, and there is therefore a lower risk of disease spread in areas with high farm 

densities.  High farm densities may also confer benefits in areas where shrimp farming is 

newly emerging.  For example, clustering of farms may allow farmers to share 

knowledge, techniques, and equipment among themselves, which may lead to 

implementation of better management practices (Karami and Rezaei-Moghaddam, 2005).   

 



97 
 

The random effects parameters in the final multivariable linear mixed model were 

slightly different than those in the null model.  The small amount of DS-level variance in 

the null model was essentially reduced to zero when the predictors and interaction term 

were added to the model, indicating that the predictor variables (land area, farm density, 

and education level) explained almost all of the variation at the DS level.  Both the null 

model and the final model indicated very little clustering at any of the hierarchical levels.  

We did not examine whether farm-level sustainability scores would be clustered by other 

variables that influence the implementation of more sustainable practices.  For example, 

shrimp societies and consultants may both have effects on the implementation of 

management practices that may not be solely within a GN or DS, and may have 

constituted an additional, relevant hierarchical level.  Further work could focus on 

determining whether any additional factors cause clustering of sustainability index 

scores.  This would be useful when recommending targeted policy or education initiatives 

for increasing farm level sustainability, as these interventions would be most effective if 

applied at the level with the greatest degree of clustering.  For example, if sustainability 

scores were clustered according to consultant or shrimp society, educational programs or 

interventions designed to improve overall sustainability could be tailored according to 

consultant or shrimp society rather than individual farms. 

 

None of the predictor variables met the assumptions of linearity, and were therefore 

dichotomized at the mean.  By categorizing a continuous variable, there is a loss of 

information and the possibility of biasing results based on the choice of cutpoints (Dohoo 

et al., 2009).  We elected to dichotomize these variables rather than performing 
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transformations or adding a polynomial model (Dohoo et al., 2009) as our goal was to 

examine the nature of the associations between the predictor variables and sustainability 

scores to generate hypotheses for further research, rather than develop a predictive model.  

To avoid biasing results, we compared the Bayesian Information Criteria (BIC) for a 

model containing the categorized variables (BIC=1524) with a model containing the 

continuous variable (BIC=1556), and found no indication that the model containing the 

continuous variables was superior. 

 

An important limitation of this study involves the data collection procedures.  We 

collected data using face-to-face interviews and did not validate farmers’ responses using 

on-farm measurements or observations.  Our results may therefore be biased if farmers 

answered questions incorrectly, either deliberately (e.g., according to what they felt they 

should do as opposed to what they actually did) or by accident (e.g., due to 

misunderstanding questions; Adams et al., 1999).  Farms were not selected randomly, 

which may have led to selection bias (Rothman et al., 2008; Streiner and Norman, 2008) 

if the farmers included in this study were not representative of the general population of 

shrimp farmers.  As a result, the conclusions drawn from this study, while useful for 

describing trends on smallholder shrimp farms and providing a baseline for future work, 

cannot necessarily be generalized to the entire population of shrimp farmers without 

further studies using random samples of farmers. 

 

The use of a sustainability index as an outcome variable is subjective as it relies on an 

aggregation of measures rather than the individual measures comprising the index, and 
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the interpretation of results may vary depending on how indicators are aggregated (Morse 

et al., 2001; OECD, 2008).  While we are aware of the subjectivity of the sustainability 

index, our aim was not to make a predictive model.  Our goal was to examine 

sustainability index scores for clustering within geographical regions, and to explore 

relationships between demographic and social variables while accounting for the 

hierarchical nature of the data.  Therefore, as the same methods were used across all 

regions, it is assumed that this method is a valid tool for comparison. 

 

By accounting for the hierarchical nature of the data, we were able to determine that there 

was very little clustering of the farm-level sustainability index scores created in Chapter 

Two by administrative region, particularly amongst DS and GN regions.  The maximum 

amount of clustering occurred at the Province level, followed by the DS level, with very 

minimal clustering at the GN level.  However, because there were relatively few GNs 

sampled within each DS, we may lack the statistical power necessary to determine 

clustering at this level.  In this chapter, we elected to use a multi-level model because we 

had included a DS-level variable (farm density).  However, for further work in Chapter 

Four, we elected to use a logistic regression model with DS and Province variables as 

fixed effects, rather than a multi-level mixed model, because no predictor variables were 

hierarchical in nature and we lacked statistical power at the GN level to determine 

clustering. 

 

We have provided some insight into the appropriate hierarchical levels on which to focus 

further research to aid in increasing adoption of more sustainable management practices 
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and behaviors.  Due to lack of clustering, we can conclude that further research and 

intervention studies should be targeted primarily to individual farmers as opposed to 

administrative regions.  Another goal was to explore associations between geographic 

and demographic factors that were not included in the index, which was largely 

comprised of management practices and behaviors or perceptions affecting management 

practices.  While social factors such as age and education are not necessarily modifiable, 

knowing how these variables may affect sustainability scores can allow researchers to 

focus on programs and interventions targeted to specific groups which may be more 

effective for improving overall farm-level sustainability.  

 

While the farms in the North Western Province have higher sustainability index scores 

compared with the farms in the Eastern Province, they continue to struggle with low 

shrimp yields and lower incomes due to white spot disease.  Historically, this has been a 

significant limitation to farm-level sustainability and in recent years, decision makers 

have attempted to encourage implementation of best management practices to improve 

overall sustainability and to decrease disease spread.  Chapter Four will examine the 

effect of BMP implementation and the prevalence of white spot disease to help identify 

specific BMPs associated with reduced white spot disease for targeted policy and 

educational programs. 
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Tables 

 

Table 3.1 Conceptual model of sustainability adapted to the context of Sri Lankan 

smallholder shrimp farms utilizing a hierarchical framework based on the Sustainability 

Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar 

Principle Criteria Indicators 

Social Maximize quality 

of life 

Sense of 

community 

Membership in a shrimp 

farmer’s society 

   Knowledge of 

neighbours’ practices 

   Importance of sharing 

equipment with 

neighbours 

  Minimize 

potential for 

conflict 

Perception of neighbours 

not being too close that 

they are a risk to the 

farm’s survival (e.g. 

through pollution or 

spread of disease) 

   No evidence of poaching 

   No pollution by others 

  Happiness Satisfaction with life 

   Ability to make decisions 

on the farm 

   Interest in shrimp farming 

  Worker 

satisfaction and 

safety 

Safety standards for 

workers 

   Evidence of farmer’s trust 

in workers 

Ecological Minimize 

environmental 

degradation 

Minimize 

chemical use 

Reliance/importance of 

chemical use 

   Decisions on chemical use 

are based on consultation 

with experts 

  Minimize water 

use 

Water use index (m
3
/kg 

produced) 

  Maintain 

diversity of 

aquatic species 

No problems with shrimp 

escaping during times of 

flooding 

   No feed supplements from 

the wild 
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Table 3.1 (continued) Conceptual model of sustainability adapted to the context of 

Sri Lankan smallholder shrimp farms utilizing a hierarchical framework based on the 

Sustainability Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar 

Principle Criteria Indicators 

Ecological 

(cont.) 

Minimize 

environmental 

degradation (cont.) 

Compliance with 

best management 

practices related 

to the 

environment 

Number of ecological best 

management practices 

followed 

Economic Maximize 

economic viability 

Maximize farm 

income 

Net income from 

shrimp/total pond area 

   Number of other income 

sources 

   Culture species other than 

shrimp 

   Perception of enough 

money to buy essential 

personal items 

   Ideal feed conversion ratio 

(kg feed used/kg shrimp 

produced) 

   Amount of shrimp 

harvested/ total pond area 

  Minimize 

dependency on 

external finance 

Sources of funding used 

   Amount of perceived debt 

   Perception of ability to 

pay off debts and live 

comfortably 

  Optimize market 

activities 

Perceived choice in 

decisions regarding 

selling of shrimp 

   Amount of control over 

who buys shrimp 

   Evidence of selling to 

multiple buyers 

   Satisfaction with prices 

received 

   Evidence of collective 

bargaining for selling 

prices 

  Optimize 

knowledge of the 

industry 

Previous experience in 

shrimp farming 



103 
 

Table 3.1 (continued) Conceptual model of sustainability adapted to the context of 

Sri Lankan smallholder shrimp farms utilizing a hierarchical framework based on the 

Sustainability Assessment of Farming and the Environment (SAFE) model 

Sustainability 

Pillar 

Principle Criteria Indicators 

Economic 

(cont.) 

Maximize 

economic viability 

(cont.) 

Optimize 

knowledge of the 

industry (cont.) 

Number of years in the 

industry 

   Access to new techniques 

   Access to training courses 

   Self-rated knowledge 

  Land security Land ownership 

   Possession of an operating 

license 

   Land acquisition by legal 

means 

Shrimp 

Health 

Minimize disease 

outbreaks 

Early recognition 

and control of 

disease 

Evidence of record 

keeping 

   No evidence of disease in 

2010 

   Notification of disease 

outbreaks to neighbours 

   Notification of disease 

outbreaks to government 

  Compliance with 

best management 

practices related 

to shrimp health 

Number of shrimp health 

best management 

practices followed 

   Number of biosecurity 

practices followed 
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Table 3.2 Descriptive statistics of predictor variables used in the multivariable mixed 

model to determine associations with sustainability scores on smallholder shrimp farms 

in Sri Lanka 

Variables
a
 Number of Respondents  Percentage of 

Respondents 

Total area of land owned or rented   

Less than 1.78 hectares 144/221  65.2 

More than or equal to 1.78 

hectares 

77/221  34.8 

Number of ponds   

1-2 114/222  51.4 

3-5 108/222  48.7 

Age   

Younger than 43 115/225  51.1 

43 or older 110/225  48.9 

Education   

Did not complete high school 

exams 

130/224  58.0 

Completed high school exams or 

further education 

94/224  42.0 

Farm Density   

Less than 0.01 farms/ha 126/225  56.0 

More than or equal to 0.01 

farms/ha 

99/225  44.0 

a
As no predictor variables met the assumptions for linearity, they were dichotomized at 

the mean. 
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Table 3.3 A four-level random effects null model including proportions of variance and 

intra-class correlations for sustainability index scores at each hierarchical level for 

smallholder Sri Lankan shrimp farms  

Random 

Effects 

Parameter 

Variance 

Estimate  

Standard 

Error 

95% 

Confidence 

Interval 

Proportion 

of variance 

Intra-class 

Correlation 

(ICC) 

Province 

 

13.6  22.0 0.6 – 326.4 0.176 0.176 

Divisional 

Secretariat 

(DS) 

3.6  5.8 0.2 – 84.6 0.047 0.222 

Grama 

Nilhadan 

(GN) 

0.2  3.6 1.76e-19 – 

1.65e17 

0.002 0.225 

Residual 

 

59.9  6.1 49.1 – 73.0 0.776  
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Table 3.4 Final multivariable linear mixed model examining associations of predictor 

variables on farm-level sustainability scores of smallholder Sri Lankan shrimp farms  

Variable Wald Test Standard Error p-value 95% CI 

Fixed effects:     

Total area of land 

owned or rented 

2.81 1.10 0.011 0.65 – 4.96 

Education 2.72 1.08 0.012 0.60 – 4.84 

Interaction term:     

Farm density
a 

4.46 2.03 0.028 0.48 – 8.44 

Province
b
 7.71 1.61 <0.001 0.60 – 4.84 

Interaction between 

farm density and 

province 

-5.82 2.34 0.013 -10.42 - -

1.23 

Random effects:     

Divisional Secretariat 

(DS) 

4.06e-17 5.64e-17   

Residual 56.90 5.53  47.03 – 

68.83 
a
 Due to the interaction term, farm density is interpreted when province is coded as 0; this 

corresponds to the Eastern Province. 
b
 Due to the interaction term, province is interpreted when province is coded as 1 (the 

North Western Province) and farm density is coded as 0 (low farm density). 
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Table 3.5 Collinearity diagnostics for the final multivariable linear mixed model 

examining associations of predictor variables on farm-level sustainability scores of 

smallholder Sri Lankan shrimp farmers 

Variable Variance 

Inflation Factor 

(VIF) 

Tolerance 

Total area of land owned or rented 1.04 0.96 

Education 1.09 0.92 

Farm density 3.94 0.25 

Province 1.91 0.52 

Interaction between farm density and 

province 

4.61 0.22 
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Figures 

 

 

 

 
Figure 3.1 Map of Sri Lanka adapted from www.worldofmaps.net (public domain). Study 

sites in the North Western and Eastern Province are circled. 
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Figure 3.2 Shrimp farming zones of the North Western Province of Sri Lanka, roughly 

corresponding to Divisional Secretariat administrative divisions.   
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Figure 3.3 Density of farms in each Divisional Secretariat (DS).  The dark shaded bars 

represent the DSs located in the Eastern Province and the light shaded bars represent the 

DSs located in the North Western Province. 
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CHAPTER FOUR:   

IDENTIFYING BEST MANAGEMENT PRACTICES ASSOCIATED WITH 

REDUCED WHITE SPOT DISEASE PREVALENCE ON SMALLHOLDER SHRIMP 

FARMS IN THE NORTH WESTERN PROVINCE OF SRI LANKA 

 

4.1 Introduction 

The majority of worldwide losses in aquaculture-related shrimp yields are primarily 

attributed to viruses (Flegel, 2012).  Of these, white spot disease (WSD) remains the 

disease of most concern in the shrimp farming industry (Bondad-Reantaso et al., 2005; 

Flegel, 2012; Karim et al., 2012; Stentiford et al., 2012), as it can cause mortality rates of 

80-100% within five to ten days of the first appearance of clinical signs (Chou et al., 

1995).   White spot disease first appeared in China and Japan in 1993 (Zhan et al., 1998) 

and then spread rapidly to other countries (Mohan et al., 1998; Park et al., 1998).  The 

etiologic agent of WSD, a virus that is the sole member of the genus Whispovirus within 

the family Nimaviridae, is now described as white spot syndrome virus (OIE, 2011).   

 

The Sri Lankan shrimp farming industry was decimated by white spot disease outbreaks 

in the mid- to late 1990s (Siriwardena, 1999) and again in 2003 (Weerakoon, 2007), and 

has still not fully recovered.  One 1996 outbreak of white spot disease in Sri Lanka 

affected more than 90% of farms on the northwest coast, and caused losses of 

approximately $9 million US (Siriwardena, 1999).  These WSD outbreaks were believed 

to be due in part to lack of technical knowledge on appropriate culturing of shrimp and 

poor management on the part of shrimp farmers (Siriwardena, 1999; Weerakoon, 2007).   
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White spot disease prevalence on farms varies widely depending on environmental 

stressors, but can be up to 100% in captive populations with poor management practices 

(Lo and Kou, 1998).  As a result, farmers often perform early emergency harvests if 

WSD is suspected, thus leading to lower incomes from smaller yields (Thongrak et al., 

1997; Kautsky et al., 2000).  However, while farmers often determine WSD based on 

characteristic white spots within the exoskeleton (Corsin et al., 2005; Park et al., 1998; 

Zhan et al., 1998), white spots can also be observed in shrimp with environmental 

stressors, nutritional deficiencies, or bacterial disease (OIE, 2011). Education of farmers 

in good management practices and proper testing of shrimp are therefore important 

factors in the epidemiology of WSD. 

 

Environmental stressors affecting shrimp as a consequence of poor management practices 

are an important risk factor in the epidemiology of WSD, as presence of the virus is a 

necessary but insufficient cause of WSD (Funge-Smith and Briggs, 1998; Lo and Kou, 

1998; Tsai et al., 1999; Wu et al., 2001 MPEDA/NACA, 2003; OIE, 2011).  Previous 

studies (Corsin et al., 2001; Corsin et al., 2005; Lightner, 2005; Subasinghe, 2005; 

Walker and Mohan, 2009) have examined risk factors associated with WSD, and best 

management practices (BMPs) have subsequently been developed by industry experts to 

minimize disease outbreaks and maximize ecological, social, and economic sustainability 

(Allan et al., 1995; Kautsky et al., 2000; MPEDA/NACA, 2003; ASEAN, 2005; FAO et 

al., 2006; Stark and Bocquillet, 2009).  These BMPs are general recommendations for the 

industry based on previously published studies on the biology and epidemiology of WSD, 

empirical observations, and provincial, national, and international regulations (Corsin et 
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al., 2001; Engle and Valderrama, 2004; Corsin et al., 2005; Lightner, 2005; Subasinghe, 

2005; Walker and Mohan, 2009) and are not specifically tailored to Sri Lanka.  

Recommendations of BMPs were developed in four main areas: pond preparation and 

filling, seed selection and stocking, water quality management, and disease outbreak 

control.  Farmers in the North Western Province of Sri Lanka, who continue to struggle 

with WSD outbreaks, began implementing some recommended BMPs, primarily testing 

post-larvae for WSD and filtering inlet water, approximately four years after the 1996 

outbreak (Jayasinghe, pers. comm., 2012).  Since then, BMPs have steadily gained favor 

among policy makers and some farmers as a means of reducing disease.  There is also 

some evidence that membership in shrimp farming society groups that meet regularly to 

discuss issues and promote BMPs may help to decrease WSD prevalence (Subasinghe, 

2005).    

 

Despite the attention paid to BMPs as a means of reducing WSD prevalence, WSD 

outbreaks in the North Western Province of Sri Lanka continue to affect the livelihoods 

of smallholder farmers.  To our knowledge, there have been no quantitative studies 

examining associations between implementation of BMPs and WSD prevalence in Sri 

Lanka.   The goal of this study was to identify BMPs and other farm management 

practices associated with reduced WSD prevalence on smallholder shrimp farms in the 

North Western Province of Sri Lanka. It is anticipated that results from this study will be 

used to generate testable hypotheses regarding BMPs, and may also be used to target 

policy and education programs to promote those BMPs that appear most effective in 

reducing WSD prevalence.  
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4.2 Materials and Methods 

4.2.1 Study area  

Our study was conducted in the North Western Province of Sri Lanka, where shrimp 

farming has been ongoing since the 1980s.  The North Western Province is in the 

administrative district of Puttalam, and is further divided into administrative units known 

as Divisional Secretariats (DS) and Grama Nilhadan (GN) (Figure 4.1).  All farms in the 

province are connected by the Dutch canal, which connects the three lagoons used for 

shrimp farming: the Puttalam lagoon, the Mundal lagoon, and the Chilaw lagoon.  Most 

farms in Sri Lanka employ semi-intensive production systems, defined as using 

formulated feed, fertilization, water exchange systems, and have a stocking density of 

approximately 10-20 post-larvae/m
2
 (Corea et al., 1995; Kautsky et al., 2000). 

 

4.2.2 Study participants  

A cross-sectional survey of 165 smallholder shrimp farms was conducted from June to 

September 2011.  For the purposes of this study, “smallholder” was defined as a farm 

containing five or fewer shrimp ponds, where the farmer was actively working on the 

farm, and where decision-making was not designated to a manager or any other person.  

On each farm, the person interviewed was the individual who made the majority of 

operational decisions.  In all cases, the person interviewed was the self-declared head of 

the household. A farm was considered to be operational provided the farmer was either 

currently culturing or intending to culture shrimp during the next production cycle. 

Farmers were excluded from the study if they were unable or unwilling to participate in 

the interview. 
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4.2.3 Sampling framework 

Using data from a recent study of shrimp farms in Sri Lanka (Munasinghe et al., 2010), 

approximately 472 smallholder farms were identified as being in operation in the North 

Western Province.  From this population, a sample size of 173 smallholder farms was 

calculated based on a population size of 472, an estimated percent frequency of the 

outcome factor of 50%, a desired precision of 5%, and a 90% confidence level (Dean et 

al., 2011).  A 90% confidence interval was used for the sample calculation rather than a 

95% confidence interval because this study was exploratory rather than predictive and we 

anticipated logistical difficulties finding, approaching, and interviewing a large sample of 

farmers.  Due to logistical constraints, farms were located within each relevant GN based 

on knowledge from people familiar with each area, as well as by acquiring names from 

shrimp society lists.  This solicitation was not performed randomly.  A total of 165 

farmers were interviewed, representing 35% of all known farms still in operation.  The 

number of shrimp farms surveyed within individual GNs varied from one to 32, and was 

approximately proportional to the total number of farms within each GN (i.e., ~35% of 

farms within each GN). 

 

4.2.4 Data collection 

Information was collected regarding participants’ demographic characteristics, socio-

economic status, history of white spot disease in 2010 (the most recent year with 

completed production cycles), and implementation of best management practices 

(Appendix A).  We relied on farmers to self-report disease by asking farmers to name the 

disease or the symptoms they thought they had observed in their shrimp to determine the 
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prevalence of WSD.  As a result, the term WSD should be considered to be WSD-like 

illness.  Practices included those related to pond preparation and filling, seed selection 

and stocking, water quality management, and hypothetical disease outbreak control.  

Questions regarding variables thought to affect management practices, such as education 

level, access to training courses, membership in a shrimp farming society, and 

geographical location (DS; Figure 4.1) were also included in the questionnaire. 

 

In total, 38 best management practices and five potential confounders were examined.  A 

variable has the potential for confounding the association between best management 

practices and the development of WSD if it is associated with WSD and with best 

management practices but is not a result of the best management practices (i.e., is not on 

the causal pathway; Gordis, 2009).  The five variables identified with the potential for 

confounding were significantly associated with WSD in the univariable analysis and were 

thought to be associated with one or several BMPs, but were not a result of the BMPs .  

These five variables are membership in a shrimp farming society, geographical location 

(DS), access to training courses, formal education level, and culturing other species in 

addition to shrimp in the ponds.  Additional covariates such as farmer age, number of 

production cycles, number of ponds, farm size, previous infection with WSD in 2009, 

and farm density were offered into the final multivariable model.   

 

The completed questionnaire was translated into the two major languages in Sri Lanka, 

Sinhala and Tamil, by a professional translator and the Dean of Science at the Eastern 

University, respectively.  Translation of the questionnaire closely followed published 
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guidelines in an attempt to preserve equivalence across cultures (Guillemin et al., 1993; 

Behling and Law, 2000).  The questionnaire was then back-translated into English by two 

different professional translators, one for each language.  The English back-translated 

copies were compared to the original English versions and discrepancies were then 

corrected by the professional translators.  Additional corrections to the Sinhala and Tamil 

versions were made based on suggestions from team members with relevant subject 

knowledge at subsequent training sessions for the interviewers. 

 

Teams of two interviewers able to speak the local language and familiar with the 

aquaculture industry were recruited to administer the survey, along with supervisors to 

ensure consistency and quality of the data collection process.  All interviewers 

participated in an intensive five-day training session prior to collecting data to increase 

inter-rater reliability. 

 

Written informed consent was obtained from each participant in the study and data was 

collected confidentially.  Ethics approval for this study was obtained from the Conjoint 

Faculties Research Ethics Board at the University of Calgary. 

 

4.2.5 Analysis  

Survey data were entered into a Microsoft Access 2007 (Microsoft Corporation, 2007) 

database.  Data entry was checked for accuracy by examining individual outliers to 

ensure correct entry, examining selected responses to 100 questions selected using a 

random number table, and examining the entirety of twelve questionnaires (5% of all 
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surveys), also selected using a random number table.  The overall error rate for data entry 

was 0.59% (17 errors in a total of 2865 questions) and identified errors were corrected.  

 

 All analyses were performed using Stata version 12.0 (StataCorp, 2011).   The majority 

of variables analyzed were dichotomous.  Indicator variables were created for categorical 

variables such as education and geographical region (DS), and were assessed in 

comparison to a reference level.  Questions relating to disease outbreak management and 

control were asked as hypothetical questions, and farmers were asked to respond 

regardless of whether or not their farms were affected by WSD.   Farmers who did not 

respond to individual questions were excluded from the analysis for that particular 

question (i.e., list-wise deletion).  

 

The unit of analysis was the farm.  We first examined associations between the number of 

BMPs implemented as the predictor variable and the prevalence of WSD as the outcome 

variable using logistic regression.  The number of best management practices 

implemented was divided into three categories: farmers who implemented between 12 

and 23 BMPs, farmers who implemented between 24 and 27 BMPs, and farmers who 

implemented more than 27-38 BMPs.  These categories were determined based on 

natural breaks in the data when examined graphically.   

 

Preliminary univariable analyses were conducted using Fisher’s exact test to determine 

whether odds ratios for implementation of each BMP and self-reported WSD-like illness 

were significant.  Odds ratios for each variable were calculated based on the proportion 
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of farms reporting WSD for which that variable was present (i.e., where farmers 

answered in the affirmative) as compared to farms for which it was not.  Variables with 

two-sided p<0.15 were subsequently selected for inclusion in multivariable logistic 

regression.   

 

Forward and backward stepwise multivariable logistic regression analyses were 

performed and all statistically significant variables from both of these approaches were 

used to generate the final multivariable model.  Variables that were not statistically 

significant in the final logistic regression model were removed after ensuring they were 

not confounders for any statistically significant variables.  A confounding variable was 

defined as a variable that caused at least a 20% change to the coefficient of a statistically 

significant variable on a log odds scale when it was removed from the model (Dohoo et 

al., 2009).  Divisional Secretariat (DS) was treated as a fixed effect as there were few 

levels, no DS-level predictors, and results were not intended to be generalized to all DSs.  

Variables included in the final model were analyzed for multicollinearity by examining 

the variance inflation factor (VIF; Dohoo et al., 2009).  Two-way interaction terms for 

the statistically significant variables were entered into the model one at a time and were 

removed if they were not statistically significant.  Hosmer-Lemeshow and Pearson χ
2
 

goodness-of-fit tests were performed to determine model fit.  Residual diagnostics were 

performed and examined for extreme standardized residuals and high leverage. 
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4.3 Results 

4.3.1 General characteristics of study participants 

The mean farm response rate for all the variables examined was 94.5%, and ranged from 

62% to 100%.  All 165 participants interviewed were male, which is consistent with the 

shrimp farming industry in this area where there are only six women (1.3%) known to 

make the majority of decisions with regard to farm operation and management (Hanifa; 

North Western Province Ministry of Fisheries, pers. comm, 2011).  The majority of 

farmers (93/163; 57.1%) stated that shrimp farming was their main source of income in 

the past month, followed by fishing (26/163; 16.0%).  The mean age of participants was 

41 years, and ranged from 18 to 73 with a normal distribution.  The majority of 

participants surveyed were Sinhalese (91/165; 55.2%) with 38 respondents (23.0%) self-

identifying as Tamil and 36 respondents (21.8%) self-identifying as Moors.  All farmers 

interviewed had completed at least some level of formal education.  The majority of 

participants (55.2%) had completed from grade one to grade ten, while 44.9% of 

participants had completed GCE exams (completed high school) or had some higher 

education.   

 

4.3.2 Descriptive statistics 

All 165 participants employed semi-intensive production systems.  The average farm size 

was 1.6 hectares (95% CI: 1.4 – 1.8), and the average number of ponds was 2.5 (95% CI: 

2.3 – 2.7).  Farmers had an average of 1.4 production cycles (95% CI: 1.3 – 1.5) in 2010 

and the length of the last production cycle in 2010 was approximately 90 days (95% CI: 

86 – 95).   
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The prevalence of self-reported WSD in 2010 was 53.4% (86/161; 95% CI: 45.6 – 61.2).  

Prevalence varied considerably by geographical region. The highest disease prevalence 

was 81% (54/67) of farmers in Arachchikattuwa reporting WSD (Figure 4.2).  In contrast, 

farmers in Puttalam, Chilaw, and Vanatha Villu reported WSD prevalences of ≤20%.  

Approximately 85% (141/165) of respondents were members of a shrimp farming 

society. 

 

All farmers surveyed had implemented at least twelve BMPs.  Approximately 18% 

(29/165) of farmers had implemented between 12 and 23 BMPs, 41% (68/165) of farmers 

had implemented between 24 and 27 BMPs, and 41% (68/165) of farmers had 

implemented more than 27 BMPs.  Descriptive statistics of individual BMPs are shown 

in Table 4.1.  There was generally high compliance with BMPs related to pond 

preparation and filling and seed selection and stocking.  Fewer farmers implemented 

BMPs related to water quality management.   For example, only 6% (10/164) of farmers 

reported treating waste water prior to discharge back into the lagoon.  While most 

farmers measured pH and salinity at least once weekly, only 20% (31/156) of farmers 

measured other water quality parameters such as nitrates and nitrites, phosphates, 

chlorine, or ammonia.  For questions pertaining to disease outbreak and control, less than 

50% of the farmers reported keeping records, implementing disinfection procedures for 

visitors and vehicles, and disinfecting pond water in accordance with BMPs after a 

hypothetical disease outbreak.  More than 80% of respondents stated that they would not 

release potentially infected shrimp into the lagoons, and that dead shrimp would be 
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buried away from the pond.  The majority of farmers (79%; 127/160) reported having 

access to an expert in shrimp health. 

 

4.3.3 Univariable analysis 

We initially assessed the effect of the number of best management practices implemented 

on the prevalence of WSD using BMPs as a continuous predictor variable, and found a 

non-significant trend of increasing BMP implementation leading to decreased reporting 

of WSD (p=0.09).  We further explored this relationship by grouping the number of 

BMPs implemented into low, medium, and high implementation categories using natural 

breaks in the data.   Farmers who implemented the highest number of best management 

practices were less likely to report WSD when compared to farmers who implemented 

the lowest number of best management practices (Table 4.2).  There was no difference in 

the reporting of WSD between those who implemented between 24 and 27 BMPs 

(medium category) and those who implemented the least number of BMPs (Table 4.2).   

 

Seven best management practices (BMPs) were significantly (p<0.05) associated with 

reduced WSD prevalence in 2010 (Table 4.3) in the univariable analysis, of which three 

were related to water quality management.  Farmers who stated they checked feed trays 

to determine the amount of feed to use rather than using their own experience or a 

predetermined amount, those who used aeration to increase oxygen levels in their shrimp 

ponds, and respondents who treated their water at the end of the production cycle with 

either physical (sedimentation tank) or chemical (bleach) means before releasing it back 

into the lagoon were significantly less likely to report WSD.  With regard to disease 
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outbreak control, farmers who would not release diseased shrimp into the lagoons and 

farmers who kept records on daily feeding details, water quality data, growth rates, and 

harvest quantity, size and grade were less likely to report WSD.  For pond preparation 

and filling, respondents reporting that they had a water reservoir to treat incoming water 

before water exchange were less likely to report WSD.  With regard to seed selection and 

stocking, farmers who perceived they had stocked the ideal amount of post-larvae were 

significantly less likely to report WSD.   

 

Other variables thought to affect best management practices were also examined (Table 

4.4).  Farmers who completed their GCE exams (finished high school) or had some 

higher education were less likely to report WSD compared with farmers having less 

education.  Farmers who lived in the divisional secretariat (DS) Arachchikattuwa (Figure 

4.1) were more likely to report WSD than farmers who did not live in this DS.  Farmers 

who were members of a shrimp farming society were more likely to report WSD than 

non-members. 

 

4.3.4 Multivariable analysis 

A total of 18 predictor variables, with 22 degrees of freedom, were selected for logistic 

regression analysis using self-reported WSD in 2010 as the outcome variable.  The 

significant variables common to both the forward and backward stepwise models 

included membership in a shrimp farming society, presence of a water reservoir, the 

interaction term between these two variables, and geographic region (DS) (Tables 4.5 and 

4.6).  Two additional variables were significant in the forward stepwise model: the 
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perception of an ideal amount of post-larvae being stocked and the hypothetical 

confirmation of disease by either sending a sample to a laboratory or by expert opinion.  

Both variables reduced the odds of self-reported WSD (Table 4.5).  Access to training 

courses was an additional significant variable in the backward stepwise regression model 

(increased odds of self-reported WSD; Table 4.6).   

 

The final multivariable logistic regression model included significant variables from both 

the forward and backward stepwise logistic regression models (Model 1; Table 4.7).  This 

was done to ensure all potentially significant variables were included in the final model 

as the two methods produced slightly different results.  A significant interaction was 

noted between membership in a shrimp farming society and presence of a water reservoir 

for treating water prior to water exchange.  Among farmers without a reservoir, 

respondents who were members of a shrimp farming society were significantly more 

likely to report WSD than non-members.  Presence of a water reservoir did not 

significantly alter the odds of reporting WSD for farmers who did not participate in 

shrimp farming societies, likely due to insufficient statistical power as the majority of 

respondents (85%) were shrimp society members.  Presence of a water reservoir did 

significantly decrease the odds of reporting WSD for shrimp society members, however 

this group was still more likely to report WSD than farmers who were not in a shrimp 

farming society and who did not have a reservoir (OR=1.28; Table 4.7, footnote c).   

 

Farmers who perceived that they had stocked the ideal amount of post larvae in their 

ponds, rather than over- or under-stocking, were less likely to report WSD.  The adjusted 
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odds ratio for this variable was 63% smaller than the crude odds ratio reported in Table 

4.3, which indicates either an interaction or confounding with another variable in the 

model.  Finally, farmers in Mundal, Puttalam, Chilaw, and Vanatha Villu were less likely 

to report WSD than farmers in Arachchikattuwa. 

 

Additional possible confounders such as farmer age, number of production cycles, 

number of ponds, farm size, previous infection with WSD in 2009, and farm density were 

added to the final multivariable model and subsequently removed as they were not 

statistically significant and did not fit the definition of confounding (as described in 

materials and methods).  

 

Hosmer-Lemeshow and Pearson χ
2
 tests indicated good model fit (Hosmer-Lemeshow χ

2
: 

2.65; p=0.85; Pearson χ
2
: 17.91; p=0.27).  Analysis of standardized Pearson and deviance 

residuals did not reveal any outliers in the data and leverage was not largely impacted by 

covariate patterns.  Multicollinearity was assessed by examining the variance inflation 

factors of the variables (Table 4.8).  The variance inflation factor was only greater than 

ten for the interaction between members of a shrimp farming society and the presence of 

a reservoir. 

 

Upon closer examination of the interaction between shrimp farming society and the 

presence of a water reservoir, it was determined that only three respondents with a water 

reservoir were not members of a shrimp farming society.  As a result, the interaction term 

was tested using exact logistic regression and was found to be non-significant (p=0.08).  



126 
 

This result, however, may lack statistical power, and due to this uncertainty, an alternate 

model without the interaction term is presented (Model 2; Table 4.9).  In the alternate 

model, respondents who were members of a shrimp society were significantly more 

likely to report WSD than non-members.  Farmers with a water reservoir were 

significantly less likely to report WSD than those who did not have a water reservoir.  

Respondents who perceived that they stocked the ideal amount of post-larvae were less 

likely to report WSD, and farmers who lived in Mundal, Puttalam, and Chilaw were less 

likely to report WSD than farmers in Arachchikattuwa (Table 4.9). 

 

4.4 Discussion 

Farmers who implemented the most BMPs were significantly less likely to report WSD 

than those who implemented the least number of BMPs (Table 4.2).  This suggests that 

while individual BMPs may not necessarily be associated with decreased WSD, best 

management practices can collectively reduce the prevalence of WSD-like illness.  To 

our knowledge, there are no published quantitative analyses of overall implementation of 

best management practices on smallholder shrimp farms with which to compare these 

results.  The majority of studies on BMPs in the aquaculture and agricultural literature 

focus on individual practices (Engle and Valderrama, 2004) or assume that the 

implementation of a greater number of BMPs is preferable (Rahelizatovo and Gillespie, 

2004).  Our findings suggest that the implementation of multiple BMPs should be 

encouraged in the development of future education and policy plans. 
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To determine whether specific BMPs were associated with reduced WSD prevalence, we 

examined the effect of individual BMPs on reported WSD prevalence, first using 

univariable analyses and then a multivariable analysis.  While variables with p<0.15 were 

offered to the multivariable model, we also examined the relevance of individual 

variables that were significant at the p<0.05 level due to possible lack of power in the 

multivariable analysis.  The univariable analyses identified seven BMPs that were 

significantly (p<0.05) associated with reduced WSD prevalence (Table 4.3).  Of these, 

the only significant variable in the pond preparation category was the presence of a water 

reservoir.  A water reservoir is an area of the farm that is dedicated to storage of pond 

water before it is pumped into the ponds.  At the beginning of the culture cycle, farmers 

fill both the reservoir and grow-out ponds.  Water exchange can then occur from the 

reservoir pond into the grow-out ponds throughout the growth cycle.  This method is 

often employed if culture water is polluted or if there are concerns of disease outbreaks 

(Kongkeo, 1997).  Water reservoirs also enable sediment removal prior to water 

exchange, thus improving water quality (Chien, 1992; Kongkeo, 1997; Thongrak et al., 

1997).  Farmers can also treat the water in the reservoir prior to exchange to ensure that 

the influent retains the same water quality parameters as the existing pond water.  This 

practice has previously been shown to decrease stress on the shrimp and thus likely plays 

a role in reducing WSD outbreaks on individual farms (Chien, 1992). 

 

Management practices affecting pond water quality that were significantly associated 

with reduced WSD prevalence in the univariable analysis included the use of feed trays to 

determine feed quantity and aeration of the pond.  Appropriate feeding practices are 
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important in maintaining water and soil quality, which reduces stress in shrimp and leads 

to reduced disease outbreaks (MPEDA/NACA, 2003).  Farmers who use feed trays to 

determine feed quantity ensure they are not over- or under-feeding, both of which can 

lead to increased stress in shrimp.  Over-feeding can cause water quality to degrade, 

which is a risk factor for disease outbreaks (MPEDA/NACA, 2003).  Poor water quality 

in the feeding area can also cause shrimp to cluster in areas of the pond with higher water 

quality, which can lead to increased horizontal transmission of white spot syndrome virus 

(Corsin et al., 2001).  Aeration plays an important role in reducing disease outbreaks by 

increasing dissolved oxygen concentrations in ponds, concentrating wastes to one area of 

the pond, and regulating water temperature (Chien, 1992).   

 

Farmers who perceived they had stocked the ideal amount of post-larvae (PL), rather than 

over- or under-stocking, were less likely to report WSD.  Although we were not able to 

discern whether farmers who indicated they did not stock the ideal amount of PL thought 

that they over-stocked or under-stocked, farmers in the pilot study informed us that there 

have been previous problems with smallholder farmers over-stocking their ponds in 

attempts to generate higher economic gains.  Over-stocking ponds without compensation 

in aeration, water exchange, and increased water quality measurements causes stress to 

shrimp, which can be a risk factor for disease (Wu et al., 2001; Lotz and Soto, 2002; 

Corsin et al., 2005). 

 

Farmers who kept records on daily feeding details, water quality data, growth rates, and 

harvest quantity, size and grade were less likely to report WSD (Table 4.3).  Record 
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keeping is a recommended practice as it aids in early identification of problems and 

trends in management practices and shrimp health.  As well, records can allow farmers to 

learn from their mistakes and allow for improved practices in future production cycles 

(MPEDA/NACA, 2003).  Due to the nature of the data collected, we could not determine 

whether farmers had been keeping records for several previous production cycles or 

whether they only started keeping records for the most recent production cycle.  If 

farmers were keeping records for several production cycles, they likely would have been 

able to identify potential problems and make corrections to management practices, which 

may have led to decreased WSD prevalence.  If, however, farmers had only kept records 

for the most recent production cycle, they may have implemented other BMPs that were 

collectively responsible for decreasing WSD prevalence. 

 

Individual farmers’ management practices can affect disease spread to other farms that 

are connected through the common water source.  Respondents who treated their water at 

the end of the production cycle with either physical (sedimentation tank) or chemical 

(bleach) means before releasing it back into the lagoon were significantly less likely to 

report WSD (Table 4.3).  Also, farmers who would not release diseased shrimp into the 

lagoon were significantly less likely to report WSD (Table 4.3).  This may be a result of 

farmers in a specific area consistently implementing practices that result in decreased 

contamination of the water body within this area, and thus fewer WSD outbreaks were 

reported. 
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In the final multivariable model, membership in a shrimp farming society was 

significantly associated with increased reporting of WSD (Table 4.7).  Shrimp farming 

societies in Sri Lanka are intended to help farmers with concerns, implement crop 

calendar rotations, and encourage the implementation of certain BMPs pertaining to pond 

preparation and stocking (Weerakoon, 2007).  We found that membership in a shrimp 

farming society was significantly associated with higher self-reported WSD prevalence, 

as compared with prevalence among farmers who were not shrimp farming society 

members.  This appears to contradict previous work suggesting that farmer groups can 

help to reduce WSD through social learning (Subasinghe, 2005).  Possible explanations 

for this result can be divided into three categories: low variability in responses for non-

members; the fact that shrimp societies may be encouraging BMP implementation, but 

other variables are not translating this into decreased WSD prevalence; and shrimp 

societies are either not effective or may be contributing to disease spread (Table 4.10).  

Regarding low variability, this finding may partly be explained by limited variation in 

responses, as shrimp farming society membership was very high among survey 

respondents (85%; 141/165).  There were therefore few responses from farmers who 

were not members, resulting in decreased precision of the estimate.   

 

Alternatively, shrimp societies may be encouraging BMP implementation, but farms may 

not yet be reporting reduced WSD prevalence as the nature of our study design does not 

assess temporal relationships.  For example, respondents who were not shrimp society 

members may have only recently entered the industry.  These respondents may have not 

been farming for long enough or may not be experienced enough to recognize WSD and 
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therefore reported no disease in 2010.  Additionally, farmers who had disease in past 

years may have been more motivated to join shrimp farming societies, however, due to 

other factors, were as of yet unable to decrease their disease outbreaks.  This would be 

plausible if there is a lag time between implementation of BMPs and reduced disease 

prevalence.  As this was a cross-sectional study, we do not know when farmers 

implemented BMPs and we cannot establish temporal and causative relationships.  

Additionally, if shrimp farming societies improve farmer knowledge regarding early 

warning signs of disease, farmers may have been more likely to detect and report WSD 

on the questionnaire, thus potentially leading to differential misclassification of true 

WSD status compared with non-members.  However, based on information learned from 

the pilot study, most farmers who observed a very high mortality rate in shrimp were 

likely to report this as WSD.  As a result, most farmers would likely report WSD 

regardless of membership in a shrimp farming society.  There may also have been 

potential confounders or effect modifiers that were not measured.  For example, there 

may be soil or water quality or micro-climate differences between farms of respondents 

who were members of a shrimp society and those who were not that, if included in a 

model, may have modified the association between membership in a shrimp society and 

WSD. 

 

Conversely, while shrimp society membership has and is currently being promoted as a 

means of reducing disease, there is a possibility that shrimp societies might negatively 

affect disease prevalence as certain practices followed by shrimp farming society 

members may promote disease spread.  For example, it was indicated by farmers during 
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the pilot study that some shrimp societies buy post-larvae for all the farms in their society 

and use the same truck to transport the post-larvae between farms, potentially spreading 

disease.  There may also be a higher risk of disease transmission if shrimp farming 

society members tend to socialize and visit one another more frequently than non-

members.  A final possibility is that shrimp farming societies are either not useful (i.e. not 

promoting BMPs) or promote practices that may increase disease transmission.  Some of 

the areas with high prevalence of disease, for example, may correspond to areas where 

shrimp farming societies are not as actively involved (Jayasinghe, pers. comm., 2012).  If 

this is the case, further work should be done to improve the usefulness of each of the 

societies to encourage implementation of BMPs and disease prevention and control 

measures.  Further studies are needed to investigate the role of shrimp societies in disease 

prevention and control before concrete recommendations can be made regarding shrimp 

society membership. 

 

Two additional variables were significant in the final multivariable model: the perception 

of stocking an ideal amount of post-larvae and geographical location (DS).  Farmers who 

perceived they had stocked the ideal amount of post-larvae, rather than over- or under-

stocking, were less likely to report WSD.  Divisional Secretariat (DS) may have either 

modified the association between perception of ideal amount of PL stocked and WSD, or 

acted as a confounder.  We were unable to assess for interaction effectively due to low 

sample size and multiple zeros in the contingency tables between WSD and this variable 

when stratified by DS.  If we assumed no interaction, DS confounded the association as 

there was a 22% change in the coefficient of this variable on a log odds scale when DS 
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was removed from the model.  Further studies with larger sample sizes are required to 

further elucidate this relationship. 

 

Divisional Secretariat itself was found to be significantly associated with WSD 

prevalence.  Farmers in Mundal, Puttalam, Chilaw, and Vanatha Villu were significantly 

less likely to have reported WSD in 2010 than farmers in Arachchikattuwa.  There was a 

trend toward farmers in Kalpitiya also reporting lower WSD prevalence than farmers in 

Arachchikattuwa, but this trend was not statistically significant, likely due to a very low 

sample size for this area (n=3).  Arachchikattuwa was significantly associated with 

increased disease prevalence, which corresponds to historical findings (Jayasinghe, pers. 

comm., 2012).  Farms located in Arachchikattuwa tended to have similar BMP 

compliance as farms in other geographical regions, suggesting that implementing BMPs 

alone is unlikely to reduce disease prevalence.  Instead, there are likely many factors 

influencing development and incidence of WSD, of which management practices 

represent only one component.  Shrimp farm density is higher in Arachchikattuwa than in 

the other geographic regions (Munasinghe et al., 2010), which may also play a role in 

disease spread and outbreak control.  Farm density (the number of farms in each DS 

divided by the area of the DS) was assessed in an additional analysis and was not 

significantly associated with reduced white spot disease prevalence (p=0.522); however, 

there may be clusters of farms within Arachchikattuwa that may be associated with 

higher levels of WSD.  Farm location has previously been found to be a significant risk 

factor associated with WSD (Karim et al., 2012; Corsin et al., 2001).  There may also be 

differences in climate, soil type, salinity, and pH, vegetation, post-larvae quality, policy 
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implementation and enforcement, water flow, and pollution, among other variables, 

contributing to the elevated WSD prevalence observed for Arachchikattuwa.  Further 

studies are needed to test these hypotheses. 

 

Although data regarding WSD was collected for five years, we elected to perform 

analysis using WSD data from 2010 as the outcome variable.  This was done to avoid 

possible recall bias from previous years and to avoid incomplete data for 2011, as the 

survey was conducted at a time of the year when some farmers had not yet started their 

production cycles.  Production cycle length was initially considered to be a potential 

confounding variable, however it was determined that the majority of farmers in this 

region immediately harvest their crops if WSD is suspected.  As the outcome variable 

(self-reported WSD incidence) influences production cycle length, it was not appropriate 

to control for production cycle length and it was excluded from the analysis (Ahrens and 

Pigeot, 2005).   

 

There are some important limitations to this study.  Participants in the study were not 

selected randomly, which may have led to selection bias if farms that differed in WSD or 

BMP status from the larger population were preferentially selected.  To find potential 

participants, supervisors consulted with known smallholder shrimp farmers and shrimp 

societies.  While unlikely, it is plausible that if farmers or farmer groups wanted to appear 

to be implementing BMPs, they may have selectively chosen what they considered to be 

“model” farms, and neglected to provide contact information for other farms.  

Alternatively, if societies or farmers believed they might benefit from collectively 
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appearing to have higher disease prevalence or lower BMP implementation, they may 

have selectively provided contact information for those farmers perceived to have more 

disease or who followed fewer BMPs. 

 

Regarding misclassification bias, the information included in this study was based on 

self-reported data.  White spot disease status was not confirmed by laboratory testing and 

farmers may have reported WSD for any number of differential diagnoses such as 

environmental stressors, nutritional deficiencies, or bacterial disease (OIE, 2011).  In 

addition, if farmers are thought to have started WSD outbreaks, there may be a stigma 

associated with admitting WSD which may have falsely decreased reported WSD 

prevalence.  Data were collected on farms from June through September 2011 and 

information was collected on WSD status for 2010 (the year with the most recently 

completed production cycles).  We attempted to reduce the effect of recall bias by asking 

about the previous year, but there is still a possibility of recall bias affecting the results. 

 

Information on BMPs also relied on self-reported data.  Due to the historically high 

prevalence of WSD in the North Western Province, much attention has been paid to 

BMPs and encouraging implementation of these practices.  Farmers are required to obtain 

a bill signed by their shrimp societies that attests to proper pond preparation and quality 

of post-larvae, and possession of this bill is enforced by governmental agencies.  This 

may have led to social desirability bias (Streiner and Norman, 2008).  We have attempted 

to reduce this bias by assuring farmers that all results collected would be confidential and 

only aggregated results would be presented.  
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The majority of the questions pertaining to disease outbreak and control were 

hypothetical questions and farmers were instructed to answer the question as if they did 

have disease.  This may have caused some confusion among respondents and thus 

decreased the reliability of the information collected. 

 

Despite ongoing efforts to encourage BMP implementation as a means of decreasing 

WSD prevalence, 53.4% of smallholder farmers reported WSD outbreaks in 2010.  While 

we relied on self-reported disease to determine prevalence, which may have resulted in 

some misclassification bias relative to true WSD prevalence, the majority of smallholder 

farmers perceived that they had WSD in their shrimp, which is a constraint to the 

sustainability of both shrimp farms and farmers’ livelihoods.  While BMPs may help to 

mitigate disease prevalence on farms, they are likely only one factor in the propagation of 

WSD in the North Western Province of Sri Lanka.  Further research is necessary to 

investigate other possible risk factors of WSD in this area.  

 

Thirty-eight best management practices were examined in this study, yet only seven 

BMPs were significantly associated with WSD in the univariable analysis, and many of 

these were not significant in the multivariable analysis.  This can partially be explained 

by the lack of variability in responses to individual BMPs, which makes assessing 

statistical significance more difficult.  For example, in the pond preparation and filling 

category in Table 4.1, all but one BMP (the presence of a water reservoir) had less than 

20% or greater than 80% implementation.  Additionally, only two of the seven 
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statistically significant BMPs in the univariable analysis were significant in the 

multivariable analysis.  This may be due to the ability to control for covariates and 

confounding variables in the multivariable analysis.  There were, however, very few 

responses for some of the levels of the variables for which we were controlling.  For 

example, as most farmers were members in a shrimp farming society, there were few 

responses amongst non-members.  As well, there were limited sample sizes within some 

DS areas, which may have resulted in lack of statistical power to adequately assess 

relationships using a multivariable model.  Due to this limitation, and with the knowledge 

that implementing more BMPs resulted in reduced WSD prevalence than fewer BMPs, 

there is still value in promoting all BMPs that are associated with reduced WSD 

prevalence, with emphasis on those found to be significant in the univariable and 

multivariable analyses. 

 

Findings from this study will help to inform programs and policies attempting to 

encourage implementation of specific BMPs, and will aid in developing hypotheses for 

future research.  Based on our multivariable analysis, smallholder shrimp farmers should 

be encouraged to stock the correct number of post-larvae and to build and use water 

reservoirs to maintain water quality.  Based on the univariable analysis, BMPs related to 

water quality management, such as checking feed trays to determine feed quantity, 

encouraging aeration, and treating water at the end of each production cycle should also 

be encouraged.  Education of farmers regarding the benefits of record keeping and the 

consequences of releasing diseased shrimp into lagoons should be promoted. While these 

BMPs are particularly important in reducing WSD prevalence, farmers should also be 
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encouraged to implement multiple BMPs to prevent WSD. Further work should 

investigate the role that shrimp farming societies play in mitigating WSD.  It would also 

be prudent to ensure that shrimp farming societies are promoting best management 

practices correctly and that they are functioning properly before encouraging farmers to 

become members.   
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Tables 

Table 4.1 Proportion of respondents (%) who implemented best management practices in 

the North Western Province of Sri Lanka 

Best Management Practice (BMP) No. of 

respondents 

who 

implemented 

BMP 

Total no. 

respondents 

% of 

respondents 

implementing 

BMP 

Pond Preparation and Filling    

Use of Lime 151 161 94.8 

Plough pond bottom 148 163 91.8 

Organic fertilizer or no fertilizer use 

on farm 

131 150 87.3 

Deposit sludge away from farm 133 158 84.2 

Decisions on amount of lime added 

are based on expert advice or pH 

measure 

126 154 82.8 

Observe for predators/competitors 

prior to stocking 

134 164 81.7 

Presence of a water reservoir 47 165 28.5 

Seed Selection and Stocking    

General health check for post-larvae 158 163 96.9 

Decisions on purchasing post-larvae 

(PL) made based on health of PL 

150 164 91.5 

Perception of ideal amount of post-

larvae (PL) stocked 

140 163 85.9 

Certificate of disease-free status 119 165 72.1 

Acclimatization is appropriate 106 164 64.6 

Post-larvae are uniform in size 93 159 58.5 

Transport less than 1 hour 55 164 33.5 

Water Quality Management    

Separate inflow and outflow 160 163 98.2 

Monitor salinity at least weekly 113 149 75.8 

Monitor pH at least weekly 118 156 75.6 

Aeration is used 121 163 74.2 

Knowledge of neighbours’ disposal 

of waste water 

118 164 72.0 

Feed conversion ratio (kg of feed/kg 

of shrimp produced) is close to ideal 

ratio of 1.2 (0.9-1.5) 

78 151 51.7 

Water exchange is ideal (10-30% of 

pond area exchanged at a time) 

73 157 45.5 

Decisions on feed quantity are based 

on checking the feed trays 

 

71 162 43.8 
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Table 4.1 (continued)  Proportion of respondents (%) who implemented best 

management practices in the North Western Province of Sri Lanka 

Best Management Practice (BMP) No. of 

Respondents 

who 

Implemented 

BMP 

Total no. 

Respondents 

% of 

Respondents 

Implementin

g BMP 

Appropriate water quality parameters 

are measured 

31 156 19.9 

Treatment of waste water 10 164 6.1 

Disease Outbreak Control
a
    

No release of stock into the lagoon in 

times of disease 

152 164 92.7 

Bury dead shrimp away from pond 96 114 84.2 

Access to an expert trained in shrimp 

health available 

127 160 79.4 

No problem with shrimp escaping 121 162 74.7 

Vehicles from other shrimp farms not 

allowed 

118 163 72.4 

Inform neighbours (or shrimp 

society) if hypothetical disease 

outbreak 

118 164 72.0 

No use of animal products as 

supplements 

104 161 64.6 

No use of uncooked protein sources 

as feed 

96 161 59.6 

No sharing of equipment 96 164 58.5 

Disease would be confirmed by a 

sample to lab or by expert opinion 

88 163 53.4 

Evidence of record keeping 77 165 46.7 

Disinfect PL transport vehicle 57 160 35.6 

If outbreak, treat water with bleach, 

leave for 5-7 days then discard 

57 162 35.2 

Appropriate disinfection procedures 

for visitors 

50 163 30.7 

a
 Questions regarding disease outbreaks were hypothetical, and farmers were instructed to 

answer what they would do if they should encounter disease, even if they did not have 

disease problems. 
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Table 4.2 Associations between the number of best management practices implemented 

and white spot disease prevalence on smallholder shrimp farms in the North Western 

Province of Sri Lanka 

Number of BMPs Implemented 

(n=159) 

Adjusted OR  95% CI p value 

Low (12-23) 1.00 (referent 

level) 

  

Medium (24-27) 0.55  0.21 – 1.44 0.223 

High (>27) 0.32  0.12 – 0.84 0.020 
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Table 4.3 Univariable analysis of best management practices (BMPs) associated with 

self-reported white spot disease (WSD) in 2010 in the North Western Province of Sri 

Lanka
a
 

Variable (no. of 

respondents) 

No. (%) of 

respondents 

OR  95% CI p 

value
b
 

 WSD 

positive 

WSD 

negative  
   

Pond Preparation and 

Filling 

  

   

Sludge is deposited away 

from farm (n=155) 

  

1.98 0.76 – 5.31 0.131 

Yes 74 (47.7) 56 (36.1)    

No 10 (6.5) 15 (9.7)    

Decisions on amount of 

lime added are based on 

expert advice or pH 

measure (n=150) 

  

2.08 0.83 – 5.34 0.096 

Yes 70 (46.7) 52 (34.7)    

No 11 (7.3) 17 (11.3)    

Presence of a water 

reservoir (n=161) 

  

0.23 0.10 – 0. 51 <0.001
* 

Yes 13 (8.1) 33 (20.5)    

No 73 (45.3) 42 (26.1)    

Seed Selection and 

Stocking 

  

   

Perception of ideal amount 

of post-larvae (PL) stocked 

(n=159) 

  

0.35 0.11 – 1.02 0.042
*
 

Yes 68 (42.8) 68 (42.8)    

No 17 (10.7) 6 (3.8)    

Post larvae are uniform in 

size (n=156) 

  

1.90 0.95 – 3.80 0.073 

Yes 55 (35.3) 36 (23.1)    

No 29 (18.6) 36 (23.1)    

Water Quality 

Management 

  

   

Aeration (n=159)   0.38 0.16 – 0.87 0.017
*
 

Yes 56 (35.2) 63 (39.6)    

No 28 (17.6) 12 (7.5)    

Decisions on feed quantity 

are based on checking the 

feed trays (n=158) 

  

0.41 0.20 – 0.81 0.006
*
 

Yes 28 (17.7) 40 (25.3)    

No 57 (36.1) 33 (20.1)    
a
 Only variables with p<0.15 are reported. 

b
 2-sided Fisher’s Exact statistics were used. BMPs significant at p<0.05 are denoted with * 
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Table 4.3 (continued) Univariable analysis of best management practices (BMPs) 

associated with self-reported white spot disease (WSD) in 2010 in the North Western 

Province of Sri Lanka
a
 

Variable (no. of 

respondents) 

No. (%) of 

respondents OR 95% CI 

p 

value
b
 

 WSD 

positive 

WSD 

negative     

Appropriate water quality 

parameters measured 

(n=152) 

  

0.46 0.19 – 1.12 0.068 

Yes 12 (7.9) 18 (11.8)    

No 72 (47.4) 50 (32.9)    

Treatment of waste water 

(n=160) 

  

0.20 0.02 – 1.04 0.045
*
 

Yes 2 (1.3) 8 (5.0)    

No 84 (52.5) 66 (41.3)    

Disease Outbreak Control      

No release of shrimp into 

lagoon if disease (n=160) 

  

0.21 0.02 – 1.05 0.038
*
 

Yes 76 (47.5) 72 (45.0)    

No 10 (6.3) 2 (1.3)    

Disease would be confirmed 

by sample to lab or by 

expert opinion (n=159) 

  

0.57 0.29 – 1.12 0.082 

Yes 41 (25.8) 46 (28.9)    

No 44 (27.7) 28 (17.6)    

Evidence of record keeping 

(n=161) 

  

0.49 0.25 – 0.96 0.028
*
 

Yes 33 (20.5) 42 (26.1)    

No 53 (32.9) 33 (20.5)    

Appropriate disinfection 

procedures for visitors 

(n=159) 

  

0.55 0.27 – 1.15 0.090 

Yes 22 (13.8) 28 (17.6)    

No 64 (40.3) 45 (28.3)    
a
 Only variables with p<0.15 are reported.  

b
 2-sided Fisher’s Exact statistics were used.  BMPs significant at p<0.05 are denoted 

with * 
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Table 4.4 Univariable analysis of additional variables associated with self-reported 

white spot disease (WSD) in 2010 in the North Western Province of Sri Lanka
a
 

Variable (no. of 

respondents) 

No. (%) of 

respondents 

OR  95% CI p 

value
b
 

 WSD 

positive 

WSD 

negative  
   

Member of shrimp farming 

society (n=161) 

  

4.21 1.47 – 13.67 0.003
*
 

Yes 80 (49.7) 57 (35.4)    

No 6 (3.7) 18 (11.2)    

Other species cultured in 

shrimp ponds (n=160) 

  

0.35 0.104 – 1.069 0.050 

Yes 6 (3.8) 13 (8.1)    

No 80 (50.0) 61 (38.1)    

Access to training courses 

(n=156) 

  

1.83 0.92 – 3.63 0.077 

Yes 51 (32.7) 33 (21.2)    

No 33 (21.2) 39 (25.0)    

Education Level      

Grade 1-10 (n=161) 56 (34.8) 34 (21.1) 2.25  1.14 – 4.47 0.017
*
 

GCE Exams completed or 

higher education (n=161) 30 (18.6) 41 (25.5) 0.44 0.22 – 0.88 0.017
*
 

Divisional Secretariat 

(DS) 

     

Arachchikattuwa (n=161) 54 (33.5) 13 (8.1) 8.09  3.64 – 18.30 <0.001
*
 

Mundel (n=161) 24 (14.9) 35 (21.7) 0.44  0.22 – 0.89 0.015
*
 

Puttalam (n=161) 2 (1.2) 9 (5.6) 0.18 0.18 – 0.89 0.025
*
 

Kalpitiya (n=161) 2 (1.2) 1 (0.6) 1.76  0.09 – 105.32 1.000 

Chilaw (n=161) 3 (1.9) 12 (7.5) 0.19 0.03 – 0.75 0.012
*
 

Vanatha Villu (n=161) 1 (0.6) 5 (3.1) 0.17  0.003 – 1.54 0.098 
a
 Only variables with p<0.15 are reported.  

b
 2-sided Fisher’s Exact statistics were used. BMPs significant at p<0.05 are denoted with 

* 
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Table 4.5 Significant variables from the forward stepwise logistic regression model 

associated with white spot disease on smallholder shrimp farms in the North Western 

Province of Sri Lanka 

Variable (n=119) Adjusted OR
a
  95% CI p 

value 

Perception of ideal amount of post-larvae 

stocked 

0.19  0.04 – 0.99 0.050 

Disease would be confirmed by sample 

to lab or by expert opinion 

0.39 0.15 – 0.99 0.048 

Interaction Term    

Membership in shrimp farming society 

where a water reservoir is absent 

9.08  2.00 – 41.31 0.004 

Presence of a water reservoir and no 

membership in a shrimp farming society 

10.55 0.31 – 364.29 0.192 

Membership in shrimp farming society * 

presence of a water reservoir  

(interaction) 

0.01
b
 <0.01 – 0.32 0.010 

Divisional Secretariat    

Arachchikattuwa 1.00 (referent 

level) 

  

Mundal 0.19  0.06 – 0.56 0.003 

Puttalam 0.25  0.02 – 3.53 0.305 

Kalpitiya unable to 

estimate 

  

Chilaw 0.14  0.02 – 0.84 0.031 

Vanatha Villu 0.09  0.01 – 1.57 0.098 
a
 OR was adjusted for the other variables in the model 

b 
The OR reported for the interaction term is the modifier for the interaction when both 

factors are present; the OR is calculated by multiplying the OR for membership in a 

shrimp farming society (9.08) * the OR for presence of a water reservoir (10.55) * the 

OR modifier when both factors are present (0.008) = 0.77 
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Table 4.6 Significant variables from the backward stepwise logistic regression model 

associated with white spot disease on smallholder shrimp farms in the North Western 

Province of Sri Lanka 

Variable (n=119) Adjusted OR
a
  95% CI p value 

Access to training courses 3.51  1.13 – 10.94 0.030 

Interaction Term    

Membership in shrimp farming society 

where a water reservoir is absent 

7.03  1.29 – 38.42 0.024 

Presence of a water reservoir and no 

membership in a shrimp farming society 

5.24 0.13 – 211.57 0.380 

Membership in shrimp farming society * 

presence of a water reservoir  

(interaction) 

0.01
b
 <0.01 – 0.60 0.026 

Divisional Secretariat    

Arachchikattuwa 1.00 (referent 

level) 

  

Mundal 0.13 0.03 – 0.51 0.004 

Puttalam 0.02  <0.01 – 0.80 0.038 

Kalpitiya unable to 

estimate 

  

Chilaw 0.07  0.01 – 0.54 0.011 

Vanatha Villu 0.01  <0.01 – 0.56 0.024 
a
 OR was adjusted for the other variables in the model 

b 
The OR reported for the interaction term is the modifier for the interaction when both 

factors are present; the OR is calculated by multiplying the OR for membership in a 

shrimp farming society (7.028) * the OR for presence of a water reservoir (5.24) * the 

OR modifier when both factors are present (0.013) = 0.48 
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Table 4.7 Model 1: Variables from the final logistic regression model associated with 

white spot disease on smallholder shrimp farms in the North Western Province of Sri 

Lanka
a
 

Variable (n=159) Adjusted OR
b
  95% CI p value 

Perception of ideal amount of post-larvae 

stocked 

0.13  0.04 – 0.49 0.002 

Interaction Term    

Membership in shrimp farming society 

where a water reservoir is absent 

5.32 1.57 – 17.98 0.007 

Presence of a water reservoir and no 

membership in a shrimp farming society 

6.91  0.37 – 129.10 0.196 

Membership in shrimp farming society * 

presence of a water reservoir  

(interaction) 

0.04
c
 <0.01 – 0.70 0.029 

Divisional Secretariat    

Arachchikattuwa 1.00 (referent 

level) 

  

Mundal 0.18  0.07 – 0.43 <0.001 

Puttalam 0.06  0.01 – 0.37 0.003 

Kalpitiya 0.34  0.02 – 7.59 0.499 

Chilaw 0.09  0.02 – 0.42 0.002 

Vanatha Villu 0.08  0.01 – 0.96 0.047 
a 
Variables selected from statistically significant (p<0.05) variables in backward and 

forward stepwise regression models 
b
 OR was adjusted for the other variables in the model 

c 
The OR reported for the interaction term is the modifier for the interaction when both 

factors are present; the OR is calculated by multiplying the OR for membership in a 

shrimp farming society (5.32) * the OR for presence of a water reservoir (6.91) * the OR 

modifier when both factors are present (0.035) = 1.28 
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Table 4.8 Collinearity diagnostics for the final multivariable logistic regression model for 

variables associated with WSD in 2010 on smallholder shrimp farms in the North 

Western Province of Sri Lanka 

Variable Variance 

Inflation Factor 

(VIF) 

Tolerance 

WSD in 2010 1.54 0.65 

Membership in shrimp farming society 

where a water reservoir is absent 

1.38 0.72 

Presence of a water reservoir and no 

membership in a shrimp farming 

society 

14.44 0.07 

Membership in shrimp farming society 

* presence of a water reservoir 

(interaction) 

14.42 0.07 

Perception of ideal amount of post-

larvae stocked 

1.21 0.83 

Mundal 1.55 0.64 

Puttalam 1.44 0.69 

Kalpitiya 1.13 0.89 

Chilaw 1.43 0.70 

Vanatha Villu 1.29 0.77 
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Table 4.9 Model 2: Alternate multivariable logistic regression model of variables 

associated with white spot disease on smallholder shrimp farms in the North Western 

Province of Sri Lanka
a
 

Variable (n=159) Adjusted OR
b
  95% CI p value 

Perception of ideal amount of post-

larvae stocked 

0.15  0.04 – 0.52 0.003 

Membership in shrimp farming society  3.77  1.19 – 11.91 0.024 

Presence of a water reservoir  0.28  1.19 – 11.91 0.013 

Divisional Secretariat    

Arachchikattuwa 1.00 (referent 

level) 

  

Mundal 0.17  0.07 – 0.42 <0.001 

Puttalam 0.07  0.01 – 0.45 0.005 

Kalpitiya 0.34  0.02 – 6.97 0.482 

Chilaw 0.10  0.02 – 0.47 0.003 

Vanatha Villu 0.12  0.01 – 1.32 0.083 
a
Variables selected from statistically significant (p<0.05) variables in backward and 

forward stepwise regression models 
b
 OR was adjusted for the other variables in the model 
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Table 4.10 Possible reasons for shrimp society membership being associated with 

increased white spot disease prevalence among smallholder shrimp farmers in the North 

Western Province of Sri Lanka 

Category Explanation 

Lack of variability  Limited variation in responses -  shrimp farming 

society membership was very high among survey 

respondents, which led to few responses from 

farmers who were not members and resulting in 

decreased precision of the estimate 

Shrimp societies are 

encouraging 

implementation of 

BMPs but WSD 

prevalence is high 

due to other factors  

 Recent entry into industry – farmers may have not 

yet joined a shrimp society and also have not yet 

had WSD  

 Those with increased disease may be more 

motivated to join a society but may have not yet or 

just recently implemented BMPs, and have not 

experienced decreased WSD 

 Increased awareness and early surveillance 

promoted by shrimp societies may cause increased 

reporting of WSD outbreaks  

 BMPs are being implemented by members but 

other environmental or geographic factors 

continue to cause WSD problems 

 Members may lack the financial capital to 

implement BMPs compared with non-members 

Shrimp societies are 

either not helpful or 

are promoting 

practices that increase 

disease spread 

 Increased socialization between members can lead 

to increased sharing of equipment, which can be a 

means of disease spread 

 Some shrimp societies may be more effective than 

others in promoting and encouraging disease 

spread 



151 
 

Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Shrimp farming zones of the North Western Province of Sri Lanka, 

roughly corresponding to Divisional Secretariat administrative divisions.  Inset: 

map of Sri Lanka highlighting the study area. 

  

Vanatha Villu 
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Figure 4.2 Percent of smallholder farms reporting WSD in 2010 in each 

Divisional Secretariat of the North Western Province of Sri Lanka. 
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CHAPTER FIVE:  

 CONCLUSION 

 

The Sri Lankan government has recently promoted shrimp farming to stimulate the 

economy and help alleviate rural poverty.  Smallholder shrimp farmers in Sri Lanka, 

however, have historically dealt with production losses, abandonment of farms, and 

unemployment due to civil conflict, tsunamis, and disease outbreaks (Siriwardena, 1999; 

FAO, 2004; Weerakoon, 2007).  The goal of this thesis was to assess farm-level 

sustainability of the Sri Lankan shrimp industry and identify gaps in the implementation 

of sustainable farming practices that can be improved with policy and educational 

programs, in an effort to improve shrimp farm survival and promote sustainable 

livelihoods for smallholder shrimp farmers. 

 

While a number of studies examining farm-level sustainability can be found in the 

agricultural literature, few studies examine farm-level sustainability in the aquaculture 

industry.  Of these, most focus on only one dimension of sustainability, rather than 

incorporating a more holistic view of the social, ecological, and economic dimensions of 

sustainability (Speelman et al., 2007).  To our knowledge, the work done in this thesis is 

the first holistic farm-level sustainability assessment of shrimp farming in Sri Lanka 

using an observational study.   

 

In Chapter Two, we developed indicators (measures) of sustainability using two 

methodological frameworks adapted from the agricultural literature, aggregated the 
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indicators into various sub-indices depending on the framework used, and compared 

relative sustainability between the two provinces engaged in shrimp farming in Sri 

Lanka.  The same indicators were used for both methodological frameworks, though they 

were aggregated into different categories.  Due to a controversy in the literature regarding 

aggregation of indicators, and as there are few published studies evaluating farm-level 

sustainability of shrimp farms, we elected to assess individual indicators in addition to 

sub-indices and the overall sustainability indices developed for each of the two 

methodological frameworks.  We found no differences between the two methodological 

frameworks in relative, overall sustainability scores for the two provinces, suggesting that 

the choice of methodological framework used to assess sustainability likely does not bias 

overall sustainability score results.  We did, however, find that when sub-indices were 

examined, one methodological framework showed more similarities between the two 

provinces than the other framework.  While similar themes and areas for improvement 

were identified for each of the two frameworks, individual indicators needed to be 

assessed to arrive at the same interpretations.  As a result, we suggest that while sub-

indices are useful for ranking farms and identifying trends, more accurate and transparent 

interpretations must include assessment of individual indicators in addition to index 

scores.  Additionally, evaluating individual indicators allows researchers to gather more 

practical information regarding which practices to promote in educational and policy 

programs.  

 

We found that farms in the North Western Province had higher overall sustainability 

scores than farms in the Eastern Province despite the presence of disease and resulting 
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uncertainty regarding farm survival.  We hypothesize that because farmers in the North 

Western Province have dealt with disease since the 1990s, many of the farmers who 

implemented less sustainable practices may have left the industry.  The presence of 

disease may have also served as an impetus for farmers remaining in the industry to 

implement more sustainable practices on their farms.  As a result, disease may have been 

a driver of longer-term sustainability in this area.  We found that compared with farmers 

in the Eastern Province, where the shrimp farming industry has just begun to expand and 

there are presently no disease problems, farmers in the North Western Province were 

more likely to adopt best management practices, have more technical knowledge and 

access to training courses, and were more likely to have felt they were able to make most 

of the decisions on their farms.  Farmers in the Eastern Province, however, had higher 

shrimp yields and were more likely to state they made net profits from shrimp farming.  

This is likely due to the aforementioned disease problems in the North Western Province, 

which cause farmers to perform emergency harvests and which result in relatively lower 

incomes.  Farmers in the Eastern Province, however, were also more likely to report 

higher debt burdens than farmers in the North Western Province, which may be due to the 

high start-up costs of shrimp farming.   

 

After assessing individual indicators, we were able to identify constraints to sustainability 

for smallholder shrimp farmers in both provinces.  As discussed, farms in the North 

Western Province suffer from disease problems, which cause lower shrimp yields and 

result in lower incomes.  While they tend to implement many best management practices, 

farmers in this province have not implemented as many biosecurity practices, which can 
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help control or prevent disease spread.  This is an area that could be targeted for 

educational programs.  Farmers in the Eastern Province identified a lack of access to 

training programs, which may improve knowledge regarding more sustainable methods 

of raising shrimp, including best management practices.  Less than half of respondents in 

both provinces reported feeling that they had either very good or excellent knowledge 

regarding culturing shrimp.  This further highlights the importance of targeted 

educational programs to improve smallholder farmers’ knowledge regarding appropriate 

management practices.   

 

The sustainability indicators and indices developed and evaluated in Chapter Two serve 

as baseline measures of farm-level sustainability for the shrimp farming industry in Sri 

Lanka. These measures can be re-assessed over time to determine which indicators are 

most important to the evaluation of longer-term sustainability.  Re-assessment would 

enable assigning relative weights, validating, and further refining indicators.  

Interviewing farmers who are about to leave the industry would be beneficial for 

determining which practices or behaviors are most critical for ensuring farm survival, and 

to determine whether these indices can serve as predictors for determining which farmers 

are most likely to persist in or leave the industry.  This information would allow decision 

makers to selectively target policy and educational programs to emphasize the most 

important practices and behaviors for farm success.    

 

Chapter Three built on Chapter Two by using the overall sustainability index scores to 

determine whether farm-level sustainability scores were clustered by administrative 
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region and to determine other variables associated with farm-level sustainability.  Using a 

multi-level modeling approach, we found that most of the variation in sustainability 

scores was explained at the farm level.  As interventions are more likely to be effective at 

the hierarchical level that explains the majority of the variation, we suggest that 

interventions may be most effective if targeted toward individual farms rather than 

geographical clusters of farms.   

 

Variables such as land area, pond number, farmer age, and formal education level were 

hypothesized to be associated with farm-level sustainability but were not included in the 

sustainability index due to uncertainty over whether they would result in higher or lower 

sustainability.  We found that of the smallholder farmers interviewed, those who had 

larger areas of land on which to culture shrimp and who were more highly educated were 

more likely to have higher sustainability scores.  While formal education level may not 

be modifiable for current shrimp farmers, tailoring educational and research programs to 

farmers with different education levels may be beneficial.  The finding that farms with 

larger land areas had higher sustainability scores may be useful for future planning, 

siting, and approval of new shrimp farm requests.  In addition, land area and formal 

education level could be added to the overall sustainability index as their relationships to 

smallholder shrimp farm sustainability are now known.  One aspect of sustainability, 

however, that was not adequately captured in the questionnaire related to social conflicts 

between smallholder farmers, non-shrimp farmers in the villages, and large-scale farms.  

Given this limitation, we must be cautious in using these results for making 

recommendations without further addressing the issue of land size and social conflicts. 
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We found an interaction between Divisional Secretariat (DS)-level farm density and 

province, whereby high farm densities were associated with lower sustainability scores in 

the North Western Province and higher sustainability scores in the Eastern Province.  We 

hypothesize that in areas where the shrimp farming industry is mature, high farm density 

has resulted in increased risk for disease spread, water pollution, and conflicts with 

neighbouring farmers, all of which may lower sustainability scores.  In areas where 

shrimp farming is newly emerging, however, the risks of water pollution and disease 

spread are much lower.  In addition, farmers may experience added benefits to being in 

close proximity to other shrimp farmers as a result of social learning and exchange of 

knowledge, sharing of equipment, and communally organizing selling of shrimp and 

buying of post-larvae (Karami and Rezaei-Moghaddam, 2005).  We also hypothesize that 

as the shrimp farming industry in the Eastern Province becomes more established and 

increased risks of environmental pollution and disease spread become more pronounced, 

better management practices will become increasingly important to maintaining shrimp 

yields and income. 

 

In Chapter Four, we examined associations between best management practices and 

reduced white spot disease prevalence.  Disease has historically been a limiting factor for 

the sustainability (Thongrak et al., 1997; Siriwardena, 1999; Kautsky et al., 2000; 

Weerakoon, 2007) of smallholder shrimp farmers in the North Western Province, and 

best management practices (BMPs) have been developed as a means of limiting disease 

spread.  We found that farmers who implemented the highest number of best 

management practices were less likely to report white spot disease.  From this, we 
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conclude that implementing many BMPs is preferable to implementing fewer numbers of 

BMPs.  We found seven BMPs significantly associated with reduced prevalence of white 

spot disease in a screening-level univariable analyses, two of which were significant in 

subsequent multivariable analyses.  There was insufficient variation in BMP 

implementation for many of the variables to allow for statistical significance to be 

assessed.  In the multivariable analysis, there were few responses for some levels of the 

variables examined.  For example, as most farmers were members of a shrimp farming 

society, there were few responses from non-members.  As well, sample sizes within some 

DS areas were limited, which may have resulted in lack of statistical power to adequately 

assess relationships using a multivariable model.  Due to this limitation, and with the 

knowledge that implementing more BMPs resulted in reduced WSD prevalence than 

fewer BMPs, we believe there is still value in promoting all of the BMPs that were 

associated with reduced WSD prevalence, with emphasis on those found to be significant 

in the univariable and multivariable analyses.  Significant BMPs included maintaining a 

water reservoir to treat incoming water, stocking of the ideal amount of post-larvae, 

checking feed trays to determine the amount of feed to use, using aeration to increase the 

oxygen levels in the ponds, treating water at the end of the production cycle with either 

physical or chemical means prior to releasing the water back into the lagoon, not 

releasing diseased shrimp into the lagoon, and maintaining records on daily feeding 

details, water quality data, growth rates, and harvest quantity, size and grade. 

 

Farmers in the DS of Arachchikattuwa were significantly more likely to report white spot 

disease than farmers in other DSs, despite having similar BMP compliance rates. This 
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suggests that while BMP implementation may aid in the reduction of WSD, there are 

likely many factors influencing the development and incidence of WSD, such as farm 

location, disease presence in post-larvae, proximity to neighbours, and other 

environmental factors (Karim et al., 2012; Corsin et al., 2001).  Further studies 

investigating risk factors for WSD other than BMP implementation would be beneficial 

for helping decision makers and farmers to determine other ways to decrease disease 

prevalence. 

 

The potential for selection bias is a limitation common to all chapters.  Selection biases 

can result from methods of subject selection and factors affecting participation in a study 

(Rothman, 2008).  This was likely not an issue in the Eastern Province as all of the 

known smallholder shrimp farmers were interviewed.  If smallholder shrimp farmers who 

participated in the study differed from those who did not participate in the study in terms 

of sustainability scores, BMP implementation, or white spot disease prevalence, there is a 

potential for selection bias.  Potential participants for our study were found by 

supervisors, who consulted with known smallholder shrimp farmers and shrimp societies.  

It is possible that selection was biased towards farms that tended to implement more (or 

less) best management practices than the norm.  It is also possible that self-selection bias 

(Rothman et al., 2008; Streiner and Norman, 2008) may have occurred if farmers who 

were having problems with disease or were in danger of leaving the industry contacted 

supervisors themselves.  This is unlikely as the supervisors typically contacted all farmers 

themselves; however, supervisors asked farmers if they knew of other farmers they could 

contact.  If farmers wanted to participate in the study, they may have contacted the 
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individuals who made recommendations to supervisors.   It is also possible that farmers 

who were not well connected to shrimp farming societies or social networks were 

underrepresented in the survey.  As a result of possible selection bias, we must be 

cautious in generalizing results to the broader population of shrimp farmers. 

 

Information was collected directly from participants through a questionnaire with no 

external validation of responses.  This may have introduced measurement error into the 

study through social desirability (Streiner and Norman, 2008) or self-reporting bias 

(Adams et al., 1999), and thus may have affected validity and the ability to generalize 

results.  We attempted to reduce these effects by assuring respondents that all responses 

would be confidential, and that only aggregated data would be presented to stakeholders, 

with no personal information that might allow for trace-back.   

 

We attempted to limit measurement error in the questionnaire by consulting with experts 

in Sri Lanka, pre-testing questions on a small sample of shrimp farmers as part of a pilot 

study, back-translating the questionnaires into English, and consulting with groups of 

individuals during training sessions to limit translation errors.  To improve inter-rater 

reliability, we conducted an intensive training session for both the interviewers and 

supervisors to ensure consistency in the way the questions were asked.  We attempted to 

reduce recall bias by asking farmers questions pertaining to their last production cycle, 

rather than over the last several years.   
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In Chapter Four, differential misclassification bias may have been introduced as we relied 

on self-diagnosis and self-reporting of white spot disease.  If farmers who were more 

likely to implement multiple BMPs were also more likely to detect and properly diagnose 

white spot disease, perhaps due to increased technical knowledge or ability to send 

samples to a laboratory for testing, they may have been more likely to report WSD.  The 

effect of BMP implementation on WSD would therefore have been underestimated.  

Alternatively, if farmers who implemented fewer BMPs were more likely to misdiagnose 

other diseases as white spot disease, they may have overestimated WSD.  In this case, the 

effect of BMP implementation on WSD would be overestimated.  Misclassification bias 

in the diagnosis and reporting of WSD regardless of BMP implementation is also a 

possibility.  We found that the majority of farmers who experienced a disease outbreak 

reported WSD when asked to name the disease, despite a possible differential diagnosis 

of bacterial disease or potential nutrient imbalance that may cause white spots (OIE, 

2011).  This may have led to an inflated estimate of white spot disease prevalence in 

shrimp.  This may be an important distinction to make for future research and educational 

programs.  Farmers often perform emergency harvests if they suspect white spot disease 

(Thongrak et al., 1997; Kautsky et al., 2000), as this disease causes very high mortality 

over a short period of time (Chou et al., 1995).  Shrimp that are harvested early are of 

lower quality and lower weights, and often sell for reduced prices.  While farmers often 

determine WSD based on characteristic white spots within the exoskeleton (Corsin et al., 

2005; Park et al., 1998; Zhan et al., 1998), white spots can also be observed in shrimp 

experiencing environmental stresses, nutritional deficiencies, or bacterial disease (OIE, 

2009).  This suggests that farmers may be needlessly performing emergency harvests if 
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the observed white spots are not due to WSD, and highlights the importance of diagnostic 

testing. 

 

This study had limitations inherent in all cross-sectional studies.  In Chapters Two and 

Three, we examined sustainability at a single point in time, as many of our questions and 

indicators focused on the previous production cycle.  We assessed farm-level 

sustainability in relation to the last production cycle, and did not ask farmers whether 

they had made any changes to their management practices between the last production 

cycle and the time they were interviewed.  We also did not assess whether farmers 

planned to make changes to their management practices.  We therefore cannot make 

definitive judgments regarding which farms are likely to remain in or leave the industry, 

as this often depends on whether farmers are able or willing to adapt to uncertainties in 

the industry (Lopez-Ridaura et al., 2002; Lopez-Ridaura et al., 2005; Speelman et al., 

2007).  In Chapter Four, the cross-sectional nature of the study made it difficult to 

establish temporal relationships between BMP implementation and WSD outbreaks.  It is 

possible that WSD outbreaks may have influenced BMP implementation, rather than 

BMP implementation having influenced WSD outbreaks.  As a result, we were unable to 

make judgments regarding causality in this chapter. 

 

Despite the limitations of this study, we were able generate some valuable insights into 

farm-level sustainability of smallholder shrimp farmers in Sri Lanka.  Sustainability 

assessments using observational studies had not been performed in this area prior to this 

study, so we developed sustainability indicators based on the literature and adapted 
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specifically for this context.  These indicators and the resulting indices that were 

developed provide a baseline level of sustainability and will hopefully aid in refining, 

adapting, and validating indicators over a longer period of time.  Longer-term studies 

should be valuable for determining limiting factors and important constraints to 

sustainability, which can help to inform policy and educational programs.   

 

Future work over a longer time frame will also help determine whether factors such as 

poor water quality and disease will serve as an impetus for farms in the Eastern Province 

to implement more sustainable practices.  As the industry is beginning in the Eastern 

Province, there is currently less motivation to improve and implement management 

practices.   Farmers in this province are able to produce high yields of shrimp and make a 

profit regardless of sustainable management practices.  As the industry becomes more 

established in the Eastern Province, however, water pollution will likely increase and 

diseases may become more prevalent, which may cause yields and incomes to drop.  

This, in turn, may force farmers who are unable or unwilling to adapt to these changes to 

leave the industry, ultimately serving as a driver for implementation of more sustainable 

farming practices.  Our hope is that in recognizing this possibility, educational and policy 

programs may be tailored to encourage and incentivize implementation of sustainable 

farming practices before problems arise.   

 

We were also able to assess BMP implementation and its associations with white spot 

disease reduction in the North Western Province, which has historically been a limiting 

factor to farm level sustainability.  While BMPs have been thought to aid in decreasing 
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WSD prevalence, this study is the first to test this hypothesis in Sri Lanka.  We found that 

farmers who implemented more BMPs were less likely to report WSD, which is 

consistent with this general assumption in the literature. 

 

Sustainability assessments of indicators, sub-indices, and overall indices are not intended 

to provide the best or only solution for measuring sustainability, and are dependent on 

temporal conditions, the stakeholders involved, and cultural values (Bosshard, 2000).  As 

such, these assessments generate “local truths developed out of the concrete cultural and 

local context” (Bosshard, 2000).  Overall, the work in this thesis provided information 

and insights regarding differences in sustainability and implementation of sustainable 

practices between farms in the nascent shrimp farming industry of the Eastern Province 

and those in the more established industry of the North Western Province.  Furthermore, 

it identified variables not included in the sustainability index that affected farm-level 

sustainability, and best management practices associated with reduced white spot disease 

prevalence in the North Western Province.  The results from this thesis can inform 

stakeholders, including farmers, decision makers, researchers and extension officers, as to 

which practices should be promoted and/or implemented to improve farm survival and 

reduce disease.  Ultimately, we hope this information can be used to enable Sri Lankan 

smallholder shrimp farmers to make better decisions and implement management 

practices to improve farm survival and facilitate shrimp farming as a viable means of 

generating sustainable livelihoods. 
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APPENDIX A: 

AQUACULTURE, SUSTAINABILITY, AND KNOWLEDGE SURVEY 

Date:  Team:  

GPS 

Coordinates: 

N: 

E: 

District:  

DS:  

Village Name:  

Interviewer(s): 1.  

Tape Recorder 

ID: 

 

Sex (circle) Male Female  

Map attached 

(circle) 

Yes No  

 

FOR OFFICE USE ONLY 

Farm ID:   

Supervisor’s 

Signature: 

   

(circle one) Complete Incomplete  

 

Farm Characteristics 

I am going to start by asking you some general questions about your farm to gain a 

better understanding of how your farm is operated and how decisions are made. 

1. What is your primary role on the farm related to shrimp farming? Circle all that 

apply. 
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1=Owner 2=Feeding  

3=Cleaning pond 4=Stocking  

5=Harvesting 6=Guard  

7=Market shrimp 8=Processing  

9=Do not work with shrimp 10=Other (specify) 

 

 

2. What is the total area of the land that you have?  This includes your farm land 

(owned or rented) as well as the land your house is on and any additional land you 

may have. (please specify units in acres) 

 

3. How many ponds do you have? 

 

4. What is the total area of your ponds that were in operation during your last 

production cycle? (please specify units in acres) 

 

5. How long was your last production cycle (in days)? 

 

6. How many complete production cycles did you have last year (2010)?  

 

7. What are the most important problems on your farm? 

 

 

 

Participation in a Shrimp Farming Society 

I am now going to ask you about your participation in shrimp farming groups. 

8. Are you a member of a shrimp farmer’s society? 

1=No (skip to 

question 10 if 

applicable) 

2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what is the purpose of the group?  Please circle all that apply. 
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1=Arrange stocking times based on the 

crop calendar 

2=Inspection of farm management practices 

such as pond cleaning and liming techniques 

3=Lending/providing equipment 4=Helping with bird deterrence 

5=Communication with NAQDA 6= Communication with hatchery owners 

7=Disease monitoring 8=Disease management advice 

9=Arrange for vehicle for PL transport 10= Ensure that all farmers have similar 

management practices 

11=Discussing/learning new 

management techniques 

12=Negotiate prices 

13=Socialization 14=Other (please specify) 

 

15=Uncertain 16=Decline to answer 

b. What is your role in this group? 

1=Member 2=President 

3=Secretary 4=Treasurer 

5=Other (please specify) 

 

6=Decline to answer 

c. How often do you attend meetings? (E.g. monthly) 

 

d. What is the name of the person at the head of the group? 

 

e. How many members are in the group? 

 

f. Is membership to the group restricted to only men or women? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

i. If no, how many women are in the group? 

 

9. In your opinion, how useful is the shrimp farmer’s society to you in terms of 

improving your management practices?  Is it… 
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1=not 

at all 

useful 

2=not very 

useful 

3=somewhat 

useful 

4=very useful 5=extremely useful 

10. Ask women ONLY: Are there any groups specifically focusing on women? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. What is the purpose of the group? 

 

b. Are women leaders of any of these groups? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

Work Force  

I am now going to ask you about the workers on your farm. 

11. Please provide the following information about your workers. 

Labor Status During the Busiest Part 

of the Production Cycle 

Number 

 1=Male 2=Female Total 

a.  Permanent 

paid workers 

   

b.  Temporary 

(seasonal 

paid) 

   

c.  Unpaid 

family 

workers 

   

d.  Partners 

(shared labor 

paid/unpaid) 

   

Total persons 

engaged at 

any time of 

year (FOR 

OFFICE USE 

ONLY) 
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(If there are no paid employees, skip to question 15) 

12. During your last production cycle, were your employees required to follow any 

safety protocols? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

13.  What qualities are most important to you when hiring a new employee? Please 

select the top two qualities. 

1=I know them 2=Previous experience with shrimp farming 

3=Recommendations from others 

(known by my friends or family) 

4=Gender 

5=They speak my language 6=Location (they live nearby) 

7=Convenience (they were there at 

the right time) 

8=Other – please specify  

14. During your last production cycle, how many new employees did you hire?  

 

15. In general, how much knowledge do you feel men have of shrimp farming in 

comparison to women?  Do you feel… 

1=Men 

are much 

less 

knowledg

eable than 

women 

2=Men are a bit 

less 

knowledgeable 

than women 

3=Men and 

women 

have equal 

knowledge 

4=Men are a bit 

more 

knowledgeable 

than women 

5=Men are much 

more knowledgeable 

than women 

16. In your opinion, which tasks are women best able to perform on the shrimp farm? 

Choose all that apply. 

1=Making decisions on management 

practices 

2=Day-to-day work (feeding shrimp, cleaning 

etc) 

3=Monitoring for disease 4=Monitoring for predators 

5=Cleaning the pond 6=Processing the shrimp 

7=Transporting sludge 8=Bargaining for fair market prices 

9=Maintaining the household 10=Preparing meals for workers 
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11=Communicating with experts 12=Other (please specify) 

 

17. In the past year, have you had a significant illness or injury? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, how much do you feel this has affected your ability to work?  Do you 

feel… 

1=this 

has not 

affected 

my 

ability to 

work 

2=this has 

affected my 

ability to work 

a little 

3=this has 

somewhat 

affected my 

ability to 

work 

4=this has 

very much 

affected my 

ability to 

work 

5=this has significantly 

affected my ability to 

work 

18. During your last production cycle, were your ponds monitored 24 hours a day? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, who monitored the ponds? 

1=Myself 2=A hired worker 3=A family 

member 

4=Other (please specify) 

 

Water Use and Quality 

I am now going to ask you some questions about your water use and your overall 

water quality. 

19. Where is the most reliable source of water? 
 Piped 

Water 

Publi

c Tap 

Well Lagoon Canal Rain 

Water 

Neighbor 

(well) 

Delivered Other 

a.  Shrimp 

Farming 

(please 

specify) 

         

b.  

Irrigation 

         

c.   

Livestock 

         

d.           
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Household 

20. (If piped water, skip this question) How many minutes does it take to collect water 

from the primary source (time to get to the water source)? Who regularly obtains 

the water? 

 

 

Time from 

home 

Primary person Secondary person 

a.  Well    

b.  

Lagoon 

   

c.  Canal    

d.  Public 

tap 

   

e.  

Neighbor 

   

f.  Other  

 

   

 

21. During your last production cycle, were any water quality parameters measured? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what water quality parameters were checked, how often were they 

measured, and who is the person who takes these measures? 

Water Quality 

Parameter Measured 

Frequency of 

Measurement (in 

number of days) 

Who takes the measurement 

1 = myself 

2 = feed company 

representative 

3 = private consultant 

4 = other (specify) 
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a.  Dissolved oxygen   

b.  pH   

c.  Salinity   

d.  Nitrites   

e.  Nitrates   

f.  Phosphates   

g.  Temperature   

h.  Chlorine   

i.  Ammonia   

j.  Other (please 

specify) 

 

  

 

22. How often do you make changes in your farming practices based on what the water 

quality tests show? 

1=Never 2=Occasionally 3=Sometimes 4=Often 5=Always 

23. Are you aware of any water quality guidelines?  

1=No (skip to # 

24) 

2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, how do you feel you are doing with following the water quality 

guidelines?  

1=I am 

unable to 

follow the 

guidelines at 

all 

2=I am able to 

follow the 

guidelines a 

little 

3=I am 

somewhat 

able to 

follow the 

guidelines 

4=I am mostly 

able to follow 

the guidelines 

5=I am able to follow 

all of the guidelines 

b. How useful do you feel it is to follow the water quality guidelines? 

1=the 

guidelines 

are not at 

all useful 

2=the 

guidelines are 

not very useful 

3=the 

guidelines 

are 

somewhat 

useful 

4=the 

guidelines are 

very useful 

5=the guidelines are 

extremely useful 
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24. How important do you feel it is to measure water quality parameters on a regular 

basis?  Do you feel it is… 

1=not at 

all 

important 

2=not very 

important 

3=somewhat 

important 

4=very 

important 

5=extremely important 

25. Do you have separate areas for water inflow and outflow? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

26. Do you have a reservoir to treat incoming water? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

27. Do you have problems with people polluting your water? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

28. Do you screen water when filling your pond? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, specify the type of screen used: 

29. During your last production cycle, was waste water treated prior to discharge into 

the environment? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what did you treat your waste water with? 

1=Chlorine 

(Bleach) 

2=Chemicals 

(specify) 

3=Other 

(specify) 

4=Decline to answer 

30. Do you have a canal for your effluent water? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, specify length (in meters) 

31. During your last production cycle, at what day into the cycle (if the first day of 

stocking is considered day 1) did you start to exchange the water?  

32. During your last production cycle, how often was your water exchanged during: 

a. The beginning of production: 

b. The end of production: 

c. Abnormal conditions such as slow growth: 

33. During your last production cycle, when you exchanged your water, how much was 

exchanged at a time?  

 

34. During your last production cycle, how did you decide when to exchange your 

water? 

1=When I felt it was necessary 2=At regular intervals 
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3=Only during the critical period 4=When the color of the pond was 

unacceptable 

5=When the growth was slow 6=When abnormal conditions are observed 

7=Other (please specify)  

35. What is the water depth you maintain in your pond? Please specify units. 

 

36. Do you have your own water pump? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If no, do you share a water pump?  

1=No 2=Yes 3=Uncertain 4=Decline to answer 

Environment 

I am now going to ask you some questions about the land around your farm. 

37. What was this land used for before it was a shrimp farm? 

1=Rice paddies 2=Salt production 

3=Coconut production 4=Mangroves 

5=Other: please specify 

 

6=Uncertain 

7=Decline to answer  

38. How did you acquire this land?  Circle all that apply. 

1=Government had to approve 2=Approval was needed based on certain 

environmental criteria 

3=Passed down from family members 4=Started up myself (waiting for government 

approval) 

5=Rented from someone else 6=Other: please specify 

7=Uncertain 8=Decline to answer  

39. What type of soil do you have in your ponds? 

1=Acidic (pH 

less than 7) 

2=Alkaline (pH 

more than 7) 

3=Uncertain 4=Decline to answer 

40. Do you use your shrimp farm for culturing other species? 
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1=No 2=Yes  3=Uncertain 4=Decline to answer 

a. If yes, specify what species. 

 

41. Have you ever had a problem with shrimp escaping from your pond? (for example, 

from flooding) 

1=No 2=Yes  3=Uncertain 4=Decline to answer 

42. How important for the environment do you feel it is to prevent shrimp from getting 

into the wild?  Do you feel it is… 

1=not at all 

important 

2=not very 

important 

3=somewhat 

important 

4=very 

important 

5=extremely important 

43. How do you feel the government is doing to ensure the environment around your 

farm is “healthy”?  Do you feel… 

1=the 

government is 

not doing 

anything 

2=the 

government is 

doing a little 

bit 

3=the 

government 

is doing an 

adequate job 

4=the 

government 

is doing a 

very good 

job 

5=the government is 

doing an excellent job 

44. How important is the protection of the environment to you?  Is it…  

1=not at 

all 

important 

2=a little bit 

important 

3=somewhat 

important 

4=very 

important 

5=extremely important 

45. How much of a priority do you feel that the protection of the environment is to the 

future operation of your shrimp?  Is it… 

1=very 

low 

priority 

2=low priority 3=neither 

low nor high 

priority 

4=high 

priority 

5=extremely high 

priority 

46. Do you feel that mangroves make a suitable location for a shrimp farm? Why or 

why not? 

 

 

47. What is your perception regarding… 

a. the value of mangroves? 

 

 

b. the adverse impact of water pollution? 
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c. the value of biodiversity? 

 

 

d. the importance of waste management? 

 

 

Pond Preparation and Stocking  

The next set of questions will be related to your pond preparation and stocking 

practices. 

48. During your last production cycle, did you assess the condition of the pond water 

prior to stocking the PL? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, how do you decide that the pond condition is good? 

1=Color 2=Plankton density 3=Other (Please 

specify) 

4=Decline to answer 

49. If the pond water condition is not good, what are the corrective actions you take? 

 

 

50. During your last production cycle, did you check for predators/competitors (fish, 

crabs, snails etc) in your pond prior to stocking? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

51. During your last production cycle, did you use chemicals to kill any predators (such 

as fish, crabs, snails etc) prior to stocking? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, specify what chemicals you used. 

 

52. After your last harvest, how many days did you wait before restocking? 

 

53. During your last production cycle, did you remove the bottom (black) layer of 
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sludge before restocking? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, where is the sludge deposited? 

1=Pond Dike 2=On farm 3=Away 

from 

the 

farm 

4=Other (please 

specify) 

5=Decline to 

answer 

54. Did you dry the pond bottom after the previous harvest? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

55. Do you plough the pond bottom between production cycles? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

56. How do you decide to purchase post larvae?  Please specify. 

 

 

57. From where do you get your PL?  Please state the name and location of the 

hatchery. 

 

58. How satisfied are you with your hatchery?  Are you… 

1=not at all 

satisfi

ed 

2=not very 

satisf

ied 

3=somewhat 

satisfied 

4=very 

satisfi

ed 

5=extremely 

satisfied 

59. During your last production cycle, was a general health check given to the PL prior 

to stocking? 

1=No 2=Yes  3=Uncertain 4=Decline to answer 

60. During your last production cycle, did you obtain a certification of disease-free 

status for the PL at the hatchery? 

1=No 2=Yes 3=Uncert

ain 

4=Decline to answer 

61. How accurate do you think that the tests (for example, PCR) used to determine 

disease-free status are?  Do you feel… 

1=the 

tests are 

not at all 

accurate 

2=the tests are 

not very accurate 

3=The tests 

are 

somewhat 

accurate 

4=The tests 

are very 

accurate 

5=The tests are 

extremely accurate 

62. How important do you feel it is to start with disease free stock?  Do you feel it is… 
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1=not at 

all 

important 

2=not very 

important 

3=somewhat 

important 

4=very 

important 

5=extremel

y important 

63. How much responsibility do you feel you should have with ensuring disease free 

stock?  Do you feel… 

1=it should 

not be my 

responsibili

ty 

2=I should 

have a very 

small 

amount of 

responsibili

ty 

3=I 

should 

have 

some 

responsi

bility 

4=it 

should 

mostly 

be my 

responsi

bility 

5=it should be 

completely 

my 

responsibility 

64. Do you currently pay for disease testing of the PLs yourself? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If no, does somebody else perform disease testing of the PLs? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

65. During your last production cycle, were the behavioral characteristics of the PL 

assessed prior to stocking?  For example, swimming against a current or 

swimming in a straight line. 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

66. During your last production cycle, how many hours did it take to transport your PL 

from the hatchery to your farm? 

1=Less 

than 1 

hour 

2= Between 1 and 

3 hours 

3=Between 3 

and 6 hours 

4=More than 

6 hours 

5=Uncertain 

67. How many PL were stocked in the last production cycle in total (please include all 

ponds)?  

 

68. Do you believe this is an ideal amount of PL (an ideal stocking density) for your 

pond? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

69. Was your stocking density at your last production cycle more, less or the same as 

your previous production cycles? 

1=More than other cycles 2=About the same as other cycles 

3=Less than other cycles 4=Other – please specify  

70. How do you decide on stocking density?  
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71. How important do you feel it is to know the stocking density of your PL?  Do you 

feel it is… 

1=not at 

all 

impor

tant 

2=not very 

important 

3=somewhat 

import

ant 

4=very  

important 

5=extremely 

important 

72. During your last production cycle, were the PL you stocked of the same size? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

73. In your last production cycle, did you acclimatize the PL prior to stocking? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, please describe how you acclimatized your PL prior to 

stocking? 

 

74. Do you examine the color of the bottom sediments in the pond? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

75. Do you look for the formation of benthic algae at the bottom of the pond? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

76. Do you look for a bad smell in the bottom sediments? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

77. If the pond bottom is not acceptable, do you take corrective action? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what corrective actions are taken? 

 

 

Feeding Practices 

I am now going to ask you some questions about your feeding practices. 

78. How many kilograms of feed did you use in your last production cycle in total? 

 

79. What are the factors you consider in deciding where to purchase your feed?  

1=Price 2=Quantity 
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3=Peer Pressure 4=Availability of credit facility 

5=Other (please specify) 

 

6=Decline to answer 

80. What are the factors you consider in selecting a particular brand of feed?  

1=Prize 2=Availability of credit facility 

3=Same feed used by other 

farmers 

4=Other (please specify) 

5=Uncertain 6=Decline to answer 

81. Do you typically use the same feed company for each production cycle? 

1=No 2=Yes 3=Uncerta

in 

4=Decline to answer 

82. Do you feel your feed company provides you with the highest quality feed 

possible? 

1=No 2=Yes 3=Uncerta

in 

4=Decline to answer 

83. How satisfied are you with your feed company?  Are you… 

1=not at all 

satisfi

ed 

2=not very 

satisfi

ed 

3=somewhat 

satisf

ied 

4=very 

satisfi

ed 

5=extremely 

satisfied 

84. How do you distribute feed?  

1=Feeding trays 2=Broadcasting 

3=Other (please specify) 4=Decline to answer 

85. During your last production cycle, did you use feed trays to monitor feed 

consumption? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

86. During your last production cycle, did you use check trays to monitor shrimp 

growth? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

87. In your last production cycle, did you adjust the amount of feed given based on 

body weight? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

88. How do you decide on the feed quantity and ration?  Please circle all that apply. 
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1=Instructions from the feed company 2=My own experience 

3=Instructions from a consultant 4=Demand by shrimps 

5=Instructions from a table 6=Other (please specify) 

89. Do you use any other ingredients to supplement the shrimp feed that is bought? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, please circle all additional ingredients used to supplement your 

shrimp.  

1=eggs 2=bivalves (such as mussels) 

3=oils (such as cod liver oil) 4=grains (such as bran) 

5=vitamins 6=commercial supplements such as 

aquamix or aquasine 

7= Other (please specify)  

90. During the last production cycle, did you use uncooked protein sources (for 

example, mussels or eggs) to increase the growth of the shrimp? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

91. In your last production cycle, did you supplement feed with any wild caught fish or 

shrimp? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

92. How important do you feel supplements to commercial feed are to overall shrimp 

health?  Do you feel supplements are… 

1=not at 

all 

important 

to overall 

health 

2=a little bit 

important to 

overall health 

3=somew

hat 

important 

to overall 

health 

4=very 

important 

to overall 

health 

5=extremely 

important to overall 

health 

93. How important do you feel supplements to commercial food are to achieving the 

best growth rates in shrimp?  Do you feel supplements are… 

1=not 

at all 

import

ant to 

achievi

ng the 

best 

2=a little bit 

important to 

achieving the 

best growth 

rates 

3=som

ewhat 

import

ant to 

achievi

ng the 

best 

4=very 

importan

t to 

achievin

g the 

best 

growth 

5=extremely 

important to 

achieving the 

best growth rates 



202 
 

growth 

rates 

growth 

rates 

rates 

Liming Practices 

I am now going to ask you about your liming practices. 

94. Did you use a liming product during your last production cycle? 

1=No  2=Yes 3=Uncertain 4=Decline to answer 

If no, skip Liming Practices section 

95. What type of liming product have you used during your last complete production 

cycle?  

1=Agricultural lime 2=Hydrated lime 

3=Dolomite 4=Quick lime  

5=Other (please specify)  

96. How do you determine when to add lime?  Circle all that apply. 

1=I check the pH of the water 2=If the pond bottom is dirty 

3=I check the color of the water  4=If the shrimp aren’t growing 

5=If the shrimp aren’t eating 6=Other (please specify) 

97. How do you determine how much lime to add?  

1=It depends 

on the soil pH 

2=I add a fixed 

amount 

3=A 

consultant 

instructs 

me 

4=Decline to answer 

98. How often is the soil pH on your farm checked? 

1=Every 1-6 days 2=Once a week 

3=Once every few weeks  4=Once at the beginning of each 

production cycle 

5=Never 6=Other (Please specify) 

7=Uncertain 8=Decline to answer 

99. After the pond has been refilled, do you add lime immediately? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 
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Fertilizer Use 

I am now going to ask you about your fertilizer practices during your last production 

cycle. 

100. Did you use a fertilizer (including manure) during your last production cycle? 

1=No  2=Yes 3=Uncertain 4=Decline to answer 

If no, skip this Fertilizer Use section 

101. What type of fertilizer did you use during your last production cycle?  

 

102. Did you use an organic fertilizer such as manure during your last production 

cycle? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, did you treat the organic fertilizer (manure) before it entered the 

pond?  

1=No 2=Yes 3=Uncertain 4=Decline to answer 

b. If yes, specify with what 

103. How much fertilizer did you use for the first application in your last production 

cycle?  

 

104. In your last production cycle, how many times did you apply fertilizer?  

 

105. If you do not see an appropriate color change in the water, would you add more 

fertilizer? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

 Chemical Use 

I am now going to ask you about your chemical uses on your shrimp farm.  The term 

chemicals includes pesticides, antibiotics, antifungals, and other additives to your pond. 

106. Please list veterinary medicines, pesticides or chemicals that you have used in 

your last production cycle and what you have used them for (If no chemicals are 

used, skip to #112): 

Medicine/Drug Name Uses 
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107. How important are the use of chemicals to your operation?  Are they… 

1=not at 

all 

importa

nt 

2=not very 

important 

3=som

ewhat 

import

ant 

4=very 

importan

t 

5=extremely 

important 

108. How do you decide when to use chemicals? 

1=Instructions from the feed company 

representative 

2=My own experience 

3=Instructions from a consultant 4=Advice from neighbors 

5=Advice from family 6=Other (please specify) 

109. Do you ever use chemicals to try to prevent disease? 

1=No 2=Yes  3=Uncertain 4=Decline to answer 

a. If yes, specify what chemicals:  

110. Do you think the chemicals that you used in your last production cycle caused 

negative changes in the environment? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

111. How much of an effect do you feel chemicals have on the environment?  Do you 

feel they have… 

1=no 

effect 

2=a very small 

effect 

3=moderate 

effect 

4=large 

effect 

5=extremely 

large effect 

112. Do you ever use medicated feed? 

1=No (skip to #114) 2=Yes 3=Uncertai

n 

4=Decline to answer 

a. If yes, specify what type of medication is added:  

113. How important do you feel it is to avoid using a medicated feed just before 

harvesting?  Do you feel it is… 

1=not at 

all 

importan

2=not very 

important 

3=some

what 

importan

4=very 

importa

nt 

5=extremely 

important 
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t t 

114. In your last production cycle, did you use probiotics? 

1=No 2=Yes 3=Uncertai

n 

4=Decline to answer 

Harvesting Questions 

I am now going to ask you questions about your harvesting practices. 

115. During your last production cycle, how many kg of shrimp were harvested in 

total (include all ponds)?  

 

116. Is this a normal shrimp yield for your operation? 

1=No 2=Yes 3=Uncert

ain 

4=Decline to answer 

b. If no, what is a normal yield?  

 

117. When in your last production cycle did you start weighing your shrimp?  Count 

number of days after stocking. 

 

118. What was the first recorded individual weight of your shrimp in your last 

production cycle? 

 

119. What was the individual weight of your shrimp at harvest time during your last 

production cycle? 

 

120. How important do you feel it is to know the growth rate of your shrimp?  Do 

you feel it is… 

1=not at 

all 

importa

nt 

2=not very 

important 

3=som

ewhat 

import

ant 

4=very 

importan

t 

5=extremely 

important 

121. If you notice that your shrimp are growing more slowly than you would like… 

a.  Who do you 

discuss this 

with? 

b.  Why did you 

choose this person? 

c.  How do you talk to this person? 

1 = In person 



206 
 

2 =Cell phone 

3 =Land line  

4 = Text 

5 =Email 

6 = Other 

 

   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

  

 

122. How do you decide when to harvest?  Please circle all that apply. 

1=Favorable market price 2=I have disease in my shrimp 

3=There is disease in neighboring 

farms 

4=At the end of four months 

5=Weight of the shrimp 6=Other (please specify) 
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123. How much of an advantage do you feel you would gain if you harvest early 

during a favorable market?  Do you feel you would have… 

1=no 

advantage to 

harvesting 

early 

2=not much of an 

advantage 

3=somewh

at of an 

advantage 

4=a large 

advantag

e 

5=an extremely 

large advantage 

Market Costs 

The next set of questions is about market prices to try to get an understanding of who 

you sell your product to and how the market operates. 

124. How do you decide where to sell your shrimp? 

1=Closest place 2=Best market price 3=Someone else 

decides 

4=There is no 

choice 

a. What is the money primarily used for? 

1=Household 

items 

2=Food 3=Recreation 4=Farm feed, 

equipment 

5=Other 

(specify) 

b. Who decides how the money is used? 

1=I do 2=Husb

and 

ONLY 

or wife 

ONLY 

3=Shared decision 4=Other 

(specify) 

125. How much of a choice do you feel you have in deciding who to sell your 

shrimp to?  Do you feel… 

1=I have no 

choic

e 

2=I have one 

choice 

3=I have a few 

choices 

4=I have some 

choices 

5=I have many 

choices 

126. Who do you sell your final product to?  Circle all that apply. 

1=I take the product to market/to the 

processing plant myself 

2=This is organized through my shrimp 

farmer’s society 

3=This is organized through my feed 

company 

4=There is one buyer to whom I sell  

5=There are a few buyers to whom I sell 5=Other: please state 

127. During your last four (4) production cycles, did you sell your shrimp to the 

same buyer? 
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1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

128. How satisfied were you with the prices you received for your last harvested 

product?  Were you… 

1=not at all 

satisfi

ed 

2=a little 

satisfie

d 

3=somewhat 

satisfie

d 

4=very 

satisfie

d 

5=extremely 

satisfied 

129. Do you talk with other farmers about what prices should be for your shrimp? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

130. Do you ever team up with other shrimp farmers to try to get a better price for 

your shrimp? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

Map of Farm 

Now I would like to find out more about the layout of your farm by drawing a map. 

(Interviewer to complete separate map sheet with the farmer’s input). 

Equipment and Technology 

The next set of questions will be asking about your equipment use and needs. 

131. Do you feel you need additional equipment or technology in order to increase 

your shrimp yields? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, please specify what equipment/technology is needed.  Circle all 

applicable categories.  

1=Aeration system 2=Equipment to check water quality 

parameters 

3=Electricity 4=Water treatment areas 

5=Water pump 6=Generator 

7=Knowledge/Training on new 

technologies 

8=Other (please specify) 

132. Do you aerate your pond? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 
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a. If yes, how many aerators do you use per pond?  

 

b. When do you start aeration?  

 

c. How many hours per day do you operate the aerators?  

 

133. For your particular operation, do you feel it is important to provide aeration?   

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

134. Do you lend or borrow any equipment to or from your neighbors? 

1=No (skip to # 136) 2=Yes 3=Uncertain 4=Decline to 

answer 

135. Do you disinfect equipment that you have borrowed or lent out prior to using it 

in your operation? 

1=No 2=Yes  3=Uncertain 4=Decline to answer 

136. How important is it to share equipment with neighbors?  Do you feel it is… 

1=not at 

all 

important 

2=not very 

important 

3=somewh

at 

important 

4=very 

important 

5=extremel

y important 

Disease Outbreak 

I am next going to ask you about the previous diseases you have encountered on your 

farm and who you get advice from when a disease outbreak occurs. 

137. Please provide the following information regarding the occurrence of diseases 

on your farm. 

 

Year 

 

Disease 

Size of 

shrimp at 

harvest (g) 

Age of 

shrimp at 

harvest 

(Days) 

Total 

quantity 

harvested 

 (kg) 

Amount of 

money 

recovered 

(Rs.) 

 

2011 

     

 

2010 

     

 

2009 
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2008 

     

 

2007 

     

138. What are the first signs of disease that you look for in shrimp?  Circle all that 

apply. 

1=Shrimp are surfacing 2=Not eating as much 

3=Poor growth rate 4=White spots 

5=Dead shrimp 6=Short, or broken antennae 

7=Abnormal swimming behavior 8=External fouling (effluent around 

gills) 

9=Cannibalism 10=Congregation near sides of pond 

11=Abnormal body color 12=Other (please specify) 

139. If you observed some of the signs of disease stated in the above question, how 

would you confirm that there was disease present?  Circle all that apply. 

1=Seek advice from shrimp farmer’s 

society 

2=Seek advice from a consultant 

3=Seek advice from neighbors 4=Take a sample to the lab for testing 

5=I use my own experience 6=Other (please specify) 

140. If there was a disease outbreak on your farm, who would you tell?  Circle all 

that apply. 

1=Neighbors 2=Shrimp farmer’s society 

3=Government official (NAQDA) 4=Consultant 

5=Feed company representative 6=Family 

7=Hatchery owner 8=Other (please specify) 

141. Do you have an expert trained in shrimp health available to you? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

142. How important is it that you have a trained expert in shrimp health make 

regular visits to your farm?  Is it… 

1=not at 

all 

2=not very 

important 

3=somewh

at 

4=very 

important 

5=extremel

y important 
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important important 

143. How much do you feel you know about your neighboring farms regarding: 

a. Disease status  

1=nothin

g 

2=not very 

much 

3=some 4=quite a 

bit 

5=a very large 

amount 

b. Disposal of waste water 

1=nothin

g 

2=not very 

much 

3=some 4=quite a 

bit 

5=a very large 

amount 

c. Disposal of dead shrimp 

1=nothin

g 

2=not very 

much 

3=some 4=quite a 

bit 

5=a very large 

amount 

144. Do you feel the neighboring farms are too close to you in that they pose a risk 

to the operation of your farm? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

145. If you had an outbreak of White Spot Disease on your farm, would you change 

your management practices? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what would you do differently?  Circle all that apply. 

1=Stop water changes 2=Increase water changes 

3=Decrease water changes 4=Reduce feed 

5=Change liming practices 6=Release the water and harvest early 

7=Retain the water and harvest early 8=Other (please specify) 

146. If you had a problem with disease on your farm, please describe how you 

would dispose of the pond water.   

 

 

 

147. What do you feel are the top three things that need to be done to reduce disease 

outbreaks on your farm? Please only circle the top three things. 

1=Having good quality PLs 2=Frequent monitoring for disease 

3=Proper pond cleaning 4=Bird prevention 
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5=Having good quality feed 6=Following best management 

practices 

7=Having good water quality 8=Using probiotics 

9=Receiving more government 

support 

10=Decreasing the number of ponds 

using the same water source 

11=Having an expert trained in 

shrimp health to talk to 

12=There is nothing that can be done 

14=Uncertain 15=Decline to answer 

16=Other (please specify)  

148. How do you feel you are doing at preventing disease?  Do you feel you are 

doing… 

1=poorly 2=not very 

well 

3=adequat

e 

4=very 

well 

5=extremely 

well 

149. If you notice unusual behaviors or suspect unusual patterns in numbers of sick 

or dead shrimp, do you increase your monitoring? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

150. If you notice that your shrimp are dying… 

a.  Who do you 

discuss this with? 

b.  Why did you 

choose this 

person? 

c.  How do you talk to this person? 

1 = In person 

2 =Cell phone 

3 =Land line  

4 = Text 

5 

6 

=Email 

=Other  
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151. During your last production cycle, how did you determine your mortality rate?  

1=If I saw a few dead shrimp, I 

immediately harvested them before 

they would all die 

2=I calculated the dead shrimp I saw 

as a percentage of all the shrimps 

stocked 

3=I don’t calculate mortality rate 4= Other (please specify) 

5=Uncertain 6=Decline to answer 

152. During your last production cycle, how many dead shrimp did you observe 

before your harvest?  

 

153. What is done with the dead shrimp that are removed? 

1=They are buried 2=They are sold 

3=They are thrown to the lagoon 4=Other (please specify) 

5=Decline to answer  

154. During your last production cycle, did you harvest early because of disease? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

(The next seven questions are only if there have previously had disease outbreaks.  If 

there is no history of disease, please skip to the next section Biosecurity and Records) 



214 
 

155. During your last production cycle, how did you determine your disease rate?  

1=If I saw a few diseased shrimp, I 

assumed they all were diseased 

2=I calculated the diseased shrimp I 

saw as a percentage of all the shrimps 

stocked 

3=I don’t calculate disease rate 4= Other (please specify) 

5=Uncertain 6=Decline to answer 

156. During your last production cycle, how many diseased shrimp did you observe 

before your harvest?  

157. Have you ever released your stock into the “wild” in times of a disease 

outbreak? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

158. Do you feel you have access to qualified personnel when you have a disease 

outbreak? 

1=No  2=Yes 3=Uncertain 4=Decline to answer 

159. How much help (this includes advice, lending equipment, or contacting others) 

do you feel you have from government officials when you have a disease 

outbreak?  Do you feel you have… 

1=no 

help at all 

2=very 

little help 

3=some 

help 

4=quite a 

bit of help 

5=a very large 

amount of help 

160. How much help (this includes advice, lending equipment or labor, or contacting 

others) do you feel you have from neighboring farms when you have a disease 

outbreak?  Do you feel you have… 

1=no 

help 

2=very 

little help 

3=some 

help 

4=quite a 

bit of help 

5=a very large 

amount of help 

161. How much help (this includes advice, lending equipment or labor, or contacting 

others) do you feel you have from your shrimp farmers society when you have a 

disease outbreak?  Do you feel you have… 

1=no 

help 

2=very 

little help 

3=some 

help 

4=quite a 

bit of help 

5=a very large 

amount of help 

Biosecurity and Records  

I am now going to ask you some questions about areas on your farm where disease 

may spread and the types of information you record. 

162. Do you allow vehicles from other shrimp farms to come onto your farm? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 
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163. When visitors (incoming staff, suppliers, etc.) come to your farm, do you have 

disinfection procedures they must follow? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

a. If yes, what is used for disinfection? 

1=Chlorine (Bleach) 2=Hot water 

3=Both chlorine and hot water 4=Other (please specify) 

164. Do you have vehicle tire baths (tire washing) at the entrance to your farm? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

165. Do you disinfect the vehicle used to transport the PL? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

166. What are the main predators of shrimp on your farm?  Interviewer to ask 

specifically about people.  Circle all that apply. 

1=Cormorants 2=Cranes 

3=Crabs 4=Lizards 

5=Otters 6=People stealing shrimp (poaching) 

7=Uncertain 8=Decline to answer 

9=Other (please specify)  

167. What are you doing to deter predators (including people who steal your 

shrimp)?  Please circle all that apply. 

1=Bird lines 2=Crab fences 

3=Guarding pond 4=Shouting to scare away birds 

5=Uncertain 6=Decline to answer 

7=Other (please specify)  

168. Do you maintain records on the following? 

a. Hatchery from 

where the PL are 

purchased 

1=No 2=Yes 

b. Company from 

where the feed 

was purchased 

1=No 2=Yes 

c. Daily feeding 

details 

1=No 2=Yes 



216 
 

d. Water quality 

data 

1=No 2=Yes 

e. Growth 1=No 2=Yes 

f. Harvest-total 

quantity 

1=No 2=Yes 

g. Harvest-grade 1=No 2=Yes 

h. Size at harvest 1=No 2=Yes 

169. How useful do you feel written records are in preventing disease outbreaks?  

Do you feel records are… 

1=not at 

all useful 

2=not very 

useful 

3=somewh

at useful 

4=very 

useful 

5=extremel

y useful 

Housing 

I am now going to ask you some questions about your home to learn more about how 

you live. 

170. Type of house (observe): circle one 

1= private house mostly in durable material (brick, cement) 

2= private dwelling mostly in non-durable material (planks, plastic, mud, Cadjan) 

3=  rooms in a shared house or shared flat 

4= rooms in collective centre/public building 

5= tent/plastic sheeting/shelter camp 

6= other (specify) 

171. Do you own this home? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

172. Where do household members go for toilet? Circle one. 

1= flush latrine/toilet with water 

2= traditional pit latrine (no water), open pit 

3= communal/public latrine 

4= neighbors latrine 

5= none/bush 

173. Does your household own the following? 
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Jewelry 1=No 2=Yes 

Telephone (land) 1=No 2=Yes 

Telephone (mobile) 1=No 2=Yes 

Bicycle 1=No 2=Yes 

Motorbike 1=No 2=Yes 

Three wheeler 1=No 2=Yes 

Vehicle 1=No 2=Yes 

Television 1=No 2=Yes 

174. What is your main source of fuel for cooking? 

1=electricity 2=firewood 3=gasoline 

4=kerosene 5=sawdust/paddy husk 6=other (specify) 

175. What is your main source of fuel for the house? 

1=electricity 2=firewood 3=gasoline 

4=kerosene 5=sawdust/paddy husk 6=other (specify) 

176. How satisfied are you with the way you are living?  Are you… 

1=not at all 

satisfied 

2=not very 

satisfied 

3=somewhat 

satisfied 

4=very 

satisfied 

5=extremely 

satisfied 

Food Security  

The next questions are about food eaten in your household in the last 30 days to 

understand the food consumption patterns in your household. 

177. In the past 30 days, did you worry that your household would not have enough 

food? 

1=No (skip to 

#178) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

178.  In the past 30 days, were you or any household member not able to eat the 
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kinds of foods you preferred, (like meat, fresh vegetables, milk, curd, and fresh 

fruit) because of a lack of resources (like not enough money, could not grow, or 

could not catch fish)? 

1=No (skip to 

#179) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

179. In the past 30 days, did you or any household member have to eat a limited 

variety of foods (like only rice and fish) due to a lack of resources? 

1=No (skip to 

#180) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

180. In the past 30 days, did you or any household member eat some foods that you 

really did not want to eat because of a lack of resources to obtain other types of 

food? 

1=No (skip to 

#181) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

181. In the past 30 days, did you or any household member have to eat a smaller meal 

than you felt you needed because there was not enough food? 

1=No (skip to 

#182) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

2= Sometimes 

(3-10 times in 

the past 30 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 
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days) days) 

182. In the past 30 days, did you or any other household member skip breakfast, 

lunch, or dinner, because there was not enough food? 

1=No (skip to 

#183) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

183. In the past 30 days, was there ever no food to eat of any kind in your household 

because of lack of resources to get food? 

1=No (skip to 

#184) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

184. In the past 30 days, did you or any household member go to sleep at night 

hungry because there was not enough food? 

1=No (skip to 

#185) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

days) 

2= Sometimes 

(3-10 times in 

the past 30 

days) 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 

185. In the past 30 days, did you or any household member go a whole day and night 

without eating anything because there was not enough food? 

1=No (skip to 

#186) 

2=Yes   

a. If yes, how often did this happen? 

  1=Rarely 

(once or twice 

in the past 30 

2= Sometimes 

(3-10 times in 

the past 30 

3=Often (>10 

times in the 

past 30 days) 

4=Don’t know, 

refuse 
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days) days) 

186. If you are worried that you might not have enough food… 

a.  Who do you 

discuss this 

with? 

b.  Why did 

you choose this 

person? 

c.  How do you talk to this person? 

1 = In person 

2 =Cell phone 

3 =Land line  

4 = Text 

5 

6 

=Email 

=Other 

 

   

   

   

   

   

   

   

   

   

   

 

 

 

 

 

  

 



221 
 

Land Ownership 

The next few questions are going to be about your land.  These questions will allow us 

to gain a better understanding of how your land is managed. 

 1=No 

2=Yes 

Years/Area/ 

Cost, etc. 

187. Do you own land? (If no, skip to #187)   

a. How many years have you had this land 

for? 

  

b. Who makes decisions about the land?   

1=I do 2=Husband ONLY or 

wife ONLY 

3=Shared 

decision 

4=Other (specify) 

188. Do you rent land? (If no, skip to #188)   

a. How much land do you rent (area in acres)?   

b. How much does it cost to rent/month?   

c. Who do you rent from?   

1=Family 2=Government 3=Neighbor 4= Other (specify) 

d. How far is the land?   

e. How many years have you had this land 

for? 

  

f. Who makes decisions about the land?   

1=I do 2=Husband ONLY or 

wife ONLY 

3=Shared 

decision 

4=Other (specify) 

189. Do you share land?   

a. How much land do you share (area in 

acres)? 

  

b. How far is the land?   

c. How many years have you shared this land 

for? 

  

190. Ask women ONLY:    
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a. If land is owned- do you have control of the 

land? 

  

b. Did you inherit the land?   

c. Who makes decisions about the land?   

1=I do 2=Husband ONLY or 

wife ONLY 

3=Shared 

decision 

4=Other (specify) 

 

191. Do you currently have an operating license for your shrimp farm? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

192. How much do you feel you are able to make decisions about your farm? 

1=I don’t make 

any decisions 

2=I make a few 

decisions 

3=I make some 

decisions 

4=I make most 

of the decisions 

5=I make all the 

decisions 

Daily Activities 

Now I would like to find out how you spend a typical day during both the culture season 

and during the non-culture season. (PROVIDE ATTACHED CLOCK SHEET). Each 

circle represents a 24 hour day. Can you please mark the times that you spent doing 

different activities during a typical day during the culture season, and then during the 

non-culture season, for example sleeping, cooking, cleaning, feeding shrimp, 

monitoring the shrimp ponds,  gardening, animal husbandry, child rearing, school, 

travel to market, travel to get water, socializing.  (PROVIDE A SAMPLE CLOCK TO 

SHOW AN EXAMPLE) 

Income 

I would next like to ask you some questions about your main sources of income as well 

as funding options available to you. 

193. What are your top four main sources of livelihood for the past month? (select 

from list below)? 

Rank Code a) % of 

Total 

b) Main 

person  

1=Aquaculture (shrimp farming) 
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Income 

1
st
    

2
nd

    

3
rd

    

4
th

    

    

  

Main person 

 

 

1=husband  

2=wife  

3=both  

 

 2=Farming (crops, paddy, vegetables) 

3= Fishing 

4= Livestock and poultry raising 

(raising carabaos, cattle, hogs, 

chicken, ducks, etc, and production of 

fresh milk, eggs, etc). 

5=Forestry and hunting (tree planting, 

firewood gathering, small scale 

logging, charcoal making, gathering 

forestry products (cogon, nipa, rattan, 

bamboo, resin, gum etc.) or hunting 

wild animals/birds 

6=Wholesale and retail trade 

(including market vending, sidewalk 

vending and peddling, small shop) 

7=Manufacturing handicrafts (mat 
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weaving, tailoring, dressmaking, etc.) 

8=Salaried employment (medical, 

teaching, bank, government) 

9=Daily/common labourer 

10=Skilled labourer 

11=Other (specify) 

a. In a month, what is the percentage of each type of income for the 

household? (WRITE PERCENTAGE IN CHART) 

b. Who is the main person in the household responsible for each 

livelihood source? (WRITE CODE IN CHART) 

194. What are the sources of food for the household? 

1=Own production 2=Purchased  

3=Traded goods or services 4=Borrowed  

5=Received as gift 6=Food aid  

7=Other (specify)  

a. What is the main source (WRITE CODE)? 

195. What percentage of shrimp from your farm do you keep as food for the 

household? 

 

196. How much did 1 kg of your shrimp sell for in your last production cycle?  

 

197. Do you feel your income from your shrimp farm is enough to pay off debts 

and still live “comfortably”? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

198. What funding options have you used in the last two years (circle all that 

apply)? 

1=Bank loans that don’t require 

collateral 

2=Collateral bank loans 

3=Income from selling shrimp 4=Loans from neighbors 

5=Selling of personal possessions 6=Credit from feed company 
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7=Other (please specify) 8=Decline to answer 

199.  How much debt do you currently have?  

1=none 2=a small 

amount 

3=some 4=a fairly large 

amount 

5=a very 

large 

amount 

200. Do you feel you have enough money to spend on essential personal items 

(for example, food or clothing)? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

201. If you need to get more money for something… 

a.  Who do you 

discuss this 

with? 

b.  Why did you 

choose this 

person? 

c.  How do you talk to this person? 

1 = In person 

2 =Cell phone 

3 =Land line  

4 = Text 

5 

6 

=Email 

=Other 
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202. Do you know of any programs (NGO, University or Government) to help 

with finances on your farm? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

a. If yes, how satisfied are you with these programs available to you?  Are 

you… 

1=not at all 

satisfied 

2=a little 

satisfied 

3=somewhat 

satisfied 

4=very 

satisfied 

5=extremel

y satisfied 

203. How much do you feel that income is a priority to the future operation of 

your shrimp farm? 

1=very low 

priority 

2=low priority 3=neither low 

nor high 

priority 

4=high priority 5=extremel

y high 

priority 

204. Do you have any of the following? 

Product 1=No, 

2=Yes 

Quanti

ty 

Owned By  

(1=husband, 2=wife, 3=shared) 

a. Chickens    

b. Pigs    

c. Fish    

d. Cows    

e. Sheep    

f. Goats    

g. Vegetable 

garden 
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Expenses 

The next set of questions I am going to ask are going to be about your household 

and shrimp farming expenses. 

205. What were your shrimp farming expenses during your last production 

cycle?  

Item Cost 

(Rs) 

Item Cost (Rs) 

a. Stock  b. Labor  

c. Chemicals (including 

antibiotics, medicated 

feed, pesticides, 

probiotics, vitamins 

etc) 

 d. Feed  

e. Equipment for farm  f. Fertilizer  

g. Membership in shrimp 

farmer’s group 

 h. Disease 

Testing 

 

i. Electricity/Diesel 

(Please circle which 

one) 

 j. Government 

regulations 
 

k. Rent for farm  l. Water bill  

m. Vehicle rental to 

transport PL 

 n. Predator 

deterrence 

 

o. Lime  p. Debt 

repayment 

 

q. Other – please specify    

 

206. Who in the household decides how the money is spent for shrimp farming? 

1=I do 2=Husband ONLY 

or wife ONLY 

3=Shared decision 4=Other 

(specify) 

207. How much did your household spend on food, education, non-food, items 

and other in the past month? 

Item Cost (Rs) Item Cost (Rs) 

a. Food  b. Education  

c. Water  d. Non-food items 

(e.g. soaps, 

detergent, 

matches) 
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e. Cooking 

fuel/electricity 

 f. Tobacco/beetle 

nut 

 

g. House repairs  h. Celebrations  

i. Transport  j. Alcohol/beer/tod

di 

 

k. Clothing  l. Health/medicine  

m. Other: specify    

 

208. Who in the household decides how the money is spent for the household? 

1=I do 2=Husband ONLY 

or wife ONLY 

3=Shared decision 4=Other 

(specify) 

Knowledge of Industry and Experience 

I am now going to ask you about how you obtain information and who you talk to 

about shrimp farming and what access to training is available to you. 

209. Prior to starting up your current operation, had you previously worked in the 

shrimp industry? 

1=No 2=Yes 4=Decline to answer 

210. How many years have you worked in the shrimp farming industry (count 

both years as a worker on a shrimp farm and as a shrimp farmer)?  

 

211.  Why did you decide to start up a shrimp farm? Circle any/all that apply: 

1=Took over from family members 2=Primary income source 

3=Supplemental income source 4=Prior experience in the industry 

5=I am interested in shrimp farming 6=Other (specify) 

7=Uncertain 8=Decline to Answer 

212. Do you have access to new management techniques? 

1=No 2=Yes 4=Decline to answer 

a. If yes, from where did you learn new management techniques?  Circle all 

that apply. 

1=A farmer 2=Someone affiliated with the 

University  

3=A feed consultant 4=A government worker 

(NAQDA) 
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5=Members of a shrimp farmer group (co-

op) 

6=Neighbors 

7=A private consultant 8=Other: please specify 

213. Do you have access to training courses? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

a. If no, would you attend training courses if they were available? 

1=No 2=Yes 3=Uncertain 4=Decline to answer 

214. How would you rate your knowledge on how to best raise shrimp? 

1=poor 2=fair 3=good 4=very good 5=excellent 

215. Do you feel you know where to go for information on how to improve your 

practices? 

1=No 2=Yes 3=Uncertain 4=Decline to 

answer 

216. What are the top three things you feel you need to make improvements in 

your operation?  Please only circle three items.  I need…  

1=Better equipment 2=Knowledge on how to make 

improvements 

3=More government involvement 4=More involvement from the 

shrimp farmer’s society 

5=A knowledgeable consultant 6=Improvements in PL quality 

from the hatchery 

7=Improvements in feed quality 8=A buyer who gives me fair 

prices 

8=Money 8=Improved infrastructure 

9=Access to information 10=I don’t need to make any 

improvements 

11=Uncertain 12=Decline to answer 

13=Other (please specify)  

217. How likely is it that you will still be operating a shrimp farm 12 months 

from now?  

1=not at 2=not very 3=somewh 4=very 5=extre
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all likely likely at likely likely mely 

likely 

218. How likely is it that you will still be operating a shrimp farm 5 years from 

now?  

1=not at 

all likely 

2=not very 

likely 

3=somewh

at likely 

4=very 

likely 

5=extre

mely 

likely 

219. Who do you talk to for advice about shrimp farming?  Check all that apply. 

1=A successful farmer (peers) 2=Someone affiliated with the 

University or NGO groups 

3=A feed consultant 4=A government worker 

(NAQDA) 

5=Members of a shrimp farmer group  6=Neighbors 

7=A private consultant 8=Other: please specify 

220. How often have you discussed a worry about your shrimp farm with… 

Person How 

many 

times in 

the last 

week 

How 

many 

times in 

the last 

year 

Contact method 

1 = In person 

2 =Cell 

phone 

3 =Land line  

4 = Text 

5 

6 

=Email 

=Other 

 

a. A family 

member 

   

b. A neighbor    

c. Other 

shrimp 

farmers 

you know 

   

d. A local 

expert on 

shrimp 
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farming 

e. An expert 

on shrimp 

farming at 

a 

university 

   

f. The head 

of the 

shrimp 

farmer’s 

society 

   

g. Your feed 

rep 

   

h. An expert 

on shrimp 

farming at 

the 

hatchery 

   

i. Another 

shrimp 

farming 

supply 

company 

employee 

   

j. Someone 

at NAQDA 

   

k. Other 

(please 

specify) 

   

 

221. What is the name of your… 

a. Feed company? 

b. Feed company representative? 

c. Consultant? 

d. NAQDA extension officer? 

e. Shrimp farming experts in your community?  Please also provide contact 

information. 

 

f. Shrimp farming experts at hatcheries? 

 

g. Shrimp farming experts at universities? 

 

h. Shrimp farming experts you haven’t already named?  Please also provide 

contact information. 
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Demographics and Household Structure 

I am now going to ask you some questions about you and your household.  This 

information will remain strictly confidential and will not be shared with neighbors, 

industry groups or government officials. 

 

For all household members: 

 

ID 

 

Relation to 

Head of 

the 

Household 

Sex Age 

(in full 

years) 

Ethnicity 

 

Religion Highest 

Level of 

Education 

Marital Status 

1        

2        

3        

4        

5        

6        

7        

8        

Relation to Head 

of the 

Household 

Sex Ethnicity Religion Highest Level of 

Education 

Marital 

Status 

1=head 1=male 1=Sinhalese 1=Buddhist 1=No school 1=currently 

married 

2=wife/ husband 2=female 2=Tamil 2=Hindu 2=Grade 1-5 2=widowed 

3=son/ daughter  3=Moors 3=Muslim 3=Grade 6-8 3=separated/ 

divorced 

4=mother/ father  4=Burghers 4=Christian 4=Grade 9-10 4=single 

5=brother/ sister  5=Other 5=Other 5=GCE (O/L) 5=other 

6=other    6=GCE (A/L)  

    7=Graduate/ 

Higher 

 

 


