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Thesis abstract

In many developing countries, there are few opportunities for people to improve their
livelihoods and address their food security needs. The introduction of small-scale aquaculture
(SSA) has been identified as one of a multiple of livelihood activities that may increase
opportunities for improving livelihood outcomes and addressing food insecurity for people
living in rural areas. Nonetheless, SSA’s potential to translate into a tangible livelihood is
contingent upon several factors which, among others, include the aquaculture commodity
farmed. In Asia and Africa where most studies have been conducted, empirical evidence
remains inconclusive on whether SSA has led to improved livelihoods and food security of
the poorest farmers.

This study explores SSA from a Pacific Islands context looking at small-scale tilapia
aquaculture in rural Solomon Islands. Specifically, the dissertation addresses four research
questions: 1) which social factors influence the adoption of small-scale tilapia aquaculture in
rural Solomon Islands? 2) what contribution has small-scale tilapia aquaculture made to rural
livelihoods to date? 3) what contribution has small-scale tilapia aquaculture made to
household diets? and 4) what barriers and opportunities are institutions that are supporting
small-scale tilapia aquaculture development in Solomon Islands facing in their efforts to
develop the sector further?

Findings from this study revealed that socio-economic factors, such as age, subsistence level
of households and material styles of life (MSL) influenced the adoption of small-scale tilapia
aquaculture among rural farmers more than communication channels and attributes of the
innovation. Small-scale tilapia aquaculture in its current form in Solomon Islands has
contributed negligibly to the livelihood outcomes of people in rural areas. Small-scale tilapia
aquaculture has also contributed minimally to the animal protein consumed by households.
Marine fish remained important amid the diverse types of fish consumed, while processed fish
products were the preferred alternative — possibly due to their cost effectiveness, accessibility,
and sustained shelf life. Finally, institutions that supported the development of small-scale
tilapia aquaculture in Solomon Islands stated that the poor performance of the current tilapia
species (Oreochromis mossambicus) is an important limitation to the sector’s tangible
contribution to food security. Hence, while SSA initiatives such as tilapia aquaculture have
been shown to contribute to improved livelihoods in other geographical contexts, in Solomon
Islands, it is not making similar contributions.

This thesis, therefore, extends the global narrative on SSA and its impact on food security and
livelihood opportunities beyond developing contexts of Asia and Africa to the Pacific Islands
region. For the Pacific Islands regional context, this thesis provides a baseline understanding
of the social dimensions that can determine whether people experience benefits (e.g., food and
income) from small-scale tilapia aquaculture as a complementary fish production source to
coastal fisheries.
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1. Chapter 1: General Introduction

1.1. Background
Increasing human populations coupled with limited livelihood opportunities are contributing
to increased food insecurity in many places around the world. As a result, an estimated two
billion people (or 26.4% of the world’s population) are currently without regular access to
safe, nutritious, and sufficient food (FAO et al., 2020). Most (80%) of these poor and
marginalised people live in rural areas and predominantly come from developing countries
(Castanieda et al., 2018). More so, the high prevalence of food insecurity implies that efforts
to achieve the United Nation’s Sustainable Development Goal 2 — which aims to attain zero
hunger by 2030 — has so far been inadequate (Nash et al., 2020; Obiero et al., 2019). This also
means that considerable effort and work remains to be done, especially in developing
countries by encouraging livelihood diversification for rural communities to adequately attain

food security in their respective contexts (Pritchard et al., 2019).

1.2. Importance of fish in addressing global food and nutrition security.

In many developing countries where food security and undernourishment are widespread, fish
is an important food source in household diets (FAO et al., 2020; Kawarazuka & Béné¢, 2011;
Purcell & Pomeroy, 2015). It is estimated that over three billion people globally obtain 20%
of their animal protein intake from fish (FAO et al., 2020). In fact, the latest Food and
Agriculture Organisation (FAO) report on the status of global fisheries and aquaculture
revealed that global fish consumption has increased at an annual average rate of 3.1% from
1961 to 2017; roughly twice the annual population growth rate of 1.6% in the same period
(FAO et al., 2020). The increase in global fish consumption has been attributed to the increase
in fish production from capture fisheries and aquaculture, but also the advancement in
technology, the rising level of income giving rise to increased demand for fish, plus increased
awareness of the health benefits of consuming fish (bid). In the small island developing states
of the Pacific Islands where fish consumption is exceedingly high, it (fish) accounts for 50-
90% of dietary animal protein in local diets, particularly in rural coastal communities (Bell et

al., 2009; Charlton et al., 2016).

Fish is a source of high-quality animal protein, omega-3 polyunsaturated fatty acids, essential
micronutrients (e.g., zinc, iodine, iron, vitamin D, etc.) and minerals. Nutrient composition,

on the other hand, varies among species — whether farmed or non-farmed — and if they are
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tropical or temperate fishes (Bogard et al., 2017a; Hicks et al., 2019; Kawarazuka & Béné,
2011; Mohanty et al., 2019; Roos et al., 2007). Protein derived from fish also facilitates faster
absorption of plant-based proteins consumed, which in-turn boosts total protein intake
sourced from both animal-sourced foods (ASFs), including fish, and plant-based food

(Kawarazuka & Béné, 2011).

Fish also have unique polyunsaturated fatty acids (EPA 20:5n-3 and DHA 22:6n-3) that are
essential for both child development and the overall health of adults (Calder & Yaqoob, 2009).
In adults, healthy fatty acids can reduce the risks of breast, colon, and prostate cancers (Zarate
et al., 2017). While micronutrients found in fish are also essential for metabolic body
functions, they are also important for bone development (Hays & Roberts, 2003), oxygen
transportation throughout the body (Abbaspour et al., 2014), the body’s central nervous and

immune systems, and skeletal and gastrointestinal organs (Roohani et al., 2013).

In addition to its various health benefits, fish also provides a cheap ASF which is frequently
consumed by poor households, amid an otherwise monotonous diet of staple crops (Belton &
Thilsted, 2014). Fish accounts for >50% of ASF consumed in many developing countries
(FAO, 2020). For instance, in Bangladesh fish accounts for 60% of ASFs in local diets, second
only to rice (Belton & Thilsted, 2014). Another study by Belton et al. (2014) in Bangladesh
also revealed that 80% of households consumed fish in the previous three days, while only
20% consumed any form of meat in the same period. In Africa, it is estimated that 200 million
people are consuming fish as their main ASF with fish accounting for 36% of animal protein
consumed, where 21% is from marine fish, 11% from inland fisheries, and 5% from
aquaculture (AUC-NEPAD, 2014). In the Pacific Islands region, the limited availability of
arable land constrains the availability of diverse agricultural food crops for human
consumption. Thus, there exists a strong tradition of per-capita fresh fish consumption in the
region that exceeds the World Health Organisation’s recommended animal protein intake of
34-37kg/person/year, especially in coastal communities (Bell et al., 2009; Farmery et al.,

2020).

1.3. Increasing pressure on capture fisheries, and potential of aquaculture
production

Globally, fish is supplied by both capture fisheries and aquaculture (FAO, 2020). In 2018,

combined global fish production from the two sectors peaked at 178 million metric tonnes
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valued at USD401 billion. Capture fisheries accounted for over half (54%) of this production.
While most (87.6%) of global fish production is destined for human consumption, the
remainder is diverted for other purposes, such as fish feed, agricultural fertilizer, and others
(FAO, 2020). In terms of fish production by region, the greater portion of fish production
from both sectors comes from Asia. People’s Republic of China alone accounted for 35% of
global fish production, 34% comes from wider Asia (China excluded), 14% from the
Americas, 10% from Europe, 7% from Africa, and only one percent from the Pacific Islands
region (FAO, 2020). Furthermore, it is evident that across developing countries where fish
production is greatest, capture fisheries provide the bulk (90%) of fish destined for human
consumption (Hall et al., 2013; Temesgen et al., 2019). This is because the majority of the
poor and marginalised fisherfolks — who are subsistence fishers — are dominantly involved in
this sector which forms an integral part of their livelihoods and food security (Allison et al.,

2011; Béné et al., 2016; Dey et al., 2008; Scholtens & Bavinck, 2017).

In larger developing countries, capture fisheries occur in two distinct forms: inland and marine
fisheries. In some Asian and African countries with significant waterbodies, for instance,
Bangladesh, Myanmar, Cambodia, Uganda, and Nigeria, inland fisheries provide most of the
fish for export and domestic consumption (Bartley et al., 2015; Belton et al., 2014; Funge-
Smith & Bennett, 2019). In 2015, it was estimated that total inland fisheries production peaked
at 11.47 million tonnes and accounted for 12.2% of total global capture fisheries production
— although this data from national fishery statistics maybe scattered and underrepresented
(Funge-Smith & Bennett, 2019). Of the 34 countries driving the development of the inland
fishery sector, majority are developing countries from Asia and Africa, except the Russian
Federation (ibid). On the other hand, in the Pacific Island region and some African countries
(especially those of Western and Eastern Africa), marine fisheries make up the bulk of fish
production (FAO, 2020). For instance, in many Pacific Island Countries and Territories
(PICTs) fish from coastal fisheries make up >50% of all ASF consumed, and 90% of types of
fish consumed (Bell et al., 2009; Charlton et al., 2016). In Africa, an estimated 411,000 metric
tonnes of fish from subsistence coastal fisheries were utilised for domestic consumption in
2010 (Belhabib et al., 2019).

However, current evidence indicates that global capture fisheries production has plateaued
since the early 1990s, and continues to do so today (FAO, 2020). In many developing

countries where empirical evidence is available (e.g., Bangladesh), this has been the result of
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an increasing population, rapid economic development (e.g., urban development leading to
increased rural-urban drift, infrastructure construction, and agriculture intensification, etc.)
exerting increased pressure on capture fisheries production (Belton et al., 2014). This stagnant
capture fisheries production will inflict adverse impacts, especially on the poor in developing
countries who are heavily reliant on the sector for their livelihood and food security needs.
This is even more concerning given that global per capita fish consumption in developing
countries has significantly increased in the last decades, from about 5.2kg per year in 1961 to
219.4kg in 2017 — an annual growth rate of 2.4%; an increase in fish consumption ascribed to
factors like improved income levels, improved processing and distribution, reduction of loss
and waste, and increased demand for fish, notably in most developing countries (FAO et al.,

2020).

Aquaculture has been touted as the fish production sector that will provide the extra fish
needed to supply the increasing demand for fish, especially across developing countries where
fish is heavily relied upon for food (Belton & Thilsted, 2014; Tran et al., 2019). In 2018,
almost half (46%) of the total global fish production was provided by aquaculture (114.5
million metric tonnes of live fish weight). The annual growth rate in aquaculture from 2001-
2018 was 5% (FAO, 2020). In the ten top developing countries (mostly in Asia) that
contributed 86% of the total global aquaculture production, the average annual growth rate of
aquaculture was two to seven times faster than capture fisheries (Belton & Thilsted, 2014).
Hence, despite the call for approaches to fisheries and aquaculture development to be
nutrition-sensitive (Thilsted et al., 2016), the exponential growth of aquaculture into the future
signifies it will continue to play a key role in meeting the demand for fish food in many

countries worldwide (Shepon et al., 2020).

1.4. The role of small-scale aquaculture in contributing to food security and
livelihood.

In Asia and Africa, where much of global aquaculture production originates, the majority of
aquaculture production comes from SSA (Bhujel, 2009; Castine et al., 2017; Smith &
Peterson, 2019). SSA, which is the focus of this thesis, has been defined as a form of
aquaculture that involves limited assets, minimal operational costs, largely involve family
labour and may be one of the multiple livelihood activities employed by a family group
(Edwards, 2013). Asia and Africa provide positive examples of how SSA aquaculture can

contribute significantly to food security and the livelihoods of rural communities. As Ahmed
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and Lorica (2002) highlighted SSA can contribute to food and nutrition security through three
pathways: a) income, b) employment, and c¢) consumption. First, SSA can lead to increased
income. This improves the farmers’ purchasing power to obtain other food types and material
assets to improve their wellbeing. When SSA leads to increased fish consumption and boosts
the nutrition status of households, their ability to generate income and be productive through
self-employment also increases. Finally, SSA can increase fish consumption of farming
households and fish supply to markets, which can reduce the price of fish and make it more
accessible to poor consumers — especially those in developing countries where there is access
to both capture fisheries and aquaculture sources of fish production (e.g., Belton et al., 2011b;

Genschick et al., 2018).

Numerous empirical studies have shown the significance of SSA to poor households in terms
of its contribution to their livelihoods and food security (Abdullah et al., 2016; Blythe, 2013;
Castine et al., 2017; Duc, 2009; E-Jahan et al., 2010; Karim et al., 2017; Mulokozi et al., 2020;
Pant et al., 2014). For instance, E-Jahan et al. (2010) showed in Bangladesh that households
involved in SSA increased their fish consumption rate by 6.6% in two years from 2004 to
2006. This was an increase from 1.5 to 1.79kg/capita/month, due to the increased availability
of fish. The authors also posited that the fish farming households generated USD 364 (Tk.
30,853) over three years, from 2003 to 2006 (an annual growth rate of 8%). The
aforementioned study also showed that the adoption of improved fish farming practices
enabled the generation of better incomes compared to other livelihood activities for
participating households. In Tanzania, fish farming contributed an average annual income of
USD222 in 2017 (a 13% contribution) to a total annual average household income of
USD1,681 (Mulokozi et al., 2020). However, Mulokozi et al. (2020) further stated that such
contributions were only minimal when compared to similar cases in Asia. This difference was
ascribed to the level of SSA development in Africa, which has lagged behind Asia. Reasons
for the slow progress of the African SSA sector included: 1) the sector was highly reliant on
donor funding, hence, when donor support is withdrawn post-project sustainability becomes
an issue, and 2) as a consequence of ineffective institutional support (Brummett et al., 2008;

Mwanja et al., 2007).

SSA can also make important contributions to rural development — improving the financial
conditions of rural households (Halwart et al., 2003; Villasante et al., 2015). For example, in

the Ceard State of Brazil, households participating in SSA were shown to have increased their
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income leading to better health and education opportunities when compared to non-farming
households (Flores & Pedroza Filho, 2019). Nevertheless, Townsley (2013) has argued that
for SSA to make tangible contributions to improved livelihoods and poverty reduction, SSA
must be properly mainstreamed into the broader context of rural development activities. This
implies SSA should only be considered as one potential activity in a suite of poverty reduction

strategies (ibid).

1.5. The role of coastal fisheries and potential for small-scale aquaculture in PICTs

Currently, the PICTs that make up the Pacific Islands region are largely reliant on capture
fisheries for their source of fish, and fishing is a major contributor to livelihoods through
formal and informal employment (Gillett, 2016). Fisheries are also an intrinsic part of local
and traditional cultures (Bell et al., 2009; Charlton et al., 2016; Ross et al., 2019; Secretariat
of the Pacific Community, 2013). Capture fisheries encompass both coastal and pelagic
fisheries (Gillett, 2016; Secretariat of the Pacific Community, 2013). Despite a number of
PICTs, like Guam and Tonga, also popularly consuming beef, chicken, lamb, and mutton, fish
remains an essential part of their diets (Charlton et al., 2016). Generally, across urban centres
in most PICTs, fish accounts for 40-80% of animal protein intake, while this increases to 50-
90% in the rural areas (Secretariat of the Pacific Community, 2008). A well-cited study by
Bell et al. (2019) revealed that Pacific Islanders are among the highest consumers of fish
globally, alongside countries in Southeast and East Asia (Mohan Dey et al., 2005). Estimates
of fish consumption rates in PICTs showed that Pacific Islanders consumed between the range
of 15.5 to 207 kg of fish/person/year (Gillett, 2016). Though maybe liable to underestimation,
Gillett (2016) estimated subsistence coastal fisheries production across the Pacific Islands

region to be 110,183 metric tonnes in 2014, worth around USD 235,788,102 (ibid).

Across the Pacific Islands region, unsustainable harvesting, increased pollution, agriculture
and coastal development, plus compounding effects of climate change is placing additional
pressure on coastal fisheries production (Bell et al., 2013; Bell et al., 2009; Lam et al., 2020;
Secretariat of the Pacific Community, 2013). Any shortage of fish supply will likely impose
negative consequences on the food security of Pacific Islanders, especially among specific
groups like women and children where incidences of micronutrient deficiencies (e.g., stunting

and wasting) are among the world’s highest (Albert et al., 2020; Hughes & Marks, 2010).
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Therefore, to ensure a continuous supply of fish for Pacific Islanders into the future, priority
must be accorded to securing existing fish stocks (also rebuilding it) and coastal fisheries-
based livelihoods through better management and cooperation between state and community.
Co-management initiatives between the state and communities (Cohen et al., 2015; Ross et
al., 2019) and the implementation of measures such as taboos, marine protected areas and
periodically closed areas (Cohen & Foale, 2013; Foale et al., 2011) are areas that should be
investigated and implemented where feasible. Fish aggregating devices can also assist with
relieving fishing pressure on coastal resources (Albert et al., 2014; Bell et al., 2015a).
Additional options to improve access to fish include the adoption of SSA (Bell et al., 2009)
and diversion and re-distribution of tuna and by-catch from industrial fishing fleets to

domestic markets (Bell et al., 2015b).

In several PICTs (e.g., Samoa, Vanuatu, and Solomon Islands) SSA has been promoted to
supplement fish from coastal fisheries needed for livelihood development and food security
(Adams et al., 2001; Amos et al., 2014; Ponia, 2010). In this thesis, I, therefore, explore SSA
notably small-scale tilapia aquaculture which has been promoted in many PICTs as having
the potential to not only help address future fish shortfalls but also to enhance livelihood
opportunities and food security for many Pacific Islanders. This thesis will provide important
empirical evidence that can help guide and inform policies and strategies concerned with
small-scale tilapia aquaculture in the Pacific Islands region. The results presented in this thesis
can be used by governments and development agencies to ensure that SSA in general, actually
provides tangible contributions towards improving livelihoods and food security in the Pacific

Islands region.

1.6. Overview of tilapia aquaculture in PICTs

Literature on tilapia aquaculture development in PICTs is scarce and scattered. However,

1
tilapia was among the first exotic finfish species introduced for inland aquaculture in the
Pacific Islands region between the 1950s and 1980s. The introduction of tilapia into Papua

New Guinea and Fiji was done to provide tilapia for rural fish farmers (Smith, 2007,

! Mozambique tilapia (Oreochromis mossambicus) was the first tilapia species introduced throughout the PICTs
in the 1950s and 60s. Nile tilapia (Oreochromis niloticus), on the other hand, was only later introduced when
PICTs realised the Mozambique tilapia was not performing well in SSA (Pickering, 2010). Hence, despite the
Mozambique tilapia being introduced to most PICTs, and now being well established in the wild, only in Solomon
Islands is the species farmed by rural fish farmers (Harohau et al., 2016).
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Vereivalu, 1989), whilst in Vanuatu and Solomon Islands, tilapia was mainly introduced as a
bio-controller for mosquito populations and to enhance fish stocks of inland fisheries

(Eldredge & Humphries, 1994; Ponia, 2003).

It was after a series of failed aquaculture initiatives in the 1960s and 1970s and the realisation
of the declining state of coastal fisheries production in the 1990s and early 2000s, that many
PICTs began re-investing in the current phase of tilapia aquaculture (Ponia, 2010). Only Fiji
and Guam have so far had their tilapia aquaculture sector transitioned into a commercially
oriented one (ibid). For other PICTs (e.g., Papua New Guinea, Solomon Islands and Samoa),
the sector is very much subsistence-oriented, where most tilapia production is for household
food security (Harohau et al., 2016; Mather & Nandlal, 2013; Pickering, 2015, 2016; Smith,
2007).

In the Pacific Islands regional context, the development of SSA initiatives such as tilapia
aquaculture is well supported from the national to the regional level in terms of development
policies and strategies. For example, at the regional level, the New Song for coastal fisheries
— pathways to change: The Noumea Strategy identified aquaculture as one of the alternative
sources of fish production to meet the increasing demand for fish by the growing Pacific
Islands population (Secretariat of the Pacific Community, 2015). At the national level, several
PICTs have their own aquaculture development policies. In Fiji, its Five-Year National
Development Plan 2017-2021 stipulates a supporting policy for the growth of the aquaculture
industry with a strategy focused on supporting SSA farmers for livelihood development and
food security (Ministry of Economy Republic of Fiji, 2017). In Solomon Islands, one of the
medium-term strategies under the National Development Strategy 2016-2035 highlights the
development of aquaculture for commercial and rural community benefits as one priority
(Ministry of Development Planning and Aid Co-ordination, 2016). These policies and
strategies reflect the commitment of governments in supporting initiatives like small-scale
tilapia aquaculture, as a means to supplement coastal fisheries fish production, contribute to

livelihood opportunities and food security for Pacific Islanders.

1.7. Existing knowledge gap and significance of the research
SSA has the potential to contribute to livelihoods and food for rural communities. However,
current evidence shows that the impacts and distribution of benefits from SSA are contingent

upon variable factors (Arthur et al., 2013; Béné et al., 2016). For example, current evidence
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shows that the benefits from SSA are strongly influenced by socio-economic factors which
often results in benefits being captured by better-off farmers. This has been ascribed to the
fact that better-off farmers have the necessary assets (e.g., income, access to loans,
information, access to essential assets, etc.) to put them in the advantageous position of
capturing most benefits when participating in SSA (Arthur et al., 2013; Béné et al., 2016;
Thomas, 1994). Moreover, studies have highlighted that socio-cultural factors (e.g., gender
roles) also influence who participate, and therefore who benefits from SSA (Belton et al.,
2011a; Krause et al., 2020; Morgan et al., 2016; Smith & Peterson, 2019). Brummett et al.
(2008) and Fernandez (2013) also identified that institutions like government agencies, non-
government agencies and technical or research institutes are vital in ensuring the success of
SSA in creating livelihoods for rural communities. Support provided by institutions via policy
and strategy formulation, projects and extension services is vital in supporting the
development and expansion of the sector. Yet, while this may be the case in Asia, in PICTs
government mechanisms (e.g., extension services) are largely ineffective due to funding

constraints, lack of coordination across sectors and among stakeholders, and corruption.

As previously mentioned, the positive impacts of SSA in the Pacific Islands region largely
remains inconclusive (Adams et al., 2001; Amos et al., 2014; Hambrey & Nautilus, 2012). In
this regard, the following points highlight the important gaps in knowledge that this thesis

seeks to contribute to:

i.  Currently, most empirical evidence available to date, showing the contributions of
SSA (e.g., tilapia aquaculture) to livelihoods and food security is from Asia and to
some extent African countries. There is still a paucity of empirical evidence reporting
on SSA in the Pacific Islands region. While in Asia and Africa, SSA initiatives like
small-scale tilapia aquaculture have been heralded for their contributions to
livelihood and food security of rural communities, the success of SSA in one context
cannot be easily translated or transferred into another context (Vandenberg et al.,
2021). For this reason, I consider it essential to extend the focus on SSA and its
impact on livelihood and food security to the Pacific Islands regional context — an
arca that has different social, cultural, economic, institutional and environmental
characteristics than Asia or elsewhere. Studies by El-Sayed (2006) and Slater et al.
(2013) have supported the need for attention on specific social contexts where SSA

operates, i.e., to understand impacts but also opportunities and challenges.
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ii.

iii.

In PICTs, success in fish production from aquaculture (e.g., small-scale tilapia
aquaculture) is attributed to the increased focus and investment on technical and
technological aspects to increase production (Nandlal, 2012). However, we are seeing
very limited evidence of these outcomes translated onto the livelihoods and food
security of many Pacific Islanders. Increasingly, researchers and practitioners
recognize that achieving sustainable aquaculture benefits for rural communities
depends as much on contextual social dynamics as on improved aquaculture
production technologies (Mather & Nandlal, 2013; Morgan et al., 2016; Slater et al.,
2013; Thomas, 1994; Vandenberg et al., 2021). With the drive by Pacific Island
governments and development agencies to develop tilapia aquaculture to enhance
livelihoods and food security, it is, therefore, necessary to understand contextual
social dynamics for the translation of SSA initiatives into tangible benefits. Also, so
that appropriate policies and strategies are put in place to support tilapia aquaculture

sector development in the Pacific Islands region.

Not only are socio-cultural and economic factors important in determining the
outcomes of SSA initiatives like small-scale tilapia aquaculture on livelihoods, but
the roles of institutions are equally vital. Institutions, to some extent, can influence
the utilisation of available assets by rural communities and the extent of external
inputs. This is particularly relevant because in many PICTs, tilapia aquaculture is
mainly introduced through external agents or institutions (Government, non-
government organisations, and development agencies). Institutions are also vital in
that they can provide the right environment through appropriate policies, legislation,
and strategies to support the growth and expansion of SSA initiatives. Currently, there
is a scarcity of empirical studies that have looked into this aspect in the Pacific

Islands.

In many PICTs, there have been very limited studies exploring the social dimensions of small-

scale tilapia aquaculture; similar to other aspects of tilapia farming (e.g., technical, economic,

political, etc.) which are admittedly important areas for future research, however, are beyond

the scope of this thesis. Addressing this information gap will make a substantial contribution

to our knowledge of some underlying factors responsible for the minimal impact and limited

expansion of small-scale tilapia aquaculture in the Pacific Islands’ region. This study will also

help contribute to expanding the current literature on SSA and livelihood beyond just Asia

and Africa.
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1.8. Thesis objectives and research questions

This thesis seeks to understand the social dimensions of small-scale tilapia aquaculture
development in the Solomon Islands as well as the roles and challenges faced by various

institutions supporting the sector’s development.

In this context, the objectives of this thesis are reflected in four research questions that make

up the four data chapters of this thesis. These questions are:

1) Which social factors are influencing the adoption of small-scale tilapia aquaculture
by tilapia farmers in Solomon Islands?

2) What contribution has small-scale tilapia aquaculture made to the livelihoods and
food security of tilapia farmers in Solomon Islands to date?

3) What contribution has small-scale tilapia aquaculture made toward household diets,
relative to other ASFs consumed?

4) What roles, barriers, and opportunities are institutions facing in developing small-

scale tilapia aquaculture in Solomon Islands?

1.9. Study site

The present research was conducted in Solomon Islands — a country within the Melanesian
group of islands which also includes Papua New Guinea, Fiji, Vanuatu, and New Caledonia.
Solomon Islands is located east of Papua New Guinea, north-east of Australia, and northwest
of Vanuatu (FAO, 2016). According to provisional data available, in 2019, the country’s
human population was estimated at 721,455 (Solomon Islands National Statistics Office,
2020). Also in the same year, the country was ranked 151 out of 189 countries globally on the
human development index (HDI)?> (United Nations Development Program, 2020). The
Household Income and Expenditure Survey 2012/13, however, revealed that 12.7% of the
country’s population are poor and living below the poverty line* (Solomon Islands National

Statistics Office, 2015).

2 The human development Index (HDI) is a key measure of human development (e.g., healthy, access to education
and reasonable quality of life) (Sagar & Najam, 1998).

3 Poverty in Solomon Islands is defined as the minimal level of expenditure needed to obtain basic food and non-
food items, given the current food consumption pattern in Solomon Islands (Solomon Islands National Statistics
Office, 2015).
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The 2019 provisional census data revealed that 74% of the Solomon Islands population is
rural-based with subsistence agriculture, forestry, livestock, handicrafts and food sales as
common livelihood activities in the rural areas (Solomon Islands National Statistics Office,
2015, 2020). Major socio-economic and infrastructure development activities are
concentrated in urban areas, while in rural areas, development is driven mostly by government
projects and aid donor priorities (Faiau, 2013). Hence, there is minimal access to basic
services, reliable utilities, transport and market access in rural areas leading to a high incidence

of rural-urban migration (Solomon Islands National Statistics Office, 2020).

Like other PICTs, fish provides 94% of total ASFs in diets consumed by Solomon Islanders,
with average fish consumption at 105kg of fish/person/year (Pinca et al., 2009). Weeratunge
et al. (2011) and Pinca et al. (2009) estimated fish consumption in coastal villages in Solomon
Islands to be as high as 98.6-111kg/person/year. However, the increasing population in rural
areas is resulting in unsustainable fishing practices. While coastal and agricultural
developments, combined with the effects of climate change also pose major problems for the
future whereby it has been forecasted that there will be a shortfall of 6,000 to 20,000 metric
tonnes of fish from capture fisheries per year by 2030 (Bell et al., 2009). This deficit of future
fish supply has resulted in the national government and development agencies promoting
small-scale tilapia aquaculture as one option that can fill this future shortfall (Cleasby et al.,

2014; Harohau et al., 2016).

I conducted my fieldwork in Malaita Province on two separate occasions — in 2017 (May to
June) and in 2018 (November to December). Malaita Province provided the ideal region for
my research based on the following characteristics: a) it contains the highest population of all
provinces in Solomon Islands — 173,347 (or 24%) of the total Solomon Islands’ population
in 2019 (Solomon Islands National Statistics Office, 2020) and as such is likely to experience
food shortfalls first; and, b) was the focus of an external institution working on the
development of small-scale tilapia aquaculture as part of a wider development and research
agenda; the Australian Centre for International Agricultural Research (ACIAR) projects
‘Aquaculture and Food Security in the Solomon Islands’ (FIS/2009/061) and ‘Developing
inland aquaculture in the Solomon Islands’ (FIS/2010/057). The vast majority of the
population on Malaita (95%) are concentrated along the coast (within Skm off coastal

margins), and subsistence fishing and gardening are common livelihoods while engagement
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with the formal economy is limited to few income-generating opportunities limited to the sale
of garden produce, cash-crops, trading of marine resources, government and casual
employment (Connell, 1984; Foale et al., 2011; Schwarz et al., 2013). In some localities,
income is generated through royalty payments and short term benefits from extractive

industries like logging (Minter et al., 2018).

I collected data from rural farmers in six farmer clusters* around Auki (the provincial
administrative centre of Malaita Province; Figure 1). These six farmer clusters host one of the
largest informal networks/groups of small-scale tilapia farmers in the country. They were
based on a pre-existing categorisation and arrangement from the ACIAR project of which I
was part of the project team. The ACIAR project was implemented by WorldFish and the
Ministry of Fisheries and Marine Resources from 2011-2015 and supported collaboration
between technical staff, local fish farmers and stakeholders to research and develop the best
mechanism for small-scale tilapia aquaculture, based on the available Mozambique tilapia
species (Sulu et al., 2015a). After the ACIAR project ended, there remained an informal
network of small-scale tilapia farmers — some of whom were existing fish farmers, while
others took up tilapia farming only after the project ended (personal communication with
aquaculture project staff; Sulu et al., 2015). Accessibility to these small-scale tilapia farmers
was also an important consideration for conducting fieldwork with them — given the limited

resources allocated for the fieldwork (e.g., logistics, finance, and time).

4 Clusters, in this context, refer to pockets or groupings of tilapia farmers distributed throughout the study
region. Hence, a cluster was devised by grouping tilapia farmers within proximity of each other (geographically)
in a particular group, and so forth. Umesh et al. (2010) also used similar cluster model to group their fish farmers,
but the reason for their grouping was for effective resource sharing (e.g., water and land) among farmers. In the
case of this study, the clusters enabled ease of accessibility by project officers when delivering extension
services to farmers. This strategy was formulated by a previous tilapia aquaculture development project (or
the ACIAR FIS/2010/57 project) as a means of effective extension service delivery, addressing the problem of
farmers’ geographical spread.
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Figure 1: Study site in Malaita Province, Solomon Islands. Note: The different coloured dots
represent the six farmer clusters.

My interviews with most institutions were held in Honiara, the nation’s capital located on
the island of Guadalcanal. The exception to this was WorldFish which also has an office
in Auki. Honiara is the central business hub and is also the largest urban centre in Solomon
Islands (Moore, 2015; Rodil & Mias-Cea, 2014). Honiara also hosts the international ports
(both air and sea), the central and Guadalcanal Provincial governments respectively, the

main hospital, several schools, and other important services (Rodil & Mias-Cea, 2014).

I conducted two field trips to the study site in Malaita Province between 2017 and 2018.
In the initial trip from May to June 2017, I visited individual small-scale tilapia farmers
and non-tilapia farmers and interviewed staff from various institutions in Honiara. In my
second field trip from November to December 2018, I returned to Malaita Province and
collected data from household heads (husband/father and wife/mother) instead of

individual farmers as in my first field trip.
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1.10. Thesis Outline

The results of this thesis are explored in the following process (Figure 2).

Chapter 1: Thesis Infroduction

NS

Chapter 2: What social factors are influencing adoption of small-scale filapia
aqguaculture by filapia farmers in Sclomon Islands?

NS

Chapter 3: What conftribution has small-scale filapia aquaculture made fo
livelihoods and food security of filapia farmers in Solomon Islands fo date?

NS

Chapter 4: What contribution has small-scale filapia aquaculture made toward
household diefts, relative to other ASFs consumed?

NS

Chapter 5: What roles, barriers, and opportunities are institutions facing in
developing small-scale filapia aquaculture in Soclomon Islands?

NS

Chapter é: Thesis Discussion

Figure 2: Flow chart of the thesis chapters.

This chapter (Chapter 1) provided a platform of information for which this thesis is based on.
For instance, it sets the scene for this thesis, then it identifies the knowledge gap where the

thesis seeks to contribute to and the locality in the PICTs where the research was conducted.

Chapter 2 specifically looked at the factors driving the adoption of small-scale tilapia
aquaculture in Malaita Province, Solomon Islands. In this chapter, I use the Diffusion of
Innovation (DOI) Theory to identify three independent variables: socio-economic attributes,
communication channels and attributes of the innovation to explore their influence on
adoption and non-adoption (as dependent variables) of small-scale tilapia aquaculture. I then
use the classification and a regression tree to explore the influence of the independent
variables on adoption and non-adoption. The results of this analysis show that socio-economic
attributes had the highest influence on the adoption of small-scale tilapia aquaculture. Based
on these results, I highlight that small-scale tilapia aquaculture development initiatives in rural
communities need to pay closer attention to the local contexts that influence the uptake of

these initiatives.
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Chapter 3 uses the Sustainable Livelihood Framework (SLF) to guide my analysis of the
impacts of small-scale tilapia aquaculture on rural livelihoods. Specifically, I looked at the
contribution of SSA to fish farmers’ five livelihood assets (i.e., physical, natural, social,
financial, and human), livelihoods and food security. Briefly, the results showed more tilapia
farmers were satisfied with small-scale tilapia aquaculture’s contribution to their human and
social assets, but less so to their physical, natural and financial assets. It was also determined
that small-scale tilapia aquaculture contributed insignificantly to overall livelihoods and food
security. Subsequently, the results show that the current Mozambique tilapia species used for
aquaculture is unable to contribute significantly to rural livelihoods and food security unless

a species of tilapia that performs better in aquaculture is sourced and distributed.

Chapter 4 sought to provide an understanding of the contribution of tilapia to household diets
by comparing those households that farm tilapia and those that do not. I used a 24-hour food
consumption diary over a seven-day period combined with a seasonal food consumption recall
method with 68 households (36 small-scale tilapia farming households and 32 agricultural
farming households). Results from this research showed that the ASF consumed by most
households was predominantly processed fish products (which include canned tuna, canned
sardine and canned mackerel) followed by marine fish (reef fish and pelagic fish). Per capita
fish consumption was estimated at 50.4 + 9.8kg/year, whereby fish consumed comprised of
71.4% marine fish, 25.9% processed fish products, 2.6% freshwater species, and only 0.1%
tilapia. Overall, the consumption of marine fish will still play an important role as an ASF in
rural communities, while processed fish products seem to be the preferred alternative because
of their cost-effectiveness, accessibility and long shelf life. Notably, this chapter showed that
tilapia from small-scale tilapia aquaculture contributed negligibly to fish farmers’ household
consumption; due to the influence of locality and preference which are limiting the

contribution of tilapia from aquaculture to local food security.

Chapter 5 explored the perspectives and experiences of relevant institutions in supporting
small-scale tilapia aquaculture development in Solomon Islands. I interviewed several
institutions on their current roles and milestones they had achieved so far in supporting small-
scale tilapia aquaculture, including barriers and opportunities. Technical support for fish
farmers and collaboration and partnership between institutions were the two most common

roles played by the institutions interviewed (Ministry of Fisheries and Marine Resources,
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WorldFish and Adventist Disaster Relief Agency), while broader awareness and increase in
technical knowledge of small-scale tilapia aquaculture were the most mentioned milestones.
Two important barriers identified of the small-scale tilapia aquaculture sector were the use of
Mozambique tilapia and the current limited opportunities for marketing the farmed tilapia
species. The current government’s plan to introduce Nile tilapia could alleviate some of these

issues and provide an opportunity forward.

Chapter 6 is the concluding chapter and presents the overarching discussion of my thesis, and
its contribution to the need to understand the social dimensions of small-scale tilapia
aquaculture in the Pacific Islands regional context, using the initiative in Malaita Province as
the central example. Discussion points explore how the current initiative intended to promote
the small-scale tilapia aquaculture sector in Solomon Islands can be used to ensure future
initiatives actually assist with supporting livelihoods and food security. I also highlight areas

that can be considered for further research.
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2. Chapter 2: Social factors influencing adoption of small-
scale tilapia aquaculture in rural Solomon Islands.

2.1. Preface
This chapter explores the factors influencing small-scale tilapia aquaculture adoption among
rural fish farmers in Malaita Province, Solomon Islands. Understanding these factors is
imperative to ensure initiatives aimed at promoting small-scale tilapia aquaculture tangibly
produce benefits that support livelihoods and food security. In my previous experience
working as an extension officer under the ACIAR project, I observed strong interest and
enthusiasm among rural communities to practice small-scale tilapia aquaculture throughout the
project. This was reflected by the growing number of tilapia farmers directly involved in the
project (Sulu et al., 2015a). However, after the project ended in 2015, only a handful of
individuals were able to sustain tilapia farming over time. Some people who initially took up
the activity later lost interest, while others, despite a lot of enthusiasm to practice small-scale
tilapia aquaculture, never took up the initiative. This prompted my interest to further
investigate and understand what is driving the adoption of small-scale tilapia aquaculture in
Malaita Province. Using the Diffusion of Innovation (DOI) as an analytical framework, |
selected three broad variables to investigate the factors influencing adoption (as independent
variables) and then used the classification and regression tree to model their influence on
adoption and non-adoption (i.e., dependent variables). A version of this chapter was published
as: Harohau, D., Blythe, J., Sheaves, M., & Diedrich, A. (2020). Uneven adoption of tilapia
aquaculture in rural Solomon Islands. Aquaculture International.

https://doi.org/10.1007/s10499-020-00577-2

2.2. Introduction

Food and nutritional insecurity among Pacific Islanders are expected to worsen in the near
future (Sievert et al., 2019). Processed foods high in carbohydrates and fats, including rice,
are being increasingly imported and are eroding once healthy traditional diets (Secretariat of
the Pacific Community & CSIRO, 2011; Sievert et al., 2019; Snowdon et al., 2013). Limited
income and rapid population growth are also contributing factors, as they reduce access to
nutrient-rich food especially for those in urban centres who rely mainly on local markets
(Connell, 2015). As a result, malnutrition among vulnerable groups, such as women and
children, remain unacceptably high across PICTs (Secretariat of the Pacific Community &

CSIRO, 2011). For instance, recent estimates from Fiji, Nauru, Solomon Islands, Tonga,
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Tuvalu, and Vanuatu suggest that 18% of children under 5 years old are stunted and 38% of
pregnant women are anemic (United Nations Children's Fund, 2017). These numbers are
higher in Solomon Islands, where childhood stunting affects an estimated 33% of children
under 5 years of age (ibid). Such increased incidence of food insecurity and malnutrition
presents significant challenges for meeting global nutrition targets (e.g., SDG 2.2 aims to end
all forms of malnutrition by 2030) and exerts pressure on many PICTs already under-

resourced health services, thus further limiting individual and national development.

Fish provides an important source of protein and micronutrients and can contribute to food
and nutritional security (Bogard et al., 2016; Hicks et al., 2019). Yet, most fish in PICTs are
largely supplied by coastal fisheries, which are experiencing a decline in supply due to
unsustainable fishing efforts combined with the effects of climate change (Bell et al., 2009;
Secretariat of the Pacific Community, 2013; Valmonte-Santos et al., 2016). Fish from SSA
can, therefore, provide an alternative source of animal protein and essential micro-nutrients
(Amos et al., 2014; Nandlal, 2012). Small-scale tilapia aquaculture has been promoted as a
strategy to help address the food and nutritional insecurity challenge in the Pacific Islands

region (Amos et al., 2014; Pickering, 2010).

Despite the potential contribution of small-scale tilapia aquaculture to food and nutritional
security (Pickering, 2010), its adoption by rural households in the Pacific Islands region
remains low (Blythe et al. 2017). In Solomon Islands, the Government’s National Tilapia
Action Plan (2010-2015) acknowledges lack of knowledge and skills to farm tilapia; tilapia’s
slow growth and high fecundity; difficulty sourcing feed; and limited demand for tilapia
compared to marine fish as challenges facing the sector (Ministry of Fisheries and Marine
Resources, 2010). Yet these highlighted challenges only focused on biological and
technological aspects, with limited attention to the social dimensions of SSA. Amos et al.
(2014) suggest that such limited engagement with the social dimensions of aquaculture also
extends to other current aquaculture development initiatives in the Pacific Islands region.
People’s perceptions, choices and assets are central to the adoption of aquaculture and
influence the potential of aquaculture to deliver sustainable development outcomes (Slater et
al., 2013). As such, an understanding of the social dimensions that shape the adoption of
aquaculture is as important as understanding the biological and technological dimensions to
ensure its potential positive impacts are realized (Krause et al., 2015; Slater et al., 2013).

Towards this aim, I draw on the DOI theory to explore the influence of context-specific factors
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on the adoption of small-scale tilapia aquaculture.

In this chapter, I examine the influence of socio-economic attributes, communication
channels, and attributes of the innovation on the adoption of small-scale tilapia aquaculture in
Malaita Province. Importantly, findings from this chapter can inform SSA development
policies and strategies of the Government of Solomon Islands, and other PICTs to ensure the
sector is supporting appropriate initiatives that contribute to supporting livelihoods and food

security.

2.2.1. Diffusion of Innovation

Diffusion of Innovation theory is a conceptual framework that explains how an idea,
behaviour or product, referred to as an innovation, gets adopted and spreads through a social
system over time. The theory proposes that adoption behaviour, including the time it takes
individuals to adopt an innovation, depend on both the socio-economic characteristics of the
individual and the attributes of the innovation (Padel, 2001; Pannell et al., 2006; Rogers,
2003). The theory suggests that socio-economic characteristics of the adopter, along with their
personal values and communication behaviour will affect the time taken to adopt the
innovation, relative to other members within a social system (e.g., their innovativeness).
Moreover, the way in which information about the innovation is communicated to potential
adopters (e.g., mass or interpersonal) can also affect adoption. As such, the theory recognises
the potential role and influence of change agents such as extension or program officers
(Rogers, 2003). The attributes of the innovation, which affect the rate of adoption, include its
relative advantage, compatibility, complexity, trialability and observability. DOI theory,
therefore, provides a useful heuristic for the purpose of this chapter in that it provides a holistic

view of the innovation adoption process.

While the majority of DOI research has been conducted in the agricultural sector (Glendinning
etal., 2001; Kuehne et al., 2017; Peshin et al., 2009), very little has been applied to investigate
the adoption of innovations in SSA (Blythe et al., 2017).

This chapter explores the potential influence of three components of the DOI on the adoption

of small-scale tilapia aquaculture in Solomon Islands: 1) socio-economic attributes of

adopters, 2) communication channels, and 3) attributes of the innovation. Understanding
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people’s perceptions of the innovation (e.g., small-scale tilapia aquaculture) and their socio-
economic attributes can help explain why rural people despite expressed interest in small-
scale farming aquaculture, never widely adopted the innovation (Cleasby et al., 2014).
Understanding the relative influence of different communication channels and sources of
information may also help to understand why, despite the availability of informational
materials (e.g., pamphlets, brochures and posters) and the presence of existing tilapia farmers
in the study site, there still seems to be slow adoption and limited expansion of small-scale
tilapia aquaculture (Blythe et al., 2017). Overall, these three broad independent variables all

have had an influence on small-scale tilapia aquaculture adoption in rural Solomon Islands.

2.3. Methods

2.3.1. Participant Selection

In the six tilapia farming clusters (see section 1.9 for details of study site), non-probability
sampling strategies were used to identify participants for the survey (Ritchie et al., 2013). The
sample population were characterized into two groups: small-scale tilapia aquaculture
adopters and non-adopters. Small-scale tilapia aquaculture adopters were defined as
individuals who are active tilapia farmers or may have attempted tilapia farming before but
may have discontinued or shifted to other livelihood activities. In contrast, non-adopters were

those who never pursued further tilapia aquaculture.

Purposive sampling was used to achieve a quota sample of 40 small-scale tilapia aquaculture
adopters and 40 non-adopters (Etikan et al., 2016). This quota is estimated to represent 69%
and 90% of the population of each group respectively in the study site (Harohau et al., 2016).

2.3.2. Data Collection

Data were obtained through face-to-face surveys with individual small-scale tilapia
aquaculture adopters and non-adopters at their respective dwellings across the six clusters.
The survey questions were informed by DOI theory, whereby specific independent variables
used in the analysis were derived from the three components of the theory described above:
socio-economic attributes, communication channels and attributes of the innovation. Data

collected included a mixture of nominal, ordinal, and scale levels of measurement.

Surveys were conducted face-to-face in the first round of fieldwork from 16" May to 21° June
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2017 in Solomon Islands Pidgin (the lingua franca for Solomon Islands). Surveys were
administered with the help of a trained field assistant who was fluent in both Solomon Islands
Pidgin and the local dialect (predominantly kwara’ae dialect). Participants were surveyed
depending on their availability, willingness, and consent to be interviewed. Each survey lasted

between 35 to 70 minutes.

2.3.3. Data Analysis
Survey data were collated in Microsoft Excel™ software, before being exported into the SPSS
statistical package (version 24 & 25), coded into respective levels of measurement (e.g.,
nominal, ordinal, scale) for exploratory (descriptive statistics) and the classification tree

analysis. A brief description of the specific variables measured and analysed are provided in

Table 1.

For the data coded in SPSS, a classification tree analysis to explore the relationships between
the predictor variables and the dependent variable was employed (i.e., adoption or non-
adoption). The classification tree analysis was used because the dependent variables used were
binary, because of its flexibility in exploring both categorical and numeric data, and its ability
to do data description and predicting patterns (De'ath & Fabricius, 2000; Loh, 2011).
Classification tree analysis does not necessarily demand normality and homogeneity of
variance between variables, and it facilitates multiple variable interactions. With its
recursively partitioning of data thus yielding a set of outcomes presented graphically, it

ensures an easy interpretation of the output data set (ibid).
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Table 1 The three categories informed by DOI theory, and brief descriptions of their specific independent variables measured.

Broad category

Socio-
economic
Attributes

Communicatio
n channels

General variables

a. Socio-economic attributes

a. Communication channel

b. Communication/Information
source

Specific independent
variables

Age, marital status, household
size, MSL, literacy level,
education, leadership role,
land ownership, household
subsistence level, number of
meals households
consumed/day. Total number
of household livelihood
activities, number of activities
for food, activities for income,
household weekly income,
household weekly
expenditure

a. Word of mouth,
written form, farm
demonstration,
others

b. Relatives, lead
farmers, friends,
project officers,
and others.

29

Description

MSL included the household
assets (e.g., radio, generator,
solar, transport, etc.). Using
PCA, this was reduced to two
components, basic and high
MSL (explained by 52% and
21% of total variance

respectively) which was used for

further analysis. Household
subsistence level was measured

by the percentage of food locally

produced and consumed by
households (as opposed to sold
for income). The number of
meals household consumed/day
measures household food
security level. Also measured is
the total activities household
derive their food and income
from (quite a number of
livelihood activities overlap in
this regard. E.g., can be for food
or income).

In total, four communication
channels and five information
sources were proposed to be
used in the study sites.

Measurement scales

Age, MSL, household size,

household subsistence
level, number of meals
consumed/day, the total
number of livelihood
activities, number of
activities for food and

income, household weekly
income and expense (Scale)

Marital status, literacy
level, leadership, land
ownership (nominal)

Education, (ordinal)

All variables (Nominal)



Attributes a. Relative advantage® a. relative benefits For relative advantage and Relative advantage,

of of tilapia farming complexity see the explanation complexity, and
innovation b.  Complexity® below detail. For compatibility, a = observability (Nominal)
b. Why tilapia farming 3-point scale of the level of . .
c.  Compatibility was not broadly agreement was used. For Compatibility (Ordinal).

adopted. observability, a binominal
response of “yes” or “no” was
used if respondents observed
tilapia farmers benefiting.

d. observability

c. Iftilapia farming
violates custom
norms, and if it
imposes an
additional burden
to existing
livelihood demand.

d. Have you observed
benefits of tilapia
farming?

Here, responses were generally collated into common themes, and only those responses that define relative advantage and complexity of
tilapia farming (following Blythe et al., 2017) had their frequencies totalled to represent relative advantage and complexity in descriptive
analysis and SPSS as two independent variables.

5 Relative advantage was derived from collation of qualitative responses from the question that looked at the benefits observed from tilapia farmers/farming.
¢ Similar, Complexity was derived from qualitative responses from the question that looked at reasons why tilapia farming was not taken up by
potential, aspiring farmers.
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2.4. Results
2.4.1. Descriptive analysis

2.4.1.1. Socio-economic attributes

The descriptive analysis showed that both small-scale tilapia aquaculture adopters and non-
adopters supported an average of six to seven people in their households. Tilapia farmers were
all male, and engaged in between four to five livelihood activities, with tilapia farming being
one of them (Table 2). Other attributes differed between the two groups. For instance, small-
scale tilapia aquaculture adopters were older, had more formal education and thus literacy,
they had higher incomes potentially due to being engaged in more livelihood activities, and
most were married and held leadership positions (which would tend to suggest a high social
status). In contrast, non-adopters had higher MSL, owned more land, and were more

subsistence-oriented.

Table 2 Mean and frequency of the independent variables under socio-economic

characteristics, communication, and attributes of innovation.

Category Variables Adopters (N=40) Non-adopters (N=40)
Mean + (SE)

Socio-economic attributes = Age (years) 45 £ (2.5) 40 £ (1.9)

Household size (# 6 +(0.5) 7 +(0.7)

of people)

Subsistence level (%) 55.3+£(4.0) 62+ (4.7)

Number of 5+(0.2) 4+(0.2)

livelihood activities

Weekly household $1,134.2 £ (242.8) $895.5 £ (142.4)

income (SBD)* (USD$140.30) (USD$110.77)

Weekly $88.4 + (22.8) $108.5 £ (34.3)

household (USD$10.95) (USD$13.43)

Basic MSL 0.1 +(0.2) -0.1 £(0.2)

Frequency (%)

Sex (male) 100 100

Marital status (Married) 95 88

Literacy level 83 75

Education 88 83

Leadership positions 58 53

Land ownership 75 85
Communication channels = Word of mouth 63 80

Farm demonstration 55 33

Written form 25 10

(e.g., pamphlets)

Others 8 0
Communication Sources | Lead farmers 25 43

Project/extension officers 25 8

Friends 5 5

Relatives 55 45

Others 5 5
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Attributes of innovation Relative advantage 5 13

Compatibility
1L With socio- I. 95 L. 95
cultural norms
1L With existing II. 50 II. 58
livelihood
demand
Complexity 38 25
Observability 48 58

*Currency conversion from SBD to USD is calculated from https://www.xe.com/currencyconverter/
on the 25" of August 2021.

2.4.1.2.  Communication Source and Channel

Of the five communication sources (Table 2), relatives were the most common source across
both small-scale tilapia aquaculture adopters and non-adopters. For adopters, relatives were
followed by lead farmers and extension officers respectively, then friends, followed by others
(e.g., exchange visits to other small-scale tilapia aquaculture initiatives observed outside of
the province). For non-adopters, relatives were followed by lead farmers, extension officers,
then friends followed by others (e.g., saw the idea of farming tilapia outside of Malaita
Province; and initiating small-scale tilapia aquaculture without any prior information or

knowledge).

For the channel by which small-scale tilapia aquaculture information was communicated, the
majority of tilapia aquaculture adopters and non-adopters relied on word of mouth. This was
followed by farm demonstrations, written forms (e.g., pamphlets and posters), then others

(e.g., workshops and observing others) across both groups.

2.4.1.3.  Attributes of the Innovation

Most (95%) farmers in both groups perceived small-scale tilapia aquaculture to be highly
compatible with local norms (Table 2). However, only 50% of adopters and 58% of non-
adopters considered small-scale tilapia aquaculture to be compatible with their existing

livelihood demands.

Small-scale tilapia aquaculture had a low relative advantage as indicated by both groups (i.e.,
the degree to which it was perceived better than similar activity or one it supersedes), low
complexity (the degree by which small-scale tilapia aquaculture was difficult to understand

or implement) and was slightly more observable (the degree by which small-scale tilapia
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aquaculture and associated benefits were visible to others) to non-adopters, than to adopters.

2.4.2. Classification Tree Analysis

Classification tree analysis was performed to explore the relative influence of the independent
variables (Table 1) on small-scale tilapia aquaculture adoption and non-adoption. Age showed
the highest likelihood of influencing adoption (Figure 3). Age was followed by the subsistence
level of households (measured by the percentage of food produced and consumed by
households) and then MSL. Age was split into <57 (young) and >57 (older) years at an
improvement level of 0.050. Though more adopters (n=9) than non-adopters (n=1) were
observed in the >57 age category, this did not match the high number of both adopters and
non-adopters in the <57 age category. Thus, caution should be taken when interpreting this
output, in that though there is a possibility that some small-scale tilapia aquaculture adopters
were older, the majority still fell into the younger age category. Moreover, this result may also
be indicative of a broader demographic trend of relatively fewer people being over the age of

57.

The young age category was further split by household subsistence level at improvement
0.043, into less subsistence-oriented households (<60%) and more subsistence-oriented
(>60%). Here, small-scale tilapia aquaculture adopters were likely to be less subsistence
orientated. For the less subsistence-orientated households, MSL resulted in two terminal
nodes: higher MSL (<-1.03) (i.e., less basic) and more basic MSL (>-1.03). This suggests that
small-scale tilapia aquaculture adopters were more likely to have basic MSL than non-
adopters. Cautiously, no adopters (n=0) and a minimal number of non-adopters (n=5) were in
the higher MSL category compared to a larger number of both in the basic MSL category. As
such, there is a likelihood that those members of the community who have higher MSL will
be non-adopters, even though a larger proportion overall are in the basic MSL category.
Finally, more subsistence-oriented households were further split by age (at
improvement=0.031) into two categories: <39.5 (young) and >39.5 (older/mature aged).
Hence, in more subsistence-orientated households, there is a propensity for non-adopters to

be younger than adopters.
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Figure 3: Classification tree of the influence of socio-economic attributes, communication channels
and attributes on small-scale tilapia aquaculture adoption and non-adoption. The four splits in the
model show the variables that determine the distribution of the dependent variable as displayed in the
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subsequent nodes. The misclassification (Resubstitution) risk for the model was 26.3% (std. error
0.049). Criteria were set to 10 sample folds, with Growth limit set at 10 for parent node and 5 for child
node.

2.5. Discussion

With food insecurity predicted to increase across PICTs like Solomon Islands, small-scale
tilapia aquaculture has been proposed as a means to support livelihoods and improve food
security (Amos et al., 2014; Pickering, 2010). Despite small-scale tilapia aquaculture’s
potential contribution to livelihoods and food security, the relatively low adoption has limited
its contributions to date in Malaita Province. One of the recognised obstacles for SSA is the
limited understanding of the social factors affecting the interests and capabilities of rural fish
farmers to adopt the activity (Slater et al., 2013). Using the DOI Theory, this chapter looked
at the influence of socio-economic attributes, communication channels, and attributes of
innovation on the adoption of small-scale tilapia aquaculture in Malaita Province. The results
showed that small-scale tilapia aquaculture adopters and non-adopters differed in most of their
socio-economic attributes, whereby adopters tended to be older, less subsistence-oriented and
with lower MSL than non-adopters. Next, both groups received most of their information
about small-scale tilapia aquaculture through informal channels, including relatives and via
word-of-mouth, as opposed to more formal channels such as extension agents and written
pamphlets. While the innovation was compatible with socio-cultural norms and livelihood
demands, its relative advantage and observability in comparison to other livelithoods activities
were perceived as low. The classification tree model showed socio-economic attributes (e.g.,
age, subsistence level of households, and MSL) to be the most influential variables on small-
scale tilapia aquaculture adoption. These findings have important implications for rural small-
scale tilapia aquaculture development in Solomon Islands and across the Pacific Islands

region.

First, socio-economic factors were found to influence the adoption of small-scale tilapia
aquaculture more than communication channels and attributes of the innovation. This finding
was consistent with other studies which also found similar socio-economic factors (e.g., farm
size, wealth, age, access to credit, etc.) to influence the adoption of comparable agriculture
and aquaculture technologies (Akudugu et al., 2012; Blythe et al., 2017; Diedrich et al., 2019;
Mandima, 1995; Pandey & Upadhyay, 2012; Sileshi et al., 2019). In this study, age was

identified as having the strongest influence on adoption and non-adoption, where older
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farmers were likely to be adopters. This result was consistent with findings by Blythe et al.
(2017); Mignouna et al. (2011); Uhunamure et al. (2019) and Wetengere (2011) who showed
that older farmers were likely to be the innovation adopters. This is because older farmers
tended to spend more time at home giving them more free time to adopt and that they also
prefer innovations that require low maintenance. Yet other studies found younger farmers
were more likely to adopt innovations due to their risk-taking nature, and longer planning
prospects; despite being potentially limited in their human and financial capacity (Asfaw &
Neka, 2017; Donkor et al., 2019; Kapanda et al., 2003; Ngoc et al., 2016; Ofuoku et al., 2008).
Furthermore, other studies have also shown that age does not influence adoption (Akudugu et
al., 2012; Tenge et al., 2004). Altogether, these varied findings imply the influence of age on
adoption is highly contextual and may depend on the type of innovation in question. In this
current study, age also featured as having a weaker influence on small-scale tilapia
aquaculture adoption and non-adoption at the terminal node of the model, whereby individuals
younger than 39.5 years old in subsistence-oriented households were less likely to adopt. This
may be because younger individuals frequently move in and out of their villages and are more
inclined to undertake better income-generating opportunities (e.g., diving for sea cucumber)
when they were available (Wetengere, 2011). Age, therefore, may not possess a consistent

relationship with innovation adoption.

Second, the adoption of small-scale tilapia aquaculture is likely to be done by males only. The
descriptive analysis revealed all tilapia aquaculture adopters were male, which implies
adoption (and therefore its associated benefits) in the study context may be gendered, and not
reaching marginalised groups (e.g., women and children). This underlines an important
relationship between equity and adoption that can potentially constrain the fair distribution of
benefits from small-scale tilapia aquaculture, while also demonstrating the unique needs of
vulnerable members of the community (Haider et al., 2018; Kruijssen et al., 2018; Makate et
al., 2019). Consideration of equity is not only essential in identifying farmers’ capacity to
adapt and benefit from small-scale tilapia aquaculture but also to avoid SSA initiatives
running the risk of further exacerbating marginalisation of certain groups within the
communities, such as women (Diedrich et al., 2019). Overall, this issue of equity reinforces
the need for a more comprehensive understanding of the socio-economic attributes of aspiring
adopters when planning SSA initiatives (Belton & Little, 2011; Lado, 1998; Morse &
McNamara, 2013; Munasinghe et al., 2010; Naegel, 1995; Senff et al., 2018). While this

research found males dominantly taking up small-scale tilapia aquaculture as a livelihood
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activity in Malaita Province, in some PICTs like Fiji and Papua New Guinea women are
becoming actively involved in fish farming alongside men in the sector as well (Pacific

Community et al., 2018).

Third, the adoption of small-scale tilapia aquaculture also seems to favour less subsistence-
oriented farmers with more basic MSL. While less subsistence-oriented and more basic MSL
were shown by the model to influence small-scale tilapia aquaculture adoption; the relative
influence of this variable and the sample distribution on this split suggests this result may be
negligible. Consequently, caution must be taken when interpreting the split outcome. These
two variables indicate that the availability of time and motivation (e.g., through incentives
such as start-up funds or tools) may explain why farmers adopted the innovation. For instance,
farmers in households who spend less time on subsistence activities may have more available
time to invest in additional livelihood activities such as small-scale tilapia aquaculture.
Whereas farmers in better-off households may be content with what they currently have, and
subsequently less motivated to adopt an additional livelihood activity. This finding was
consistent with Diedrich et al. (2018) and Asfaw and Neka (2017) in their respective studies
of sport-fishing tourism in Papua New Guinea and adoption of soil and water conservation
practices in Ethiopia respectively. Further research may be required to establish any
significant relationship between time, motivation, and adoption of competing livelihood
activities. It is, therefore, imperative for policymakers, extension service officers, and
development agencies to be conscious of these potential socio-economic attributes (including
the ones already mentioned) in order to tailor assistance accordingly to fish farmers’ context
and capacity. This may also require a collaborative effort from all relevant stakeholders to
minimise prominent contextual barriers to adoption such as time available to invest in other
livelihood activities, or possible diversion of physical assets investments from small-scale

tilapia aquaculture to other viable livelihood activities (Curry et al., 2015; Slater et al., 2013).

Lastly, rural farmers dominantly rely on interpersonal channels as opposed to extension
services or written forms to communicate information about small-scale tilapia aquaculture.
This chapter has revealed that relatives as a communication source and word of mouth as a
communication channel were popular amongst fish farmers to communicate tilapia farming
information. This is a likely indication that communication in the local context is more
effective amongst people closely related or have similar backgrounds through kinship, social

status, geographical locality or have the same dialect (Barnes et al., 2016; Hoa et al., 2009;
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Rogers, 2003). This may be so because many rural fish farmers are more comfortable and
confident conversing with those similar to them (e.g., relatives), as opposed to those dissimilar
to them (e.g., change agent or opinion leader). Rogers (2003) coined this the homophilous
aspect of communication networks, whereby people with similar backgrounds not only
frequently communicate with each other but do so effectively because of their shared issues
and goals. This finding was consistent with a number of studies that highlight communication
about innovations occurs within close social networks (Bandiera, 2006; Kiptot et al., 2006;
Mittal & Mehar, 2016; Nakano et al., 2018; Superio et al., 2018; Vishnu et al., 2019).
However, these are contrary to studies by Adolwa et al. (2012) and Nyambo and Ligate (2013)
who highlighted with the adoption of soil fertility management and cashew production in
Kenya and Tanzania respectively, that mass-media forms of communication (especially radio)
were mostly relied upon for effective communication. The reliance on interpersonal channels
shown here by rural fish farmers in Malaita Province demonstrates the need to recognize and
appreciate locally appropriate sources and channels that can be useful for communicating
small-scale tilapia aquaculture information. In this way, development interventions involving
rural communities can not only build on or utilise these locally appropriate communication
attributes for effective dissemination of information but importantly ensure its wider adoption.
Nevertheless, the reliance on these locally appropriate communication channels alone may be
inadequate for the longer-term sustainability of small-scale tilapia aquaculture by adopters.
Technical assistance and extension services are equally vital to ensure the spread of
sustainable SSA, because although relatives may be a go-to source for information, they may
only hold basic awareness knowledge but not the ‘knowledge of practice’. The latter is an
important form of social capital for sustaining innovations like small-scale tilapia aquaculture
over time and ensuring its tangible impact on livelihoods and food security (Blythe et al.,
2017). Studies by Adesina et al. (2000); Baticados et al. (2014); Hudson et al. (2016); Ofuoku
et al. (2008); Tenge et al. (2004) and Wetengere (2011) all support the need for extension
services to farmers in promoting wider adoption and sustainability of innovations in both
aquaculture and agriculture. The findings presented in this chapter also revealed that while
small-scale tilapia aquaculture was less complex and compatible with the socio-cultural norms
and livelihood demands of farmers, it had low relative advantage and observability. Although
not established in the findings, these weaker attributes of small-scale tilapia aquaculture (i.e.,
low relative advantage and observability) may have contributed to adopters shifting to other
economically viable activities after practising the activity for some time (Harohau et al.,

2016). Addressing these weaker attributes of small-scale tilapia aquaculture can therefore be
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vital to ensure the innovation has the potential for wider adoption and achieve overall success

for the initiative.

2.6. Limitation
In this chapter, I identified several influential variables for small-scale tilapia aquaculture
adoption in a rural Solomon Islands setting. The results presented in this chapter also provide
several limitations worth highlighting. First, despite the classification tree model identifying
socio-economic variables as most influential on small-scale tilapia aquaculture adoption, this
does not necessarily suggest the other variables (communication channels and attributes of
innovation) were unimportant. Rather, the outcome may be attributed to the nature of the
classification tree analysis, which modelled the influences of the sets of independent variables
on adoption based on the data’s underlying distribution properties (Lo et al., 2015). Hence,
the recursive partitioning of the variables into homogenous groups may mask the importance
of other independent variables that would otherwise be relevant once considered alone (Loh,
2011). Second, although I was able to show some factors influencing small-scale tilapia
aquaculture adoption, these factors may not cover all possible factors potentially influencing
the activity’s adoption in the local context. There may be other variables less related to the
DOI theoretical framework that could be measured to observe their influence on small-scale
tilapia aquaculture adoption (e.g., institutional factors). Future research can expand on this
and look into other potential variables. Finally, data collected for this chapter occurred well
after adoption decisions were made by farmers, hence, there may be potential limitations due
to recall bias. As Meyer (2004) stated, farmers’ ability to accurately recall past events may be
limited and subjected to various biases. To address this potential limitation in future studies,

data could be collected multiple times through longitudinal studies (Meyer, 2004).

2.7. Conclusion
In this chapter, I aimed to understand the factors influencing the adoption of small-scale tilapia
aquaculture in a rural Solomon Islands context using the DOI theoretical framework. This
chapter contributes to knowledge on SSA adoption, especially from a Pacific Islands regional
context. The results suggested that socio-economic attributes were more influential than
attributes of the innovation and communications channels on the adoption of small-scale
tilapia aquaculture. Specifically, adopters tended to be older, male, less subsistence-oriented
and with basic MSL. The analysis also showed that relatives and word-of-mouth were the

most common forms of communication in the study context. While small-scale tilapia
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aquaculture was compatible with socio-cultural norms and livelihood demands of farmers, it

had a low relative advantage and observability.

The findings suggest that interventions pertaining to small-scale tilapia aquaculture
development must prioritise understanding the socio-economic attributes of rural farmers and
how these attributes influence adoption. This includes consideration of the issue of equity and
the ability to adopt new innovations and the associated distribution of benefits. This is vital in
identifying farmers’ capacity to adopt and benefit from tilapia aquaculture, at the same time
avoiding SSA interventions that run the risk of further marginalising certain groups in the
community (e.g., women). The findings presented in this chapter also support the need to
recognise locally appropriate channels of communicating for the effective dissemination of

information.

Taken together, findings from this chapter suggest that for small-scale tilapia aquaculture to
contribute to livelihoods and food security in Solomon Island, and across the Pacific Islands
region, governments, development agencies, and non-governmental organisations will need
to continue investing in research and programs that engage closely with local social dynamics

that shape its adoption by rural households.
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CHAPTER 2 SUMMARY: Social factors influencing adoption of small-scale
tilapia aquaculture in rural Solomon Islands.

Across many PICTs, food insecurity and malnutrition are on the rise. In response,
governments, development agencies, and non-governmental organisations are promoting
small-scale aquaculture as a complement to fish supplied through coastal fisheries. While
small-scale aquaculture has been widely adopted in parts of Asia and Africa, its adoption in
rural Pacific Island communities remains relatively low. In this chapter, I draw on Diffusion
of Innovation theory and apply a classification tree analysis to model the influence of farmers’
socio-economic attributes, communication channels, and attributes of the innovation, on the
adoption of small-scale tilapia aquaculture. I compare 40 tilapia aquaculture adopters with 40
non-adopters in Malaita Province, Solomon Islands. My results show that farmers’ socio-
economic attributes have the highest influence on small-scale tilapia aquaculture adoption.
Tilapia aquaculture adopters were older, male, less subsistence-oriented, and had lower
material styles of life than non-adopters. Information regarding small-scale tilapia aquaculture
was most shared through informal channels, including relatives and word-of-mouth,
compared to formal sources (e.g., fisheries extension officers, expert farmers, pamphlets, and
posters). Lastly, while small-scale tilapia aquaculture was compatible with socio-cultural
norms and livelihood demands, its relative advantage and observability in comparison with
other livelihood activities were perceived as low. Overall, this chapter suggests that small-
scale tilapia aquaculture, and its associated benefits, are not reaching the poorest and
vulnerable groups (e.g., women or subsistence-oriented households) in rural Solomon Islands.
These findings point to the need for an in-depth understanding of the socio-economic
attributes of farmers to ensure strategies support marginalised groups to participate effectively
in and tangibly benefit from small-scale tilapia aquaculture. The chapter also highlights the
need to better utilise informal and locally appropriate communication channels to support the
spread of small-scale tilapia aquaculture in rural Pacific Islands contexts. Ultimately, this
research can inform small-scale aquaculture development policies of the Government of
Solomon Islands, and other Pacific Island Countries, to support the sector in contributing to
rural food and nutritional security.
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3. Chapter 3: Contribution of small-scale tilapia aquaculture to
livelihoods of rural farmers in Solomon Islands

3.1. Preface

Small-scale tilapia aquaculture — as an SSA initiative — is a newly introduced livelihood
activity in Solomon Islands and, as I have established in chapter 2, its adoption among rural
farmers is influenced by various factors. As a complementary livelihood activity, there is little
empirical evidence on its contribution or impact on fish farmers’ livelihoods. During my
experience working with tilapia farmers, one pond management practice that was least
adhered to was the regular harvesting of fish after every three months. This management
practice among others was intended to assist tilapia farmers to improve their pond
productivity over time, given the unfavourable biological attributes of the Mozambique tilapia
currently farmed (Harohau et al., 2016). Though many fish farming households had access to
tilapia ponds, they still dominantly bought marine fish from the market or go fishing
themselves to sell their catch at the market, especially those fish farmers near the coast. These
factors have influenced the extent to which fish farmers were utilising tilapia from their ponds
for their household needs (e.g., food, income, etc.). In this chapter, I employ the Sustainable
Livelihood Framework (SLF) to specifically explore small-scale tilapia aquaculture’s
contribution to fish farmers’ assets and livelihood outcomes (e.g., income and food). A
version of this chapter was published as: Harohau, D., Blythe, J., Sheaves, M., & Diedrich,
A. (2020a). Limits of Tilapia Aquaculture for Rural Livelihoods in Solomon Islands.
Sustainability, 12(11), 4592. https://www.mdpi.com/2071-1050/12/11/4592

3.2. Introduction

In the Pacific Islands region, like other developing regions globally, the growing pressure on
coastal fisheries is leading to a decline in reef fish populations (Secretariat of the Pacific
Community, 2008, 2013), though in some coastal areas coastal nocturnal pelagic fisheries
may still be in a more favourable state (Roeger et al., 2016). Because reef fish provides most
of the fish for rural communities and is a vital source of animal protein and key livelihood for
many coastal communities, the decline has contributed to food insecurity and poverty (Bell et
al., 2009). This translates into growing malnutrition in the rural contexts; particularly among
vulnerable groups, such as pregnant women and children (Grieve et al., 2013; Susumu, 2014).

Pervasive food insecurity and malnutrition have prompted governments, development
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agencies and non-government organisations to explore SSA to support livelihoods and food

security.

SSA often involves farming fish in simple earthen ponds that are low-cost, require minimal
maintenance, and are usually family-operated (Edwards, 2000, 2013). In Asia and Africa,
where most research on SSA has been conducted, SSA is widely practised by rural fish
farmers as a livelihood activity that can contribute to their livelihoods, food security and rural
development (Edwards, 2000; Halwart et al., 2003). As a complementary or supplementary
fish production source, SSA has been shown to contribute to food security via three
mechanisms: income, employment, and consumption (Ahmed & Lorica, 2002; Edwards,
2013; Kawarazuka & Béné, 2011). For most rural farmers with limited livelihood
opportunities, SSA can become one of a diverse portfolio of livelihood activities given the
right conditions exist (e.g., presence of extension services, right policies, markets, etc.)
(Edwards, 2010). A substantial number of studies have demonstrated the positive
contributions of SSA to the livelihoods of rural communities in developing countries (Ahmed
& Waibel, 2019; Ahmed, 2009; Castine et al., 2017; E-Jahan et al., 2010; Farquhar et al.,
2018; Nzevu et al., 2018; Pant et al., 2014).

As noted above, empirical evidence on the impact of SSA on rural livelihoods stems largely
from research in Africa and Asia (Arthur et al., 2013; Béné¢ et al., 2016), while research on
the contributions of SSA in the Pacific Islands region remains relatively scarce. Overall, the
potential contributions of SSA to rural livelihoods are highly contextual, where success stories

in one context may not translate into other contexts in easily anticipated ways.

To better understand these contexts, this chapter investigates the contributions of small-scale
tilapia aquaculture to rural livelihoods in Malaita Province of Solomon Islands. Specifically,
I ask: to what extent is small-scale tilapia aquaculture contributing to livelihoods assets and
outcomes in rural Solomon Islands? To answer this question, I utilise the SLF for my analysis
(Chambers & Conway, 1992; Scoones, 1998). The information presented in this chapter also
provides a basis from which policy and decision-makers concerned with small-scale tilapia
aquaculture development can aim to improve the contribution of the sector and inform its

direction towards achieving its expected role of improving livelihoods and food security.
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3.2.1. An analytical framework for exploring the contributions of small-
scale aquaculture to rural livelihoods in the Pacific Islands context

Sustainable livelihoods are characterised by two key concepts (Figure 4). First, livelihoods
are defined as the capabilities, activities and assets needed to make a living (Chambers &
Conway, 1992; Scoones, 1998). Second, a livelihood is considered sustainable when it can
cope with, and recover from, stress or shocks without jeopardising the resource base (ibid).
The SLF is an analytical framework that provides a heuristic for examining the interacting

components that influence livelihoods in rural communities.

The framework helps to identify the connections between people and their enabling

environment, which inevitably influence their livelihood strategies and outcomes.
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Figure 4: Components of the sustainable livelihood framework. Note: Boxes shaded grey (livelihood
assets and outcomes) were those used to analyse the impact of small-scale tilapia aquaculture on
rural livelihoods presented in this chapter. This figure was modified from Scoones (1998).

Central to the SLF is the notion of the five livelihood assets (i.e., human, natural, social,
physical, and financial). Assets are defined as the resources people require to pursue their
livelihood strategies (Scoones, 1998; Solesbury, 2003). Vulnerability contexts and policies,
institutions, and processes, such as governance and policy norms, are understood to influence
and mediate access to livelihood assets. People often employ a range of livelihood strategies
(e.g., adoption of aquaculture) to achieve desired livelihood goals. Livelihood outcomes, such
as food security and income are often shaped by the interactions among these different
components of the SLF which can also introduce feedback and influence livelihood assets. In
this chapter, two key components of the SLF are explored to determine the contributions of

small-scale tilapia aquaculture to rural livelihoods in Solomon Islands. These are livelihood
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assets and livelihood outcomes.

3.3. Methods

3.3.1. The context of small-scale tilapia aquaculture in Solomon Islands

Currently, Mozambique tilapia is the only tilapia species found in Solomon Islands
waterways. The species was introduced into the country in the 1950s and 1960s to control
mosquito populations and to enhance local fish stocks (Eldredge & Humphries, 1994; Ponia,
2003). Due to its hardiness and invasive nature, tilapia has spread into most water systems
around the country and established itself among the endemic flora and fauna. According to
the International Union for Conservation of Nature, Mozambique tilapia is considered an
invasive species so, in some PICTs, efforts are underway to completely eradicate it from their
waters (Nico & Walsh, 2011). Yet, in some rural communities of the larger provinces of
Solomon Islands, where the species has established itself (e.g., Lees Lake on Guadalcanal and
Lake Tegano on Renbel Province), Mozambique tilapia forms an important part of local diets

in communities where access to marine fish is limited (Schwarz et al., 2013).

Mozambique tilapia aquaculture is one of the most recent developments in the history of
aquaculture development in Solomon Islands (see Table 3). Its domestication coincided with
the national government’s recognition that the country was facing declines in its coastal
fisheries production as a result of the increased human population, unsustainable fishing,
agricultural and coastal developments and climate change (Asian Development Bank, 2014).
Declining coastal fisheries production, and the anticipated shortfall of marine fish, motivated
the government, with assistance from development agencies, to begin exploring the potential
of Mozambique tilapia for aquaculture in various places throughout the country (Asian
Development Bank, 2014; Ministry of Fisheries and Marine Resources, 2010; Weeratunge et
al., 2011).

Table 3: History of aquaculture development in Solomon Islands from the 1960s—2018.

Year Aquaculture Development
1950-60 Pearl oyster aquaculture in Wagina (Choiseul Province)
1980s Macrobrachium rosenbergii aquaculture started on West Guadalcanal. International

Centre of Living Aquatic Resource Management (ICLARM) (now WorldFish) research
station was established, and seaweed aquaculture was introduced into Solomon Islands

1990s Shrimp aquaculture was established on Guadalcanal. Pearl aquaculture was encouraged
in parts of Kia (Isabel Province) and Wagina (Choiseul Province)
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2000-2008 An aquaculture division was established in the Ministry of Fisheries and Marine
Resources. In Gizo (Western Province) a clam hatchery was developed, with coral
farming, commercialization of seaweeds and pearl aquaculture explored.

2009-2018 Tilapia initiatives (O. mossambicus) commenced, with the government establishing a
community aquaculture program. Seaweed aquaculture was expanded to other
provinces. The potential of P. monodon was investigated. The National Aquaculture
Policy was formulated.

Sourced from Solomon Islands Ministry of Fisheries and Marine Resources (2019)
3.3.2. Participants Selection and Data Collection

Purposive sampling which was used to identify participants in Chapter 2 was also used to
identify interviewees, though, for this sampling, only tilapia farmers were approached
(Harohau et al., 2016). This connection was established from my previous experience working
as an extension officer with most of the tilapia farmers in the study site. A total of 58 tilapia
farmers were identified by Harohau et al. (2016) to have practiced small-scale tilapia
aquaculture in the study area. Of these, 40 tilapia farmers were interviewed: representing an

estimated 69% of all active tilapia farmers in the study area.

Before conducting fieldwork, interview schedules and logistics were organised via mobile
phone and word of mouth as these are the common modes of communication in Malaita
Province and Solomon Islands in general. Interviews were again conducted with the help of a
trained field assistant who was both well versed with the local socio-cultural context.

Interviews were conducted in pidgin and transcribed into English for later analysis.

The data presented in this chapter was collected over two time periods with the same group
of respondents. In the initial data collection in 2017, individual face-to-face interviews with
tilapia farmers focused on understanding small-scale tilapia aquaculture’s contribution to their
assets and livelihood. In the second round of data collection in 2018, household-level
interviews were conducted to record household food consumption using 24-hours and seven-
days ASF recall methods (Swindale & Bilinsky, 2006). Interviews were carried out at a time
and location preferable to the respondents. Table 4 shows the list of variables used for this

study.
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Table 4: Study variables.

Component of Sustainable
Livelihoods Framework *

Livelihood assets

Human assets include the
knowledge, skills, labour, and good
health necessary to engage in
diverse livelihood strategies.

Financial assets are savings,
credits and debts needed to
achieve livelihood goals.

Social assets are social resources
(social network, trust,
connectedness) people drawn upon
in pursuit of their livelihood goals.

Physical assets are the
infrastructures (e.g., roads, tools,
etc.) and goods required to support
livelihoods.

Natural assets include intangible
assets (e.g., air, nutrient cycle) and
tangible ones (e.g., water, trees,
land).

Livelihood outcomes

Food security

Income

Variables

Satisfaction with tilapia
aquaculture’s contribution to skills
and knowledge on fish farming.

Satisfaction with tilapia
aquaculture’s contribution to
household food consumption.

Satisfaction  with the income
generated from tilapia aquaculture.

Satisfaction with tilapia
aquaculture’s contribution to social
network (e.g., expand current
network).

Satisfaction ~with the tools and
equipment available as a result of
tilapia aquaculture.

Contribution of tilapia aquaculture
to natural assets (e.g., tilapia for fish
meal or pond water utilized for other

purposes).

Frequency of tilapia consumption per
year

24-h & 7-days recall of food and
meat consumption by households

(kg)

If tilapia farmers sold their tilapia
or not

How much income was obtained
from tilapia sold?

Measurement
Scale/Component
Calculation

Likert scale (0-10)

“Human assets” =
mean of both scales

Likert scale (0—10)

Likert scale (0-10)

Likert scale (0—10)

Coded qualitative &
binary

Scale

Binary

Scale

Definitions of the SLF components were sourced from Scoones (1998).
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3.3.3. Data Analysis
Descriptive statistics were used to interpret the quantitative data. Inductive coding was
conducted on qualitative responses to identify common emergent themes. In some instances,
re-occurring themes were weighted according to their frequencies across the sample size and

then presented graphically. Data analysis was performed using Microsoft Excel.

3.4. Results

3.4.1. Small-scale tilapia aquaculture’s contribution to livelihood assets

The Likert scores indicated that the largest proportion (>50%) of tilapia farmers were satisfied
with the contribution of small-scale tilapia aquaculture to their human assets (Figure 5).
Farmers valued the activity’s contribution to their knowledge and skills of fish farming, and
also to household food consumption (though this contrasts with the fact that only two
households consumed tilapia in the last seven days; see tilapia aquaculture’s contribution to
livelihood outcome on page 5 of this thesis). This included 20% and 23% of tilapia farmers
who were “strongly satisfied” with the activity’s contribution to their knowledge and skills,
and household food, respectively. Similarly, 53% were also satisfied with the expansion of
their social connections and network due to tilapia aquaculture. A relatively high proportion
of these tilapia farmers (20%) were “strongly satisfied” with the activity’s role in the
expansion of their existing social assets. In contrast, 40% of tilapia farmers were dissatisfied
with small-scale tilapia aquaculture’s contribution to financial assets, of which 28% were
“strongly dissatisfied”. For physical assets, farmers reported equal levels of satisfaction and

dissatisfaction (both 28%) with the activity’s contribution to their physical assets.

The contribution of small-scale tilapia aquaculture to natural assets was recorded
qualitatively. Farmers were asked what other purposes tilapia aquaculture has served their
households (e.g., if pond water was used for livestock/vegetable gardens or tilapia was used
as supplementary fish meal for piggery, etc.). For most farmers (40%), small-scale tilapia
aquaculture did not serve any other purposes, while 26% explained that farming tilapia only

contributed towards food consumption — which was minimal.
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Figure 5: Tilapia farmer’s level of satisfaction with small-scale tilapia aquaculture’s contribution to
their livelihood assets. Tilapia farmers, in general, had high levels of satisfaction with small-scale
tilapia aquaculture’s contribution to their social and human assets. The highest level of dissatisfaction
was with the activity’s contribution to financial assets.

3.4.2. Small-scale tilapia aquaculture’s contribution to livelihood outcomes
Small-scale tilapia aquaculture contributed minimally to household food consumption in the
study area. Almost half (43%) of respondents indicated that tilapia was only consumed once
a year. Seventy-eight percent of the farmers that consumed tilapia annually, indicated that they
consumed all the fish they harvested — implying that no harvested tilapia was shared among

others.
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Figure 6: Tilapia from small-scale tilapia aquaculture contributed minimally to household food
consumption in rural Malaita Province, Solomon Islands. Photo credit: WorldFish, 2015.

The minimal contribution of tilapia to household food security was validated in follow-up
household interviews that employed the 24-hours and seven-day ASF consumption recall
methods. These interviews showed only two households had consumed tilapia in the previous
seven-days and none had consumed tilapia in the last 24-hours. These two households
consumed an estimated 0.014kg and 0.210 kg of tilapia, respectively. For household A, this
contribution of tilapia accounted for 0.3% of the combined weight (kg) of all fish types
(pelagic fish, reef fish, canned sardine, canned mackerel, canned tuna and freshwater fish)
consumed in the past seven-days. For household B, tilapia was the only fish consumed in the

last seven-days.

Small-scale tilapia aquaculture also contributed negligibly toward household income. In fact,
only 20% of all tilapia farmers had sold their tilapia for income within the previous year. The
weekly income of these farmers ranged from SBD325.56 (USD40.78)” to SBDS8,925.19
(USD1,117.88). Of this weekly income, small-scale tilapia aquaculture contributed only
0.002% to 0.5% of total income earned per week. The three most common reasons for not
selling tilapia as expressed by farmers were: (1) tilapia was only for food at this stage, (2)

tilapia was too small for sale, and (3) lack of consumer demand for tilapia.

7 Exchange rates indicated are calculated from https://www.xe.com/currencyconverter/ on 15% of May 2021.
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3.5. Discussion
Coastal reef fisheries are declining in many areas of the Pacific Islands region (Secretariat of
the Pacific Community, 2008, 2013). Given this context, SSA has been proposed by
governments, development agencies and non-government agencies as a complementary fish
production source (Bell et al., 2009; Secretariat of the Pacific Community, 2013). However,
there is limited conclusive evidence about the contribution of small-scale tilapia aquaculture
to rural Pacific Islands communities. Through interviews with 40 tilapia farmers in Malaita
Province, the results presented in this chapter have shown that just over half (>50%) of all
tilapia farmers interviewed were satisfied with small-scale tilapia aquaculture’s contribution
to their human and social assets. Tilapia’s contribution towards financial, physical, and natural

assets were also limited.

Overall, small-scale tilapia aquaculture is not contributing significantly to livelihoods or food
security for rural tilapia farmers in Malaita Province. These findings contradict dominant
narratives about the benefits of SSA on rural livelihoods mostly from Asia and Africa, where
SSA has been found to perform better and contributing to rural livelithoods and food security
(Abdullah et al., 2016; Ahmed & Waibel, 2019; Ahmed, 2009; Ahmed & Toufique, 2015;
Duc, 2009; Kumaran et al., 2020; Palanca-Tan, 2018; Villasante et al., 2015). The limited
contribution of small-scale tilapia aquaculture to livelihoods and food security in Malaita
Province is a result of two contextual aspects. First, the SSA sector in Solomon Islands lacks
a tilapia species that is well suited for SSA production. Second, local demand for tilapia in

domestic markets is low.

The attributes of early reproduction, stunted growth and high fecundity render Mozambique
tilapia an unsuitable species for SSA that aims to contribute to livelihoods, food security and
rural development (Pickering, 2010). In fact, the species has been referred to as a “wrong
species” for SSA in the Pacific Islands region due to its biological and ecological attributes
(Pickering, 2010; Ponia, 2010). This presents a problem when fish farmers’ motivations for
adopting aquaculture are usually to diversify their livelihoods and increase food security
(Ahmed & Lorica, 2002; Edwards, 2000; Halwart et al., 2003). The unattractive traits of the
Mozambique tilapia for SSA have prompted other PICTs, particularly Papua New Guinea,
Fiji and Vanuatu to shift their attention to farming better performing species like Nile tilapia
and the Genetically Improved Farmed Tilapia (GIFT) (Amos et al., 2014; McKinna et al.,
2010; Nandlal & Foscarini, 1990; Smith, 2007). In Solomon Islands, this potential of
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obtaining a better performing tilapia species in aquaculture should be prioritised if the sector
is to improve from its current production status and play a significant role in supporting
livelihoods and increasing food security (Sulu et al., 2015a). A study of small-scale fish
farming in Zambia by Kaminski et al. (2019) also highlighted that rural farmers still struggle
to optimize benefits obtained from their fish farming because of difficulty accessing quality

inputs (e.g., in the form of quality fingerlings and feed) (Hasimuna et al., 2019).

The development of the small-scale tilapia aquaculture sector in Solomon Islands is also
constrained by the lack of demand for tilapia in domestic markets. This study found that
Mozambique tilapia does not possess much monetary value, as a consequence of poor
consumer demand. Two reasons are responsible for this poor demand for tilapia among
consumers: (1) a current market for tilapia does not exist in Solomon Islands (also evident
across most PICTs), and (2) tilapia is relatively new to most contexts in the Pacific Islands
region and will take time before it might compete with marine fish at domestic markets,
despite being promoted for a number of decades now (Cleasby et al., 2014). These factors, in
essence, are limiting the activity’s potential and long-term sustainability among rural tilapia
farmers and restricting its contribution to food and income security (Adams et al., 2001;
Edwards, 2000). The limited local experience with and demand for farmed fish species,
nevertheless, is a challenge for the Pacific Islands region and has been identified as an area
for support and investment in the coming years (Amos et al., 2014). As Edwards (2000)
highlighted, the maximum impacts of SSA for rural livelihoods are only possible if fish
farmers have a market for their products (Ahmed & Lorica, 2002; Ahmed, 2009; Ahmed &
Toufique, 2015; Ahmed et al., 2012; Khondker et al., 2018; Margaret & Gakuu, 2018).

Since the current Mozambique tilapia aquaculture has shown little impact on livelihoods and
food security, coastal fisheries will still play the leading role in supplying fish for consumption
and income generation in rural communities in Solomon Islands — as evident through the
intensifying demand for coastal fisheries resources (Albert et al., 2015; Molea & Vuki, 2008;
Rabbitt et al., 2019; Roeger et al., 2016; Sulu et al., 2015b). For instance, women in the
Western Province of Solomon Islands who used to glean in the coastal tidal flats for shells
and invertebrates have now moved offshore to fishing grounds previously dominated by men
(Rabbitt et al., 2019). Local fishers have increasingly diversified their target species using
various harvest methods in an effort to maximise catches (Albert et al., 2015). These trends

suggest that coastal fisheries will continue to play a key role in supplying fish thus supporting
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local livelihoods and food security (Cohen et al., 2019). This situation raises important
questions that need to be addressed in the Solomon Islands and other PICTs such as: (1) is an
investment in small-scale tilapia aquaculture a reasonable choice? (2) should efforts be
diverted to developing other potential commodities for SSA (e.g., seaweed), or sea ranching
instead (e.g., sea cucumber)? and (3) would it be more profitable to focus on improved
management of wild fisheries, or alternative livelihoods and food security solutions?
Addressing these questions can ensure, if it is deemed to be viable, meaningful progress

towards improving current outcomes of small-scale tilapia aquaculture.

Finally, this study has also shown that Mozambique tilapia aquaculture is only contributing
to social and human assets. Several studies have supported SSA’s contribution to fish farmers’
social and human capital (Ahmed et al., 2008a; Diedrich et al., 2018; Farquhar et al., 2018;
Murshed-E-Jahan & Pemsl, 2011). Yet, other studies have demonstrated that fish farmers with
limited social capital are unable to benefit from SSA (Ahmed, 2009; Fly, 2016). The
contribution of SSA to human and social assets demonstrated in this study may be explained
by the “newness” of the innovation among rural farmers in the local context. This may have
prompted fish farmers to create new social connections and expand their existing social
networks to maximise learning about small-scale tilapia aquaculture. The perceived
contribution of small-scale tilapia aquaculture to social and human assets presented in this
chapter are essential for the uptake of new innovations in participating communities, the long-
term sustainability of the activity, and for promoting the innovation and ensuring farmers can
tangibly benefit from SSA (Diedrich et al., 2019; Salazar et al., 2018). Too often the
expectation is that such new innovations; externally motivated and introduced into rural
communities as supplementary livelihoods must have an immediate impact on rural
livelihoods. Yet, this has not been the case as far as livelihood projects — externally initiated
—in the Pacific Islands are concerned. Experiences in the past have shown that most livelihood
projects failed to exhibit immediate impact on target recipients because initiating institutions
failed to take into account the diverse yet complex social, cultural, and economic context of
Pacific Islands communities when designing projects (Eriksson et al., 2020; Gillett et al.,
2008; Veitayaki, 2000). This has been obvious through the lack of ensuring community
participation — where recipients can be able to determine and prioritise their development and
livelihood needs — in the design phase of the projects (Govan, 2011). This often results in
livelihood projects with minimal tangible impact and long-term sustainability issues, due to

the mismatch between project (institution and donor) requirements and community needs
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(Eriksson et al., 2020; Govan, 2011; O'Garra, 2007; Veitayaki, 2000). Other studies on SSA
have also shown that acquiring appropriate knowledge and skills of fish farming is also vital
for its adoption and success (Mulokozi et al., 2020; Sheheli et al., 2014). Therefore,
policymakers, extension officers and project officers must ensure practical short and long-
term support is put in place for rural tilapia farmers, especially during the early phase of

introducing an innovation.

3.6. Limitation
This chapter provides important empirical evidence to counter narratives about the universal
benefits of SSA for rural livelihoods, especially from a Pacific Islands perspective. However,
several limitations are worth highlighting here. First, this chapter presents findings from a
cross-sectional study conducted over approximately five years after several community
members took up small-scale tilapia aquaculture. Hence, benefits arising immediately or after
a longer implementation time would therefore not have been captured by this study. In the
future, longer-term studies of the impacts of small-scale tilapia aquaculture may be useful to
understand the benefits that may have accrued over time. Secondly, obtaining detailed and
accurate information on tilapia consumption was a challenge, especially through the use of
diaries and recalls on the estimated number and weight of tilapia consumed. This may be
indicative of the irregularity of tilapia harvesting and consumption by farmers making it
difficult for farmers to provide such vital information. Again, longer-term studies may be

useful to capture detailed and accurate information on tilapia consumption rates.

3.7. Conclusion
This chapter addressed the question: to what extent is small-scale tilapia aquaculture
contributing to rural livelihoods in the Solomon Islands? Results presented in the chapter
have shown that over half of the tilapia farmers interviewed were satisfied with small-scale
tilapia aquaculture’s contribution to their human and social assets, yet the majority were
dissatisfied with its contribution to physical and financial assets. Small-scale tilapia
aquaculture’s contribution to farmer’s natural assets was also limited. Importantly, SSA
contributed insignificantly to livelihoods and food security. Findings also suggest that farming
the current Mozambique tilapia species is unable to contribute to livelihoods and food security

and provide a meaningfully complement to coastal fisheries production.
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Based on the findings presented in this chapter, the following recommendations are made.
First, the government and relevant stakeholders must prioritise the introduction of a better
performing tilapia species to replace the current Mozambique tilapia. As noted, Mozambique
tilapia lacks the traits suitable for aquaculture. The Solomon Islands government has been
considering the introduction of Nile tilapia for the last decade, however, it was only recently
that concrete steps were taken towards this (e.g., the recent completion of the tilapia hatchery
facility in west Guadalcanal) (Ministry of Fisheries and Marine Resources, 2010, 2018). Once
the Nile tilapia is introduced into the country, then existing fish farmers should be involved

in farming trails, given their experience with Mozambique tilapia.

Secondly, governments and other relevant stakeholders will need to increase their support for
small-scale tilapia aquaculture to ensure the appropriate level of uptake and sustainability of
the sector going forward. Factors such as lack of effective government extension services and
delivery, and the importance of fish farmers’ social networks for learning about the activity
emphasise the need for continuous institutional support to nurture the growth of the sector
(Blythe et al., 2017; Govan, 2011). This can be achieved through short and long-term support
for rural tilapia farmers especially during the experimentation phase, whereby farmers are
trialling small-scale tilapia aquaculture and making important decisions that will impact their

livelihood strategies.

For policymakers and decision-makers concerned with small-scale tilapia aquaculture
development for livelihood and food security in the Pacific Islands region, vital questions
remained to be answered. These include but are not limited to: (1) is investment in small-scale
tilapia aquaculture a reasonable choice? (2) should efforts be diverted to developing other
potential commodities (e.g., seaweed) for SSA instead? and (3) would it be more profitable to
focus on improved management of wild fisheries, or alternative livelihoods and food security
solutions? Future research that explores these questions, can generate empirical evidence of
whether SSA (tilapia aquaculture, or other alternate SSA livelihood activities) might

meaningfully complement coastal fisheries production.
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CHAPTER 3 SUMMARY: Contribution of small-scale tilapia aquaculture to
livelihoods of rural farmers in Solomon Islands

Increasing pressure on coastal fisheries poses serious threats to local livelihoods and the food
security of Pacific Islanders. In response, governments and development agencies have
explored small-scale tilapia aquaculture as a complementary fish production source. Yet,
evidence to date on the impact of small-scale tilapia aquaculture on rural livelihoods has been
inconclusive. Drawing on the sustainable livelihood framework, I analysed the contribution
of small-scale tilapia aquaculture — based on the Mozambique tilapia species — to the
livelihood assets and outcomes of 40 rural farmers in Solomon Islands. First, results showed
that 53% of tilapia farmers were satisfied with small-scale tilapia aquaculture’s contribution
to their human and social assets, while only 28% and 13% were satisfied with its contribution
to their physical and financial assets, respectively. Small-scale tilapia aquaculture’s
contribution to farmers’ natural assets was also limited. Second, and most importantly, there
was an insignificant contribution of small-scale tilapia aquaculture to food and income
security. The results demonstrate that tilapia farmers rarely consumed tilapia, with only two
of the 40 households having consumed tilapia in the seven days before the interview.
Moreover, only eight tilapia farmers sold their tilapia, which contributed 0.002—-0.5% of their
total weekly revenue. I argue the limited contribution of small-scale tilapia aquaculture to
food and income stems from the low productivity of the available tilapia species and the low
local demand for tilapia at rural markets. Given the current context of declining coastal
fisheries and food insecurity concerns in rural Pacific Islands, it is unlikely that the current
form of small-scale Mozambique tilapia aquaculture will be able to achieve its objective of
addressing food and income security as a complement to coastal fisheries.
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4. Chapter 4. Contribution of tilapia relative to other animal-
sourced foods, in household diets

4.1. Preface
This chapter focuses on the contribution of farmed tilapia to household food security. Grivetti
(2019, p. 24) states, “...aquaculture scientists are faced with a situation. On one hand,
success can be measured in terms of profit/economic return (i.e., livelihood outcomes)
through local sales. But for such intervention to be successful, the product raised must be
consumed by specific groups”. In the Pacific Islands region, this is the intention of most small-
scale tilapia aquaculture initiatives, given current coastal fisheries production alone will
unlikely meet fish demand by Pacific Islanders by 2030 (Secretariat of the Pacific
Community, 2008). In this chapter, the current contribution of small-scale tilapia aquaculture
to household diets is presented compared against other ASFs. A version of this chapter is

currently prepared for submission to the Aquaculture research journal.

4.2. Introduction
In the Pacific Islands region, a triple burden of malnutrition exists in the form of over-
nutrition, under-nutrition, and micronutrient deficiencies (Aldwell et al., 2018; Hughes &
Lawrence, 2005; Hughes & Marks, 2010; Snowdon et al., 2013). This triple burden of
malnutrition has been accelerated by a shift from consumption of locally sourced, low-calorie,
nutrient-dense foods towards diets dominated by processed, high-calorie, low-nutrient content
foods (Aldwell et al., 2018; Farmery et al., 2020; Haddad et al., 2014; Snowdon et al., 2013).
The health consequence is an increased prevalence of malnutrition leading to increased non-
communicable diseases amongst Pacific Islanders (Hughes & Marks, 2010). PICTs host
nearly half of the global population currently experiencing multiple forms of malnutrition
(Haddad et al., 2014). In Papua New Guinea and Solomon Islands, for example, >40% of
children under five years old are stunted — i.e., low height for age (Akombi et al., 2017) —
(Haddad et al., 2014). In Fiji, Solomon Islands, Nauru, and Western Samoa, >40% of pregnant
women are anemic, a condition often attributed to diets low in iron (Grieve et al., 2013).
Severe micronutrient deficiencies can lead to the delayed physical and cognitive development
of children that affects their ability to perform at school, have lifelong effects on intellectual
capacity, and leads to vulnerability to diseases, blindness, higher rates of illness and mortality
among affected children (World Health Organization, 2010). The impacts of malnutrition fall

not only on individuals but have broader societal and economic costs that add pressure to the
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already under-resourced health services typical of countries in the Pacific Islands region

(Hughes & Marks, 2010).

Fresh fish is a rich source of micronutrients, essential fatty acids, and high-quality protein
(Hicks et al., 2019; Roos et al., 2007). A recent study by Hicks et al. (2019) found that tropical
pelagic fish are a rich source of micronutrients such as calcium, zinc and iron, which are
essential for human development and health. Smaller pelagic tropical fish, on the other hand,
have higher concentrations of zinc and omega-3 fatty acids, which are essential for optimal
mental health and functioning (Richardson, 2003). This variation between tropical and pelagic
fish species can have implications for diet quality when considering transitions from capture
fishery dominated systems to culture dominated systems — even if volumes of fish consumed
remain constant (Bogard et al., 2016; Hicks et al., 2019). However, irrespective of the
variability in nutrient content, the micronutrients present in fish are linked to various health
benefits, like reduction of cardiovascular diseases, diabetes, some forms of cancer, reduction
in chronic inflammation, weight control and blood pressure, but also infant development,

mental health and cognitive development (Lund, 2013).

On average, Pacific Islanders consume between 18 — 63kg of fish/capita/year — which is
almost double the recommended animal protein consumption by the World Health
Organisation (35kg/capita/year) (Bell et al., 2009; Charlton et al., 2016). These averages
demonstrate that fish dominantly supplied by coastal fisheries, with some contribution from
aquaculture, is consumed at high rates in PICTs (Bell et al., 2009). Recent research highlights
that the consumption of fresh fish is heterogeneous and may not be sufficient to meet the
nutritional needs of all groups within the society across all locations (Albert et al., 2020). Fish
supply-demand projections suggest that by 2030, PICTs will need an additional 115,000 tons
of fish to meet future fish supply-demand needs if current fish utilisation remains unchanged
(Bell et al., 2009; Secretariat of the Pacific Community, 2008). To ensure continuity of fish
supply that is in line with local preferences, livelihoods and cultures, effective management
strategies for coastal fisheries is required (Cohen et al., 2015; Cohen & Foale, 2013). A range
of additional strategies are also proposed to ensure fish production meets demand. These
include the use of inshore fish aggregating devices to increase access to pelagic species
(Albert et al., 2014; Bell et al., 2015a), the utilisation of offshore tuna fisheries to better supply
domestic rather than just international markets (Bell et al., 2015b), the promotion of

convenient fish products like canned fish (Bell et al., 2019), and SSA to produce food fish
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(Adams et al., 2001; Amos et al., 2014; Ponia, 2010)(Adams et al., 2001; Amos et al., 2014;
Ponia, 2010).

This chapter focuses on small-scale tilapia aquaculture as a potential complement to coastal
fisheries in Solomon Islands (Amos et al., 2014; Pickering, 2010). While small-scale tilapia
aquaculture has been proposed as a potential strategy to mitigate a projected shortfall in future
fish supply, it is vital to understand the extent to which farmed tilapia actually contribute to
local diets relative to the role of coastal wild capture fisheries and other sources of fish. This
will help understand the contexts in which small-scale tilapia aquaculture has, if any,
substantial potential to provide positive impacts. To date, investments in small-scale tilapia
aquaculture in the Pacific Islands region are still based largely on the assumption that
increasing production of the species will lead to increased food security. However, there is
limited empirical evidence to demonstrate the contribution of small-scale tilapia aquaculture
to livelihoods, food security, rural development and overall improvements in the wellbeing

of Pacific Islanders (see Chapter 3).

This chapter aims to address this information gap by considering the case of small-scale tilapia
aquaculture — based on the Mozambique tilapia species — in Solomon Islands and its
contribution to household diets, relative to coastal fisheries and other types of ASF consumed.
Three research questions inform this chapter: 1) What is the composition and diversity of
household diets in rural communities in Solomon Islands? 2) To what extent are fresh marine
fish, processed fish products, freshwater species, and farmed tilapia contributing to ASF
consumption?; and 3) How do fish consumption vary with distance to coasts and distance to
markets? To answer these questions, data were collected from 68 households across six farmer
clusters. From the findings, I discuss the opportunities and limits for small-scale tilapia
aquaculture as a supplementary food source, particularly in Malaita Province of Solomon

Islands.

4.3. Materials and methods
4.3.1. Study site

Data presented in this chapter was obtained during my second fieldtrip in 2018. In addition,
local markets identified by the households where they frequently purchased their food

(including fish) were also recorded (Figure 7).
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Figure 7: Map showing the location of interviewed households and markets across the six farmer
clusters in Malaita Province, Solomon Islands. The households are located across six farmer clusters
situated on the north, south, and south-east side of Auki — the administrative and central business
district of Malaita Province.

4.3.2. Participant selection

The same participants from my initial fieldwork were visited again in this second round of
fieldwork; except, in this round, I considered the household as my unit of interest as opposed
to individual farmers. Participating households were represented by consenting household
heads (i.e., the farmer and/or their spouse). However, because some households were absent
during my visit, only 68 households were interviewed representing 36 tilapia farming and 32

non-tilapia farming households, instead of an initial 80 households.

Twelve focus groups consisting of six groups of women and six groups of men were also
conducted to support and validate household food consumption data across the different
seasons. In all interviews and consultations, a consent form was provided to participants;

however, because most rural villagers could not read, their oral consent was obtained.

4.3.3. Data collection

Data for this chapter were collected via semi-structured household interviews and focus group

discussions between November 5th and December 5th, 2018. The semi-structured interviews
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were designed to collect data on the types of food consumed by households in the last 24-
hours (24-hour food recall), the types of ASF consumed by households in the last seven-days
(seven-day recall) and the types of food consumed across different seasons (seasonal food
recall). Interviews were held with both the male and female household heads, with other
household members participating when possible. Interview questions were guided by the
Guidelines for measuring household and individual dietary diversity (Swindale & Bilinsky,
2006). For the 24-hour food recall, respondents were asked to list the foods consumed within
their households in the last 24-hours, whether in the home or outside the home including
probes for frequently forgotten and/or hidden foods (e.g., fruit and nuts consumed whilst
tending to agricultural plots, rather than as part of a meal). To aid with recalling types of ASF
consumed in the previous seven-days, households were shown 19 cards with pictures of
different ASF types (Mathews et al., 2018). When fish (marine, freshwater species, and
tilapia) was mentioned, respondents were further probed to estimate the fish lengths.
Respondents were probed on length of fish instead of weight because in the local context
(especially in the rural areas) anything to do with the metric system of measurement (e.g.,
length, volume or weight), people are inclined to use lengths rather than weights. To aid
respondents, a board calibrated from Ocm to 90cm using a metre ruler was used to estimate
fish lengths. I later converted these measurements to weights (see Section 4.3.4). For
processed fish products, respondents were asked to recall the size of the products; either a
small, medium or large-sized can, and the specific processed fish product (e.g., canned tuna,
mackerel or sardine). The actual weights of the canned fish products were later obtained at

the office.

Because of the limited ability of the 24-hours and seven-days recall methods to account for
foods that may be consumed in different seasons (Genschick et al., 2018; Kennedy et al.,
2011; Swindale & Bilinsky, 2006), households were questioned about the food items they
consumed across the different seasons. Information to support the interpretation of the
household seasonal food recall (e.g., how many seasons, when etc.) was validated by

discussions held with the 12 focus groups (described above) — which lasted up to two hours.

Coordinates of household dwellings were taken with a Garmin eTrex30 GPS to calculate

distances to identified market locations and also the distance to the coast.
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4.3.4. Data Analysis
Before quantitative data analysis was conducted, relevant conversion of the collected data was
performed. Firstly, because it was impractical to obtain the weight of fish consumed by
households, only lengths (cm). These lengths were then used to estimate the weight of the fish
using length and weight measurements from a WorldFish unpublished fish survey data from
Auki Fish Market (Sulu et al., 2018). This was done following protocols stipulated by the

WorldFish guide for measuring fish consumption by estimating fish portions (Bogard et al.,
2017b).

For freshwater species, because there were no available and accessible data for Solomon
Islands, respective weights (kg) were estimated from available literature on the specific
species (mostly from the Pacific Islands region). Apart from Jungle perch (Kuhlia rupestris
and Kuhlia marginate), freshwater species in this case also included freshwater prawn
(Macrobrachium lar) and eel (Anguilla bicolor). Weight measurements of these freshwater
species were estimated using work by Barbier et al. (2010); Batty (1987); Hoskin et al. (2015)
and Polhemus et al. (2008).

For the foods consumed in the last 24-hours and seasonal food items mentioned by
households, the Guidelines for measuring household and individual dietary diversity
(Swindale & Bilinsky, 2006) was used to group the food items into 12 food groups. The 12
food groups indicated the dietary diversity in terms of the number of different food groups
households consumed, rather than the number of different foods consumed (ibid). The 12 food
groups were: a) cereals; b) roots and tubers; c) vegetables; d) fruits; €) meat, poultry, offal; f)
eggs, g) fish and seafood; h) pulses/legumes/nuts; 1) milk and milk products; j) oils and fats;
k) sugar and honey, and 1) miscellaneous (foods that do not fit into the aforementioned food
groups). Household dietary diversity was obtained by summing the number of food groups
consumed in the last 24-hrs and across seasons. A score of “1” was assigned if a food item in
the 12 groups were mentioned, while “0” was assigned to food groups not consumed. The
household dietary diversity score used in the result was the mean of individual dietary

diversity scores of the 68 households.

Statistical Package for the Social Sciences (SPSS) — IBM version 26 - was used to perform
descriptive statistics. Correlation and bivariate functions were also used in SPSS to obtain the

correlation matrix between fish consumption and distances of households to coast and
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markets. Microsoft Excel was used to plot graphs to visually represent reported results.
Distance to the coast and the usual markets were estimated using the Google Earth Pro ruler
feature, an approach used by Goudie (2013) to measure salt marsh morphologies. This was
done by inserting GPS coordinates of households and the markets into the software and using
the ruler feature to draw a straight line to the coast and market to estimate the length (km).
This function within Google Earth gave both a map length (straight-line) estimate between

two points on the map, as well as an on-ground distance in kilometres.

4.4. Results
4.4.1. Dietary diversity and composition of household diets
Responses to the 24-hour diet recall survey illustrated that across the six farmer clusters, on
average, the 68 households had consumed 5 + 0.2 of the 12 food groups that comprise an
optimal diet in the last 24-hours. Various households consumed as few as two and as many as
nine food groups in the last 24-hours (Figure 8A). Only 41% of the households consumed
more than five food groups — much less than the 10 food groups considered minimal for
household nutrient adequacy. Overall, there was no significant difference between the number
of food groups consumed by tilapia farming households and non-tilapia farming households
and despite negative correlations between the number of food groups consumed and distance
to coast (r=-0.230) and distance to market (r=-0.235), these variables were also not significant.
The food groups consumed most frequently across all households were (in descending order)
vegetables, cereals, roots and tubers, and fish and seafood (Figure 8B). Understandably, milk
and milk products, as well as eggs were completely absent from household diets in the study
site. Fish and seafood were the ASF consumed by most households in the last 24-hours.
Notably, in this 24-hour period, more tilapia farming households (64%) consumed fish and

seafood than non-tilapia farming households (53%).
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Figure 8: (A) The number and proportion of households consuming nine or fewer food groups
(considered to be indicating an inadequate diet); at least 10 food groups (considered by Mekonnen et
al. (2020) to be the minimum necessary to improve nutrient adequacy); and between 11 and 12 food
groups (considered to indicate an optimal diet). (B) The proportion of households (n=68) consuming
the 12 food groups in the last 24-hours. In this period, none of the households consumed eggs, or milk
and milk products. (C) Estimates of the proportion of fish types (marine fish, processed fish products,
freshwater species, and tilapia) that make up the total weight of fish consumed by each household in
the last seven-day period.

The 24-hour recall data were collected in the wet season. Hence, in trying to understand
potential differences in diet between seasons, household interviews were conducted to prompt
reflections on seasonal effects. According to the focus group discussions which were used to
specify the seasons recognised in the study area, two distinct seasons were identifiable; a wet
season that extends from November to March and the dry season that commences in April and
continues until the end of October. Irrespective of the season (either wet or dry), the top four
food groups consumed by most households remained unchanged; with roots and tubers,
vegetables, fish and seafood, and cereals (in descending order) consumed consistently by most
households. Fish and seafood were consumed in similar proportions in wet (49%) and dry

seasons (40%) respectively.

Despite 13% of households reporting they consumed oils/fats in the 24-hour recall,
respondents did not indicate consumption of oils/fats in either season; this may indicate a

limitation and lower sensitivity of data from the longer recall period.

4.4.2. Composition of animal source foods consumed by households.
In addressing the second research question, responses of the seven-day recall interviews were
analysed to understand the relative consumption of the range of ASF types. The consumption
of non-fish products was relatively low, dominated by poultry (obtained from both local free-
range and store) and with very few households recalling the consumption of any bush meat,
canned meat, or other meat. The seven-day recall revealed processed fish products
(predominantly canned tuna) were consumed by 82% of households, relative to only 49% who
consumed marine finfish (consisted of 47% pelagic and 53% reef-associated species) (Figure
9). Processed fish products were consumed by 20% more households than those that
consumed any other type of fresh fish (i.e., combining households that had consumed fresh

marine fish, freshwater fish, other seafoods and/or tilapia).
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Figure 9: (E) Frequency (in percentage) of households recalling the consumption of the various ASFs in the last seven- days. (F) Doughnut chart depicting the
percentage of reef fish and pelagic fish comprising marine fish consumed by households. (G) Doughnut chart depicting the composition (in percentage) of the
canned mackerel, canned sardine, and canned tuna that make up processed fish products. The red bars show non-fish ASFs. ‘Other seafoods’ comprise other
marine invertebrates, while ‘other meats’ included canned or processed meats, excluding fish.
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Data from the previous seven days also revealed that for 21% of the households, processed
fish products were the only ASF that had been consumed. For another 7% of the households,
fresh fish (which include marine fish, freshwater species, tilapia and other seafoods) was the

only ASF consumed. Only 7% of households had not consumed any ASF at all in this period.

Each household (n=68) indicated that in the last seven-days® they consumed around 3.9 +
0.88kg of fish (fish here refers to all the fish types combined, including processed fish
products). On average, each household comprised five household members; thus, this equates
to about 0.97 + 0.19 kg of fish eaten by each person during the seven-day period. A median
score was used to compare fish consumption across household types because there were some
extreme outliers overly influential on the mean. In tilapia farming households, 0.45kg (range
of 0 to 2.39kg) of fish were consumed per person in the seven-day period, somewhat similar
to the 0.40kg (range 0 to 8.95kg) of fish consumed per person in non-tilapia farming
households in the same period. The Mann-Whitney U-test revealed no significant difference
between the median weights of fish consumed per person in the last seven-days among
household types, at a 95% confidence level. Furthermore, of the weight of fish each household
consumed in the seven-day period, marine fish accounted for approximately 71.4%, processed

fish products 25.9%, freshwater species 2.6%, and tilapia only 0.1% (Figure 8C).

4.4.3. Fish consumption patterns with proximity to coasts and markets.
To understand the variation of fish consumption based on geographic determinants (i.e.,
distance to most frequently accessed market and distance to the coast), correlation analysis
was conducted on per capita fish consumption in the last seven-day period with the distances
calculated between the GPS coordinates (for distance to market and coast). Analysis of this
illustrated a significant but negative relationship (p=0.05, »=-0.243) between per capita fish
consumption and households’ distance to the coast and no significant relationship between
per capita fish consumption and distance to market. When separated by household types
(tilapia farming and non-tilapia farming households), the correlation analysis revealed no

significant relationship between per capita fish consumption and distance to coast or market.

8 Our calculation was based on per capita fish consumption in the seven-day period, and not per year. We did
not extrapolate to fish consumption per year, because we cannot assume the per capita fish consumption in
the seven-day period is indicative of every week in a year.
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4.5. Discussion
A range of strategies are proposed by governments, development agencies and non-
government organisations and are being implemented to ensure the trends of increasing
malnutrition amongst people living in the Pacific Islands region are reversed. Maintaining
locally sourced, fresh produce is key amongst these strategies (Hughes & Lawrence, 2005).
Amidst these food-based strategies, there is recognition that consumption of fresh fish will
remain critical in preventing or overcoming micronutrient deficiencies, particularly where
household diets are rich in starchy products. This is particularly important for women of
reproductive age, pregnant or breastfeeding and their infants (Albert et al., 2020). In the
subsequent sections, I discuss the empirical findings on the role and limitations of small-scale

tilapia aquaculture in providing a supplementary supply of fish for households.

4.5.1. Composition and dietary diversity of households
Dietary diversity is a widely recognised indicator of diet quality and a standard predictor of
adequate intake of essential nutrients (Ruel, 2003). Data presented in this chapter revealed
that most (59%) households consumed, on average, five or fewer of the 12 food groups,
irrespective of whether they were farming tilapia or not. Adequate household dietary diversity
is considered to be attained when at least 10 of the 12 food groups are consumed (Mekonnen
et al., 2020). In the current study, all of the households surveyed had inadequate diversity in
the foods that they consume for a healthy and productive life. This finding is supported by
other research conducted in Malaita Province (Albert et al., 2020; Horsey et al., 2019;
Vogliano et al., 2021) and in Fiji (Eme et al., 2019), Kiribati (Goris et al., 2016; O’Meara et
al., 2019) and Tonga (Veatupu et al., 2019). While there are limitations to what can be
understood from household-level dietary diversity, intra-household distribution of food can
also have important effects on household diets, however, this was beyond the scope of this
study. Few studies conducted in Malaita Province have examined intra-household dietary
diversity, especially among specific household groups (e.g., women, children, and adult
household members) (Albert et al., 2020; Horsey et al., 2019). For instance, Horsey et al.
(2019) found the average dietary diversity score for 133 individuals (aged between 17 and 72
years of age) was 7.27 (with a range of between 2 to 12 food groups consumed) — this was in
Auki township, the headquarters of Malaita province. Among rural children and women,
Albert et al. (2020) also found a much lower dietary diversity, with an average of 2.9

consumed with a range of between 2 to 3 for a total of 10 food groups.
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There are a number of strategies that are needed to improve diets and nutrition outcomes for
people experiencing low dietary diversity in developing countries. Two leading strategies are
to: (1) diversify local farming practices into alternate or improved and suitable varieties of
crops (Andersen et al., 2013; Ecker, 2018; Jones et al., 2014a); and (2) increase public
awareness of what constitutes a healthy diet (Albert et al., 2020; Horsey et al., 2019).
Diversifying into alternate foods (especially fish or fish-based products) can introduce food
groups that households or individuals might be missing and can play a vital role in addressing
food security concerns such as stunting in children under five years old — a trend that is
common in Solomon Islands (Albert et al., 2020). Yet there are existing local norms, cultural
practices and preferences that may run counter to the proposed strategy (diversify into
alternate crops) that needs to be recognised and addressed before it can be impactful. For
instance, in the Pacific Islands region, local and traditional perspectives on the association
between processed food consumption and increased social status imply that consumption of
leafy greens is associated with low socio-economic status (Lyons et al., 2014). This implies
some locally available leafy greens which are rich in essential nutrients are not widely
consumed (ibid). This, therefore, leads to the second strategy whereby raising awareness on
what constitute healthy diets, nutrition, and food preparation can be a useful tool. This has
been trialled, for example, in school programs and is increasingly changing local perceptions
and leading to greater consumption of leafy greens, especially among school children (Lyons
et al., 2020). A similar approach can be applied to the study site in Solomon Islands as a way
forward to addressing the issue of limited household dietary diversity as revealed in this

chapter.

4.5.2. The extent of marine fish processed fish products, freshwater species, and
tilapias’ contribution to animal source food consumption.

In developing countries, national averages suggest fish as the most highly consumed ASF
(Béné¢ et al., 2015). In this study, while households have access to a range of fish types,
processed fish products were the most commonly consumed. Tilapia from aquaculture
contributed negligibly in terms of both frequency and quantity of fish products consumed by
households. While this finding is contrary to studies by Asiedu et al. (2016); Eltholth et al.
(2015); Toledo et al. (2008) and Dey et al. (2000), it is reflective of the fish consumption
pattern in PICTs (Bell et al., 2019; Charlton et al., 2016; Cleasby et al., 2014). Two points are

important to highlight here. First, considering the limited contribution of small-scale tilapia
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aquaculture production to household fish consumption, the role of processed fish products in
addressing fish poor diets should be further explored; this is given its (processed fish products)
popularity among households as an animal protein source. Second, fresh marine fish will
remain an important fish type consumed by rural households who have access to it; thus,
efforts to manage and sustain production from coastal fisheries must be maintained and further

strengthened to preserve this food and nutrition security foundation.

Small-scale tilapia aquaculture is yet to play a significant role in rural household diets. The
finding of this study is consistent with few studies conducted in Africa by Mwanja et al. (2007)
and Brummett et al. (2008) where fish farming contributed minimally to food security and
livelihood. Yet the finding contrasts to studies by Asiedu et al. (2016); Karim and Little
(2018); Karim et al. (2017) and Irwin et al. (2020) who found small-scale fish farming
contributed to improved fish consumption and food security of participating households. The
potential of supplementary fish production sources like small-scale tilapia aquaculture to
deliver positive outcomes may hinge on factors like, but not limited to: (1) location (e.g.,
relative access to the fish source, rural or urban, proximity to a fish market, etc.) (Ahmed et
al., 2017; Beveridge et al., 2013; Speedy, 2003); (2) income level, which can influence
preference for fish type (Genschick et al., 2018; Gordon et al., 2013); and (3) seasonality,
which can affect the price and availability of fish types during certain times of the year (Belton
etal., 2011b; Karim & Little, 2018). For example, Belton et al. (2011b) described that in rural
Bangladesh wild fish captured from inland fisheries is the most consumed fish type among
the rural poor, while farmed fish (e.g., tilapia and Pangasius spp.) were dominantly consumed
in urban centres. In Zambia, poor households primarily consumed small-fish species from
capture fisheries (inland fisheries) because of their small size making them easily affordable
while wealthy households consumed large-sized, fresh fish from aquaculture like tilapia
which are usually sold fresh or frozen, but also because they are imported (Genschick et al.,

2018).

In this study, the influence of location and preference may be key in limiting the contribution
of small-scale tilapia aquaculture toward livelihoods and food security. In comparison to its
small land area of 28,000km?, Solomon Islands has a large marine area relative to its land
mass. This is further reinforced by the fact that >80% of the rural population are coastal
dwellers living within Skm of the coast (Andrew et al., 2019; Foale et al., 2011). Subsequently,

there is a heavy dependence and reliance on marine resources for subsistence and economic
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purposes (Asian Development Bank, 2014; Jupiter et al., 2019). This also means that people’s
preference for food fish is skewed toward marine fish, away from fish from other sources
(e.g., from small-scale tilapia aquaculture) (Bell et al., 2009; Cleasby et al., 2014; Secretariat
of the Pacific Community, 2013). Additionally, though tilapia was introduced in Solomon
Islands in the 1950s (Eldredge & Humphries, 1994), its domestication in aquaculture is
relatively new to most of the local population. Consequently, for tilapia to contribute
significantly to household fish consumption, initiatives promoting its aquaculture
development in rural areas should consider and explore ways to increase its overall
acceptability as a food fish first (Scholtens & Bavinck, 2017). Possible ways to ensure this
can be through value-adding and processing of the harvested product, to facilitate its wider
acceptability. To date, very few ways and methods of cooking and preparing tilapia are
apparent among tilapia farming households, some of which included tilapia deep fried in oil
(coated with flour or not), boiled tilapia (see Figure 6) and tilapia cooked in coconut milk
(personal observation). If additional ways and styles of cooking and preparing tilapia are
introduced that fit in well with local preferences and popular local fish dishes, then it may
boost and facilitate wider local acceptance of tilapia as fish food among local consumers. A
study conducted in Samoa on value-adding of tilapia products revealed consumers highly
preferred tilapia fish paste, compared to salt-cold smoked or cure-cold smoked forms (Lako
et al., 2018). This study reaffirms that value-adding of tilapia can boost its acceptability
especially among Pacific Islanders who are well-versed with marine fish, thereby ensure

tilapia from aquaculture meaningfully contribute to household food security.

The current limited contribution of tilapia to household fish consumption in Malaita Province
and the high consumption of processed fish products implies it can potentially contribute to
food security by providing another complementary yet convenient, healthy, and shelf-stable
source of food fish (Bell et al., 2019). Studies by Bell et al. (2019); Cleasby et al. (2014) and
Jones et al. (2014b) also support this finding by validating the popularity of processed fish
products (mostly canned tuna) among households in Solomon Islands. Among ten rural
communities in central Malaita Province (some of whom also host the tilapia farming
households involved in this current research), Jones et al. (2014b) found that the popularity
of canned fish consumption as an ASF was because of its cost-effectiveness, accessibility,
and long shelf life. Bell et al. (2019) have shown that Solomon Islands has the second highest
annual per capita consumption of canned fish at an average of 5.9 + 0.6kg after Fiji. In

Solomon Islands, considering the present evidence where tilapia is not significantly
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contributing to household fish food, processed fish products can contribute to filling the gap
between coastal fisheries production and the current demands for fish. However, the role of
processed fish products in contributing to household nutrition needs to be explored in future
discussions. This can help in promoting its wider consumption in the community as a

complementary, healthy ASF.

Fresh marine fish will remain an important fish type consumed by rural households;
subsequently, efforts to manage and sustain production from coastal fisheries must be
maintained and strengthened. The high portion of marine fish (71%), relative to combined
fish weights (kg) that households surveyed consumed, details the dominance and importance
of marine fish in local diets. Studies by Albert et al., (2020), Cleasby et al., (2014), and Horsey
et al., (2019) supported this finding in Solomon Islands, while studies by Bell et al. (2009)
and Charlton et al. (2016) also acknowledged similar fish consumption patterns across the
broader Pacific Islands. Other fish production sources will likely only play complementary
fish production roles to coastal fisheries for now in Solomon Islands (Albert et al., 2014; Jones

et al., 2014b; Rabbitt et al., 2019; Weeratunge et al., 2011).

4.5.3. Per capita fish consumption varies with distance to coast, but not distance to
market.

Fish consumption in developing countries is influenced by a number of factors, one of which
is the proximity to fish production sources (Beveridge et al., 2013; Speedy, 2003). In this
study, households that were closer to the coast were observed to have a higher level of access
to fish consumption than those further inland. There was however no relationship between
fish consumption and distance to markets. Analysis conducted in this study revealed a
negative but significant correlation coefficient score (p=0.05, r=-243) between per capita fish
consumption and distance of households to the coast. This implies that as the distance of
households to the coast increases (i.e., advances inland), household per capita fish
consumption decreases. This was irrespective of whether households were practising small-
scale tilapia aquaculture or not. In Solomon Islands, lower access to fish experienced by
inland populations means this portion of the population is more vulnerable to potential

micronutrient deficiencies, especially those provided by fish (Bell et al., 2009).

Two strategies that can increase the availability of fish to these inland communities include
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undertaking small-scale tilapia aquaculture and increasing supplies of non-perishable canned
fish products (Bell et al., 2009; Bell et al., 2019). For instance, in PNG where a significant
portion of its nine million’ inhabitants reside inland, access to fish protein is limited. This
has contributed to increased rates of malnutrition among the inland population, especially
among vulnerable groups like children (<5-year-old) and pregnant women (Landi et al.,
2016). Consequently, as early as in the 1990s, the PNG government initiated measures to
address the widespread nutrition insecurity; through freshwater fish stock enhancement
exercises (e.g., the Sepik River Fish Stock Enhancement Project, and the FISHAID project)
(Coates, 1997), and the promotion of small-scale aquaculture (Smith, 2013). The latter,
among other reasons, was intended to address improved nutrition of inland households
through increased availability of fish thus tackle the increasing cases of malnutrition (Smith,
2013).

Furthermore, as Bell et al. (2019) has suggested, increased supplies of processed fish
products to inland households can be another potential way to increase their consumption of
fish. However, this can only be supported through the availability of essential infrastructures
such as roads connecting interior communities to markets (Allen et al., 2005), at the same
time ensuring an effective delivery network is established to sustain the consistent supplies

of processed fish products overtime (Bell et al., 2009).

Results of this study also show that there is no significant relationship between distance to
markets and household per capita fish consumption. While this finding demonstrates that
access to market may have minimal bearing on household fish consumption, this was contrary
to the findings of studies that looked at various influences of market access (e.g., Brewer et
al., 2012; Brewer et al., 2009; Chaves et al., 2017; Koppmair et al., 2017; Zhong et al., 2018).
For instance, Brewer et al. (2012) found that in Solomon Islands, fishing pressure on coral
reefs was a function of access to markets which led to negative effects on the diversity of coral
reef species. In their earlier study, Brewer et al. (2009) also highlighted that proximity to
market also heavily influence biomass of specific reef fish fishery (e.g., Scaridae). In Malawi,
Koppmair et al. (2017) found that the shorter the distance to the market (which was measured
by time), the higher the household dietary diversity. These aforementioned studies, and the

° According to the https://devpolicy.org/what-is-the-population-of-papua-new-guinea-20210202-1/ the exact
population size of PNG is not known because of no recent national census since 2011, but is estimated to be
between 8 to 9 million. However, the authors of the blog estimated based on their calculations that the actual
population might be around 9.5 million.
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present research, puts into perspective that the impact of access to markets may be highly
variable and dependent on the goods or commodity of interest and context under consideration
(Baltenweck & Staal, 2007). For instance, in some rural villages in Malaita, fresh fish may
only be available in the village or roadside markets occasionally. Moreover, once fish is
available, they are prone to spoilage if left exposed for too long on the market stalls — due to
lack of proper storage facilities (Jones et al., 2014). This limits the functionality of markets
in-terms of fish supply, therefore restricting the possible influence of proximity to markets on
household fish consumption. Furthermore, fish types, like processed fish products, are not
necessarily sold at markets, but rather by small roadside canteens or stores (ibid). Hence,
accessibility of these roadside canteens by remote and inland households should be an area
for future research, to explore their influence on household fish consumption, especially

processed fish products.

4.6. Conclusion
Despite the investment in, and sustained uptake of small-scale tilapia aquaculture in many
PICTs, there is currently limited empirical evidence of the contribution toward food and
nutrition security and rural livelihoods. This study has found that if households have good
access to coastal fisheries, the interest in tilapia consumption will likely be negligible. Most
households rely on and prefer processed fish products as a complementary source of fish. In
any food-based strategy to address the malnutrition trends across the Pacific Islands region,
intra-household distribution (food allocation among household members), differential
nutritional needs and vulnerabilities amongst populations, local food cultures and preferences
will be critical in avoiding the problematic assumption that simply increasing fish production

will support food security.
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CHAPTER 4 SUMMARY: Contribution of tilapia relative to other animal-sourced
foods, in household diets

Governments, non-government agencies, and researchers in the Pacific Island countries are
seeking options to help address the rise of malnutrition. Small-scale tilapia aquaculture is one
option being explored to help address micronutrient deficiencies (one form of malnutrition)
experienced by some people in the Pacific. While the idea of small-scale tilapia aquaculture
appears to be popular and increasingly supported by local governments, there is insufficient
evidence to determine if such investments will lead to increased consumption of farmed fish
and substantive improvements in diet quality of rural households. To address this gap, I
conducted 24-hour, seven-day, and seasonal food consumption recall interviews with 68
households (36 tilapia farming and 32 non-tilapia farming) in rural Solomon Islands.
Household dietary diversity scores indicated both tilapia farming and non-tilapia farming
households consumed an average of 5 + 0.2 food groups per day, which is well below the
recommended 12 food groups for optimal household diet. Vegetables, cereals, roots and
tubers, and fish and seafood were the 4 food groups consumed by most households. Of the
animal source foods, 82% of households consumed processed fish products, and 49%
consumed fresh marine fish. From recall across a seven-day period, I estimated per capita fish
consumption was 0.97 £ 0.19kg, where marine fish accounted for 71.4%, processed fish
products 25.9%, freshwater species 2.6%, and tilapia only 0.1% of all fish consumed by
weight. I found that fish consumption and distance to the coast were significantly, negatively
related (p=0.05; = -0.243); i.e., households further inland consumed relatively less fish. This
pattern held irrespective of whether households undertook small-scale tilapia aquaculture or
not. The present findings suggest that, despite investment and uptake of small-scale tilapia
aquaculture, rural, remote, and inland populations still consume marine fish and processed
fish products in preference to tilapia which contributes negligibly to food security. This
chapter found that a more nuanced approach than just increasing fish production through
small-scale fish farming is needed to address food and nutrition security concerns and
preferences of rural populations.

A version of this chapter is currently prepared for publication in the Aquaculture Research
Journal
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5. Chapter 5: Roles, barriers & opportunities of small-scale
tilapia agquaculture in Solomon Islands = perspectives from
formal institutional actors

5.1. Preface
Factors dictating the contribution and value of SSA to livelihoods and food security are not
only socio-cultural or economic but also include the role of institutions (as outlined in Chapter
1). Institutions are important as they can provide the enabling environment through targeted
policies, legislation and strategies that can support the growth and expansion of the SSA
sector. A lack of support from institutions can therefore have adverse effects on the growth
of SSA and its contribution to livelihoods and food security. In my previous experience
working with tilapia farmers in Malaita Province, I observed that support from institutions
was paramount in supporting small-scale tilapia aquaculture. This observation was not only
during the lifespan of the project (where it was supported by external institutions) but also
after project support has lapsed - where farmers eventually discontinued farming tilapia after
some time, raising the issue of long-term sustainability of the activity among farmers (see
Harohau et al., 2016). Exploring the roles of institutions in supporting small-scale tilapia
aquaculture is important to identify the challenges and opportunities for the success of the

livelihood activity.

5.2. Introduction
With the Pacific Islands population expected to increase by 50% by 2030, an additional
115,000 tons of fish will be required to maintain the current fish consumption levels of Pacific
Islanders (Bell et al., 2009; Secretariat of the Pacific Community, 2008). Tropical coastal
fisheries are limited in their productivity due to limited management, unsustainable fishing,
agricultural and coastal development, and the effects of climate change (Lam et al., 2020). As
such, diverse fish production sources are necessary to supplement coastal fisheries production

for local food security (Bell et al., 2015a; Bell et al., 2009).

Small-scale tilapia aquaculture is one potential fish production source that is currently being
practiced in the Pacific Islands region to supplement fish for household consumption (Bell et
al., 2013; Pickering, 2010; Ponia, 2010). This is because of its low technical and maintenance
requirements which are suitable for rural farmers with limited access to resources like finance,

labour, etc. (Edwards, 2013). In Asian and African countries, where small-scale tilapia
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aquaculture has been practiced for some time, it has been shown to contribute significantly to
the livelihoods and food security of poor fish farmers (Ahmed & Toufique, 2015; Asian
Development Bank, 2005; Castine et al., 2017; Pant et al., 2014).

While emerging literature advocates for the need to understand the socio-cultural and
economic context of SSA (Krause et al., 2020; Morgan et al., 2016; Slater et al., 2013), it is
equally imperative to understand the perspectives and experiences of formal institutions
supporting the sector. Institutional perspectives are crucial in contexts where SSA is not a
traditionally embedded activity but introduced via external agencies (Morse & McNamara,
2013). In PICTs, increased and sustained engagement of institutions with rural fish farmers is
essential to minimise adoption barriers of SSA and to ensure long-term sustainability (Amos
et al., 2014).

In this chapter, institutions are organisations or agencies which under appropriate laws and
regulations, have the legal mandate to perform specific functions and roles (Hodgson, 2006;
Hodgson, 2007). These institutions may include, the appropriate government departments or
divisions, non-government organisations, development agencies and research institutions.
Furthermore, though the roles, functions and responsibilities of these institutions may be
wide-ranging, they may include designing and formalising policies pertinent to aquaculture
development; providing micro-finance for fish farmers; or the provision of extension services
and technical support (Ahmed, 2009; Ahmed et al., 2008a). At the much higher level, the
aquaculture governance structure postulated by Hishamunda et al. (2014) asserts that
institutions lay the foundation for specific strategies (e.g., foreign investment, research and
risk analysis), which in turn lays the foundation for instruments (i.e., demand and supply), and
communications (i.e., the social license) for aquaculture SSA development. In Solomon

Islands, important institutions concerned with SSA development included:

1) Government agencies (e.g., Ministry of Fisheries and Marine Resources'?, Ministry
of Agriculture and Livestock, Ministry of Lands, Ministry of Environment,

Conservations and Meteorology).

2) Non-government agencies (e.g., WorldFish and the Worldwide Fund for Nature); and

19 The Ministry of Fisheries and Marine Resources (MFMR) is the lead government organisation with statutory
mandate to manage and regulate fisheries and aquaculture development in Solomon Islands (Solomon Islands
Ministry of Fisheries and Marine Resources, 2019).
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3) Regional organisations (e.g., Foundation for the Peoples of the South Pacific and the
Pacific Community (SPC)). The only locally formed institution identified was the
Solomon Islands Locally Managed Marine Areas (SILMMA).

4) Tertiary institutions (e.g., Solomon Islands National University and rural training

centres).

In countries like Bangladesh, institutional support through donor-funded initiatives is
responsible for an increase in SSA production (Pant et al., 2014). Ndah et al. (2011) also
highlighted that increased uptake of fish farming in rural Cameron was facilitated through
support from institutions. Conversely, a lack of appropriate institutional support may hinder
the achievement of desirable outcomes from SSA. For example, in Philippines, the
government’s action plan for aquaculture development was only a wish-list, as there was no
capacity for implementation, and there was no political will to support the sector (Fernandez,
2013). Brummett et al. (2008) also alluded for Africa in general, that ineffective institutions
and donor-funded projects with huge investments to develop SSA in the region had not
resulted in tangible impacts on rural fish farmers’ livelihoods or food security. These literature
on institutions and fish farming in Asia and Africa have identified that support from
institutions to SSA development is paramount and can be via research, extension services,
basic and adaptive research for the development of low-cost technologies for farmers,

training, and financial support through funded projects (Ahmed & Toufique, 2015).

Across the Pacific Islands region, there is evidence of growing support from institutions
through the creation of specific policies and strategies targeting small-scale tilapia aquaculture
development (Amos et al., 2014). However, few studies have explored the implementation
experiences of these institutions including the challenges encountered. Subsequently,
understanding the implementation challenges experienced by institutions is important as
successes of SSA in one country (e.g., positive impact on food security) may not be easily
replicated in another country, due to unique situational factors enabling or constraining these

successes at the organisational level.

In this chapter, the perspectives of three institutions are explored. In Solomon Islands, most
SSA initiatives (as is true for the rest of the Pacific Islands region) are initiated by external

institutions. This drive by external institutions calls into question the long-term sustainability
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of SSA initiatives as they are mostly dependent on support from these institutions. In this
chapter, the basis by which appropriate steps can be taken in the policy domain to support the
development of SSA in the form of small-scale tilapia aquaculture is detailed. To support this,

the following five research questions are proffered:

1) What roles are relevant institutions currently playing to support development of the
small-scale tilapia aquaculture?

2) What are the key institutional milestones achieved to date with tilapia aquaculture?

3) What important lessons have institutions learned from their experience supporting

small-scale tilapia aquaculture to date?

4) What are the barriers hindering the development of small-scale tilapia aquaculture to
date, as perceived by institutions involved?
5) What are the opportunities for further driving the uptake of small-scale tilapia

aquaculture?

5.3. Methods
5.3.1. A brief overview of institutional support for small-scale tilapia aquaculture in
Solomon Islands

Though the history of SSA in Solomon Islands can be traced back to the 1950s, recognition
of the sector at the policy level has only occurred recently (Solomon Islands Ministry of
Fisheries and Marine Resources, 2019). Official MFMR records show that SSA started in the
1960s when gold-lip pearl oyster aquaculture was first trialled in Wagina, Choiseul Province.
During the 1980s and 1990s, other commodities such as the giant river prawn
(Macrobrachium rosenbergii), seaweed, and marine shrimp were established. However, it
was not until the 2000s when an aquaculture unit was established within the Ministry of
Fisheries and Marine Resources (MFMR) that considerable efforts and resources were
allocated to developing SSA in Solomon Islands. This eventually led to the formulation of the
first Aquaculture Development Plan for the period 2009-2014 (Ministry of Fisheries and
Marine Resources, 2009). The establishment of this policy provided the government with a
clearer and more defined path in achieving its aspirations of developing a robust aquaculture
sector that could contribute to national revenue and improve food security. Moreover, the
development of the aquaculture policy also provided the basis by which the government

through its responsible institutions such as MFMR was able to establish partnerships and
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collaborations with other relevant institutions to co-develop the aquaculture sector in Solomon

Islands.

The Aquaculture Development Plan 2009-2014 was the first formal document to highlight the
potential commodities for aquaculture in Solomon Islands (Ministry of Fisheries and Marine
Resources, 2009, 2018). In this plan, tilapia was ranked within the top four commodities for
SSA development based on its feasibility and potential impact on livelihoods and food (ibid).
This forced the government to come up with a more detailed plan highlighting the specific
actions, targets, and measurable indicators that explicitly focused on small-scale tilapia
aquaculture. In 2009, MFMR with support from other partners (e.g., which include other
government ministries, regional and international organisations, community reps and
community-based organisations) formulated the Solomon Islands Tilapia Action Plan 2010-
2015 (Ministry of Fisheries and Marine Resources, 2010). This plan instigated a series of
activities focusing on small-scale tilapia aquaculture development for livelihood and food
security. One of the first was a partnership project undertaken by WorldFish, MFMR and SPC
from 2011-2015. This externally funded project was implemented in rural communities in
Western, Guadalcanal, and Malaita Provinces (Sulu et al., 2015a). Lessons from this project
contributed immensely to informing the recently formulated Aquaculture Management and
Development Plan 2018-2023 (Ministry of Fisheries and Marine Resources, 2018). Under this

plan, tilapia remained a high priority aquaculture commodity.

5.3.2. Research approach
In this chapter, a non-probability sampling strategy was used based on a purposive sampling
technique (Ritchie et al., 2013). This technique involved identifying relevant institutions
based on a single criterion. This criterion was that institutions must have had some form of

engagement with small-scale tilapia aquaculture — either in the past or currently.

A total of five institutions were initially identified as meeting the criteria stated above. These
included the Ministry of Agriculture and Livestock, MFMR, Adventist Development Relief
Agency (ADRA!"), World Vision, and WorldFish. However, only three institutions, MFMR,

' ADRA’s involvement with small-scale tilapia aquaculture was through their Youth Engagement and Livelihood
Project in East Guadalcanal (also in Malaita Province) which was funded by the Australian Government. The
project used a “strength-based” approach where communities themselves identify their livelihood needs (e.g.,
copra, melon farming, marketing, etc.) and inform the project for support. Hence, in inland North-East
Guadalcanal (at Gesa community) where data shared here by ADRA was based, the community identified
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WorldFish and ADRA positively responded to my request for an interview. Responses from
these three organisations provided the data analysed for this chapter. I categorised these
institutions as governmental, non-government organisation, and faith-based organisation
respectively. One representative from the non-government organisation and one
representative from the faith-based organisation were selected. For the government institution,
three staff within the Aquaculture Division were identified for interviews. Altogether, a total
of five people across the three institutions were interviewed. All these people held roles and
responsibilities that were pertinent to small-scale tilapia aquaculture development within their

respective institutions.

5.3.3. Data collection
Written consent was obtained before all interviews were conducted. Face-to-face semi-
structured interviews with the selected staff were used. Interviews were held at a particular
person’s place of work and conducted at an agreed time. On average, interviews took one and
a half hours. All interviews were digitally recorded with participants’ consent. Interview
questions focused on the institution’s role in small-scale tilapia aquaculture development.
Questions included:
1) What important achievements has your particular institution attained with regards to
the development of small-scale tilapia aquaculture to date?
2) What important lessons were learned about how best to support small-scale tilapia
aquaculture development?
3) What are the imminent constraints to developing small-scale tilapia aquaculture
further?
4) How were these constraints addressed by the institution?
5) What are the opportunities for developing small-scale tilapia aquaculture further? and
6) What is the institution’s future plan for small-scale tilapia aquaculture development

in Solomon Islands?

5.3.4. Data analysis

Data were transcribed and qualitatively analysed using an inductive approach (Creswell &

management of tilapia within a small lake in the community as one priority livelihood option; this was to ensure
the community continuously supplemented their household diet with fish protein from tilapia — given their
growing demand for fish and their limited access to marine fish. According to the ADRA staff interviewed, some
villagers also constructed their own ponds on the side where they introduce and farm tilapia.
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Poth, 2016). Specifically, recorded interviews were transcribed according to the five research
questions. After transcribing, coding of the contents was conducted into re-occurring and
emergent themes. Repetitive reading of the content was done to further validate the coding

and themes. The resultant themes formed the basis of the following qualitative description.

5.4. Results

5.4.1. Current roles of organisations in tilapia aquaculture development in Solomon
Islands

In analysing the current roles played by the institutions toward small-scale tilapia aquaculture
development in Solomon Islands, two primary roles emerged including: (1) the provision of
technical support and assistance to farmers; and (2) developing collaborations and

partnerships between institutions.

Technical support and assistance were a common role played across all the institutions
interviewed. Technical support included the production of locally appropriate information
materials in the form of brochures, posters, and simple tilapia farming manual (see Figure 10)
and distributing them to local communities and people interested in small-scale tilapia
farming. Technical support also included extension work in physically assisting interested
tilapia farmers with technical aspects like pond design, pond construction, and making
appropriate feeds. Trainings and workshops were also part of this extension process. For
ADRA, technical support was mostly directed at assisting a community in East Guadalcanal
(Geza community) develop a management plan to manage harvesting tilapia from a small lake

in the community, which provides a valuable source of fish protein to household diets.
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Tilapia farming in Solomon Islands ...
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fish to sell, ” ” ta profit. Visit

Tilapia facts
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1 breed and eats a variety of foods,including
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i R Backyard tilapia farming:
EE Manual for simple Mozambique
tilapia ponds in Solomon Islands

fong when managed properly.

Figure 10: Examples of locally available information materials on small-scale tilapia aquaculture that
were collaboratively produced with project farmers, and widely distributed to aspiring tilapia farmers
and communities in Malaita Province, but also other provinces (e.g., Western Province). (A) Poster on
basic management activities of the typical small-scale tilapia aquaculture ponds, (B) A locally
formulated tilapia farming manual for ponds construction and management of tilapia ponds.

In describing their role of providing technical assistance to tilapia farmers, the WorldFish staff
pointed out:

We assisted farmers to modify their pond designs factoring in impacts of climate change
where continuous rainfalls can flood ponds or cause dykes to collapse. Some farmers

attempted planting grass around their ponds.

A staff member from MFMR also reiterated the following in a similar statement:
Our on-going activities are to provide rural farmers basic training on tilapia farming. For
instance, how to construct proper tilapia ponds, and for new farmers, introduce them to the

concept of tilapia farming.

Institutions also played an important role in supporting collaboration and partnerships. This
was evidenced by the different institutions playing essential support roles to each other,
particularly in situations where concerns pertaining to small-scale tilapia aquaculture was
beyond a particular institution’s technical expertise and capabilities. For instance, in a
farmers’ workshop facilitated by WorldFish, tilapia farmers raised the need for a better-

performing fish species to farm rather than the Mozambique tilapia. This concern was brought

83



to the attention of MFMR for consideration and to provide feedback to the farmers’ inquiries.
Another example of such collaboration was exemplified when individual members of the
community where ADRA was working wanted more technical advice on pond design and
construction. Because this was not within the technical reach or expertise of ADRA, both

WorldFish and MFMR were consulted for their technical input and direction.

The following was described by a MFMR officer:
We teach the tilapia farmers on best available feed for their tilapia, and we are relying on the

technical expertise of WorldFish and SPC.

The ADRA person commented:
Our community project officer also links community members or farmers to important
organisations like WorldFish and MFMR. This is so community farmers can seek more

information on tilapia farming.

However, it was apparent that MFMR was playing the leading role in supporting small-scale
tilapia aquaculture development compared to both WorldFish and ADRA. MFMR has the

core mandate to lead SSA development in Solomon Islands including:

1) Supporting rural tilapia farmers through both physical (e.g., tools and materials) and

financial incentives (e.g., small grants, or in-kind).
2) Building technical capacity (e.g., skills and knowledge) of extension officers; and

3) Developing policies, strategies, and action plans for small-scale tilapia aquaculture

development.

At the time of the interviews, financial assistance for the farmers was uncommon, according
to both the officers interviewed and the tilapia farmers. The need for capacity building of
both MFMR staff and tilapia farmers was also highlighted by interviewees. Currently, MFMR
is understaffed, therefore, limiting the implementation of important milestones and activities.
Subsequently, MFMR is currently making efforts to build up its human and technical capacity
(e.g., recruiting new graduates and equipping them with relevant skills through training).
Along these lines, MFMR has also been assisting interested tilapia farmers to build up their

knowledge and skills for fish farming through on-site training and farm demonstrations.
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Lastly, among the important roles played by MFMR has been the development of appropriate
policies, strategies and action plans pertinent to SSA development in Solomon Islands with
support from relevant stakeholders as well as SPC. Important plans mentioned by the MFMR
staff included the Solomon Islands Aquaculture Development Plan 2009-2014, and the
Solomon Islands Tilapia Action Plan 2010-2015 (the Solomon Islands National Aquaculture
Management and Development Plan 2018-2023 was still being developed during my
interviews). These plans, including the Fisheries Management Act 2015 (Anon, 2015) were

seen as essential in guiding the SSA development in Solomon Islands.

5.4.2. Key milestones of small-scale tilapia aquaculture development
Representatives of the three institutions interviewed highlighted key milestones that described

the development of the small-scale tilapia aquaculture to date.

According to the interviewees, at the farmer level, the technical knowledge on small-scale
tilapia aquaculture has increased and there is now broader awareness of small-scale
aquaculture in rural communities. In reiterating this latter point, a MFMR officer stressed:

When I started work in 2008, tilapia as a commodity for aquaculture was not really
recognised by rural farmers. This is different now and has been due to the increased

awareness and trainings conducted with rural farmers.

At the institutional level, the approach now used to facilitate small-scale tilapia aquaculture
development is a milestone in itself. In the past, the desire to farm tilapia was mainly driven
from the top-down (e.g., imposed on communities by government or development agencies),
whereas now the desire to farm tilapia is increasingly driven by farmers themselves. This
involved interested farmers realising the need and potential for tilapia aquaculture and
approaching relevant institutions to assist and support them. Diffusion has spread from the
specific project sites with other people and groups taking up tilapia farming on their own,
without assistance from extension services. Donor funded projects (e.g., ACIAR

FIS/2009/061 & FIS 2010/057 projects'?) were also important milestones that lent support to

12 FI1S/2009/061 and FIS/2010/057 were successive ACIAR funded projects implemented by WorldFish in
partnership with the Government’s Ministry of Fisheries and Marine Resources and The Pacific Community.
FIS/2009/061 was initially implemented with the aim of assisting the Solomon Islands’ Government better
understand the need and future for aquaculture, while the subsequent FIS/2010/057 project was aimed at
identifying the best mechanism for small-scale tilapia aquaculture that was applicable for Solomon Islands that
could contribute to food and nutrition security (Sulu et al., 2015a).
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the commitment of institutions in driving the development of small-scale tilapia aquaculture.
These projects helped to introduce the idea and possibility of tilapia farming among local
people in Malaita Province and also facilitated research that assisted and enabled a better
understanding of other aspects of small-scale tilapia aquaculture (e.g., comparing the
economics of tilapia aquaculture and other aquaculture commodities like milkfish). Outputs
from the projects (e.g., reports, technical studies and peer-reviewed papers) also furthered the
understanding of important aspects of tilapia aquaculture (e.g., nutrition, technical feasibility,

etc.).

Specific to MFMR, the formation of an Aquaculture Division, followed by the formulation of
the various aquaculture policies, strategies, and action plans were important milestones for
developing small-scale tilapia aquaculture further. MFMR has also highlighted that more
recently, there had been an increase in the provision of physical (not financial) support to rural

farmers (e.g., provision of tools and pond materials), something that was seldom done before.

For ADRA, one milestone achieved from their work on small-scale tilapia aquaculture in the
community was related to the social aspect of the community; that is being able to coordinate
and organise the community to agree on and implement a common management plan for their
shared tilapia resource, as well as respecting bylaws set by the communities. This was

important in determining the success of livelihood projects on the ground.

5.4.3. Important lessons learned by organisations regarding small-scale tilapia
aquaculture development.
Across all the institutions interviewed, five important lessons emerged:

1) Working with highly interested individual farmers to develop small-scale tilapia
aquaculture has proven more effective than working with entire communities.

2) Understanding the diversity of interest in small-scale tilapia aquaculture across
geographies (e.g., inland versus coastal) is critical for ensuring uptake.

3) Consistent communication between technical staff and tilapia farmers is critical for
success.

4) Long-term financial commitment from institutions to support rural farmers is
required for successful small-scale tilapia aquaculture development, but only where

there is an actual need for tilapia aquaculture.
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5) Technical capacity building for staff of implementing institutions is also required for

successful small-scale tilapia aquaculture development in Solomon Islands.

First, when describing the importance of working with individual farmers instead of the entire

community on small-scale tilapia aquaculture, MFMR officers highlighted:

At the moment, we are working with individual farmers, as opposed to working with
communities. This is more practical and effective, especially when directing assistance to

tilapia farmers.

In addition to this point, collaboration and partnership between relevant institutions were also
found to be important and effective due to the relative newness of the small-scale tilapia
aquaculture development in Solomon Islands. This collaboration between institutions was

successful in driving important milestones.

Second, when reiterating the importance of small-scale tilapia aquaculture across diverse

geographies, a MFMR officer stressed:

Our work has made us now understand the geographical spread of the acceptance of tilapia

to certain places. In some places, it will work, while in others, it will not work.

Similarly, the WorldFish staff noted:

Those inland, and not the coastal are the right people to target. Coastal people have easy

access to the sea, hence, a range of marine fish.

Third, a MFMR officer highlighted that maintaining regular communication with tilapia
farmers was important in the absence of effective extension service. Regular communication
has been facilitated mainly through mobile phones to ensure that tilapia farmers are updated
on issues pertinent to their farming activities. Communication is also to disseminate
information on assistance opportunities from the government or other institutions. This
current arrangement of communication has been praised by tilapia farmers as it has motivated
a number of them to keep going with their small-scale tilapia aquaculture activities.
Facilitating relevant platforms for farmers-experts knowledge sharing and collaboration (e.g.,

targeted trainings and workshops) also reinforced the notion of regular communication and
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has further expanded tilapia farmers’ understanding of small-scale tilapia aquaculture and its
potential benefits. Managing people’s expectations was also another lesson learned. This
involved being explicit with what tilapia farmers may be expecting from the government or
other institutional support and engagement (e.g., through projects or community partnerships).
This not only included communicating the right information to tilapia farmers but also

information that was simple for tilapia farmers to understand.

As articulated by a MFMR officer:

When farmers are well informed, then their expectations are met.

The need for financial commitment was another lesson learned. At the time of interviews,
MFMR’s budget allocation from the national government had only recently been increased.
Therefore, MFMR officers emphasised that the more government financially commits to
small-scale tilapia aquaculture development, the greater the budget allocation will be, and
more progress can be achieved; especially in places where there is a strong need for small-
scale tilapia aquaculture. In addition to this, the MFMR officer contended that having the right
policies and strategies in place also enabled effective implementation and progress of

developing the small-scale tilapia aquaculture sector in Solomon Islands.

Lastly, it was also obvious that the improved technical capacity of staff was key for the
successful implementation of project activities. As a MFMR officer highlighted, a shortage of
technical staff (which is still a persistent issue) was responsible for planned small-scale tilapia

aquaculture activities being implemented slowly, or not implemented at all.

5.4.4. Barriers to the development of the small-scale tilapia aquaculture sector
Common across the three institutions interviewed, two constraints were identified to small-
scale tilapia aquaculture development. These were:

1) The slow growth rate of the Mozambique tilapia and, hence, its limitations for
aquaculture; and

2) Limited market opportunities for tilapia in the local context.

Specific to MFMR, perceived barriers included:
1) A lack of financial commitment to developing the small-scale tilapia aquaculture, due

to the unpopularity of Mozambique tilapia for SSA.
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2) Limitations in institutional set-up and human resource capacity available to
effectively implement the government’s work plan and activities.

3) The limited support geared toward the technical aspects of tilapia aquaculture.

4) Ability to conduct awareness and support through extension services; and

5) An absence of a value-chain analysis for tilapia.

For ADRA, barriers to developing small-scale tilapia aquaculture were dominantly social
aspects. These included the lack of community cooperation limiting the expansion of the
activity and jealousy toward successful tilapia farmers leading to sabotage of pond

infrastructures, which also discouraged further investment in the activity.

The characteristics of the current Mozambique tilapia has discouraged many potential farmers
due to the lack of incentives it provides in compensation for their time and effort in tilapia
farming. In particular, tilapia farming did not provide significant income. Subsequently, many
tilapia farmers tended to abandon their tilapia farms and move into other livelihood activities
that were more income generative. Also, in the absence of a market for tilapia, tilapia farmers
were unable to sell their harvests for income. This eventually discouraged the long term
sustainability of the activity among these tilapia farmers. As contended by the WorldFish

officer:

There is no proper market for tilapia. Initially, tilapia farmers thought they will be able to
sell their tilapia. When they could not, they eventually slowed down or became discouraged

to continue tilapia farming.
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Figure 11: The undesirable attributes of the current Mozambique tilapia include early reproduction,
high fecundity, and stunted growth, resulting in too many small-size fish in the ponds. Photo credit:
WorldFish, 2015.

MFMR staff also highlighted that financial commitment to the sector was vital. It was obvious
that when there was strong financial pledge or support, expansion and progression occurred.
As an accompaniment to this, MFMR staff also noted the limitation in terms of organisational
set-up and human resources due to funding constraints. For instance, organisational set-up
included having in place explicitly defined roles and responsibilities of technical staff within
the Aquaculture Division which was previously and is still understaffed. Despite technical
support and assistance being rendered to rural farmers, there is still a need for low-cost and
appropriate feed, quality fingerlings and markets. With regards to feed to supplement natural
food for tilapia in the ponds, there have been attempts to formulate feeds based on locally
available ingredients, yet farmers have not taken this on board. This has generally limited the
productivity of current farming practices, along with the enthusiasm by farmers to continue
farming tilapia. The absence of essential support to improve and strengthen the current small-
scale tilapia aquaculture value-chain (e.g., storage of harvests for later market, etc.) has also
constricted the potential of the current activity to benefit local livelihoods and support food
security. Lastly, though it was acknowledged that the government and partners have been
providing extension services for farmers in rural areas on tilapia aquaculture, there is still
more to be done. The current promotion of the concept of small-scale tilapia aquaculture has
not been extensive enough, as there might still be rural farmers interested in the activity who

have simply not been made aware of it.
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Disputes over land and water also hindered small-scale tilapia aquaculture advancement.
Another observation made was that all households in the community wanted a share in the
project, or to receive direct assistance from the project. This promoted a barrier for projects
wanting to work in a community through a model or pilot type approach, where only a few
households received full and direct support. It was also observed that many tilapia farmers did
not want to share their knowledge and experience with others in the same village, limiting the

expansion of the activity within the community and beyond.

5.4.5. Identified opportunities to drive small-scale tilapia aquaculture forward.
Across the three institutions interviewed, the most highlighted opportunity they believed that
could drive small-scale tilapia aquaculture forward was the introduction and farming of an
improved and better-performing tilapia species in aquaculture. Nile tilapia was identified as a
potential candidate and efforts are underway by the government to bring the species into
Solomon Islands. As mentioned by the ADRA officer:
There will be a lot of enthusiasm to be involved in tilapia aquaculture if an improved tilapia

species was introduced, as this will expand the sector.

A MFRM officer also reiterated:
Introduction of a more productive tilapia species is important because it will reduce culture

time and increase profits for farmers, providing them incentives to continue farming.

Other opportunities that can be built on to drive the development of small-scale aquaculture

forward included:

1) Rural inland communities that have limited access to marine fish and those farmers

with genuine interest should be targeted and involved in tilapia aquaculture.

2) The growing population of Solomon Islands giving rise to increased demand for food
and fish will eventually see people look to alternative sources like small-scale tilapia

aquaculture to source their fish; and

3) Sharing correct, simple, and context-specific information and awareness materials for

local farmers should remain a priority.

Specifically, for MFMR, highlighted opportunities were:
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1) Continued government support in terms of providing essential start-up materials and
financial assistance for rural farmers must improve, continue, and be more extensive
(i.e., meaning other development agencies should also see this as an important

aspect).

2) The development of a market promotion plan for the current tilapia species will help

local customers familiarise themselves with tilapia; and

3) Existing training and capacity building of tilapia farmers and maintaining extension

services to these tilapia farmers must be ensured and improved, to drive the sector.

MFMR staff further highlighted that the current process of strengthening the human resource
and technical capacity within the Aquaculture Division needs to be supported in order for
MFMR to be fully functional in implementing its work plans relating to small-scale tilapia

aquaculture development.

The WorldFish officer also highlighted that climate change will also present an opportunity
for expansion of tilapia aquaculture across many islands of Solomon Islands. This is because
increased rainfall will be a bonus for inland communities that were previously deprived of

reliable water sources for their tilapia ponds.

Both ADRA and WorldFish also highlighted that there may be a need to diversify the
commodities for inland SSA. Alternate freshwater commodities that were suggested included
prawn and milkfish. These species can be cultured in freshwater but are also locally available.
This availability overcomes the need to import broodstock or fingerlings; though this also
means supply from the wild must be consistent and enough for grow-out demands. As
expressed by the ADRA officer:

There are other rural farmers wanting to venture into other potential commodities (e.g.,
shrimp farming). We reminded them that the technical feasibility of these commodities is not

vet well established in our local context and will take time for it to happen.

Another opportunity mentioned by ADRA was that as people become more conscious about
the need to keep their environment pristine; farming of wild Mozambique tilapia in ponds will
only happen in places where the species has already established itself. In other words, this will

mean that expansion and uptake of tilapia aquaculture will be likely to concentrate around

92



areas where there is already a presence of wild tilapia in natural waterways.

5.5. Discussion
Institutions are important as they play an influential role in shaping the development landscape
of SSA (Brummett et al., 2008; Fernandez, 2013; Kumaran et al., 2012). Yet, in the Pacific
Islands region, the perspectives and roles of various institutions have not been formally
documented. This chapter aimed to address this gap via semi-structured interviews conducted
with technical staff from three institutions engaged in small-scale tilapia aquaculture in Malaita
Province of Solomon Islands. The results showed that, amid the various roles institutions play,
the provision of technical assistance, collaboration and partnership building stood out. Locally,
there has been an increase in technical knowledge and broader awareness of small-scale tilapia
aquaculture in communities. From an institutional perspective, a key milestone achieved was
the development of a more farmer-driven approach (i.e., as opposed to top-down). Institutions
also learned that targeting the “right” people for tilapia farming ensured its uptake and long-
term sustainability, while the geographical spread of small-scale tilapia aquaculture activities
may also influence its success among fish farmers. Two key constraints identified by
institutions were the poor traits of the Mozambique tilapia and limited market opportunities.
Subsequently, the current initiative by the national government to introduce the Nile tilapia

would be a positive step forward.

First, while it can be argued that the popularity of technical assistance and support played by
various institutions to fish farmers may be due to the novelty of a new commodity and activity
(Pouomogne et al., 2010), this may not hold true everywhere. For instance, in Thailand,
Vietnam, Cambodia and Malaysia where farming fish has long been a tradition within local
cultures, support from institutions remain a key aspect of the aquaculture sector’s development.
In these Asian countries support from institutions remained evident through established
hatcheries, seed stock availability, demonstration and training for farmers, and capacity
building of rural farmers (Bueno, 2008). In Solomon Islands, the presence and support from
institutions toward small-scale tilapia aquaculture development will be necessary across all
levels for some time to come. To strengthen this, collaboration and partnerships between
institutions will remain vital. This is to ensure effective “pooling” of resources (e.g., technical
knowledge, finance, etc.) (Baticados et al., 2014; Dornan & Newton Cain, 2014), bridge
knowledge gaps, as well as providing access to critical resources (Guo & Acar, 2005). In

Solomon Islands, this is crucial in instances where certain institutions (e.g., government) may
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lack resources to effectively support tilapia farmers in the rural areas (Blythe et al., 2017).

Second, targeting the right people in rural communities presents another important condition
for the successful implementation of new livelihood activities. As asserted by the institutions
interviewed, the ‘right people’ implies those who are willing to pursue small-scale tilapia
aquaculture as a supplementary livelihood based on their pressing need (e.g., limited access to
fish protein, etc.). A New Zealand funded project on marine ornamental aquarium trade in
Western Province from 2005-2010 addressed this by accepting only people with genuine
interest and have applied for the project; the strategy was successful in that the retention rate
of project activities increased from only 5% in the first year to 95% in the project’s final year
(The WorldFish Center, 2010). Studies by Keppel et al. (2012); Namudu and Pickering (2006)
and Ploeg et al. (2016) also affirmed the importance of this aspect with different development
interventions (e.g., seaweed aquaculture, conservation initiatives, etc.) across the Pacific
Islands region. For instance, Ploeg et al. (2016) has highlighted that the WorldFish’s
Agricultural Aquatic Systems Program, which was implemented on Malaita from 2012 to 2015,
employed two sets of criteria for selecting communities to work with:

1) There must be an expression of interest from communities to participate in the program.

2) There must be active community champions to help facilitate program initiatives.
Understanding the institutional perspectives on possible barriers to the development of small-
scale tilapia aquaculture in Solomon Islands (and the broader Pacific Islands region) is critical
for the sector’s success. This can ensure that policies, strategies, and action plans pertinent to
small-scale tilapia aquaculture are progressively amended to reflect the needs of the sector
going forward. Institutions interviewed in this chapter have identified the current tilapia species
as the top limiting constraint to the expansion of small-scale tilapia aquaculture. However, this
constraint is not only a country-specific issue but rather a region-wide one to SSA development
in the Pacific Islands region in general (Amos et al., 2014; Ponia 2010). In Nigeria, Akpabio
and Inyang (2007) also highlighted that inadequate supply of fish fingerlings and unavailability
of improved species were among the important constraints to aquaculture development. In
Indonesia, the success of freshwater aquaculture production was attributed to, among other
factors, farming of the tilapia species (Oreochromis spp.) in addition to the dominantly farmed
carp (Cyprinus carpio) (Rimmer et al., 2013). In Solomon Islands, sourcing an improved
species of tilapia or a better performing strain needs to be made a priority to overcome this
current bottleneck and to ensure the maximum impact on local livelihoods and food security.

A better performing tilapia species will ensure shorter culture time, more efficient usage of

94



resources (e.g., feeds), increase outputs (e.g., weight and number of fish), which in-turn can
have maximum impact on food security (e.g., directly as a fish source, or sold for income)
(Ministry of Fisheries and Marine Resources, 2009, 2010). The Solomon Islands’ government
has responded to this issue and is currently making necessary preparation (e.g., the
establishment of hatchery) for the introduction of the Nile tilapia (Oreochromis niloticus) to
replace the current Mozambique species, despite taking almost a decade to reach this stage
(Ministry of Fisheries and Marine Resources, 2010, 2018). This is being conducted in

partnership with in-country organisations and regional organisations, such as SPC.

5.6. Limitation and future directions
There were several limitations identified from this chapter that future research can build on.
First, the relatively small number of institutions (three of the five) who participated in
interviews may have given a constricted view on the scope and breadth of support institutions
would have played. Secondly, a more elaborate study that also looks at the role of institutions
and other networks that farmers rely on for undertaking the aquaculture sector would help to
inform strategies at all levels (e.g., regional, national and local). A social network analysis
would be more elaborate and detailed, especially in understanding connections established
between tilapia farmers and where they obtain their support for small-scale tilapia aquaculture
(be it be finance, advice, seeds). Such social network analyses are popularly used in capture
fisheries (see Mueller et al., 2008; Stevens et al., 2015; Turner et al., 2014) and can provide a
clearer picture of other key players in small-scale tilapia aquaculture development. Also, in
the future, such studies on the roles of institutions in aquaculture development should extend

beyond a particular case study context and make empirical comparisons across all PICTs.

5.7. Conclusion
Three key conclusions can be drawn from this chapter. First, institutions play a critical role in
providing technical support and assistance to tilapia farmers. This may be illustrative of tilapia
farmers’ limited capacity to undertake and sustain the innovation, hence, the need for
continuous support from various institutions. Since collaboration and partnership building
between institutions has proved to be working effectively so far and is predicted to continue
into the future — and may involve the strengthening of existing collaborations but also
including new ones (e.g., Solomon Islands National University and Technical and Vocational

Education Institution).
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Second, targeting specific actors (e.g., highly motivated individual farmers) will be essential
for rural interventions promoting SSA. Even though this model is a well-established notion
with rural development initiatives, many institutions still overlook this implementation
strategy for small-scale tilapia aquaculture (O'Garra, 2007). The findings presented in this
chapter re-emphasise the need for and importance of considering this strategy for the small-
scale tilapia aquaculture sector. Some practical ways to support this might be for institutions
to conduct preliminary assessments (e.g., scoping studies, feasibility studies and value-chain
analysis) to identify the right people to participate (i.e., those with genuine need). This can
provide institutions with useful information on potential candidates to work with within
communities.

Taken together, these findings can inform the ongoing development of small-scale tilapia

aquaculture in Solomon Islands and the Pacific Islands region more broadly.
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CHAPTER 5 SUMMARY: Roles, barriers & opportunities of small-scale tilapia
aquaculture in Solomon Islands - perspectives from formal institutional
actors

The limited per capita contribution of coastal fish species to food security in the Pacific Islands
in the future calls for investment into other supplementary fish production sources. Small-
scale tilapia aquaculture has been promoted as a potential fish production source. To date,
little is known of the role of institutions in supporting the small-scale tilapia aquaculture sector
in the Pacific Islands. Through semi-structured interviews with institutions supporting small-
scale tilapia aquaculture development in Solomon Islands, I found the two primary roles
played by the institutions included the provision of technical support to farmers and
collaboration and partnership between institutions. Milestones achieved included increased
technical knowledge and broader awareness of small-scale tilapia aquaculture (among
farmers), and a more farmer-driven development approach (at the institutional level).
Important lessons learned from engagement with farmers included the need to target the
“right” farmers/beneficiaries for small-scale tilapia aquaculture, the understanding that
geographical spread also influences the success of the sector, and the importance of consistent
communication with farmers, the long-term financial commitment by institutions, and
capacity building of technical staff. Two constraints for the sector were the slow growth of
the current tilapia species and its limited market opportunities. This chapter showed the
importance of institutions in supporting the small-scale tilapia aquaculture sector and pointed
to a need for their continuous and sustained involvement in the future. Lastly, an improved
species of tilapia to replace the current Mozambique tilapia will provide an opportunity to
boost the small-scale tilapia aquaculture sector, thus, maximising its contribution to food
security and livelihoods.
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6. Chapter 6: Discussion

6.1. Introduction
Nearly two billion people are currently experiencing food insecurity globally (FAO et al.,
2020). With declining capture fisheries production, aquaculture has been proposed to fill the
fish supply-demand gap. In developing countries, the aquaculture sector is dominated by
small-scale activities that are implemented to support livelihoods and improve food security.
Empirical evidence to support the contributions of these SSA activities to livelihoods and
food security, to date, remains inconclusive. While most empirical research on SSA and its
contribution to livelihoods and food security comes from Asia and Africa, there has been

limited research that explores this perspective in the Pacific Islands region.

Research presented in this thesis has aimed to understand the social dimensions of small-scale
tilapia aquaculture development in the Pacific Islands region by exploring the case of
Mozambique tilapia farming in Malaita Province, Solomon Islands. To do this, four research

questions were proposed:

1) What social factors are influencing the adoption of small-scale tilapia aquaculture by
tilapia farmers in Solomon Islands?

2) What contribution has small-scale tilapia aquaculture made to the livelihoods of tilapia
farmers in Solomon Islands?

3) What contribution has small-scale tilapia aquaculture made towards household diets,
relative to other ASFs consumed?

4) What are the roles, barriers, and opportunities for formal institutions in supporting the

development of effective small-scale tilapia aquaculture in Solomon Islands?

By answering these research questions, this thesis provided important empirical evidence for
policy and decision-makers to formulate appropriate policies, strategies, and interventions
that will not only prioritise increased fish production but ensure such increased production

translates tangibly onto improved livelihoods and food security of Pacific Islanders.

To address these research questions, household surveys, focus group discussions, and semi-
structured interviews with individuals, households, groups of men and women, and staff from

relevant organisations were conducted. Results showed that:

1) Socio-economic variables (e.g., age, subsistence level of households, and MSL)
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influenced the adoption of small-scale tilapia aquaculture more than other contextual
factors (e.g., communication channels and attributes of the innovation).

2) Small-scale Mozambique tilapia aquaculture contributed negligibly to livelihood
outcomes (i.e., contribution to household food and income).

3) Small-scale Mozambique tilapia aquaculture also contributed minimally to the food
security of households, with fresh marine fish accounting for a greater portion (in
weight) of the diverse types of fish households consumed, while processed fish
products were most consumed by households.

4) Institutions played important roles in driving the current development of the small-
scale tilapia aquaculture sector in Solomon Islands.

5) The poor genetic quality of the Mozambique tilapia available in Solomon Islands
was considered the main constraint to the widespread development of the tilapia
aquaculture sector. Replacing it with a better performing species in aquaculture

would be a positive step forward for the sector.

The key results are further deliberated in correspondence to each of the above-proposed

research questions.

6.2. Social factors influencing the uptake of small-scale tilapia aquaculture in rural
Solomon Islands.
The adoption of SSA innovations by rural farmers in developing countries is subjected to a

range of enabling factors, which may include technological, institutional, environmental,
social, and economic factors. In the second chapter of this thesis, socio-economic factors were
shown to have influenced the adoption of small-scale tilapia aquaculture among tilapia
farmers in Malaita Province. This particular finding is well supported by previous research,
reaffirming the significance of socio-economic factors on SSA adoption and its potential to
deliver outcomes among fish farmers (Diedrich et al., 2019; Mandima, 1995; Pollnac et al.,

2019; Ruddle, 1993; Slater et al., 2013; Thomas, 1994; Wetengere, 2011).

The importance of considering the socio-economic contexts of tilapia farmers before the
introduction of SSA interventions is a well-established argument. For example, studies by
Pollnac (1978); Smith and Peterson (1982), and Thomas (1994) asserted that careful
consideration of the socio-economic contexts of potential fish farmers is key to the success of
SSA initiatives. The conclusions from these studies were drawn from experiences with SSA

development in developing countries (e.g., African countries) where, despite numerous

99



investments to develop the sector in the past, attempts had failed because of the inadequate
consideration of the socio-economic context of farmers. These failed attempts were evidenced
by the limited expansion of SSA activities and little tangible impact on livelihoods and food
security (Arthur et al., 2013; Brummett et al., 2008). More recent studies have continued to
support these arguments for considering socio-economic factors across multiple developing
country contexts, from Africa to Asia, and now in the Pacific Islands region (see Blythe et al.,
2017; Diedrich et al., 2019; Morgan et al., 2016; Slater et al., 2013). Careful consideration of
farmers’ socio-economic contexts is important because it bears influence on their decision-
making process, either to adopt or reject innovations (Rogers, 2003). As Ahmed and Toufique
(2015, p. 2317) state: “Even if biological, technological, and ecological conditions are
favorable for aquaculture, it may fail if socio-economic factors are unfavorable.... Socio-
economic issues are significant in decision-making”. This statement suggests that decisions
by fish farmers on whether to adopt SSA initiatives or not are dependent on their socio-
economic and cultural circumstances (Diedrich et al., 2019; Slater et al., 2013). This means
that fish farmers without access to essential assets (e.g., land or water) and are financially
stressed may find it difficult to adopt or practice SSA, even if the SSA initiative is attractive
to them (e.g., a source of food or income) (Diedrich et al., 2019). This may also result in
situations where, when external support (e.g., from projects) to SSA initiatives in rural areas
are withdrawn, then long-term sustainability of the aquaculture activity becomes a challenge

(Brummett et al., 2011; Pouomogne et al., 2010).

Socio-economic contexts also influence who benefits, and who is excluded from participating
in SSA (Grivetti, 2019; Morgan et al., 2016; Pollnac, 1978; Ruddle, 1993). The notion of
“elite-capture” illustrates this point, where instead of the poorest farmers benefiting tangibly
from the activity, it is often the wealthier fish farmers who benefit more (Arthur et al., 2013;
Belton & Little, 2011). Wealthier farmers are apt to benefit more from SSA because they are
better positioned than poor farmers — due to their improved socio-economic status (e.g., in
possession of various forms of assets), and capability (e.g., labour mobilisation, connections,
and networks) — to participate effectively in SSA initiatives and subsequently capture greater

benefits (Diedrich et al., 2019).

In the PICTs, the importance of considering the socio-economic context where SSA initiatives
are being introduced is also emphasised (Amos et al., 2014; Mather & Nandlal, 2013; Ponia,

2010). Research findings presented in this thesis also contribute to this emphasis and asserts
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that current SSA initiatives in the Pacific Islands region must consider the socio-economic
context of fish farmers to ensure the sector makes a significant contribution to rural
livelihoods and food security. There are practical implications (e.g., lack of longevity of
project activities) if the socio-economic and cultural context of fish farmers are not clearly
understood and considered (Govan, 2011; O'Garra, 2007; Vandenberg et al., 2021).
Additionally, there is often a lack of scoping and feasibility studies conducted by external
agencies to really understand the socio-economic and cultural context of potential fish farmers
before implementing SSA initiatives (O'Garra, 2007; Vandenberg et al., 2021). Even if such
studies were conducted prior to project implementation they often fail to consider the complex
nature of livelihoods of rural Pacific Islanders — evident through land tenure systems, resource
utilisation, subsistence lifestyle, and social institutions (e.g., kinship, extended family)
(Eriksson et al., 2020). This often led to livelihood initiatives that only had minimal tangible
impact on people’s livelihood or may work well in one context but not in another. In other
words, these (“failed” livelihood initiatives) are often the result of a mismatch between project
or donor priorities and community needs (ibid). For small-scale tilapia aquaculture in
Solomon Islands, this study found that age, subsistence level of households, and MSL was
likely to influence its adoption among fish farmers. Older farmers from less-subsistence
households, but with a much more basic MSL than other non-subsistence households were

most likely to adopt tilapia farming.

6.3. Small-scale tilapia aquaculture’s limited contribution to food security and
livelihood outcomes
In most developing countries, SSA initiatives have been implemented to off-set diminishing
wild-capture fisheries production and provide a source of cheap and accessible ASF to the
poor and food-insecure (Kobayashi et al., 2015). In Chapters 3 and 4 of this thesis, the analysis
revealed that current small-scale tilapia aquaculture in Malaita Province contributed
minimally to the livelihood and food security of tilapia farming households. The analysis
illustrated that many (40%) tilapia farmers were not satisfied with the impact of their tilapia
farming activities. In addition to this, for the few tilapia farmers who traded their fish, income
from this source only contributed 0.002% to 0.5% to their total weekly income. Small-scale
tilapia aquaculture, therefore, contributed negligibly in comparison to the other income
generating activities that households were involved in. In terms of income generation,
Pouomogne et al. (2010) also found a similar result in Cameroon, whereby fish farming

accounted for only 0.67% of the total income of households practising fish farming. Findings
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presented in this thesis also contrast markedly to cases in Asia, for example in Bangladesh,
where estimates of income from carp-based fish farming have ranged from 7-11% of
household income of fish farming households (E-Jahan et al., 2010; Karim and Little, 2018).
These studies suggest that contributions from fish farming in Bangladesh are at least twenty
times what the current contribution is to the weekly income of tilapia farmers in Malaita
Province. In the Pacific Islands region, such supplementary livelihoods as fish farming which
are introduced by external agents, are perceived by most rural fish farmers as a means to
diversify their livelihood — notably their income-generating opportunities (Eriksson et al.,
2020; Govan, 2011; O'Garra, 2007). Hence, when the income generative capability of such
supplementary livelihoods are not forthcoming, long-term sustainability issues and
abandonment of activities become common, as fish farmers shift their focus to more

economically viable alternatives (Harohau et al., 2016).

In addition to its negligible contribution to income, small-scale tilapia aquaculture also
contributed minimally to fish consumption in households interviewed for this research. The
results revealed that 82% of the households consumed processed fish products, 49%
consumed fresh marine fish, while only 3% of households consumed tilapia. Moreover, in-
terms of the weight of fish consumed, marine fish accounted for 71.4%, processed fish
products 25.9%, freshwater species 2.6%, while tilapia only 0.1%. This implies the current
form of small-scale tilapia aquaculture will unlikely complement coastal fisheries production
meaningfully and address food security. Undoubtedly, it will take some time for locals to
develop a more favourable impression toward tilapia as food before they start consuming it
like other popular fish foods such as marine fish and processed fish products. Grivetti (2019)
argued that it is naive of institutions to think that people will instantly jump to consuming
foods they are not familiar with, even if they have access to them. Yet, in Solomon Islands,
people already have a tradition of eating wild-caught fish from fresh, brackish and marine
environments (Gereva, 2014). Hence, a transition from dominantly consuming marine fish to
tilapia is possible and can be aided by institutional investments promoting its consumption

and health benefits among local communities.

Marine fish will undoubtedly maintain its place as the most important non-processed fish type
consumed by rural households in Solomon Islands. This is supported by published literature
that highlights the dominance of fish from capture fisheries in household diets globally, but
also across the Pacific Islands region (Charlton et al., 2016; FAO, 2020). In their study of
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household fish consumption among rural households in Solomon Islands, Cleasby et al. (2014);
Horsey et al. (2019) and Albert et al. (2020) found fresh marine fish were consumed more than
other fish and ASFs. Like other PICTs, this trend in fish consumption signifies the vital role of
marine fish as the preferred ASF in the diets of Solomon Islanders. Yet, ever-increasing human
populations in Solomon Islands is resulting in unsustainable harvesting levels of coastal marine
fish (Weeratunge et al., 2011). This is coupled with the exacerbated impacts of climate change
imminent in the Pacific Island region (Asian Development Bank, 2014; Pratchett et al., 2011).
Investments and efforts by the local government and development organisations, therefore,
need to strengthen the management of the coastal fisheries sector to ensure continuous and
sustainable marine fish supply into the future (Cohen et al., 2019). Alternatively, the seemingly
widespread consumption of processed fish products evident in this study shows that these
products have an important role in household food security. Although respondents did not
mention the reasons for their increased consumption of processed fish products, it is possible
that the factors mentioned by Jones et al. (2014b) such as the product’s cost-effectiveness,
accessibility and long shelf life hold true and are relevant. The increasing trend of processed
fish product consumption is validated by Bell et al. (2019) whereby Solomon Islands was
ranked only second to Fiji in the consumption of processed fish products.

Hence, while support for fisheries and aquaculture development in developing countries to
address the widespread malnutrition is growing (Thilsted et al., 2016), empirical evidence on
their tangible contributions to food security and livelihoods is necessary. Yet, this current
study showed that in small island developing states like Solomon Islands, the lacklustre
performance of the current small-scale tilapia aquaculture in complementing coastal fisheries
production implies expectations of positive contributions from the sector, to date, should be
moderate. Hence, in chapters 3 and 4, I posed several important questions and thoughts on the
role of small-scale tilapia aquaculture as a complementary fish production source and its
contributions to rural livelihoods and food security, in Solomon Islands (and other PICTs).
These questions included: is investment in small-scale tilapia aquaculture a reasonable choice,
and should it continue (Scholtens & Bavinck, 2017)? Or should the focus and efforts of
investments be diverted to developing other potential commodities (e.g., seaweed) for SSA
instead, that can support livelihoods through income generation? If there is a preference for
looking into new species for SSA, then farming of small indigenous species might first, or
simultaneously, be examined given that challenges with developing feeds for exotic species
can mean aquaculture investments are in fact not sustainable once development aid has

ceased. Or would it be more viable to focus on improved management of wild fisheries, or
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alternative livelihood/food security solutions instead? Furthermore, this study showed that
most households were relying on and preferring processed fish products as a complementary
source of fish, which suggests that this animal-sourced food may be preferred, affordable, and
perhaps a more worthwhile investment for addressing the forecast fish-for-food gap. This
study, therefore, contends that across PICTs, targeting and addressing food security (through
considering the differential nutritional needs and local food preferences) and rural livelihood
needs will be critical to the success of any fish production-based strategy (e.g., tilapia
aquaculture), and not necessarily just increasing fish production and assuming it will translate

tangibly to food security and livelihood needs.

6.4. Barriers and opportunities to small-scale tilapia aquaculture development, as
perceived by formal institutions.

The support of institutions to SSA development in developing countries is crucial as it can
provide the right environment for SSA initiatives to progress and deliver tangible outcomes.
In Chapter 5, three institutions were interviewed. Results from these interviews detailed the
biophysical limitations of the Mozambique tilapia species and that the absence of a market for
tilapia were the two most highlighted barriers to small-scale tilapia aquaculture development

in Malaita Province of Solomon Islands.

First, low-quality fingerlings are a major constraint to SSA development as it hampers
technical efficiency and operation of fish farms and, therefore, their eventual productivity
(Alam et al., 2012; Limuwa et al., 2018; Phuong & Oanh, 2010; Pouomogne et al., 2010).
This can lead to producing fish that is of low value with limited demand from local consumers.
This realisation has prompted a number of PICTs (e.g., Fiji, Vanuatu, Papua New Guinea,
etc.) to now shift their focus to farming Nile tilapia (and GIFT'? tilapia). In Solomon Islands,
Mozambique tilapia is the only tilapia species present and has been established to be of poor
genetic quality — as a result of a series of generational mixed breeding from its original
broodstock (Macaranas et al., 1997; Pickering, 2010). The Mozambique species also possess
undesirable biological characteristics (Gupta & Acosta, 2004; Russell et al., 2012) —rendering
it not viable for aquaculture. Attributes, such as slow growth, early maturity, and high

fecundity can lead to stunted growth which is undesirable for small-scale aquaculture (Russell

13 GIFT stands for Genetically Improved Farmed Tilapia and is a genetically improved strain of the Nile tilapia
(Oreochromis niloticus) (Modadugu & Acosta, 2004).
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et al., 2012). However, in Solomon Islands it was promoted for small-scale aquaculture
because it is the only tilapia species locally available, and because since its introduction in the
1950s farmers have already been farming it in rudimentary forms, in the absence of a more
viable tilapia or fish species. In the study site, although Mozambique tilapia ponds can produce
reasonably large biomass of small fish (Harohau et al., 2016), the small-sized fish are not
favoured by many local tilapia farmers and consumers, which not only hinders household
consumption of tilapia but also opportunities for sales at markets. Having a market to sell the
aquaculture product is important for generating income and thus supporting livelihoods and
food security (Asiedu et al., 2016; Duc, 2009; Edwards, 2000; Phuong & Oanh, 2010). In the
Pacific Islands region, O'Garra (2007) and Govan (2011) also stressed that limited access to
markets was one of the major constraints to the long-term sustainability of introduced
livelihood projects. It is therefore imperative that people must perceive a market for the output
or product of a project before it can be widely taken up and successfully deliver positive

outcomes.

In other developing countries globally, Mozambique tilapia is no longer considered for
aquaculture purposes (Modadugu & Acosta, 2004; Russell et al., 2012). Subsequently, MFMR
needs to replace Mozambique tilapia with a better performing species such as Nile tilapia or
the GIFT strain (Ministry of Fisheries and Marine Resources, 2009, 2010, 2018). Such a step
would be a positive development for the small-scale tilapia aquaculture sector in Solomon
Islands and following the footsteps of Vanuatu, Fiji, Papua New Guinea which already farm
the improved Nile species (Lal & Foscarini, 1990; Pickering, 2010; Pickering, 2015; Smith,
2007). As previously mentioned, whatever species being farmed, to make small-scale tilapia
aquaculture a viable enterprise for rural farmers and a major contributor to livelihoods and
food security, its wider acceptability as a food fish in the Solomon Islands’ context must be

firstly ensured.

6.5. Limitations and future directions for research
While this thesis was able to provide some understanding of the social dimensions of small-
scale tilapia aquaculture development in Solomon Islands, there were identified caveats that
future research can build on. In Chapter 2, social factors that are influencing the adoption of
small-scale tilapia aquaculture in Malaita Province were explored. Given the scope of the
research and the theoretical framing, three broad groups of variables (i.e., socio-economic,

communication channels and attributes of innovation variables) were selected. However, these
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three variables may not be inclusive of all possible variables likely to influence the adoption of
small-scale tilapia aquaculture. For example, looking beyond the DOI model used, there may
be other variables that might influence tilapia farmers’ decision to adopt small-scale tilapia
aquaculture (e.g., institutional or taste preference). Future research could explore the taste
preference of locals of the various types of fish being consumed and how this may affect the

wider acceptability of tilapia as a food fish, and hence, its adoption.

In Chapter 3, I mentioned that the temporal nature of this study also presented a limitation in
trying to establish a clearer picture of the benefits of small-scale tilapia aquaculture. This is
because this study was conducted several years after adoption decisions were made by tilapia
farmers; thus, benefits arising after immediate implementation may not have been captured.
Memory recall of tilapia farmers in terms of the benefits sourced from their small-scale tilapia
aquaculture (e.g., tilapia consumption and income earned) may also have differed during the
first few years after taking up the activity. Future research could employ a more longitudinal
study to observe and capture all benefits from small-scale tilapia aquaculture that may accrue

over time (Thomas, 1994).

In this thesis, the focus has been on small-scale tilapia aquaculture as an SSA activity in
Solomon Islands. The unfavourable characteristics of the Mozambique tilapia, however, puts
the current small-scale tilapia aquaculture in a rather unfavourable position as an SSA initiative
that can make a useful contribution to livelihoods and food security. Yet, SSA of other species
may hold more potential in Solomon Islands and the Pacific Islands region overall (e.g.,
endemic species in mariculture) (Brugere et al., 2021). Consequently, future research should

investigate the potential of other fish species (e.g., endemic species) in SSA.

6.6. Conclusion
It has been established that the ability of SSA aquaculture initiatives to deliver tangible
outcomes for livelihoods and food security are contingent upon multiple factors. Furthermore,
while most studies on SSA and its contribution to livelihoods and food security are fixated on
experiences from Asia and Africa, there is a paucity of empirical evidence on this originating
from the Pacific Islands region. Hence, the overall objectives of this thesis were to:

1) Identify social factors influencing the uptake of small-scale tilapia aquaculture among

rural tilapia farmers in Malaita Province.

2) Identify contributions of small-scale tilapia aquaculture to their livelihoods and food
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security.
3) Explore the roles, barriers and opportunities for small-scale tilapia aquaculture as
perceived by relevant institutions.
Socio-economic factors were found to influence the adoption of small-scale tilapia aquaculture
amongst tilapia farmers with small-scale tilapia aquaculture providing minimal contributions to
livelihood outcomes and household fish consumption. Small-scale tilapia aquaculture may have
the potential to contribute to livelihoods and food security in Solomon Islands, but only when
certain conditions are met. It is therefore imperative that interventions must consider the context-
specific socio-economic factors to ensure their wider adoption and ability to deliver outcomes.
Furthermore, issues surrounding the wider acceptability of tilapia, in a context where marine
fish is traditionally consumed, is also important to consider. Only when people are willing and
able to widely consume tilapia can tilapia play a significant role toward livelihoods and food

security.

As marine fish remains importantly consumed in the local context, effective coastal fisheries
management will be essential. Further exploration of the role of processed fish products in food

security should also be considered.

Finally, institutions supporting the development of the small-scale tilapia aquaculture in
Solomon Islands identified the poor biological attributes of Mozambique tilapia for aquaculture
as the major constraint. Current plans and efforts by MFMR to introduce Nile tilapia will
indeed boost the sector going forward, as it will prevent the current biophysical bottlenecks

faced with the current Mozambique species.

In extrapolating the findings of this thesis beyond Solomon Islands (i.e., other PICTs and
developing countries), this research highlights the need to engage more closely with the socio-
economic conditions conducive for small-scale tilapia aquaculture’s uptake by tilapia farmers
and its ability to deliver outcomes for livelihoods and food security. Research presented in
this thesis also brings into question the notion of SSA as a panacea for addressing livelihoods
and food security. While it may be obvious that SSA in Asian countries is relatively
successful, empirical evidence in Africa (Britz & Rouhani, 2004; Brummett et al., 2008) and
this study do not show similar success stories from SSA. This thesis clearly illustrates that the
success of SSA in improving livelihoods and food security varies across diverse contexts and

are highly dependent on the fish species promoted.
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APPENDIX 1: Data collection forms for individual farmers

Sample interview form for tilapia farmers

Farmer’s demographic.

Age

Gender

Marital status Married: Single:

1) How many people are currently in your household?

Adult male Adult female Male children Female children

2) Can you read or write? [Y/N] circle one
3) What is the highest level of education or training you have attained?

Highest level of education Yes (V)

Primary school

Secondary school

Tertiary

Vocational training (specify what sort of training)

Others: (specify)

1) Do you hold any position in your village or community (E.g. head of fishermen association, church
minister, head of a committee, etc.)? [Y/N] circle one

2) Do you own land here? [Y/N] circle one

3) Ifyes, is this the same land you have your tilapia farm on? [Y/N] circle one. If no, who’s land is your
tilapia pond on?

4) What livelihood activities do you undertake to earn food or income for your household?

Livelihood | Food () | Income Income Expenditure | Average Rank in order of
activity (V) earned on this number of importance the 3 most
weekly activity per | days (per important. 1-most
week (e.g. week or important, 2-important,
Labour, month 3-least important
seed) spent on Food Income
this
activity)

5) How much of the food produced by your household is consumed in your household?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

6) Do you have access to? (circle or specify)
Household | Lighting | Transportatio | Cooking | Roof Wall Floor material Livestock
items & n fuel material | material
facilities
Generator Nothing | Private Firewoo | Sago Sago Cement Poultry/duc
vehicle d leaves leaves k
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Solar panel | Solar Public Charcoal | Iron Timber | Timber Cattle
vehicle roofing
Water tank | Kerosen | Outboard Kerosen | Others Palm Palm planks Piggery
e wick motor canoe e (specify | planks
Refrigerato | Flash Dug-out Electric | ) Cement | Tiles Goat
r light canoe
Electricity | Candle Others Others Fibro Ground/soil/eart | Others
lit (specify) (specify) h (specify)
DVD Solar Metal Others (specify)
player/TV charged
bulb
lights
Solar Others Others
battery (specify) (specify
Radio/stere )
0
Mobile
phone
Flushed
toilet
Others
(specify)
Food security
7) How many meals does your household normally eat in a day?
Number Question Response option code
la. In the past week, did you or any Yes |
household member have to eat a No
limited variety of foods because of
difficulties with money, bad weather,
other commitments, or no place to farm
(or inability to fish)?
1b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past |
week)
Often (four to five times in the past
week)
2a. In the past week, were you or any Yes ||
household member not able to eat the No
kinds of foods you preferred because
of difficulties with money, bad weather,
other commitments, or no place to farm
(or inability to fish)?
2b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past |
week)
Often (four to five times in the past
week)
3a In the past week, did you or any Yes |
household member have to eat fewer No
meals per day because there was not
enough food?
3b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past
week) |
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Often (four to five times in the past
week)
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Now, I would like to ask you some questions about how you started tilapia farming.

8) Provide answers to the questions on the left under its potential sources of information (if there are multiple sources)

What source(s) of information were useful to you in deciding to begin tilapia
farming?

Friends

Relatives

Lead
farmers

Newspaper

Pamphlets

Posters

Project
officers

Radio

Others
(specify)

Does this person have a tilapia pond? [Y/N]

Location of the source (e.g. where does the person live or where is the NGO
located or is the newspaper local or national or is it a government extension
agent provincial or national?)

How did you receive this information?
*  Word of mouth
*  Written form (e.g. pamphlet, posters, pictures, etc)
*  Radio
TV
*  Farm demonstration

*  Others (specify)

What type of information did you find useful?
*  Pond construction
*  Pond management (e.g. maintaining water depth, regular harvesting,
etc)
*  Feeding the fish
*  The benefits of tilapia

*  Others (specify)

Did this information influence your tilapia farming practice?
*  Yes

* No

Rank the 3 most important sources in influencing your adoption
1-highest influential

2- influential

3-least influential

9) Did you share and exchange ideas/information about tilapia farming with other tilapia farmers? [Y/N] Circle one, what sort/type of information do you share?




Impact on livelihood

10) How long have you been practicing tilapia farming?

11) What roles have your household members helped you with, with your tilapia farming?

Household members

Specific roles played

12) How frequently do you consume tilapia from your pond(s)?

Daily

Weekly

Monthly

Annually

Haven't consumed any
yet

13) How much of the tilapia produced by your household is consumed in your household? (as opposed to being sold?)

0% 10%

20%

30%

40%

50% 60%

70% 80%

90% 100%

0% means all food are for sell/non-are consumed in the household, 100% means all food produced are for family consumption.

14) Do you sell tilapia from your ponds? [Y/N] circle one, if yes, answer the table below, if no, answer Q16

Where (e.g., at local
market, at farm gate, etc.)

What? (e.g. whole fish

cooked, whole fish
raw, seed, etc.)

Average quantity per
sale (make sure you
use the same metrics
across each category
e.g. kilos for whole
fish or # for seed, etc.)

Average price per unit
(e.g., $/kilo or $/seed,
etc.)

How often do you
make this sale? (e.g.,
weekly, once a month,
etc.)

15) What do you use this income for?
16) If you do not sell your fish, why not? Elaborate.

17) What are the 3 most common animal protein that you & your household consume, apart from tilapia?
18) How frequently do you & your household consume this animal sourced protein?

Auki market, etc.)

Daily Weekly Monthly Annually
Option 1
Option 2
Option 3
19) Where did you get the animal-sourced protein from? (indicate)
Where (e.g., at local market, neighbour, Cost per daily or weekly

(expenditure or if no cost)

Option 1

Option 2

Option 3

20) In summary, can you list and rank the benefits that you’ve received from participating in tilapia farming?

List of benefits

Rank (1-most important, 2-important, 3-least
important) [rank 3 first choices]

21) What are the negative impacts of tilapia farming that you have experienced?

22) What innovations or new ideas have you (or members of your household) come up with for your tilapia farming?

Attributes of innovation (Use smiley face card)

23) Do you feel that you have gained respect (in your village/community) being a tilapia farmer? Please rank your

agreement.

Lo [ 1 [ 2

| 3

| 4

IE 1 6

| 7 |8

[9 [ 10

0-strongly disagree
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24) Do you share your fish with your neighbours/relatives/friends/visitors in your village? [Y/N] circle one
25) If yes, has sharing your fish created friendship/good relationship with your neighbours/friends/visitors in your village?
How would you agree?

[0 | 1 | 2 [ 3 | 4 [ 5 [ 6 | 7 [ 8 [9 [ 10

0-strongly disagree 10-strongly agree

26) Tilapia farming violates your village taboos/usual way of doing things? How do you agree?

[0 [ 1 [2 | 3 | 4 | 5 | 6 |7 | 8 [9 [ 10

0-strongly disagree 10-strongly agree

27) Tilapia farming is an additional commitment/burden on top your usual gardening, off-farm employment, fishing,
household chores, etc? How do you agree?

[0 [ 1 [2 |3 | 4 [ 5 | 6 [ 7 [ 8 [9 [ 10

0-strongly disagree 10-strongly agree

28) Have you seen other farmers receiving benefits from their tilapia farms? [Y/N] circle one, if yes answer Q29
29) If yes, what benefits have you observed? List.
30) What are the reasons why tilapia is not taken up by interested or aspiring farmers in your same village, or other villages?

Vulnerability context

31) What were some difficulties you faced when constructing your tilapia ponds?

32) What were some difficulties you faced when looking after and feeding your tilapias?

33) Overall, has tilapia farming improved your quality of life/wellbeing? [Y/N] If yes, how would you agree? (explain
wellbeing in the 5 common elements; basic material well-being; having enough for a good life, bodily wellbeing/health,
social wellbeing/good social relations, security, freedom & choice.)

[0 | 1 | 2 [ 3 | 4 [ 5 [ 6 [ 7 [ 8 [9 [ 10

0-strongly disagree 10-strongly agree

34) If no, what are some things that have affected your ability to achieve improved wellbeing from tilapia farming?

35) In the last 12 months, have you experienced incidence of natural disasters that have affected your livelihood (e.g.
flooding, cyclone, fish mortality, etc)? please list.

Natural disaster Impact on your household livelihood What mitigation measures did you
employ

36) In the last 12 months, have you experienced anything else that has negatively affected your livelihood (e.g. tilapia farm
theft, sickness, lack of money, resources depletion, unfertile soil, etc)? please list in the table below

Negative aspect Impact on your household livelihood What mitigation measures did you
employ

Thank you so much for your time. We will use this information to better understand how tilapia farming is impacting
livelihoods in Malaita
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Sample interview form for non-tilapia farmers:

Farmer’s demographic.

Age
Gender
Marital status Married: Single:
4) How many people are currently in your household?
Adult male Adult female Male children Female children

5) Can you read or write? [Y/N] circle one
6) What is the highest level of education or training you have attained?

Highest level of education

Yes (V)

Primary school

Secondary school

Tertiary

Vocational training (specify what sort of training)

Others: (specify)

37) Do you hold any position in your village or community (E.g. head of fishermen association, church minister, head of a

committee, etc.)? [Y/N] circle one
38) Do you own the land here? [ Y/N] circle one

39) If yes, is this the same land you cultivate? [Y/N], circle one, if no, who’s land are you cultivating? _
40) What livelihood activities do you undertake to earn food or income for your household?

Livelihood Food () Income (\) | Income Expenditure | Average Rank in order of importance
activity earned on this number of the 3 most important. 1-most
weekly activity per days (per important, 2-important, 3-
week (e.g. week or least important
Labour, seed) | month spent Food Income
on this
activity)
41) How much of the food produced by your household is consumed in your household?
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
6) Do you have access to? (circle or specify)
Household Lighting Transportation Cooking Roof Wall Floor material Livestock
items & fuel material material
facilities
Generator Nothing Private vehicle Firewood Sago Sago Cement Poultry/duck
leaves leaves
Solar panel Solar Public vehicle Charcoal Iron Timber Timber Cattle
roofing
Water tank Kerosene Outboard motor | Kerosene Others Palm Palm planks Piggery
wick canoe (specify) | planks
Refrigerator Flashlight | Dug-out canoe Electric Cement Tiles Goat
Electricity Candle lit Others (specify) | Others Fibro Ground/soil/earth Others
(specify) (specify)
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DVD Solar Metal Others (specify)
player/TV charged
bulb lights
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Solar battery

Others

Radio/stereo

(specify)

Mobile phone

Flushed toilet

Others
(specify)

Others
(specity)

Food security (I will use a card demonstrating the variety of food to aid with these questions)

7) How many meals does your household normally eat in a day?

Auki market, etc.)

Number Question Response option code
la. In the past week, did you or any household Yes |
member have to eat a limited variety of foods | No
because of difficulties with money, bad
weather, other commitments, or no place to
farm (or inability to fish)?
1b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past week) |
Often (four to five times in the past week)
2a. In the past week, were you or any household Yes |
member not able to eat the kinds of foods you | No
preferred because of difficulties with money,
bad weather, other commitments, or no place
to farm (or inability to fish)?
2b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past week) |
Often (four to five times in the past week)
3a In the past week, did you or any household Yes |
member have to eat fewer meals per day No
because there was not enough food?
3b. How often did this happen? Rarely (once in the past week)
Sometimes (twice or three in the past week)
Often (four to five times in the past week) |
8) What are the 3 most common animal protein that you & your household consume, apart from tilapia?
9) How frequently do you & your household consume this animal sourced protein?
Daily Weekly Monthly Annually
Option 1
Option 2
Option 3
10) Where did you get the animal-sourced protein from? (indicate)
Where (e.g., at local market, neighbour, Cost per daily or weekly

(expenditure or if no cost)

Option 1

Option 2

Option 3
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Now, I would like to ask you some questions about tilapia farming.

11) Provide answers to the questions on the left under its potential sources of information (if there are multiple sources)

Have you received any information regarding tilapia farming?

Yes (answer the questions in the table)
No (skip to Q12)

Where did you get your sources of information from?

Friends

Relatives

Lead
farmers

Newspaper

Pamphlets

Posters

Project
officers

Radio

Others
(specify)

Does this person have a tilapia pond? [Y/N]

Location of the source (e.g. where does the person live or where is the NGO
located or is the newspaper local or national or is it a government extension
agent provincial or national?)

How did you receive this information?
*  Word of mouth
*  Written form (e.g. pamphlet, posters, pictures, etc)
*  Radio
TV
*  Farm demonstration

*  Others (specify)




Attributes of the innovation

12) What about tilapia pond farming makes you not interested in adopting it (e.g. construction, difficulty to access seeds,
pond management, etc)?
13) Do you agree or not that tilapia farming violates your village taboos/usual way of doing things?
[0 | 1 | 2 | 3 | 4 [ 5 [ 6 [ 7 [ 8 [9 [ 10
10-strongly agree

0-strongly disagree
14) Do you agree or not that tilapia farming is an additional commitment/burden on top your usual gardening, off-farm

employment, fishing, household chores, etc? How do you agree?
L0 | 1 [ 2 |3 | 4 IE 1 6 | 7 | 8 19 | 10
10-strongly agree

1-strongly disagree
15) Do you agree or not that tilapia farmers are receiving benefits from their tilapia ponds? Y / N (circle one) if yes answer

014.

16) If yes, what benefits have you observed? Can you give examples?
17) Have you observed some negative impacts from their tilapia farming in the village?
18) What are the reasons why tilapia is not taken up by interested or aspiring farmers in your same village, or other villages?

19) What do you think can be done further to facilitate a wider adoption of tilapia farming?

20) Will you ever adopt tilapia farming (now or future)? Y/N circle one
21) If yes, what would you need or require or needs to be met before you can adopt tilapia farming?

Vulnerability context

22) In the last 12 months, have you experienced incidence of natural disasters that have affected your livelihood (e.g.

flooding, cyclone, landslide, etc)? please list.
Natural disaster Impact on your household livelihood What mitigation measures did you

employ

23) In the last 12 months, have you experienced anything else that has negatively affected your livelihood (e.g. sickness, lack

of money, resources depletion, unfertile soil, etc)? please list in the table below
Impact on your household livelihood What mitigation measures did you

employ

Negative aspect

Thank you so much for your time. We will use this information to better understand how tilapia farming is impacting
livelihoods in Malaita.
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Likert-scale

Strongly Satisfied

Neutral

/\
(00
o
R

Strongly

®) (@) (&
) o) &
0 1 2 3 4 5

6 7

138

N @
@‘
™\ )
8 9 10



Sample semi-structured interview form for institutional actors

I. Basic Information
Name of interviewee:

Name of Institution:

*  Non-Government Organisation
*  Faith-based Organisation
*  Private company (sector)
*  Government Institution
Position/title of interviewee within Institution;

What is your main role or responsibility within the organisation?

Years of experience with Institution;

*  What is your institution’s role in the development of rural tilapia aquaculture?
*  What w‘;ere the milestone(s) achieved to date by your organisation with regards to tilapia aquaculture development in the
country”
. Whatrlilas your organization learned about how to best support tilapia aquaculture?
*  What are the constraints/barriers to developing rural tilapia aquaculture?
* How are these barriers addressed or will be addressed by your institution (or as a person in your role/responsibility)?
* Rural tilapia farmers (& interested farmers) have voiced that institutional support through 3 broad areas as lacking.
0 Incentives to assist existing & aspiring farmers (e.g. start-up funds, proper tools, or rural credit schemes)
0 Broader awareness to rural & remote communities, or through trainings & workshops.
0 Marketability of tilapia (note; farmers we met mostly perceive “benefits” surrounding rural tilapia farming as

income earned from any form of its marketing, not so much on household consumption).
O As an institution, what is your response or view on each of these areas?

*  What are the opportunities (moving forward) for this rural fish production sector in the country?
*  What is your institution’s future plan for the advancement of rural tilapia aquaculture in the country?
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APPENDIX 2: Data collection forms for households

Basic Demographics
1) Name of Household Head:
2) Name of village;
3) Sex of interviewees present: (Male household head ONLY/ Female household head ONLY/ Both)
(circle one)
4) Tilapia adopting/non-adopting household: (Circle one)
5) GPS Position of Household dwelling:
6) Household demographic information.

Names of HH members Sex (M/F) Position in household (e.g. hushand, child, Age
etc)

H hold I nsumption (24-hours recall

7) If you can recall in the last 24-hours, what food did you and your household members consumed? Can
you list them for me?

Instructions for Interviewers:
When asking food consumed by households, bear in mind, this will include:
- food prepared in the home and eaten in the home
- food prepared in the home and eaten outside the home
- food prepared outside the home and eaten inside the home
- It DOES NOT include food prepared outside the home and eaten outside the home.
It is important to probe for food eaten by ALL household members, even if ONLY one person consumes it,
we must be able to capture this information
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Activity: Free listing/open recall of food (Also probe for fruits or nuts, or other foods consumed informally)

Who: ask this question to the person responsible for preparing food in the household.

Materials needed: fish measurement cardboard

Instructions for filling-out the table:
In this exercise, please allow the respondent to freely list the food, before asking for frequency, source, size
and etc.

2
%>

For any food APART from type of fish, ONLY ask and record the name, frequency, and source of food
(no need to identify this source on the map). If FISH is mentioned (which include canned products), be
specific on the fish name (e.g. local name or common name, if unsure ask is it a fish from the reef, or deep
ocean (pelagic), or river).

For the SOURCE OF FISH TYPE column, ask for the name of the source, but also let them identify this
source on the map attached.

Use Q7 as the unique identifier for these sources on the map attached. E.g. Q7-parrot fish, Q7-pelagic
fish, etc. We will after the survey use Google map to obtain the distances (km) between households and
their respective fish production sources, which will be inserted into the distance column (grey shaded).

For size of individual fish, use the fish measuring cardboard to help respondents estimate the length of the
fish and record in centimetres, then ask how many pieces for the quantity. To record size of canned fish
products, ask if it was a small-can (S), medium (M), or family-sized (L). Necessary conversion will be
performed on lengths and sizes of fish- types and multiplied by quantity to give the total weight (kg), which
we will record later into the total weight column (grey shaded).

So, note that the grey shaded columns will NOT be filled during the actual interviews, but after when we
return each day from the field.

O
<

If the interview is conducted in the morning, then refer to the recall period of 24-hours as the previous
morning till current (same with afternoon, or evening), and be consistent with this for the rest of the other
interviewed households. This is to overcome the fact that households don’t necessarily think within exact
time (e.g. what they consumed between 10am yesterday to 10am this morning), hence, enforcing this may
restrict and jeopardise the data collected.
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Name of food

Frequency of
consumption/day

Source of food (only
identify source of fish
on map attached)

Distance of HH from
source of fish (km)*

Size (cm)

Quantity (n)

Total weight (kg)*

*These columns will not be filled during the interviews.




H hold F nsumption (seasonal variation

Instructions for Interviewers:

Activity: Probe participants to describe the common/popular food types they consume during the different
seasons.

Who: ask this question to the person responsible for preparing food in the household.

Instructions for qualitatively recording this:

Begin this question by asking what season they are in at the time of this interview (e.g. Is it now the wet, dry,
or xx season?). Once, respondents have identified the season, probe what type of food they commonly consume
during the present season (or is popular during this season). Then ask how this would compare to other seasons
(e.g. dry or wet season) in Q8.

If fresh fish is mentioned, probe if its supply and consumption increase or decreases during this season, and
where they source the fish from. However, if tinned fish products (tinned tuna, sardine, mackerel) is
mentioned, just probe for the source.

8) Now is the dry/wet season (identify this season from the Seasonal calendar); what common food do your
household consume?

9) How does this compare to other seasons (e.g. dry/wet season)?

Household Animal-Sourced Food Consumption (7-days recall)

10) If you can recall in the last 7-days, which of these animal-sourced (meats) food did you and your
household consumed?

Instructions for Interviewers:

Activity: Displaying of photo-cards of ALL MEATS consumed in Solomon Islands, and asking respondents
to identify the meats consumed in the last 7-days.

Who: Both (husband and wife)

Materials needed: Fish measurement cardboard, photo cards of meat types, sheet of days of the week

Instructions for filling-out the table:

+%* Display the cards of animal-sourced meat on the table (or whatever flat surface you’re using), then ask

the household to recall in the last 7-days which of the meats they (household) have consumed in the last
7-days.

** To aid with the 7-days recall, the table attached can be used to guide the respondents through each day of
the week, starting with the day of the interview and going backward. NB: Also get them thinking about
important days like sabbath, Sunday, etc.

+3* Once they identify meats they’ve consumed in the various days of the week, then ask what food they ate
it with the meat.

** For any meat apart from fish (including canned products), ONLY record the name, frequency of
consumption, and source.

% If fish is mentioned, probe for the specific type of fish (e.g. bonito, saltfish, rabbit fish (Muuw), tilapia,
etc.), and probe further for its size and quantity.

+%* Apart from recording the source of fish types in the table, let the respondent identify this source on the
map attached. This applies only for fish-meat (use Q10 as the unigue identifier in the map)
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Name of food Frequency of meat | Source of meat Distance of HH Size (cm) Quantity (n) Food eaten with Total weight of
consumption/week | production from fish source* the meat fish (kg)*
(identify on map)

*These columns will not be filled during the interview, but later.




Sex of household head interviewed: (Male/Female/BOTH) (circle one)

Instructions for Interviewers:

Activity: Displaying of photo-cards of ALL MEATS consumed in Solomon Islands, and asking the households
to rank them according to taste, price, social prestige, and cultural/religious significance.

Who: BOTH male and female household head

Materials needed: photo cards of meat types

Instructions for filling-out the table:

Firstly, ask the household which meats from the cards they generally do not consume (put this aside from the
rest of the animal cards).

Then ask what their reason is for not consuming these selected animal cards. Report this information in the
left-hand column of the table below.

On displaying the remaining meat cards, ask the “household” to identify their preferred meats from the cards
according to place the card in order of rank. You will do this exercise with them THREE separate times. FIRST
for taste (the most delicious, sweet meat on top), SECOND price (cheapest and affordable on top), THIRD
social prestige (accepted and highly regarded in any social occasion on top).
You can do taste exercise first, then mix the cards again before the price and social prestige exercise.
11) Using these photo cards (of the various meats), can you exclude meat that your household don’t consume? (record
response in the left corner of the table below)

12) Why don’t your household consume these meats? (record this alongside the response in Q11 above)

13) Can you rank the remaining cards according to its taste, price and social prestige?

Rank Taste Price Social prestige Excluded meat types and the
reasons why

1

10

11

12

13

14

15

16

17
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18

19

9b). Wy did you ranked this way? (referring to the table in Q13 and the specific meats ranked 1*' across taste, price and social
significance)?

Taste:

Price:

Social prestige:
Proximi ] I
Instructions for Interviewers:
This will be conducted in 2 parts; 1) part of the household interview, 2) Market observation
a. In the household interview, ask the household where their “USUAL” market is, and let them
identify/locate it on the map attached.
b. Also, ask how frequently they visit the market?
c. If the household stated that their USUAL market is a village market (other than Auki market), then
ask for how many times per week the market takes place?
2. Fish observation at the market;

The other part is to do a market observation. The things to do at the market are;

Check for fish availability at the market during the market days (as identified in the interview).
Record the types of fish sold, their quantity and estimate their size using the 60-centimetre ruler.

14) Where is the usual market your household go to, to buy food (fish included)?
(please identify this on the map attached)

15) How many days in a week does this market operate? (If Auki market is mentioned, then it is open 6 days/week)
16) How often in a week do you (or any household member) visit this market?
17) How do your household access the market? (e.g. public transport, bush path, private transport, OBM, dug-out canoe,

etc.) (skip Q17b if'it does not cost your household to travel to
the usual market).

17b: If you using paid transport to the market, how much do you spend per week going to the market?

18) how long does it take to reach the market?

Observation at the market.

19) Record how many of the types of fish are sold per market day at the USUAL market, and estimate their length using a
60cm ruler. Permission/consent have to be obtained from the vendors before measuring their fish.

- Record this information in the table below. Divide this into production source (e.g. tuna, reef fish, freshwater fish,
tilapia, so forth).

Days/week Reef | Size Pelagic Size Freshwater Size Tilapia Size saltfish Size
fish (cm) | fish (cm) | fish (cm) (cm) (cm)

Monday

Tuesday -
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Wednesday

Thursday -

Friday

Saturday -

Sunday

TOTAL weight
(kg) /week

Additional questions.
Human Capital:

1. How satisfied are you on the fact that tilapia farming has increased your basic knowledge and skills on tilapia farming?
(e.g. knowledge on site selection, pond design, feeding, breeding of the fish, etc.)

0 1 2 3 4 5 6 7 8 9 10

0 — Strongly satisfied, 5 - Neutral 10 — strongly dissatisfied

2. How satisfied are you with the level of fish contributed by your tilapia farming to your home for consumption?

0 1 2 3 4 5 6 7 8 9 10

0 — Strongly satisfied, 5 - Neutral 10 — strongly dissatisfied
Financial Capital:

1. How satisfied are you with the income obtained from your tilapia farming?

0 1 2 3 4 5 6 7 8 9 10

0 — Strongly satisfied, 5 - Neutral 10 — strongly dissatisfied
Social Capital:

1. How satisfied are you in that tilapia farming has expanded your local social network? (e.g. have you met new people via
practicing tilapia farming, etc?)

0 1 2 3 4 5 6 7 8 9 10

0 — Strongly satisfied, 5 - Neutral 10 — strongly dissatisfied
Physical Capital

1. How satisfied were you on establishing and maintaining your ponds, based on the necessary tools and equipment you
have available?

0 1 2 3 4 5 6 7 8 9 10
0 — Strongly satisfied, 5 - Neutral 10 — strongly dissatisfied
Natural Capital:

2. Apart from its contribution to household food consumption or income from sales, what other purposes had tilapia
farming served your household? (e.g. tilapia used for pig meal, or water from the ponds used to fertilise home food
garden, etc.)
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Likert-scale

0 1 2 3 4 5 6 7 8 9 10

Strongly disagree Strongly agree
Me barava no Me
agree stret barava
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