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Dedication — Dr Timothy Pickering
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an inspirational leader at The Pacific Community (SPC), a champion for
aquaculture in Fiji and the Pacific, a highly valued partner to ACIAR and a
colleague and great friend to the other authors of this report. He is greatly
missed by family, friends and the broad Pacific aquaculture community.
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Foreword

The Australian Centre for International Agricultural Research (ACIAR) is mandated to work
with partners across the Indo-Pacific region to generate the knowledge and technologies
that underpin improvements in agricultural productivity, sustainability and food system
resilience. We do this by funding, brokering and managing research partnerships for the
benefit of partner countries and Australia.

The development of aquaculture in the Indo-Pacific region is seen as an opportunity to
enhance food security and provide livelihood options for rural communities. In parts of
Asia and South America, tilapia aquaculture has become a critical source of protein for local
populations and has been shown to be an avenue of growth for smallholder enterprises.
However, there has been limited growth in tilapia aquaculture in Timor-Leste and Pacific
island countries.

For several decades, ACIAR has invested in research focused on technical aspects of tilapia
production as well as agribusiness projects which consider the potential of smallholder
tilapia aquaculture for development in the Pacific region. The research results suggest that,
if production costs can be kept low, there are viable, smallholder inclusive business and
investment opportunities for tilapia pond aquaculture in Pacific island countries.

While the literature on tilapia aquaculture is extensive, it does not provide accessible
solutions to address the specific challenges of tilapia aquaculture in Timor-Leste and Pacific
island countries. To understand and guide future research investment, ACIAR commissioned
a review of the major challenges to tilapia aquaculture in Papua New Guinea, Solomon
Islands and Timor-Leste.

The results of the review, published in this technical report, provide insight into important
areas of focus for future research and capacity development. The report also interprets
the information available in the context of contemporary challenges, such as climate
change, market-oriented value chains, and social and cultural attitudes towards tilapia and
tilapia farming.

This publication is designed to serve as a ‘roadmap’ for future developmental assistance
aimed at improving tilapia aquaculture in Pacific island countries and Timor-Leste.

Prof Wendy ] Umberger
Chief Executive Officer, ACIAR
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Executive summary

Growth of tilapia aquaculture has been
extremely successful in many countries

and global growth has been extraordinary.
However, despite compelling reasons

why tilapia aquaculture is a good option

for Pacific island countries, and has been
identified as one solution to the projected
shortfall in fish protein supplies, growth has
been much slower in the Pacific region than
in Asia and South America.

This report provides an update on the
current status of tilapia aquaculture

and covers the challenges with tilapia
aquaculture in Pacific island countries and
Timor-Leste, with a focus on Papua New
Guinea, Solomon Islands and Timor-Leste.
The focus is to identify nutrition bottlenecks
in fish production and in the production of
quality fingerlings, as well as to develop a
deeper understanding of the drivers and
barriers to tilapia farming more generally.

The report also examines research needs
and technical capacity requirements to
provide a foundation for locally based
higher-quality research and capacity
building that is essential to the sustainable
growth of aquaculture in Pacific island
countries and Timor-Leste.

Pacific island countries and Timor-Leste
are characterised by small populations

and therefore trade markets are smaller

in scale with lower overall demand for
produce. We believe there are 4 categories
of challenges that combine to constrain the
growth of tilapia aquaculture in this region:

+ consistent availability of high-quality,
single-sex fingerlings

+ availability of cost-effective feeds and
feeding solutions

+ stimulating and sustaining economically
viable enterprises

+ ensuring capacity building and training
meet the needs of farmers, associated
businesses and entrepreneurs, extension
officers, policymakers and educators.

Hatchery production of high-quality
fingerlings has been solved in most
countries where tilapia is grown. However,
barriers remain in the Pacific. In some
Pacific island countries, while tilapia

has been introduced, and some poorly
performing stocks are being cultured,
improving access of farmers to genetically
improved Nile tilapia is urgently needed (for
example, Solomon Islands). In Timor-Leste,
GIFT (Genetically Improved Farmed Tilapia)
has been introduced, with genetic quality
maintained through rotational breeding

of its cohorts. In many other Pacific

island countries, careful management of
broodstock to maintain genetic quality is
also urgently required.
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The small scale of each country, plus issues
with importation of essential chemicals for
consistent hatchery production of single-
sex fingerlings constrains growth. Private
investment is also needed for development,
including satellite hatcheries, and
distribution centres for remote and difficult
to access farms.

Cost-effective feeds and feeding solutions
are difficult everywhere but the small scale
of the industry, the small population and the
high cost of imports make this a particular
challenge for Pacific island countries.
Potential ‘solutions’ will depend on the type
(scale) of tilapia farms. For subsistence and
community farms, natural productivity
enhanced by fertilisation and supplemented
with single ingredients is likely to be the
feed pathway. The potential role of insect
meal, for example, black soldier fly larvae,
possibly in conjunction with duckweed
production in grow-out ponds should

be explored. For small-scale commercial
farms, manufactured pellets, potentially
made in-country using at least some local
feed ingredients should be explored.

There is a strong case for continuing the
subsidised import of commercially extruded
tilapia feeds. This will fast-track industry
development, help identify production
capacity of different types of farms, and
help the upskilling of tilapia farmers.

Stimulating private enterprise investment,
particularly for small- and medium-scale
enterprises will be fundamental to ongoing
growth of tilapia farming in Pacific island
countries. Strong support from government
agencies is critical, particularly in the early
stages of tilapia production, but a pathway
for private investment and sustaining tilapia
aquaculture through business, even if on a
small scale, is essential. Building the case for

investment will require an understanding
of the marginalised supply chain issues,
the limitations in available markets, the
socioeconomic drivers for production, and
improved support for early-stage tilapia
businesses and entrepreneurs in Pacific
island countries.

Perhaps the common feature of all
challenges for tilapia aquaculture in Pacific
island countries is the need for capacity
and training. Capacity building is a broad
term encompassing the ability to adapt
specialised skills and knowledge to local
conditions to enhance development
outcomes. Enhancing the knowledge,
skills and abilities of entrepreneurs

and individuals working in aquaculture,
including farmers, managers and employees
in associated business, extension officers,
policymakers and educators, requires
appropriate training, resources and
support. For capacity building and to
address all the challenges described in
this review, there is a role for government
support and regional coordination.




About this report

This technical report is the result of a review
commissioned by ACIAR to explore and
document the barriers to tilapia aquaculture
in Papua New Guinea, Solomon Islands and
Timor-Leste. Many of the review findings
also apply to other Pacific island countries.
The review was delivered to ACIAR in
October 2023.

The review was intended to help identify
nutrition bottlenecks in fish production and
in the production of quality fingerlings, as
well as to develop a deeper understanding
of the drivers and barriers to tilapia farming
more generally. It drew on findings from the
desktop review of available literature that
examined research needs and technical
capacity requirements to provide a
foundation for locally based higher-quality
research and capacity building that is
essential to the sustainable growth of
aquaculture in Pacific island countries and
Timor-Leste.

A special session on Pacific island
aquaculture was organised at World
Aquaculture 2023 in Darwin, which was held
from 28 May to 4 June 2023. Experts in

the status of aquaculture in Pacific island
countries and Timor-Leste were interviewed
and invited to give keynote presentations
at the Pacific island aquaculture session.
The presentations and ensuing discussion
shaped the direction of this review

(see Figure 1).

The recommendations in this report will

be useful for those seeking to investin
international development assistance using
tilapia aquaculture as a pathway to address
food security priorities in the Pacific region.
This report will also be a valuable reference
for fisheries specialists in the public, private
and non-government organisation (NGO)
sectors who provide technical advice to
farmers, government officials, extension
officers and industry network personnel.
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The Fish for Prisons program teaches
prisoners fish farming skills to help them
establish a livelihood on release, PNG.
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Introduction

Tilapia prepared for cooking, Timor-Leste.




Introduction

Fish make up the majority of
animal-derived protein for
communities living in Pacific island
countries, particularly in rural and
coastal regions (Bell et al. 2009).

This nutrient supply is expected to
become increasingly scarce, due to

a combination of overfishing and
climate change (Friedlander and
Gaymer 2021), exacerbating Pacific
island malnutrition issues, particularly
juvenile stunting and adult obesity
(Hiruy and Eversole 2020; Bogard

et al. 2021). At the same time, highly
processed food is becoming more
economically available, shifting

the landscape of nutrient supply

for Pacific island residents (Sievert
et al. 2019). Inland communities have
particularly limited access to protein
and have particularly homogenous
diets (Hiruy and Eversole 2020).

In addition to protein, fish supply
essential fatty acids, vitamins and
minerals that are critical for health
and development (O'Meara et al.
2023). An economically viable supply
of fish protein has a high potential

to alleviate malnutrition through

the supply of protein and other
essential nutrients and adding
nutritional diversity critical for normal
development and health (Golden et al.
2021; Byrd et al. 2022).

Fish production at a low trophic niche,
with low-cost inputs and achievable
technical demands therefore plays

a critical role in food security and
nutritional health of isolated and poor
inland communities.

Tilapia uniquely meets these criteria
for tropical fish production. Papua
New Guinea (PNG), Solomon Islands
and Timor-Leste are linked by their
nature of isolated tropical island
communities with established tilapia
production facilities, but still have
significant challenges in malnutrition
(United Nations n.d.). This review
examines the biology and culture of
tilapia in relation to the challenges
faced by PNG, Timor-Leste and
Solomon Islands and suggests
pathways toward cost-effective
development and increased food
security for these countries.

1.1 Global tilapia
aquaculture

Aquaculture provides the majority

of global inland fishery production
(59.1 million tin 2022). Tilapia and
other cichlids (mainly genetically
improved farmed tilapia, such as GIFT
and the species Orechromis niloticus)
is the third most abundantly farmed
finfish species group (6.5 million t

in 2022) behind carps (grass carp
(Ctenopharyngodon idellus) and silver
carp (Hypophthalmichthys molitrix))
and catfishes. Tilapia is farmed in
more countries than any other species
group (FAO 2024).

Tilapia has been widely translocated
outside its native range and

was coined ‘the most important
aquaculture species in the 21st
century’ (Fitzsimmons 2000). When
tilapia culture first emerged a few
decades ago, it was hailed as the era
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of the aquatic chicken and the accolades
continued as tilapia has become one of the
most important food fishes on the planet
(Fitzsimmons and Martinez-Garcia 2013).

Tilapia is a common name that is applied
to several genera and species of fish that
were formerly classified in the genus Tilapio,
in the family Cichlidae. They are now split
into 3 genera: Oreochromis, Sarotherodon
and Tilapia (El-Sayed and Fitzsimmons
2023). The Nile tilapia (O. niloticus) and its
numerous hybrids, such as blue tilapia

(O. aureus) and Mozambique tilapia

(0. mossambicus) are the most widely
cultivated. Nile tilapia has been genetically
improved for aquaculture objectives (Pullin
1988; Pullin and Capili 1988; Gupta and
Acosta 2004; Gupta et al. 2004).

In 1988, a 10-year collaborative research
project titled ‘Genetic Improvement of
Farmed Tilapias (GIFT)' led by WorldFish
demonstrated more than 80% production
improvement due to selective breeding
(Prabu et al. 2019). A faster growing,
synthetic Nile tilapia aquaculture strain
was created as a result of the GIFT project
(Acosta and Gupta 2010). The GIFT strain
and the technical approach demonstrated
through the GIFT project has since served
as a valuable resource for public and private
genetic improvement and distribution
programs (Eknath and Hulata 2009) with
several genetically improved tilapia strains
now available and in some cases widely
distributed globally.

Although they are not indigenous to Asia,
tilapias have long played a vital role in the
region's inland fisheries and aquaculture
(Prabu et al. 2019). With a spread that is
second only to common carp globally,
they have been introduced into more than
90 different nations and are now farmed in
126 countries. The majority of production
comes from developing countries with
large populations. China is the major
producer, followed by Indonesia, Egypt,

Brazil, Bangladesh, Vietnam, Philippines and
Thailand (FAO 2022).

The demand for Nile tilapia is increasing
worldwide, especially in developing
countries (Asiedu et al. 2015). The market
for tilapia is also rising in countries without
traditional tilapia production, particularly
those with markets that rely on whitefish
species (Asche and Zhang 2013). Tilapia
production is targeted largely to domestic
consumption, but substantial amounts

are exported and traded internationally
(El-Sayed and Fitzsimmons 2023). The global
trade of tilapia has grown significantly
over the past 20 years, with sales in over
135 countries worldwide and a predicted
continuation of this increasing trend
(EI-Sayed 2020).

Tilapia are primarily herbivorous and
detritivorous feeders and their flexible and
opportunistic feeding behaviour make them
ideal for aquaculture (Karim et al. 2017). In
addition, the species has few major diseases,
is tolerant of a poor water quality, adapts
well to a range of culture locations and
conditions, and the techniques for breeding,
feeding, harvesting and marketing are very
well established, keeping production costs
low and enabling widespread adoption from
subsistence farmers to highly intensive
commercial enterprises. Fingerlings accept
inert feed right after yolk sac absorption
(Fracalossi and Turchini 2022). Their

lower production costs and market unit
values in comparison with carnivorous
finfish species allow tilapia to make crucial
contributions to food security, nutrition

and agricultural development (FAO 2022;

De Silva et al. 2004). Due to the affordable
price, good quality and simple farming
technique, the fish is helping benefit a wide
variety of communities in Asia, Africa and
Latin America.

These characteristics explain why the global
growth in production of tilapia has been
so rapid.
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1.2 Tilapia aquaculture in
Pacific island countries and
Timor-Leste

The effects of climate change, including
ocean acidification, ocean warming,
stronger cyclones and a rise in sea level
resulting in the degradation of coral

reefs and the decline in coral reef and
coastal fish populations in several Pacific
island countries is widely projected, with
declines expected to continue into the
future (Bell et al. 2013). For many coastal
communities in Pacific island countries,
reef fish and coastal fisheries are a crucial
source of nutrition and livelihood. Hence,
their decline contributes to poverty and
food insecurity as well as increased rural
malnutrition, particularly among vulnerable
populations like pregnant women and
children (Grieve et al. 2013; Susumu

et al. 2014). Contrary to coastal fisheries,
freshwater aquaculture, particularly tilapia,
will benefit from climate change in Pacific
island countries. As air temperatures

and rainfall rise, the environment should
become more favourable for Nile tilapia
farming. Higher temperatures may result
in quicker rates of growth, allowing tilapia
to be farmed at higher elevations in PNG.
Higher rainfall might also enable tilapia
aquaculture in rain-fed ponds on some
atolls (Bell et al. 2013).

Many countries started reinvesting in

tilapia aquaculture in the 1990s and early
2000s, following largely unsuccessful
projects in the 1960s and 1970s and an
awareness of declining coastal fisheries
productivity (Ponia 2010). The growth of
tilapia aquaculture in Pacific island countries
is highly supported from the national to

the regional level in terms of development
policies and strategies (Secretariat of the
Pacific Community 2015; Fiji Ministry of
Fisheries and Forestry 2024; Ministry of
Development Planning and Aid Coordination

2016). These policies and strategies
demonstrate the governments' dedication
to promoting small-scale tilapia aquaculture
projects to supplement coastal fisheries
fish output, provide job opportunities

and improve food security for the Pacific
(Harohau 2020).

The Mozambique tilapia (0. mossambicus)
was brought from Africa to Pacific island
countries during the 1950s. However,
disadvantages with Mozambique tilapia
aquaculture include low fecundity, early
maturity, early reproduction, sluggish
growth and stunting. This results in low
yield of small fish that may be difficult to
sell, and consequently does not meet the
need for either income or nutrition for
tilapia farmers (Harohau 2020). In addition,
Mozambique tilapia has been associated
with a drop in indigenous species (Pickering
2010). Because of these factors, some Pacific
island communities have been focusing

on the Nile tilapia (O. niloticus) - especially
GIFT - because of its faster growth rates
and larger size. This is further enhanced

by the development and implementation
of single-sex all-male populations that
maintain growth to a larger size due to
delayed maturation (Belton 2009).

Tilapia aquaculture has mainly expanded
in remote areas for food security and

has not yet significantly contributed to
private-sector-led economic growth and
employment. However, that is now changing
in some Pacific ACP [African, Caribbean
and Pacific] states, and there is scope for
production to grow (Amos et al. 2014).
Tilapia was imported by several Pacific
islands countries for various objectives.
While tilapia was introduced into PNG

and Fiji in order to supply fish to rural fish
farmers (Smith 2007; Vereivalu 1989), it
was primarily introduced into Vanuatu
and Solomon Islands in order to reduce
mosquito populations and improve inland
fisheries (Eldredge and Humphries 1994;
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Ponia 2003). Only the tilapia aquaculture
industry in Fiji and Guam has so far been
transformed into one that is commercially
oriented. The majority of tilapia production
is for household food security in other
countries such as PNG, Solomon Islands and
Samoa, where the industry is very much
subsistence oriented (Harohau et al. 2016;
Mather and Nandlal 2013; Pickering 2015,
2016; Smith 2007).

However, despite the enormously positive
contribution of food and income security
for many people, especially in developing
countries, not everything about tilapia

is positive. In areas where they have

been introduced, tilapia can sometimes
out-compete and negatively affect native
species and disturb natural habitats.

In Australia, tilapia were probably first
released as unwanted aquarium fish,

and O. mossambicus is now established

in catchments in tropical and subtropical
Australia. Black mangrove cichlids (T. mariae)
has also become established in north-east
Queensland. Both tilapia species are
declared invasive pests in most Australian
states (Queensland Government 2024). They
are listed as a notifiable pest under NSW
legislation meaning itis illegal to possess,
sell or move tilapia (NSW Government n.d.).

These concerns mean the risk of tilapia
becoming an invasive species must be
carefully managed, particularly in countries
where they have not already been
introduced. While this does not include
PNG, Solomon Islands or Timor-Leste,
where tilapia have long been established,
opposition from international agencies to
tilapia farming in areas outside their natural
range, including Pacific island countries, can
be a barrier to progress. Where tilapia do
exist, introducing GIFT or other genetically
improved strains, carefully managing
broodfish and only stocking ponds with
single-sex fingerings will help prevent
negative impacts and moderate criticism of
the species.

The characteristics of tilapia aquaculture

in PNG, Solomon Islands and Timor-Leste,
together with challenges and opportunities
are summarised in Table 1.
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Catch from a fish pond, Solomon Islands.
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Role for tilapia aguaculture and
socioeconomic challenges

Cage-based fish farming in Yonki Reservoir has
grown due to subsidised imported feeds, PNG.




Role for tilapia aquaculture and
socioeconomic challenges

Despite overall progress during the
past few decades, many Pacific island
countries face persistently high
levels of poverty and lag in achieving
most UN Sustainable Development
Goals (SDGs) (SDG Gateway 2023),

a situation recently exacerbated by
the COVID-19 pandemic (IFRC 2023).
A recent assessment of SDG progress
in the Pacific estimates 42 more
years will be required to achieve the
SDGs, missing the 2030 target by
several decades, unless efforts are
multiplied substantially by 2030 (SDG
Gateway 2023).

Coastal ecosystems and capture
fisheries are critical to the livelihoods,
economies, health and nutrition of
Pacific island countries throughout
the region (Roscher et al. 2022). But
with diverse and increasing pressures
on capture fisheries and the growing
threats from climate change, the

role of aquaculture has received
increasing attention in many Pacific
island countries as a diversified
livelihood strategy (Hiruy and
Eversole 2020; Harohau et al. 2020),
a strategy to address shortfalls in
fish supply (Bell et al. 2009), a means
of securing healthy and sustainable
diets and nutrition (O'Meara et al.
2023) and an economic opportunity
(Pickering 2010), including for women
farmers and traders (Garcia-Gomez
et al. 2018). Throughout the region,
various government policies have
been enacted to grow aquaculture,
often stimulated by regional bodies
such as the Secretariat of the Pacific
Community (SPC) (Pickering 2010).

The crucial role of fish in nutrition
and health has received increasing
attention globally (SPC 2022) and

in the Pacific (O'Meara et al. 2023;
Hiruy and Eversole 2020). While
capture fisheries are widely regarded
as critically important for nutrition

in Pacific island countries, the

role of aquaculture in addressing
shortfalls in fish supply resulting from
population growth, stagnating wild
fisheries and climate change have
been highlighted (Bell et al. 2011).

In an influential analysis, Bell et al.
(2009) projected a regional shortfall
of 100,000 tonnes of fish by 2030

and proposed tilapia aquaculture

as one of 3 ways to meet growing
supply gaps (others related to capture
fisheries management). This research
noted climate-induced changes in
rainfall would actually favour inland
aquaculture development (Bell

et al. 2009) and noted that Solomon
Islands and PNG were among the top
3 of 11 Pacific island countries and
territories (the other being Fiji) where
coastal fisheries will not supply the
fish needed for food security in 2030.
More specific country studies provide
further insights into the potential
significance of tilapia aquaculture for
food security.
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In Solomon Islands, fish supply-demand
modelling (Cleasby et al. 2014) suggested a
high degree of socioeconomic acceptance
of tilapia in diets and shortfalls of 6,000 to
20,000 tonnes of fish that might be met by
tilapia aquaculture by 2030. The research
noted that the existing low-productive
Mozambique tilapia as being unlikely to
make significant contributions, further
confirmed by Harohau et al. (2020) who
noted limited influence of O. mossambicus
in household diets, pointing towards the
need for a more productive strain such as
Nile tilapia.

In PNG, there are more than 60,000 tilapia
farms, mostly farming Nile tilapia,

with many located in remote highland
regions, focused on household-level
subsistence production. In these

regions, tilapia production has become
recognised as an important source of
much-needed household animal protein
(Sammut et al. 2024).

In Timor-Leste, fish supply-demand
estimates have projected significant
shortfalls in fish supply and identified
inland aquaculture, and specifically tilapia,
as a key strategy to meet demand and
raise per capita fish consumption (Ministry
of Agriculture and Fisheries, National
Directorate of Fisheries and Aquaculture
2013), with subsequent investments in Nile
tilapia (GIFT) contributing to increased fish
supplies and improvements in household
consumption in farmers adopting tilapia
aquaculture (Pant et al. 2023).

However, it is probably fair to say though
that while several nations identify tilapia
aquaculture and there appears to be
widespread socioeconomic acceptance
(Garcia-Gomez et al. 2018), actual progress
at the scale needed has been limited

at best, with evidence of its livelihood
contributions mixed.

In Solomon Islands, Harohau et al. (2020)
confirmed the social and economic
acceptance of Mozambique tilapia, but a
limited contribution of tilapia aquaculture
to food and income that stemmed from

the low productivity of the available tilapia
species and the low local demand for
tilapia at rural markets. In PNG, tilapia
aquaculture has become a self-sustaining
largely subsistence activity in earthen
ponds in several highland regions, though
the isolation of many farm sites and a lack
of financial and physical resources limits
scaling of production in many rural areas.
Although small-scale farming objectives can
be met in PNG, such as providing for family
and dietary requirements, the availability
and cost of feed is seen as a barrier to more
commercial-scale production. Furthermore,
even though fish farming is extensively
practised in PNG, farm yields are often
poor when compared to Asia. The main
bottlenecks for increasing fish production
and impacts on livelihoods in PNG include
poor access to commercial feed and feed
ingredients, lack of fish husbandry skills
and poor-quality fingerlings (Sammut

et al. 2021).
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The aquaculture industry in Timor-Leste

is still in its early stages, but Nile tilapia
production has grown following the
introduction of Nile tilapia GIFT in 2015
(Pant et al. 2020). The rural economy
benefited from inland fisheries under the
Indonesian administration, notably tilapia
and carp, but these operations ceased
after the country’s independence in 1999
when numerous aquaculture facilities were
destroyed. Since then, the government

has steadily revived aquaculture activities
with assistance from subsidies of external
organisations. Tilapia is currently one of the
most common farmed freshwater species in
Timor-Leste, with small-scale pond farming
contributing to homestead food production
and incomes in several parts of the country
(Pant et al. 2019). Tilapia value chains are
also starting to develop in the country,

with connections being made from more
commercially oriented small-scale farms to
markets, and some intermediary businesses
emerging, likely creating additional
livelihood opportunities.

For tilapia aquaculture in PNG, Solomon
Islands, Timor-Leste, and indeed many
Pacific island countries, a range of different
culture systems and intensities characterise
production. The model at Figure 2
represents one way of understanding

the differences. In this model, production

is described as subsistence, community,
small-scale commercial and large-scale
commercial. These descriptors align with
more traditional culture type descriptors of
extensive, semi-extensive, semi-intensive and
intensive, in that order. A model such as the
one proposed is useful to help understand
how different approaches/solutions are
needed to address some of the fundamental
challenges that face all production types.

It should be stressed that the categories
are often more of a continuum than

clear differences and that farmers move
from one category to another depending
on circumstance.
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Production focus

Small-scale Large-scale
Characteristics Community commercial commercial
Culture type Extensive  Semi-extensive Semi-intensive Intensive
. . Hatchery/
Fingerling supply Purchased Purchased purchased Hatchery
. Natural/ Supplgmented/ On-site farm Commercial
Feeds and feeding on-site farm
supplemented made pellets
made
. Multipl L f
Production platforms Small pond(s) Larger pond(s) ultiple ponds  Large number o
or cages cages or ponds
Self- . . Business
Lo Self- . Financial :
Economic drivers . consumption . income/
consumption income
and trade employment
Oxygen/ Water quality/

Feed volume/

Monitoring Observation . feed volume/ growth/feed
observation -
growth rates efficiency
Management Reactive Proactive

Figure 2 A model for inland aquaculture in Pacific island countries and Timor-Leste

For example, a subsistence farm might be
primarily used for on-farm consumption
but any fish in excess to requirements
might be sold or traded. Production for
food and production for income are both of
priority, depending on where the farms are
located, resource availability, markets and
business opportunities.

Itis often assumed that large-scale
commercial production is the goal, but this
is overly simplistic. The best production
system is the one that best suits the people
that rely on the fish for nutrition or income.

A large-scale commercial farm might
actually negatively impact on the availability
of tilapia for food in communities without
a functioning money-based economy, like
many places in remote PNG. That said, a
focus solely on subsistence-type farming
risks failure in meeting national food
security requirements (Cleasby et al. 2014),
including the development of market-
oriented value chains and market systems
that can supply the fish requirements of
urban populations.
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Aquaculture in Pacific island countries,
including tilapia aquaculture, has received
limited attention from a gender perspective
(Garcia-Gomez et al. 2018), though SPC
research in Fiji and Samoa (SPC 2023)
reveals the significant role of Pacific

women in the management of aquaculture
activities, which is often not recognised and
not valued. Findings to date suggest that

as is traditional for other rural agricultural
practices, tilapia farming in both countries
has a very pronounced gendered division of
labour. Women in both countries reported
benefits from small-scale pond tilapia
aquaculture from cash income for their
personal needs and community obligations,
often in places where there are no other
alternative income sources for women. This
limited information suggests more attention
should be given to the roles and potential
roles of women in future development of
tilapia aquaculture.

Finally, small-pond aquaculture of

tilapia can make contributions during
post-cyclone recovery and rehabilitation
of fisheries-dependent communities in
the Pacific. One of the dramatic impacts of
Cyclone Winston in Fiji during 2016 was a
sharp reduction in consumption of fresh
fish (Chaston Radway et al. 2016). Tilapia
from ponds provided the only source of
fresh animal protein available in the initial
2 to 3 months post-cyclonic disaster, with
communities widely recognising tilapia
aquaculture as an important livelihood
activity post-cyclone in the provinces of
Cakaudrove, Tailevu and Lomaiviti (Chaston
Radway et al. 2016).

The socioeconomic impacts from tilapia
aquaculture have long been anticipated

for Pacific island countries since at least
1950, but progress has been slow due to
unsuitable initial choice of species, logistical
constraints due to the Pacific’s fragmented
geographies, lack of technical capacity and
other factors (Garcia-Gomez et al. 2018).
The future effects of climate change in

the south-west Pacific are predicted to be
beneficial for tilapia aquaculture, and fish
supply shortfalls are likely to get worse.
Available insights suggest that tilapia can
play an increasingly prominent role in food
and livelihoods in Pacific island countries, in
a future where over-fishing, environmental
degradation, and the projected impacts of
climate change will continue to pressure fish
resources and communities. The challenge
now is to move to implementation at the
scale needed and in ways that optimise
socioeconomic benefits to farmers, farm
households, communities and wider
national development goals.

2.1 Recommendations

+ Improve knowledge on rural and urban
markets and value chains to drive
investment strategy.

+ Update projections about the fish supply
shortfall for the Pacific, including better
insights on socioeconomic impacts (for
example, income, nutrition and gender).

+ Examine the role of tilapia for fish
supply and identify socioeconomic
characteristics that might affect
potential growth.
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Fingerling production: status,
challenges and opportunities

Average size of Mozambique tilapia at harvest,
Solomon Islands.

15



A fish farmer next to her aquaculture pond,
Solomon Islands.
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Fingerling production: status,
challenges and opportunities

3.1 Tilapia fingerling
production

Tilapia fry and fingerlings, of
sufficient quality and quantity, are

a prerequisite for successful tilapia
aquaculture. The present supplies

of tilapia fry and fingerlings in PNG,
Solomon Islands and Timor-Leste, and
elsewhere in Pacific island countries,
come from a mix of sources. These
include hatcheries and/or nurseries
(PNG, Timor-Leste and other Pacific
island countries), collection of fry and
fingerlings from the wild (occasionally
with O. mossambicus in Solomon
Islands) and from self-reproduction

in fish farmer ponds (0. mossambicus
in Solomon Islands and Nile tilapia

(O. niloticus) in PNG).

The Mozambique tilapia

(0. mossambicus) has been widely
distributed throughout Pacific
island countries since the 1950s,
but poor growth performance and
inbreeding have led to interestin
introductions of faster growing Nile
tilapia derived strains (Pickering
2010). Solomon Islands is one of the
few Pacific countries still without
Nile tilapia, but in PNG, Timor-Leste,
Fiji and elsewhere, various Nile
tilapia derived strains have been
introduced during the past 30 years;
the GIFT strain to Timor-Leste in
2016 by WorldFish; various strains
to PNG; Thai strains to Vanuatu;

and GIFT, Israeli, the Thai strain
Chitralada and red tilapia hybrids to
Fiji (Macaranas et al. 1997). These Nile
tilapia derived strains and genetics

have originated from international
research organisations (for example,
WorldFish), and commercial genetics
companies and hatcheries in
Thailand, Israel and possibly other
countries. These improved strains
are normally managed with limited
capability and facilities to maintain
genetic quality, commonly resulting
in a gradual genetic deterioration,
with longer-term implications for
farmer productivity and incomes and
overall efficiency and sustainability of
tilapia aquaculture.

Tilapia hatcheries with capabilities
to hold tilapia broodstock, breed
and distribute tilapia fry and
fingerlings can be found across
the region, although they are by
no means common. The hatchery
types for Nile tilapia range from
specialised centralised hatchery
structures - often operated by
government and holding a ‘nucleus
of tilapia genetics, such as in PNG
and Timor-Leste - to private- and
public-owned satellite hatchery
and simple pond-based systems
for fry and fingerlings production,
such as found widely and operated
by farmers, NGOs or communities
throughout the highland regions of
PNG. A new government-operated
hatchery facility has recently been
constructed in Solomon Islands in
preparation for the introduction of
Nile tilapia following a government
policy decision to introduce a better
performing tilapia. The ownership and
management of hatcheries includes
both public, civil society/NGOs and
private-sector farmers and investors.

’
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Monosex technology to produce all male fry
exists in PNG, Timor-Leste and Fiji although
problems in accessing the hormones
required, and even the technical skills, are
sometimes reported. In all countries, tilapia
are distributed to farmers locally and across
wider networks, as small fry (~1 inch size) or
larger fingerlings (~2-3 inch size) depending
on farmer demand, geographies and
management practices.

In PNG, central government operates tilapia
hatcheries, with distribution networks
involving private or NGO/community-run
‘satellite’ hatcheries. The National Fishery
Agency has established 22 satellite
hatcheries in 18 provinces across the
country, of which 5 are applying sex reversal
technology. This wide network of satellite
hatcheries has apparently contributed

to the increase in fish farming activities

in local areas. Farmers can now access
tilapia fingerlings that were previously not
readily available, and reports of success
have attracted new farmers, a key factor
enabling the growth of tilapia aquaculture,
with 66,000 fish farmers now found in PNG
(Noiney 2024).

In Timor-Leste, central government operates
a centralised hatchery facility, with technical
and financial assistance from WorldFish

and the New Zealand Government in the
initial years. The centralised hatchery
maintains a core GIFT population and is
responsible for distributing broodstock and
fry and providing technical assistance to a
small number of public-private partnership
model hatcheries and nurseries. WorldFish
is providing private hatcheries with partial
funding for establishment of hatchery

and training and mentoring support to
encourage a private-sector-oriented tilapia
fingerling supply with the objective of
stimulating greater sustainability through

a market-oriented approach beyond
grant-funded projects (Pant et al. 2023).

The operational capacities of tilapia
hatcheries in PNG and Timor-Leste are
generally small, ranging from a few
thousand fry or fingerlings per year to a few
million. The small satellite hatcheries in the
PNG highlands are examples of how satellite
hatcheries can stimulate localised tilapia
farming production. Distribution networks
tend to be not well organised and not as
well developed as in Asia. The volumes of
fry and fingerling production overall are
difficult to estimate, but a region-wide
production of ~1600 t/year of farmed
tilapia would suggest around 12.8 million
fingerlings/year (assuming 250 g market
size and 50% survival from egg to harvest).
Meeting a stepwise increase in region-wide
production of tilapia would clearly need a
significant increase in investment in fry and
fingerling production and networks that
facilitated widespread access for farmers.

The pond yield performance of tilapia fry
and fingerlings are poorly documented,
though some estimates are available.

In Solomon Islands, Mozambique tilapia
yields in ponds were very low, generally
several kilograms per year (Harohau

et al. 2020). In PNG, data on yields of

Nile tilapia derived strains were not
available. In Timor-Leste, average yields
have grown from 4.3 t/ha/year (fed with
farm-made feed) to up to 16 t/ha/cycle

(6 months) with feeding commercial feed
pellets and technical assistance (Pant

et al. 2023; Pant et al. 2024). Yields are
likely to be highly variable, related to the
tilapia strain used and degree of genetic
deterioration, stunting, maturation, feeding
and fertilisation practices and overall
management (Harohau et al. 2020). No
Pacific regional source of improved tilapia
genetics is available, though proposals
have been made by SPC to establish a
Pacific regional source of improved tilapia
genetics for distribution within the region
(Pickering 2010).
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3.2 Specific challenges to Why isn’t existing technology

. . . . sufficient?
production and distribution
The technology is probably sufficient

« Fragmented value chains that could be to maintain current levels of largely
overcome to some extent by localised subsistence production but is unlikely to be
production of tilapia seed, such as sufficient to supply tilapia fry and fingerlings
through the decentralised hatchery and at the scale needed for growth.

satellite networks in PNG.

* Access to hormones needed for monosex
production systems.

+ Lack of genetically improved strains that
are widely accessible to farmers in the
region and challenges in maintaining
genetic quality of stocks. This might be
overcome by establishing a regional
broodstock and distribution centre,
perhaps with associated technical
supporting functions (Pickering 2010).

+ Biosecurity risks associated with
introductions of tilapia to the Pacific
region, and maintaining the overall
status of the region as free of important
tilapia diseases. A biosecure regional
broodstock centre might reduce
any risks.

+ Lack of capacity to manage hatcheries
and genetics.

* Government-owned facilities with low
incentive to produce high-quality fry and
build a market.

+ Limited private-sector involvement in
hatchery production due to constraints
in skills and investment capacity.

« Business case (and incentives) for
private-sector engagement in hatchery
production. The start-up grants and
training being offered by WorldFish
in Timor-Leste might be an example
of how the private sector can be
better supported to invest in hatchery
businesses (where sufficient market
exists) (Pant et al. 2024).
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3.3 Recommendations

Improve genetic management of tilapia,
including the importation of better
genetics (such as GIFT) into Solomon
Islands and broodstock management in
other countries.

Increase adoption of single-sex
production of fingerlings by increasing
access to essential chemicals

and equipment.

Improving quality
of fingerlings

Import genetically
improved tilapia (e.g.
GIFT) into Solomon
Islands

Community

Create incentives and strategies for
the private sector to invest in tilapia
hatcheries and small-scale satellite
hatcheries. Support promising
entrepreneurs to develop hatchery and
nursery businesses.

Focus on capacity building and training.

Summarised in Figure 3.

Small-scale
commercial

Large-scale
commercial

Improve genetic
management of
broodstock - all PIC
with tilapia

Increase access to
essential chemicals and
equipment (regional
centre?) - all PIC

with tilapia

Create incentives and
strategies for private
sector investment

in tilapia hatcheries,
including satellite
hatcheries - all PIC
with tilapia

Focus on capacity
building and training -
all PIC with tilapia

Figure 3

Recommendations to improve quality and availability of tilapia fingerlings

Note: The size of the block indicates relative importance for each type of farm - for example, improving genetic
management of broodstock is increasingly important as scale of farm increases. PIC = Pacific island countries.
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Feeds and feeding: status, challenges
and opportunities

A farmer feeding fish in Batugade, Timor-Leste.
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Feeds and feeding: status, challenges

and opportunities

4.1 Priorities for feeds

Nutrient requirements in aquaculture
are typically defined by the

optimal response in manipulative
experiments (Shearer 2000). These
responses almost always involve
growth measures, but feed efficiency
and physiological measures also
contribute to our understanding

of optimal nutrient balance in feed
formulation. A comprehensive
summary of nutrient requirements
for tilapia is provided by Booth
(2017). Nutrient requirements for
optimal growth in controlled tank
conditions often overestimate
nutrient requirements for pond-based
aquaculture, depending on the
nutrients available from the pond
ecosystem (Tacon 1995). Excess
nutrients from the feed contribute to
pond productivity, either by fertilising
plants, directly feeding other
organisms in the pond, contributing
to bacterial biomass production or
settling as detritus that can perform
any of the above functions or act as

a reservoir of feed for detritivores
(Narimbi et al. 2018). However, the
ecosystem is variable between ponds
as well as between farms, posing a
challenge to define the appropriate
quantity and balance of nutrients
required in a feed to supplement

the pond food web. The relative
contribution of natural productivity
to the nutrient requirements of tilapia
is also likely to shift with production
intensity and stocking density,
making optimal formulation for pond
environments extremely challenging
(Lovell 1989).

Optimised production may not be

the goal of all farmers, particularly

in subsistence aquaculture where
tilapia is grown at relatively low
densities for food rather than for
profit. Trade-offs between feed

cost, form (pellets or granulated
ingredients) and availability of feeds
will likely dictate their use. At higher
production intensity, high-quality
feeds are necessary to optimise
production speed and efficiency,
while at low stocking density in

pond environments, there is a clear
trade-off between the benefit of feed,
its cost and the nutrient value of
pond productivity. Clearly, a different
approach to feed and feeding

is required to cater to different

tilapia farmers; from low-density

to high-density pond production,

as well as higher-intensity farming
which contributes to natural food
production. Figure 4 lists some of the
different feeding resources that might
be considered for different types of
tilapia farms.
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Small-scale Large-scale

Feed resources Community commercial commercial
Fertilisation (manure) v
Insect supplements v
Supplementary feeds v v
(local ingredients)
Farm-made feeds v v v
(mini-mills)
Concentrates (mini- v v
mills)
Imported commercial v v
feeds
Capacity building v v v v
- training
Capacity building v v
- internships
Capacity building v v v v
- government

Figure 4 Feed resources for different types of tilapia farms in Pacific island countries and
Timor-Leste
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4.2 Appropriate and
available raw materials for
feeds

Tilapia are able to utilise a variety of feed
forms, ranging in size and form, from
microscopic algae and bacteria particles,
to detritus and complete feeds. They are
therefore particularly suited to utilising
nutrient sources that are cheaply available,
but not necessarily complete. Formulated
feed may not be the major contributor of
nutrients for the growth of pond-reared
tilapia; however, supplementary nutrients
in excess of those delivered by the pond
environment appear to be necessary to
optimise production (Diana et al. 1996;
Narimbi et al. 2018; Salger et al. 2020). The
appropriateness of feed materials depends
on their nutrient value, antinutrient content,
cost, availability and ability to be stored and
processed. These feed materials can either
be used as supplements to enhance the
nutrients available from pond productivity,
as supplements to formulated feeds, or as
complete formulated feeds.

Availability and cost of suitable feeds are
high on the list of the main challenges facing
tilapia farmers in PNG, Solomon Islands

and Timor-Leste. Feeds are also a problem
constraining tilapia aquaculture growth
throughout Pacific island countries.

There are many reasons the challenges with
feeds are particularly acute in the region:

+ Small industry and low demand for
commercial aquaculture feeds. No
modern commercial aquaculture feed
manufacturers have plants in PNG,
Solomon Islands, Timor-Leste or any
other Pacific island country.

+ High cost of importing aquaculture
feeds, and feed ingredients like
fishmeal, from neighbouring countries.
This is due to low demand (lack of
economies of scale), poor shipping

infrastructure and logistical and ground
transport difficulties.

+ Limited availability of local feed
ingredients with potential for use in
locally made feeds. This is especially
true for protein sources but applies to
lipid sources and micronutrients. Even
the available carbohydrate sources are
often of poor quality and are not always
available where and when needed (Pant
etal. 2023).

« There are commercial animal feed
manufacturing plants, primarily for
poultry, in PNG, and Fiji, but in general
they are small-scale and do not have
extrusion capacity and, with the high
cost of imported ingredients, like
high-quality fishmeal, they struggle to
produce quality aquafeeds that are also
cost-effective.

+ Almost all the tilapia farms are
small-scale with low purchasing power.
Until demand for feed increases,
economies of scale will mean, in general,
tilapia farmers in PNG, Solomon Islands,
Timor-Leste and elsewhere in Pacific
island countries will pay a premium
for feeds. There are nascent farmer
collectives in PNG and Fiji and as these
develop the ability to negotiate more
favourable feed contracts will improve.

+ Distribution, transport and storage
infrastructure for aquaculture feeds
make delivery to farms in PNG, Solomon
Islands, Timor-Leste and many other
Pacific island countries more difficult and
expensive than in other countries.

There are several options to address these
challenges for tilapia farmers, all with
positives and limitations, a summarised in
Table 2.

24 | TECHNICAL REPORT 103



'9]e3s |BJ0| e 18 palesisuowap

2. S1149Ua( SSI|UN Sulwie) 9dUISISANS
031 uonedidde ay3 ywi Aew 1s0)
'sa143snpul

uondnpoJd [ewiue Jay3o yiim uonzadwod

‘SeaJe [eJaASS Ul 9AI1D3}19-150D Uanoid
pue spuod jo A1Andnpoud sasealdu|

"'Syuawiadinbal

[er2Jawwod
9leds-||ews

pue
Aunwwod

(238 ‘paejjod
‘sueaq ‘@1
ua04q) s1donpoud

‘uonNgLasip pue AljigejieAy [EDIUYDD] OU pue 13S0 MO| A|9A1Ie|9Y ‘90Ud3SIsgns €-C -Aq [eanynd8y
"UMOUUN S1S0D |euoil| ‘swiiey} ,ysed mMoj, 1o} a|geiin
A |[euonippy | [ 104 3|geMNS (15420 40 1458
“(s3uaLINU “8'3) UnyNd '98e.03S J0 2Jn1deiNuUeW PI3) 04 PASU ON ANUNWWod y31m uondUNfuod
paam ¥anp a8euew 0) papaau asiiadx] 1459 pue ’ c_.mamc__w&
"Ule1JadUN PaaM YINp Jo Alljige|ieAy juswa|dwod pjnom 3503 Mo| A|aA1re|aY 90Ud1sISqNS €-C paam xdanqg
924n0s pady
paJn3|nd Jayio
"UMOUUN S1S0) |eUORIPPY ‘swie} ,ysed Moj, 4o} 9|qeuns ANunwwod 10 (1 xipuaddy
‘24n3nd (Jaylo ‘98e.03s Jo aun1dejnuew pue g<awnsse 29s) (1459g) aenJe|
10) 74Sg ul 9si3Jadxa pasu ‘uanoidun P23} J0j Pa3U Ou 3503 Mo| AjaAne|9Y 90Ud1sISgNS —umouxun A} Ja1pjos xoe|g
‘sjuaLinuiue uo Suissadoud ANUNWWOD
10 1294J9 a1 Jo a8pajmouy 31117 "anjeA [euoniiINu awos pue pa1sajun sjela3ew
"9SN 1WI| SIUSIIINUIIUE JBYI0 pue suluue| "9AIIpPE P34 150D ON 90Ud1sISgNS A|281e7 Jea| |ex07
Juswadeuew
‘papaau 10 9sea ‘sulle) ,ysed Moj, Joj 3|gelns ANunwwod
J1“sJ9s1]13434 d1uedioul pue duedio yloq 98e.01s Jo pue (uonesijiniay)
Jo Ayij1gejieae pue 3502 ‘uoizdnpouad moT 2Jn1oejNuUeW pady) 10 PI3U OU 13S0 MOT 91U31sISgNS > paaj |eanieN

suoneywi]

suolelwl| pue saanisod pue ‘sndoy uondnpoJd 1uaJlayip 4o Ajigelns ‘saidaiesis Suipasy Joj suondo  Z alqelL

snjoy
uoidnpo.d

(ey/3)
|ennuayod

uonosnpoud
jewixoaddy

uondo

CHAPTER 4. FEEDS AND FEEDING: STATUS, CHALLENGES AND OPPORTUNITIES | 25



‘spuod jo Aypeded uopnonpoud

puejsiapun djay 03 uonndo 3uipaay isag . eSS
: : 9|eds-28.e|
(€20 ‘@ 33 JUBd) USl 113y} 40} papaau “JuswaSeuew Aljenb Ja1em Yyiim suiaduod pue
pa3} Jo Junowe aneldoidde ayy s1eWNSs $S3] 03 3UIped| SPady 3|qels Jaem AlYSIH [e1249WWod spasy
03 Moy uo Sululesy alinbaJs siswieq . ‘lenuajod uononpouad 1saySiH 9|eds-||ews Ol< |eJawwo)
‘Kyjenb
J21BM UO S129)42 9SJaApe Joy [enualod (spaay Anod 1oy
aWos 0} Sulped| SPady [eI2JAWWOI Sk sa1891e.15 3ndUl pasy ssoud 10)j2d 5-2)
po0S se 10U Spa3j JO A11|IqeIs JDIBM  « Jamoj ueyy jennualod uononpoud JaySiH . [eDJaWWOD sjewiue Jay3o
“(Juswdinbs pue uone|nuLIo)) ‘Spaay 3|eds-|jews 10y uswdinba
ure1adun spasy Ajjenb axew 0y Aydeded « e 5ww0d Joy ueY) SSB) S3500 Ji0dsue.y pue a|eas-a84e| Suisn
‘y31y s3s03 340dsuesy -1sod YSiH !SPaa} |BI2J2WWO0I UBY) ISOD JI9MOT Ajunwwod 0l-G  spaaj Anaunod-uj
‘A111enb Ja1em Uo $173449 3SIaApE IO}
fenuziod ncm._ooa 5Po24 Jo fatiers 1arem - "S|elialew pasy (B0 3PNOUL 03 [BAUAIOD *  jep3sawW0d w.ey 03 Aywixoad
PJey 2q ued spad; J0 33eI01S -« 'sa1891e.31s Indul pas) JaMO| 9leds-||ews ul Juswdinbs
"sjuaIpa.3ul a|qejieae SuJnos Ayndiig - ueys jenualod uononpoud Jaysly ‘spasy pue a|eds-||ews
‘'Spasy [B12J3WWOD 104 UBY) SS9 S1S0D 1iodsuesy Ajunwwod 8uisn spaay
apew Aj|edo| adnpoud 03 Aypeded moq . Spa9j |PIDJAWIWOD URYI IS0 JOMOT] «  ‘DIUd1SISgNS oL-€ apeuw Ajjex07

suonyeywiI] S3AI}ISOd sndoj (ey/3)
uondnpo.d |enuazod

uondnpoud
jewixoaddy

(panunuod) suolelwl| pue saAlisod pue ‘sndoj uoidnpoud JuaJtayip Joj Aljigelins ‘sai8ajelys Suipas) oy suondo  Z algeL

26 | TECHNICAL REPORT 103



4.3 Feed resources

Pond fertilisation

Tilapia ponds can be fertilised to contain
significant production of microalgae,
which is supported by fertilisation and
alkalinity adjustments (Salger et al. 2020).
This relies on a combination of organic and
inorganic fertilisers, which are maintained
in the pond ecosystem as long as water
exchange is very low (Boyd and Tucker
2012). Algae incorporate fertiliser and waste
nitrogen from the fish into algae biomass,
which becomes a feed source for tilapia

as well as producing oxygen during the
day. Unfortunately, dense algae blooms in
ponds destabilise water quality through
diurnal shifts in oxygen, carbon dioxide
and, consequently, pH. Algae respiration
provides oxygen during daylight hours,
but depletes oxygen overnight (Boyd and
Tucker 2012). When overnight oxygen levels
are allowed to drop to 10% of saturation,
growth of tilapia can be reduced by 20%
(Teichert-Coddington and Green 1993).
The daytime increase in pH caused by algal
respiration increases the proportion of
ammonia that is present in the unionised
form, which has a higher toxicity to the
fish (Boyd and Tucker 2012). Algae crashes
can severely deplete pond oxygen levels,
while overcast days can also deplete
phytoplankton productivity. Therefore, food
and water quality are integrally linked and
must be considered together.

Variable conditions typical of heavy
phytoplankton blooms can be mediated by
adding carbon to the pond, usually in the
form of simple carbohydrates, to favour
bacteria production (Khanjani et al. 2022).
This incorporates nitrogen into bacterial
biomass that stabilises water quality while
also providing a feed source for tilapia,
which can feed on the resulting flocculant
strings of bacteria (Ogello et al. 2014; da
Silva et al. 2020; Khanjani et al. 2022).

Primary productivity of phytoplankton and
bacteria also support secondary production
of zooplankton, which contribute further

to the tilapia feed resource (Diana 2012).
Manures are commonly used for pond
fertilisation and are considered to be both a
primary food source for tilapia and a source
of fertiliser for primary and secondary pond
productivity (Diana et al. 1991). Primary
production may be further supported by
adding floating structures in pond and cage
systems in order to support periphyton
growth, which is then available as a nutrient
input source for tilapia (Garcia et al. 2016;
David et al. 2022).

Adding feed materials to fertilised
ponds

Appropriate nutrient levels and raw
materials have been well documented for
tilapia in intensive tank-based production
systems (reviewed by Ng and Romano
2013). However, relatively little is known
about feed materials that best contribute to
cost-effective nutrient supply for relatively
extensive pond culture. Semi-intensive
tilapia production can rely on primary
productivity to supply some essential
amino acids (Khalil et al. 2021), vitamins
and minerals (Liti et al. 2005); therefore,
feeds in semi-intensive systems do not
necessarily need to be complete, but rather
increase the volume of nutrients available.
In addition to the direct supply of nutrients,
supplementary feeds and feed materials
contribute to pond productivity (Narimbi

et al. 2018; Kabir et al. 2020), and therefore
there can be a fine line between feed and
fertiliser for pond-reared tilapia.
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Nile tilapia typically derive nutrition from
detritus, which is a combination of discrete
feed materials and bacteria (Jafri and

Ali 1984). Uneaten feed and faeces will
therefore contribute indirect nutrition
through detritus, where high-quality

feed materials will be downgraded to
medium-quality bacterial nutrients, and
low-quality materials will be upgraded
through bacterial production in the
detritus. The detrital cycle may be seen

as analogous to the internal microbial
fermentation of ruminant animals, where
high-quality feeds may not be suitable due
to nutrient degradation. In contrast, this
bacterial-mediated pathway highlights

the potential to feed the pond ecosystem
through fertiliser and feed materials that
contribute to pond productivity and detritus
feed stores. There is clearly a trade-off
between nutrient inputs and nutrient
pollution that must be managed when
promoting bacterial growth within a pond.

As tilapia grow, they gradually consume a
higher proportion of the available primary
productivity. The biomass where fish
growth becomes self-limited is known as the
critical standing crop. As long as other water
quality parameters are not limiting, critical
standing crop can then be increased by
supplemental food. Therefore, the decline
in phytoplankton levels in ponds has been
suggested as a trigger for the need for
supplemental feed addition, indicating that
tilapia biomass has reached the point where
their food consumption outstrips pond
productivity (Romana-Eguia et al. 2013).
Utilisation of agricultural or household
by-products is an intermediate step
between pond productivity and complete
formulated feed (Hinneh et al. 2022). Tilapia
can consume a variety of food forms,
meaning that powdered or granular feed
forms are often appropriate.

As well as indirect nutrition pathways
through pond production, tilapia

readily consume a range of inexpensive
by-products from other industries, including
chopped banana leaf, cassava, sweetpotato,
cotton seed, wheat husk, oil seed cake

and even chopped garden waste (Jafri and
Ali 1984; Little and Edwards 2004; Parata
et al. 2020). In geographies where rice is
commonly grown, its bran is often utilised
as a supplemental feed for pond-reared
tilapia. Adding rice bran at 2% body weight
per day, in combination with inorganic
fertiliser, increased the biomass yield of
pond-farmed Nile tilapia by 5 to 8 times
than achieved by adding manure fertiliser
alone (Little and Edwards 2004). While rice
bran may be inferior to wheat and maize
brans due to lower protein and higher
fibre content, the cost of these materials

is likely to determine their use in remote
low-intensity farm settings (Liti et al. 2006).

Starch-rich feed materials appear to have
little direct nutritional value above their
energy content, and their use in the absence
of available fertiliser (nitrogen, phosphorous
and potassium) results in suboptimal
growth results (Parata et al. 2020; Parata

et al. 2023). However, adding carbon to
ponds in combination with these nutrients
increases the C:N ratio, favouring bacterial
growth that can recapture waste nitrogen
into a form that can be readily consumed

by tilapia (Ogello et al. 2014). Formulated
tilapia feed typically has C:N ratio between

6 and 11, while C:N of 10-20 is required for
significant bacteria growth (Khanjani et al.
2022). Bacterial production binds nitrogen
in edible biomass, reducing ammonia while
increasing feed efficiency (Avnimelech 1999).
This benefits production by improving
water quality and providing supplementary
food that can either decrease the need for
formulated feed or decrease the level of
protein required for optimal growth using
such feed (Avnimelech 1999; 2007).
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Feed ingredients plus formulated feed

As production intensity increases to

the extent that primary productivity
contributes little to tilapia nutrition,
farmers rely more on complete formulated
feeds. Supplementation of brans alone

or low protein (16%) pig feed appear to

be able to support optimal growth of
tilapia when biomass is below 1,370 kg/ha
(Liti et al. 2005, 2006). However, higher
protein (24%) feed provided higher growth
when standing biomass exceeded this
figure (Liti et al. 2005). In semi-intensive
production systems, application of
formulated feed can increase growth of
tilapia 2-4-fold (Salger et al. 2020). Fish
yield in excess of 10,000 kg/ha have been
reported, with growth rates of 3.1 g/day,
with ponds that are both fertilised and fed
(50% satiety, 30% crude protein) (Diana

et al. 1996).

Formulated feed represents the largest
variable cost for fed aquaculture,
including tilapia production. In remote
areas with poor transport infrastructure,
it is particularly important to optimise
the use of goods that must be imported
and/or transported domestically. Applying
domestically available feed materials

to supplement formulated feeds is one
mechanism by which farmers may stretch
the value of formulated feeds.

One such approach has been suggested

for PNG, with a centrally made feed
concentrate providing the protein, vitamin
and mineral supplements, blended on-farm
with locally available ingredients such as
dried cassava or sweetpotato that provide
energy and filler to the diet (Booth et al.
2017). This reduces the load on limited
transport infrastructure, since only 60%

of the final feed needs to be transported.
This approach requires protein-dense

raw materials for concentrate formation,
which tend to be more expensive per

unit of protein than less protein-dense

raw materials. The cost-effectiveness of
this approach therefore may be limited in
circumstances where locally available feed
ingredients come at a cost rather than being
a cost-free waste product.

Localised bio-concentration of protein may
present more opportunities for supporting
tilapia growth in areas where transport

for formulated feed is problematic and/or
inconsistent. Worms and insect larvae

can both be produced on organic waste
products, concentrating the protein and
energy into biological forms that can be
directly fed to farmed tilapia.

Production of insects such as black soldier
fly (BSF) may also be a viable means of
reclaiming waste nutrients from animal
manure. While BSFL meal is an excellent raw
material for tilapia feeds (Tippayadara et al.
2021; Limbu et al. 2022) its use as a whole
fresh or dried larva has not featured
prominently in published literature. It is
therefore unclear the extent to which
whole BSFL may be able to supplement a
complete formulated feed. Since insects
are rich in both protein and lipid, their
potential to supplement formulated feeds
likely exceeds more than 50% of their
complete diet, depending on micronutrient
supplementation.
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An additional benefit of BSFL is that they
self-harvest. Prepupae migrate out of their
feed source before pupating. If placed over
a pond, this may be used to automatically
feed ponds without the need for direct
human intervention. Other insects, such

as termites, can also supply protein and
other valuable nutrients that can support
growth of tilapia. While insects may not be a
complete food for optimal production, they
are likely to support substantial growth and
health of tilapia for subsistence production
(see Appendix 1).

Duckweed is a promising feed material that
can be grown in ponds along with tilapia

or in discharge channels, concentrating
nitrogenous waste products from fish
production and converting it into a relatively
protein-rich feed material. Duckweed can
support growth of tilapia as a sole feed,
however not to the extent of complete
formulated feed (Tavares et al. 2010). As

a feed ingredient, duckweed can replace
up to 50% of a formulated feed without
impacting growth (Tavares et al. 2008).
Locally available feed ingredients have
been reviewed for PNG (Pirozzi et al. 2011;
Booth 2017) revealing that relatively low-
cost materials that can supplement food
from pond fertilisation can come in the
form of broken rice, cassava, sweetpotato
and leaves.

Complete formulated feeds

Optimising growth and yield of tilapia
necessitates the use of complete formulated
feed. Likewise, cage or tank systems provide
negligible natural feed production and
high-quality formulated feed is necessary to
support significant growth of tilapia. Indeed,
dense phytoplankton blooms in intensive
cage culture systems are considered to
negatively affect production of tilapia due
to their ability to deplete oxygen overnight
while not contributing significantly to
growth (Conte et al. 2008).

Feed ingredients for farmed fish generally
go through a similar trend over the
development of species-specific nutritional
knowledge. When nutritional requirements
for a particular species are relatively
underdeveloped, there is generally a high
dependence on fish meal to provide most
of the unknown nutrient requirements.

As these requirements become more
established, formulation becomes more
flexible and a wider variety of raw materials
can be used to formulate a complete feed.
These feed ingredients can be of plant
and/or animal origin depending on the
governing regulations, each with positive
and negative aspects that need to be
accounted for in formulation.

By-products of animal production often
have similar nutrient profiles to fish meal,
with terrestrial animal meat products
containing amino acid and micronutrient
profiles more similar to fish proteins than is
possible through plant materials. Terrestrial
meat meals of bovine, porcine and avian
origin are all suitable for aquaculture
production and contribute to cost-effective
supply of protein and other nutrients
where they have ready availability. Meat
meal is the predominant processed animal
product that has been identified in PNG
other than fish meal (Booth 2017) and

it has the potential to supply significant
protein into tilapia formulations. Its quality
is dictated by the freshness of the product
before rendering, the temperature of the
rendering process as well as the protein and
ash content.
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Making use of cost-effective local
ingredients that are not directly consumed
by humans and supply valuable nutrients
for fish can make a valuable contribution
for circular economy approaches;
however, attention is required to balance
macronutrient and micronutrient profiles
to ensure health and production outcomes
for the farmed fish. Mill run, broken rice,
cassava leaf and copra have all been
identified as by-products from other

food sources that can cost-effectively be
incorporated into tilapia feeds in PNG
(Booth 2017). Although sweetpotato leaf
appears to depress growth when untreated
(Sine et al. 2017), heat treatment may
improve their antinutritional content
sufficiently to make them a useful and
cost-effective feed source (Almazan 1995;
Mwanri et al. 2011).

The output targets of feed formulation
are also variable with species. High-value
aquaculture species necessitate a focus
on improved growth and feed conversion.
While feed is a large cost, the value of fish
produced is generally very high compared
to the cost of feed, and more costly raw
materials and production methods can
often be justified if they produce higher
growth and therefore more fish. There is
obviously a cost-benefit limitation to this
equation. In contrast, lower-value fish
production often necessitates feed that is
suboptimal in relation to growth if the cost
of production can be optimised.

4.4 Feeding methods

Tilapia has a relatively small stomach
holding capacity, and therefore more
frequent feeding is recommended

than other species. Six meals per day

is recommended to fish less than 1 gin
intensive systems, gradually reducing to

3 meals per day for fish greater than 175 g
(Ng and Romano 2013). In cages, 90% of
satiety balances growth and feed conversion
(Conte et al. 2008). In contrast, fertilised
ponds often do not require supplemental
feeding when tilapia are small, and cost-
benefit may be optimised by reducing feed
inputs to alternate days (Salger et al. 2020)
or daily at 50% of satiety (Diana et al. 1996).
In Timor-Leste, over 600 farmers have been
trained to estimate fish biomass monthly in
their pond and adjust the daily feeding rate
for each pond (Pant et al. 2024).

Interactions with other livestock feed
production - pig and chicken

Aquafeed typically differs from terrestrial
agrifeed in that it must be water-stable,

and typically has higher protein and lipid
requirements. Tilapia feeds typically contain
much lower protein and lipid than those

for other fish species, meaning that they
more closely resemble terrestrial animal
feeds in these respects. The ability of tilapia
to generate nutrition from suspended
algae, bacteria and surface periphyton
means that species-specific nutrient
requirements often take a backseat to

cost and availability of feed. Opportunity
exists to utilise existing supply chains for
terrestrial animal feeds when cost of this
feed is low and species-specific feed is
unavailable or cost prohibitive. This may be
a transition strategy into species-specific
feeds since terrestrial animal feed mills
contain many of the feed materials required
for tilapia feeds. Ambitions for growth and
stocking density will dictate the need for
species-specific feeds.
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4.5 Feed production

Appropriate feed production
technologies

Aquafeed production aims to provide

the appropriate nutrients for the specific
size of an aquatic animal, in a format

that it can consume and digest. Further
refinements optimise shelf-life by drying
(ideally to a water activity less than 0.7 aw),
modifying float-sink properties to aid
feeding management and grinding raw
materials to a size that facilitates feed
production and optimises digestion. Heating
and drying processes remove a number

of the antinutritional properties present

in plantingredients (Francis et al. 2001)

O 6

Raw
materials

Commercial

production G o
Extrusion  Drying
or pelleting

Raw
materials

Farm-made
feeds/mini-mills

Pelleting

Figure 5
manufacturing processes

Dosing
per batch

(2]

Dosing
per batch

and promote storage shelf-life at room
temperature (Chevanan et al. 2009).
Processes of commercial feed manufacture
are often optimised for efficiency in a
factory setting, while several steps may

be removed for local feed manufacture
(Figure 5). Such feed manufacture is often
a trade-off between technological/capital
investment, labour requirements and
energy requirements (Table 3). Intensively
managed tilapia production systems often
utilise extruded feeds that are efficient

to manufacture in large quantities, but
relatively inefficient in terms of capital cost
and energy inputs at a small scale.
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Steps for commercial production and farm-made (local) feed
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Table 3 Production steps for commercial feed manufacture

Local raw material

Heat source,

Shelf-stability (water

Time and infrastructure

drying airflow, mixing activity <0.7). cost - solar dryers can
help when electricity is
challenging.
Particle-size Mill - hammer or  Size reduction increases Machine cost.
reduction beater type digestibility and aids
pellet formation. All
particles should be <1/3
of die opening to prevent
blocking.
Mixing Mechanical mixer Homogenous mix ensures Machine cost or labour.

depending on
volume

all nutrients are equally
available to all fish. Aids
processing.

Preconditioning

Preconditioner

Heats and mixes water
for starch gelatinisation.
Required for large-scale
pelleting and extrusion.
Reduces some heat-labile
antinutrients.

High cost and energy
demand. Limited to
commercial production.

Pelletisation

Pellet press

Forms feed into a shape
that can be dried,
transported and fed

to fish. Lower cost and
higher throughput than
extrusion.

Limited starch
gelatinisation, no floating
feed potential, limited
reduction in antinutrients.

Extrusion

Extruder

As above, but also
increases heat and
pressure. Increased pellet
robustness. Further
reduces heat-labile
antinutrients. Can make
floating feeds.

Expensive and technical.

Drying

Heat source,
airflow, mixing

Stabilises pellets for
storage up to 6 months
(water activity <0.7).

Expensive and technical.

Cooling

Airflow

If feeds are packaged,
they need to be close to
ambient temperature to

avoid sweating and mould.

Energy, cost and time.
Not required if packaging
is loose and breathable.
If time and efficiency are
not important, time will
achieve cooking.
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Farm-made feeds

Aquaculture feed can be made at a

small scale, using relatively inexpensive
equipment. By manufacturing feed on-farm
the farmer is assured of the ingredients
used and can control cost to a certain extent
with their purchasing behaviour. Farm-made
feeds are used where the cost of formulated
feed is high and production intensity
outstrips the nutrients provided by pond
productivity or supplemental ingredients.
The need for a complete feed necessitates

a mixture of up to 20 ingredients, and the
time, technical capacity and space required
turns many farmers away from making their
own feed (Romana-Eguia et al. 2013).

Centralised mini-mills

The technical constraints of farm-based
feed production can be bypassed by
centralising feed production in local
mini-mills. By using relatively low-cost
manufacturing equipment, mini-mills can
reduce the capital investment required for
industrial feed processing and increase
buying power for feed materials compared
to farm-made feeds (Booth 2017).

Pelletised feed

Investment in larger milling capacity is
generally done on a larger and more
centralised scale. Pelletisers are used to
make terrestrial feed for pigs and chickens
and the infrastructure is generally available.

Extruded feed

Extrusion utilises high pressure,
temperature and moisture to form
water-stable pellets with a high degree

of starch gelatinisation and reduced
antinutritional properties than
cold-processed feeds. The benefit of
extrusion for tilapia feeds is that buoyancy
can be controlled, which aids feed
management in more intensive systems,
through accurate appetite assessment
while surface feeding. Extrusion technology
is considerably more expensive than
pelletisation, both from an infrastructure
cost and from increased energy
expenditure. Nonetheless, high-intensity
farming operations utilise extruded feeds
because of their increased quality and the
increased feeding control that they provide.
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4.6 Understanding growth

Growth is influenced by genetics and other
inputs, including nutrition, maturation,
dissolved oxygen, temperature and other
aspects of water quality. While genetic
selection has resulted in strains of tilapia
that enable faster production and improved
efficiency under ideal conditions, these
gains may not be realised in conditions
where the environment limits production
(Omasaki et al. 2017). For example, the
genetically improved farmed tilapia

GIFT strain can grow at up to twice the
growth rate of red tilapia under ideal
growth conditions; however, by inducing

a temperature limitation on growth by
rearing them at 22°C, the growth benefit

is limited and potentially not detectable
(Santos et al. 2013).

For a species that has a reportedly high
tolerance to poor water quality and low
nutritional requirements, there are many
reports in the literature of very high feed
conversion ratio (FCR) values (for example,
2.2-2.98 for <1 g fish (El-Sayed 2002),

poor protein retention (8.23-11.7) and low
survival (61-96%) (El-Sayed 2002)). Feed
conversion rates appear to be poorer for
satiety feeding than sub-satiety, both at the
fry stage and for juveniles (da Silva et al.
2020; Cadorin et al. 2022). However, satiety
feeding appears to consistently support
optimal growth in intensive production
conditions. While slight sub-satiety feeding
did not decrease growth significantly for
fry, fry survival was highest for satiety
feeding, demonstrating the benefit of
unrestricted nutrient supply. The downside
of unrestricted feeding is that it can be
self-limiting due to higher oxygen demand
and ammonia output, deteriorating water
quality (da Silva et al. 2020).

Tilapia are typically farmed in
oxygen-limiting environments, where the
cost of supplemental aeration trades off

against its growth benefits (Yi and Lin 2001;
Omasaki et al. 2017). While microalgae

in ponds form a source of feed for
filter-feeding tilapia, and produce oxygen
during the day, it becomes a net consumer
of oxygen overnight, often leading to
growth-limiting oxygen conditions.

Feeding and digestive processes of tilapia
cause a postprandial increase in oxygen
uptake through specific dynamic action
(SDA), so feeding rates and timing are
integrally linked with oxygen consumption
(Tran-Ngoc et al. 2016). Optimising growth
per unit feed intake (FCR) is therefore of
utmost importance for economical tilapia
production, decreasing the direct feed

cost as well as the indirect cost of aeration.
The impact of oxygen on feed intake and
growth may be size-dependent, with larger
fish (200-270 g) in tanks optimising feed
intake and growth at greater than 5.5 mg/L
dissolved oxygen, whereas smaller fish
(58-100 g) appear more tolerant of low
oxygen, with optimal growth occurring

at 3 mg/L dissolved oxygen and above
(Tran-Duy et al. 2012). In contrast, tilapia
between 23 g and 82 g have been reported
to decrease growth by 15% when oxygen
drops to 3.5 mg/L (Tran-Ngoc et al. 2016).
These studies combined indicate that
dissolved oxygen levels consistently

below 4 mg/L may resultin 15-20% loss

in weight gain, while dissolved oxygen
dipping to 2.5 mg/L may result in growth
approximately 50% of maximum. In

pond scenarios, oxygen fluctuates more
widely and preventing dissolved oxygen
from decreasing below 10% saturation

at its minimum appears to be critical for
optimal growth (Teichert-Coddington

and Green 1993). However, aeration

may also negatively affect growth if

the aeration mechanism increases
turbidity/total suspended solids (Yi and
Lin 2001). Decreased growth due to low
dissolved oxygen further results in poorer
feed efficiency, meaning that more food is
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required per unit growth, further increasing
oxygen demand per unit growth. While
pond-reared tilapia experience high oxygen
levels in the late afternoon, extremely low
oxygen levels are common in the early
morning (Diana and Lin 1998; Liti et al. 2005;
Liti et al. 2006), which may account for part
of the poor FCR and survival reported in
many pond-reared tilapia studies.

Temperature increases growth, at least up
to 30°C. This may not, however, result in
maximum tilapia production, since warmer
water is able to carry less oxygen, while also
increasing metabolic demand for oxygen.

Protein levels in feed for tilapia increase
growth. However, dietary protein is also

the major contributor to oxygen demand
through its energetically expensive
metabolism (Tran-Ngoc et al. 2016). Tilapia
diets containing 27.9% crude protein and
20.9% crude lipid can support the same
growth as those containing 50% crude
protein and 15.9% fat but with improved
feed efficiency and approximately 15%
lower oxygen consumption (Saravanan et al.
2012). Nutritional optima seem somewhat
inconsistent with tilapia research, with
early indications of 45% protein and 10%
lipid being appropriate for fry, however,
lipid levels exceeding 5% of the feed inhibit
feed intake and growth for early developing
tilapia (8-30 g) (Wangkahart et al. 2022).

Growth appears to be generally linear

with tilapia size, making grams per day

the predominant measure. High growth
appears to be in the range of 3 g/day,

with some extreme cases approaching

4 g/day. However, growth less than 1 g/day
is common in low-intensity farming with
little nutrient input or poor water quality.
Identifying the limiting factors for growth
will be key for farmers to reach their
production goals and having the tools to
understand their growth limitations will be
key to optimising yield for their environment
and input budget.

477 Recommendations

« Determine the characteristics of farm
system type and production intensity in
the different locations.

+ Define the intent of farmers in the
different geographies; for example,
subsistence farming, farming to
share/trade locally, farming to sell locally,
and farming for transport to markets.

+ Define the current versus desired
production volume of farmers in order
to determine the steps required to reach
these aspirations.

+ Optimise the use of locally available
by-products as supplemental feed
materials discrete from formulated and
processed feeds.

+ Evaluate locally available carbohydrate
sources for optimising pond microbial
productivity. Specifically, evaluate drying
and milling size of carbohydrate sources
for storage stability and availability for
bacterial growth.

+ Define the cost-benefit of different levels
of feed supplementation with locally
available agricultural by-products.

+ Investigate the effect of processing on
plant leaf materials.

+ Develop BSFL and duckweed as feed
materials or ingredients.

+ Coordinate the import of chemicals,
such as vitamin and mineral premixes,
antioxidants, and binders needed for
feed production.
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2

Stimulating and sustaining
enterprise growth

Live tilapia ready for sale in a fish shop, Timor-Leste.
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A farmer checking water quality and plankton richness
using a Secchi disk in a tilapia pond, Timor-Leste.
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Stimulating and sustaining

enterprise growth

Tilapia farming was highlighted

as a strategy for enhancing fish

supply in Pacific island countries

and Timor-Leste as a response to
population growth and climate
change nearly 15 years ago. However,
progress during the past decade

has been slow and uneven, despite
apparent broad social, economic and
market acceptance of tilapia (Pickering
2010). The development of specialised
tilapia aquaculture businesses - at

all scales across the micro, small

and medium (MSME) spectrum and
the value chain - is highly limited
throughout the region. In Asia,

the development of aquaculture,
including tilapia aquaculture, involving
entrepreneurs and investment in
sustainable private businesses,

rather than subsidised donor-funded
initiatives, has been critical in reaching
the scale needed, with domestic

food supply, employment and
livelihood benefits widely reported
(Belton et al. 2018).

The challenges to development of
business enterprises in the Pacific,
such as small markets and limited
investment and entrepreneurship
support, have been widely reported
(for example, ITC 2021), yet new and
growing businesses represent the
primary sources of job creation and
innovative activity in an economy
and tilapia aquaculture represents
an opportunity that should be
further explored. Present production
of farmed tilapia among Pacific
island countries is estimated at
~1,630 tonnes in 2022 (O’'Meara et al.
2023), providing fairly limited scope

for enterprise development. Yet

the fish shortfalls projected to be in
excess of 100,000 tonnes (Bell et al.
2009) should be providing significant
opportunities for investment and
enterprise development in the larger
markets, particularly those facing
greater fish deficits, notably PNG,
Solomon Islands and Fiji.

The experience with private
enterprise developmentin

tilapia aquaculture to date

though is extremely limited, and
business-oriented ecosystems
supporting enterprise development
are similarly deficient in the

Pacific. The expansion of inland
tilapia farming in PNG has led to
60,000 households being involved,
though most are subsistence farmers.
Micro-businesses have emerged in
some communities (largely satellite
hatcheries), but other business
development has been limited.
Solomon Islands has progressed

little with Mozambique tilapia and

is awaiting an introduction of Nile
tilapia to stimulate tilapia aquaculture
growth. Timor-Leste has been actively
encouraging private investment in
small-scale hatcheries and traders

to invest in building value chains
between farmers and urban markets.
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5.1 Subsistence,
commercial farming and
enterprises

Aquaculture strategies from Pacific island
countries commonly emphasise the

need to stimulate aquaculture through
more commercially oriented growth and
investment (Amos et al. 2014; FAO 2020).
Fish for food security calculations analysed
by Cleasby et al. (2014) for Solomon Islands
concluded that homestead subsistence
ponds are insufficient to meet fish demand,
indicating that a combination of homestead
and more commercial enterprises are
required to supply future fish demand in the
country. In PNG, while subsistence farming
of tilapia has been widely promoted for
homestead food production, entrepreneurs
are also entering farming, and government
is seeking commercial investment in farming
and value chains (Nioney et al. 2023). In
Timor-Leste, Pant et al. (2024) describes a
gradual development of commercial farming
among smallholders, generating tilapia

for households, gifting or neighbours, and
rural and urban markets. We conclude

that a more commercial, entrepreneurial
and business-oriented approach will be
necessary to stimulate tilapia aquaculture at
the scale required.

5.2 Markets

The market opportunity determines the
investment and business opportunity. Per
capita production of tilapia remains very
small, suggesting the market has scope to
grow. In PNG, the estimated 1,300 t/year
of tilapia equates to 0.13 kg/personin a
population of 10.3 million; in Timor-Leste
the estimated 500 t/year equates to

0.4 kg/person for a population of 1.3 million,
and less elsewhere. We conclude that a
significant expansion in tilapia aquaculture
will be essential to make a measurable
contribution to food security at the

scale envisaged by Bell et al. (2009), the
assumptions of which appear to remain
broadly valid.

Tilapia remains globally an affordable

and accessible fish, with research to date
suggesting the macro-level market situation
is favourable for tilapia, with projected
demand for fish in 11 Pacific island countries
and territories, including PNG and Solomon
Islands, beyond the capacity of coastal
fisheries. The limited insights available
suggest that tilapia is accepted in rural and
urban markets in PNG, Solomon Islands
(Cleasby et al. 2014) and Timor-Leste (Pant
et al. 2023). More information is needed

on affordability, but if tilapia is to grow at
scale it will need to remain competitive in
the market of marine fish and likely other
animal protein sources, particularly chicken.
Experiences in Fiji suggested that market
promotion can be successful to create
consumer awareness and open markets

for farmers (Waqairatu-Wagainabete

et al. 2022).

40 | TECHNICAL REPORT 103



5.3

Given the macro-scale fish demand, need
for fish in Pacific diets, supply scenarios in
PNG, Solomon Islands and Timor-Leste and
generally unrealised opportunity for tilapia
aquaculture to contribute to livelihoods and
food, there appears to be a broad case for
investing in tilapia aquaculture, with public
and private sector playing a role.

Investment case

The opportunity for private commercial
enterprises in aquaculture can traditionally
be found across the value chain, from
farming enterprises of all scales, business
providing inputs (hatcheries, feeds, and
others), trading and marketing businesses,
and other goods and services (such as
training). In Asia, new digital disruptive
companies are emerging in aquaculture,
such the company e-fishery, which uses
digital tools to create new efficiencies across
the value chain (Novogratz 2023).

The size of the market and investment
opportunity in PNG, Solomon Islands

and Timor-Leste requires more research.
However, in PNG and Timor-Leste, and
other Pacific island countries, private tilapia
aquaculture enterprises are emerging in
farming (mainly small-scale), hatcheries
(PNG, Timor-Leste and Fiji) and some
marketing, though enterprises are small
related to the size and organisation of the
market. Solomon Islands remains an outlier
with limited commercial development to
date related to the delay in the introduction
of GIFT. Digital technologies are also
emerging in the Pacific (UNCTAD 2022),
opening opportunities for value chain
efficiencies, training and finance, though
with limited application to aquaculture or
wild fisheries to date. More promotion of
the market and investment opportunity

in tilapia aquaculture is required. Several
investment funds are also available for
aquaculture investment in the Asia-Pacific
region that could be approached (such as

Aqua-Spark and Asian Development Bank
climate funds) and perhaps a Pacific regional
aquaculture enterprise support and funding
strategy could be further explored with

a focus on catalysing more commercially
oriented investment.

5.4 Smallholders and
marginalised value chains

Smallholder farmers dominate the
production systems throughout the Pacific,
but suffer from inadequate access to inputs
and markets and need special attention in
any tilapia aquaculture commercialisation
strategy. Investing in clustering and local
business centres, and supporting the
organisation of representative and inclusive
farmer organisations are starting to be
explored in Timor-Leste and PNG and

can be further explored and supported.
Wagairatu-Wagqainabete et al. (2022) also
noted the importance of creating ‘market-
oriented mindsets’ among farmers and

the organisation of value chains through
aggregation of fish from smallholders to
enable smallholder inclusion in the tilapia
market opportunity. The importance of
supporting promising entrepreneurs and
providing an ecosystem of business support
services in the Pacific is being recognised
(ITC 2021) and tilapia aquaculture would
likely benefit from a shiftin donors and
development partners towards a more
entrepreneurship-oriented approach.
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5.5 Governments and donor
agencies

Governments and donor agencies

can support the emergence of tilapia
aquaculture enterprises in the region in
various ways, including focusing policy
efforts on tilapia as a high priority species,
enabling policies (for example, import

of ingredients, improved genetics) and
marketing and public campaigns that are
conducive to tilapia aquaculture. National
aquaculture strategies could probably be
refreshed with more focus on strategies
for supporting leading entrepreneurs,
commercial private sector growth, creating
business support ecosystems, and
enabling farmer organisations and private
sector investors to identify investment
opportunities. Donors may also consider
strengthening capacities for incubation
and acceleration of small businesses in

the region, as well as seeking ways of
encouraging investment by mitigating risks
for business development within the region.

5.6 Recommendations

+ Stimulate private enterprise investment,
particularly for small- and medium-scale
enterprises.

+ Build the case for investment by
understanding the marginalised supply
chain issues, the limitations in available
markets, and the socioeconomic drivers.

+ Assess and implement ways to
improve the ecosystem of support
for aquaculture entrepreneurs
and enterprises, such as business
incubation, financing and creating
supporting institutions.
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6 Capacity building

Women play an important but often unrecognised
role in inland aquaculture, PNG.
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Producing tilapia provides an income opportunity,
Timor-Leste.
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Capacity building

Capacity building is a broad term
encompassing the ability to adapt
specialised skills and knowledge

to local conditions to enhance
development outcomes. Enhancing
the knowledge, skills and abilities
of individuals working in technical
fields is an important part of
primary industry research, including
aquaculture. It involves providing
training, resources and support to
help people develop and expand
their expertise in their respective
areas, improving the longevity of
research efforts by leaving a legacy
of skilled people who can continue
development instigated by the
research investment.

Pacific island countries, with small
populations, find it difficult to

fill detailed technical roles to fit
specific research and development
needs. This is exacerbated by
underdeveloped educational
programs at both secondary and
tertiary levels. For a small, nascent
industry like aquaculture, reliable
information can be hard to find,
training programs are scarce, and

it is difficult, if not impossible, to
find on-the-job work experience.
These difficulties make it especially
hard for farmers commencing
inland aquaculture in more remote
areas. Similarly, government officers
seeking to improve food security and
income-generating opportunities
from aquaculture, struggle to recruit
appropriately qualified people.

Investing in capacity building is a
priority for future research-for-
development projects to address the
barriers to tilapia aquaculture. This
can improve the overall technical
competency and efficiency of the
workforce, leading to increased
productivity, innovation and better
outcomes for tilapia aquaculture.

It will also help institutional
professionals stay updated with
the latest advancements, promote
a culture of continuous learning
and improvement and help build
aquaculture networks.

ACIAR has a strong focus on capacity
building, supported through its
research-for-development projects
and formal programs (fellowships to
conduct postgraduate research, build
leadership and research management
skills, and empowerment of women as
research leaders).
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ACIAR has developed several programs of
specific interest to addressing the barriers
to aquaculture in PNG, Solomon Islands and
Timor-Leste (ACIAR n.d.):

+ Pacific Agriculture Scholarship and
Support and Climate Resilience Program:
supporting Pacific universities to foster
thriving agricultural research education
and supporting ACIAR's Pacific Scholars.

+ Support to the Crawford Fund: to deliver
training and links with Australian-based
networks, masterclasses and an annual
conference at Parliament House.

« Researchers in Agriculture for
International Development network:
supporting early-career Australian
researchers to engage with agricultural
research-for-development.

+ ACIAR Alumni program: supporting
a diverse and dynamic network of
agricultural researchers throughout the
Indo-Pacific.

To complement the existing programs, a
deliberate focus on capacity building to
empower aquaculture specialists, including
tilapia, is needed to address one of the
biggest barriers to developing tilapia
aquaculture. This is needed at the farm
level, regional level (for example, satellite
hatcheries or aquaculture equipment
supply centres), and institutional level (for
example, National Fisheries Authority and
National Department of Agriculture in PNG,
Ministry of Fisheries and Marine Resources
in Solomon Islands, and the Ministry of
Agriculture and Fisheries in Timor-Leste).

Some of the elements which should be
considered in designing a comprehensive
capacity-building program for Pacific
island countries and Timor-Leste are
included below.

6.1 Programs and
workshops

Internship programs

These programs would provide students
(typically undergraduates or recent
graduates), volunteers or prospective
employees with the opportunity to work
with government officers responsible for
developing inland aquaculture, employed

in the relevant institutions, in relevant
countries. The primary goal of an internship
is to provide practical learning opportunities
and exposure to a professional work
environment, fostering the intern'’s
personal and professional development.
Fundamentals of internship programs are
detailed in Appendix 2.

Training workshops

These programs would provide intensive
training sessions to enhance specific
technical skills. They would cover topics like
aquaculture nutrition, feed management,
how to feed efficiently, tilapia hatchery
management, production of single-sex
fingerlings, and fingerling transport. More
general programs on farmer engagement
and training (train-the-trainer), water quality
management, harvesting, processing,

sale, and others, would also be beneficial.
An ACIAR-supported masterclass program,
run by the Crawford Fund, on tilapia
hatchery technology, including broodstock
management, single-sex fingerling
production, transport and distribution of
fingerlings and farmer training, would be a
valuable initiative.
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Certification programs

Capacity building through certification
enables technical specialists to obtain
recognised credentials in their fields.

The most important examples for tilapia
aquaculture for Pacific island countries
include certification in producing single-sex
tilapia fingerlings and certification in
producing locally made tilapia feeds.

Mentorship programs

Two programs are recommended: the
first would pair experienced lead farmers
with less experienced farmers, and the
second would pair technical professionals
with emerging professionals. International
professionals could act as mentors where
appropriate. Mentorship programs offer
personalised support and advice to

help individuals grow and develop their
technical expertise.

Networks/associations

Farmer associations might offer another
avenue for enhancing exchange of
knowledge and experience between farmers
within and between countries. Fiji has

made some progress in building a tilapia
farmers association that includes capacity
building within its remit. A Pacific islands
farmers organisation network also exists
but it is unclear how much involvement or
interest there is in aquaculture. A Pacific
islands/Timor-Leste network for tilapia
culture and agribusiness opportunities,
perhaps building with existing organisations
where they exist, has the potential to assist
aquaculture development in the region and
could be further explored.

Professional conferences and seminars

Supporting emerging aquaculture
specialists from Pacific island countries to
attend conferences and seminars provides
technical specialists with opportunities

to network, learn about emerging trends,
and gain insights from industry experts.
Such events often include workshops

and presentations to enhance specific
technical skills.

Online learning platforms

With the rise of e-learning, various
platforms provide technical specialists

with online courses and resources to
develop their skills at their own pace. At its
most elaborate, this can take the form of
specific training platforms that facilitate
lectures and other training material,
including interactive online spaces and
training packages such as those made in
H5P (a free platform for creating online
training). Lower intensity options include
online video streaming of training materials
or interactive walkthroughs. One of

the key limitations of online delivery is
ongoing servicing, updating and hosting
arrangements inherent with technology that
require ongoing commitment and funding.
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6.2 Legacy capacity tools

Capacity tools that continue to be useful
post-project have an ongoing effect that
can make investment particularly fruitful
in the long-term. Training individuals can
be productive as ongoing resources if
they become trainers, but materials that
continue post-project can continue to train
incidentally irrespective of investment
from individuals. Tools like manuals that
are physically printed can be useful in this
regard, as can posters that are visible and
useful as ongoing reference materials.

The specifics of capacity-building programs
may vary depending on consultation with
tilapia farmers in the PNG, Solomon Islands,
Timor-Leste and other countries in the
region. The key is to provide opportunities
for farmers to access knowledge and
learning opportunities and to support
technical specialists to continuously learn
and grow professionally. The potential for
efficient use of digital platforms and tools
remains to be explored.

6.3 Recommendations

Consult with Pacific island countries to
identify existing capacity and prioritise
capacity-building needs. Design
capacity-building programs around the
needs of the tilapia farming sector and
existing networks, including government
and private.

* Internship programs, training workshops
and online learning platforms are the
initial priority.

Examine the role for regional networks
to help address some of the scale issues.
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2

I7 Overall recommendations

School children at the Goroka Show participate in
the Fish for Schools program, PNG.
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Overall recommendations

These recommendations are
collated from the chapters (including
Appendix 1) of this report.

All recommendations are then
recrafted into a framework based on
outcomes, implementation activities,
interdependencies and outputs.

7.1 Summary of
recommendations

Socioeconomic impacts affecting
tilapia aquaculture

+ Update projections about the
fish supply shortfall for the
Pacific, including better insights
on socioeconomic impacts (for
example, income, nutrition
and gender).

« Examine the role of tilapia for fish

supply and identify socioeconomic

characteristics that might affect
potential growth.

Fingerling production

+ Improve genetic management of

tilapia, including the importation of

better genetics (such as GIFT) into
Solomon Islands and broodstock
management in other countries.

* Increase adoption of single-sex
production of fingerlings by
increasing access to essential
chemicals and equipment.

+ Assess viability of a central
distribution centre (‘regional
hub’) for genetically improved
tilapia broodstock and/or fry
among Pacific ACP countries

for biosecurity and to achieve
economies of scale.

+ Create incentives and strategies
for the private sector to invest
in tilapia hatcheries, including
small-scale satellite hatcheries.

+ Assess the satellite hatchery
approach in PNG and Timor-Leste
to explore the potential for
wider application, including use
of satellite hatcheries as local
‘business centres’ for supporting
local entrepreneurs and farmers.

+ Focus on capacity building and
training.

Feeds and feeding

+ Determine the characteristics of
farm system type and production
intensity in the different locations.

+ Define the intent of farmers in
the different geographies. For
example, subsistence farming,
farming to share/trade locally,
farming to sell locally, and farming
for transport to markets.

+ Define the current versus desired
production volume of farmers to
determine the steps required to
reach these aspirations.

+ Optimise the use of locally
available by-products as
supplemental feed materials
discrete from formulated and
processed feeds.

+ Evaluate locally available
carbohydrate sources for
optimising pond microbial
productivity. Specifically,
evaluate drying and milling
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size of carbohydrate sources for
storage stability and availability for
bacterial growth.

Define the cost-benefit of different levels
of feed supplementation with locally
available agricultural by-products.

Investigate the effect of processing on
plant leaf materials.

Develop BSFL and duckweed as feed
materials or ingredients.

Coordinate the import of chemicals,
such as vitamin and mineral premixes,
antioxidants and binders needed for
feed production.

Enterprise growth

Stimulate private enterprise investment,
particularly for small- and medium-scale
enterprises.

Build the case for investment by
understanding the marginalised supply
chain issues, the limitations in available
markets, and the socioeconomic drivers.

Capacity building

Consult with Pacific island countries to
identify existing capacity and prioritise
needs. Design capacity-building
programs around the needs of the tilapia
farming sector and existing networks,
including government and private.
Internship programs, training workshops
and online learning platforms are the
initial priority.

Examine the role for regional networks
to help address some of the scale issues.

Black soldier fly larvae

Examine occurrence of BSF in areas
where tilapia farming occurs and if
populations are sufficient to establish
BSF culture and restart after production
interruptions.

Examine whether suitable conditions
exist for BSF culture.

Determine if sufficient, available organic
material (for example, waste) exists to
culture enough BSFL for the amount of
tilapia to be cultured (how many flies are
needed to produce enough larvae for
fish and how much waste/nutrients are
needed to produce those flies).

Investigate feasibility of BSFL for
subsistence and community-scale tilapia
farming in remote areas.

Determine the type and scale of BSFL
culture facilities that are needed.

Determine if BSFL can be used as a
wet feed.

Determine if BSFL can be dried and used
as an ingredient in farm-made feeds.

Evaluate if BSFL can be ‘self-feeding’
(when BSFL transition to pre-pupa (day
21-27), they move away from their
feed source).

7.2 Recommendations
framework

The recommendations framework recrafts
the recommendations as desired outcomes,
activities, interdependencies and outputs,
shown in Table 4.
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8 Conclusion

A public-private partnership model GIFT
hatchery with hapa breeding and incubation
facility in Colucau, Timor-Leste.
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Fishing for tilapia in an aquaculture pond,
Solomon Islands.
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Conclusion

Fish make up the majority of
animal-derived protein for people
living in Pacific island countries

but supply is expected to become
increasingly unreliable because of
factors like overfishing and climate
change. Inland communities already
have limited access to protein and the
region is facing diet-related challenges
of undernutrition, micronutrient
deficiencies and over-nutrition.

The forecast reduction in fish supply
will exacerbate malnutrition issues,
particularly juvenile stunting and
adult obesity.

Fish production, with low technology
needs and low-cost inputs, such as
tilapia, can play a critical role in food
security and nutritional health of

isolated and poor inland communities.

This review examined the challenges
to increasing tilapia production in
PNG, Timor-Leste and Solomon
Islands, with suggested pathways

to address these challenges. While
each of these countries is unique,
there are similarities in the challenges
and potential solutions. Many

other Pacific island countries face
similar challenges and, hopefully,
the potential solutions will also be
relevant there.

There are 4 categories of challenges
that combine to constrain the growth
of tilapia aquaculture:

1. Consistent availability of high-
quality, single-sex fingerlings.

2. Availability of cost-effective feeds
and feeding solutions.

3. Stimulating and sustaining
economically viable enterprises.
4. Capacity building and training
to meet the needs of farmers,
associated businesses,
entrepreneurs, extension officers,
policymakers and educators.

The small scale and remote geography
of many Pacific island countries

make addressing these challenges
particularly difficult.

Hatchery production of high-quality
fingerlings is crucial for any successful
finfish aquaculture. For tilapia

in Pacific island countries, the
introduction of genetically improved
Nile tilapia strains is critical where
not currently available (for example,
Solomon Islands), and broodstock
must be carefully managed to
maintain genetic quality fundamental
everywhere. Access to essential
chemicals, such as the synthetic
hormone 17a-methyltestosterone,

is needed, as is private investment

in hatcheries, including satellite
hatcheries, and distribution centres.
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Cost-effective feeds and feeding solutions
will depend on the type of tilapia farms.

For subsistence and community farms,
natural productivity enhanced by
fertilisation, supplemented with single
ingredients is likely to be the feed pathway.
The potential role of insect meal, such as
BSFL, possibly in conjunction with duckweed
production in grow-out ponds, should

be explored. For small-scale commercial
farms, manufactured pellets, potentially
made in-country using at least some local
feed ingredients should be explored.

There is a strong case for continuing
subsidised import of commercially extruded
tilapia feeds. This will fast-track industry
development, help identify production
capacity of different types of farms, and
help the upskilling of tilapia farmers.

Stimulating private enterprise investment,
particularly for small- and medium-scale
enterprises and farming entrepreneurs, will
be fundamental to ongoing growth of tilapia
farming in Pacific island countries. Building
the case for investment will require an
understanding of the marginalised supply
chain issues, the limitations in available
markets, and the socioeconomic drivers for
production in Pacific island countries.

Perhaps the common feature of all
challenges for tilapia aquaculture in
Pacific island countries is the need for
capacity building and training. Capacity
building is a broad term encompassing
the ability to adapt specialised skills and
knowledge to local conditions to enhance
development outcomes. Enhancing the
knowledge, skills and abilities of individuals
working in aquaculture, including farmers,
entrepreneurs, managers and employees
in associated business, extension officers,
policymakers and educators, requires
appropriate training, resources and
support. For capacity building and to
address all the challenges described in
this review, there is a role for government
support and regional coordination.
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Appendices

Community outreach, such as demonstrations
and field visits, promote fish farming as a
means to producing protein, PNG.

Photo: Jes Summut, University of NSW
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Appendices

Appendix 1: Black soldier fly larvae as a potential feed

for tilapia

Does black soldier fly larvae (BSFL) have
potential as a feed or feed ingredient

for tilapia aquaculture in PNG, Solomon
Islands and Timor-Leste, and other Pacific
island countries?

A number of insect species have been
trialled as feeds or feed ingredients for
aquaculture species but the black soldier
fly (BSF), Hermetia illucens, Order Diptera,
Family Stratiomyidaea, has attracted the
most interest due to the ability of the larvae
to efficiently convert waste from a range
of organic material, including waste food
materials, animal offal, kitchen waste and
manure, into protein-rich feeds or feed
ingredients (Mohan et al. 2022; Wang and
Shelomi 2017).

Adult -
(Day 37-44)
Lifespan of 5-8 days, /
the females lay 4
400-600 eggs

Pupa
(Day 27-37,
or months)

Pre-pupa
(Day 21-27)

Figure 6 The lifecycle of black soldier fly
Source: Yu Lin Li 2021

The characteristics of the BSF are
compelling. The adult fly consumes nothing
except water, does not bite, sting or even
approach humans, and is not a vector for
any specific diseases (Wang and Shelomi
2017). BSFL do not accumulate pesticides,
mycotoxins or most heavy metals (Shelomi
2020). The species occurs worldwide

in tropical and temperate regions.
Producing BSFL is cheap and doesn’t
require specialised skills, both of which are
attractive features for farmers in developing
economies. The lifecycle of the BSF is shown
at Figure 6.

Jfl;f Egg

g v (Day 0

7 N
‘_ .‘1\

Neonate larva
(Day 4)

Eggs hatch ~4 days
after they are placed
in a dry space

Feeding larva

(Day 5-20)

Consumption of organic
waste and bioconversion

for approximately 13-18 days
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Black soldier fly occurs in many Pacific
island countries, including PNG, Solomon
Islands, Timor-Leste, Vanuatu, Samoa, Cook
Islands, Palau, Marshall Islands, Kiribati
and the Federated States of Micronesia,
but its presence in other Pacific island
countries, including Fiji, Tonga, Nauru

and Tuvalu is unknown (Shelomi 2020). Its
presence on Timor-Leste is also unknown.
In the Pacific generally, BSF has been
identified as a potential solution for many
of the significant, region-specific waste
management issues (Shelomi 2020). Frass,
the remains from BSFL, which comprise
faeces, shed exoskeleton and substrate
residue, is highly prized as an organic
fertiliser with potential as an alternative
to commercial fertilisers (Beesigamukama
et al. 2020).

In recognition of the potential, ACIAR has
invested in a number of projects to help
evaluate the potential for insect-based
(including BSFL) animal feed and develop
insect-based agrifood systems (ACIAR 2022).

The nutritional constituents of BSFL,
particularly the relatively high-protein
content and attractive amino acid

profiles, highly digestible lipids, absence
of antinutritional factors and evidence of
positive effects on immune stimulation,
have excited considerable interest in the
use of BSFL as a feed for aquaculture
species (Webster et al. 2016). For a thorough
review of the nutritional composition of
BSFL and published research results for
BSFL as a feed for aquaculture species, see
Mohan et al. (2022). Mohan et al. reports
approximately 130 research papers that
were ‘indexed in Pubmed, Scopus, Web of
Science, and databases with the keywords
“Black soldier fly”, “Larvae meal”, “food

"

sources”, and “Aquaculture™.

Three components of BSFL have been
tested in feeds for tilapia: BSFL meal (a
protein-rich ingredient, the most obvious
component with potential), BSFL oil and
frass. The following summary has been
distilled from published research on using
these components as feed for tilapia
(Oreochromis spp, mostly O. niloticus):

1. Replacing fishmeal with BSFL meal
improved growth response, feed
conversion ratio, and feed efficiency in
juveniles. In another study, replacing
100% of fishmeal with BSFL meal
significantly improved growth without
adverse effects (Muin et al. 2017;

Aini et al. 2018 in Mohan et al. 2022;
Tippayadara et al. 2021 in Mohan et
al. 2022).

2. Replacement of 50% fish oil in diets
for juvenile hybrid tilapia was highly
digestible and did not alter the
haematological parameters (Bakar et al.
2021 in Mohan et al. 2022).

3. Frass from the BSFL meal industry,
tested at 0%, 5%, 10%, 20% and 30% as
a partial replacement for feed did not
have any negative effects on the blood
haematology and serum profile of tilapia
(Yildirim-Aksoy et al. 2020 in Mohan
et al. 2022).

4. Further studies were recommended to
determine the impact of BSFL meal on
muscle proximate composition, fatty
acids and amino acids levels, and on
the immune response of tilapia (Mohan
et al. 2022).
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Despite the potential of BSFL, its industrial
upscaling has been limited by the cost

of production compared to commonly
available raw materials with similar nutrient
profiles. However, in an environment where
protein is relatively scarce, the ability of
BSFL to concentrate protein from waste
products into a form that can be directly
consumed by fish may make it attractive for
small-scale remote tilapia farming.

In summary, BSFL is present in PNG,
Timor-Leste and Solomon Islands is
relatively easy to cultivate, has few
undesirable characteristics, might help
with waste management and is a good
feed for tilapia. BSFL could be a solution
to the difficulty accessing cost-effective
feeds and protein-rich feed ingredients,
especially in remote areas in PNG, Solomon
Islands, Timor-Leste and other Pacific
island countries.

Recommendations

+ Examine occurrence of BSF in areas
where tilapia farming occurs and if
populations are sufficient to establish
BSF culture and restart after production
interruptions.

« Examine whether conditions exist for
BSF culture.

+ Determine if sufficient, available organic
material (for example, waste) exists to
culture enough BSFL for the amount of
tilapia to be cultured (how many flies are
needed to produce enough larvae for
fish and how much waste/nutrients are
needed to produce those flies).

+ Investigate feasibility of BSFL for
subsistence and community-scale tilapia
farming in remote areas.

+ Determine the type and scale of BSFL
culture facilities that are needed.

+ Determine if BSFL can be used as a
wet feed.

+ Determine if BSFL can be dried and used
as an ingredient in farm-made feeds.

+ Evaluation if BSFL can be ‘self-feeding’
(when BSFL transition to pre-pupa (day
21-27), they move away from their
feed source).

+ Determine if the culture of BSFL as a feed

for tilapia is suitable for remote areas in
PNG, Solomon Islands and Timor-Leste.
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Appendix 2: Details of internship programs

To support capacity building in tilapia
production and research in Pacific
island countries, internships are one
element to consider as part of a broader
capacity-building program.

Internship programs provide students
(typically undergraduates or recent
graduates), volunteers or prospective staff
members with the opportunity to work with
the government officers responsible for
developing inland aquaculture, employed

in the relevant institutions, in relevant
countries. The primary goal of an internship
is to provide practical learning opportunities
and exposure to a professional work
environment, fostering the intern’s personal
and professional development.

Fundamentals of internship programs
include:

+ Application and selection: Interested
candidates typically apply for internships
through an application process that may
involve submitting a resume, cover letter,
and possibly completing an interview.
Candidates are selected based on their
qualifications, skills, and potential fit
within the organisation.

« Duration: Internships could range in
duration from a few weeks to several
months, depending on the program
and the needs of the government
agency. Some internships are full-time,
while others may be part-time or offer
flexible working hours to accommodate
students’ schedules.

+ Learning objectives: Before starting
the internship, employers and interns
typically establish specific learning
objectives and goals. These objectives
can include gaining hands-on experience,
developing specific skills, learning about
the industry, or understanding the
company’s operations.

+ Supervision and guidance: Interns
usually work under the supervision of
a mentor or supervisor who provides
guidance, assigns tasks, and offers
feedback throughout the internship.
The mentor helps interns navigate their
role, offers advice, and helps them learn
and grow professionally.

+ Responsibilities and projects: Interns
are often assigned a variety of tasks and
projects related to their field of interest.
This can include research, data analysis,
contributing to ongoing projects,
assisting with administrative tasks, or
working on specific assignments to meet
organisational goals.

+ Networking and professional
development: Internship programs offer
opportunities for interns to network
with professionals in their field, attend
company events or meetings, and
participate in various training sessions
or workshops. These experiences can
enhance their knowledge, expand their
professional network and provide
insights into potential career paths.

+ Evaluation and feedback: At the end
of the internship, interns often receive
an evaluation that considers their
performance, achievements and areas
for improvement. Feedback is provided
to help interns reflect on their experience
and potentially apply the lessons learned
to future endeavours.
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Itis important to note that specific
internship programs may have additional
or different elements, depending on

the organisation. There is an important
research consideration to improve the
specificity of internship programs for
Pacific island countries. Some researchable
questions include:

« Whatis the career trajectory of interns?

« Do interns increase the ability
of government to engage with
tilapia farmers?

+ What are the best recruitment
processes, and most appropriate
programs to develop and deliver learning
opportunities for interns?
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